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PREFACE.

Tur rapid inerease which has recently taken place
in the usc of the Microscope,—both as an instrument
of scicntilic research, and as a means of gratifying a
laudable curiosity and of obtaining a healthful recre-
ation,—has naturally led to a demand for information,
both as to the mode of employing the instrument and
its appurtenances, and as to the objects for whose
minute examination it is most appropriate. And as
none of the existing Treatises, either British or Foreign,
on the Microscope and its Uses, have scemed to the
Author fully adapted to meet this demand (some of
them Dbeing almost  exclusively concerned with the
Microscope itself, and others with some special branch
or branches of Microscopic study), he has felt encou-
raged to carry-out a plan which he had formed several
years since; by endeavouring to combine, within a
moderate compass, that information in regard to the
use of his “tools’ which is most essential to the working
Microscopist, with such an account of the objects best
titted for hLis stndy, as might qualify him to com-
prehend what he observes, and might thus prepare him
to benefit science, whilst expanding and refreshing his
own mind. '

In his account of the various forms of Microscopes
and Accessory Apparatus, the Author has not attempted
to describe everything which is in use in this country;
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'still less, to go into details respecting the construction
of foreign instruments. He is satisfied that in all
which relates both to the mechanical and the optical
arrangements of their instruments, the chief English
Microscope-makers arc decidedly in advance of their
Continental rivals; and on this point he speaks not

nly from his own conviction, but from the authority
of a highly-accomplished German Microscopist, who
has recently visited London for the express purpose of
making the comparison. Even among the products oy
English skill, it was necessary for him to make a selec-
tion; and he trusts that he will be found to have done
adequate justice to all those, who have most claim to
an honourable mention.

In treating of the Applications of the Microscope,
the Author has constantly endeavoured to mect the
wants of those, who come to the study of the minute
forms of Animal and Vegetable life with little or no
previous scientific preparation, but who desire to gain
something more than a mere sight of the ohjects to
which their observation may be directed. Some of these
may perhaps object to the general tone of his work as
too highly-pitched, and may think that he might have
rendercd his descriptions simpler by employing fewer
scientific terms. But he would reply to such, that he
has had much opportunity of observing, among the
votaries of the Microscope, a desire for such informa-
tion as he has attempted to convey (of the extent of
which desire, the success of the “ Quarterly Journal of
Microscopical Science” is a very gratifying evidence) ;
and that the usé of scientific terms cannot be dispensed
with, since there are no others in which the facts can
be expressed. As he has made a point of explaining
these, in the places where they are first introduced, he
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cannot think that any of his readers need find much
difficulty in apprehending their meaning.
The proportion of space allotted to the various
Y departments, has been determined not so much by their
Physiological importance, as by their special interest to
the Microscopist; and the remembrance of this con-
sideration will serve to account for much that might
otherwise appear strange. The Author has thought it
particularly necdful to restrain himself, in treating of
certain very important subjects which are fully discussed
in treatises expressly devoted to them (such, for example,
as the structure of Insects, and the Primary Tissues of
Vertebrata), in order that he might give more space
to those on which no such sources of information are
readily accessible. For the same reason, he has omitted
all reference to the applications of the Microscope to
Pathological inquiry ; a subject which would interest
only one division of his readers, and on which it would
have been impossible for him to compress, within a
sufficiently-narrow compass, a really-useful summary of
what such readers can readily learn elsewhere. So
again, the application of the Microscope to the detec-
tion of Adulterations in Food, &c., is a topic of such a
purely-special character, and must be so entirely based
on detailed descriptions of the substances in question,
that he has thought it better to leave this also
untouched.
1t has heen the Author’s object througheut, to guide
the possessor of a Microscope to the intelligent study
of any department of Natural History, that hig indi-
vidual tastes may lead him to follow-out, and his par-
ticular circumstances may give him facilities for pur-
suing. And he has particularly aimed to show, under

cach head, how small is the amount of reliable know-
A2
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ledge already acquired, compared with that which
remains to be attained by the zealous and persevering
student. DBeing satisfied that there is a large quantity
of valuable Microscope-power at present running to
waste iy this country,—being applied in such desultory
observations as are of no scrvice whatever to science,
and of very little to the mind of the obscrver,—he will
consider the labour he has bestowed upon the produc-
tion of this Manual as well repaid, if it should tend to
direct this power to more systematic labours, in those
fertile fields which only await the cultivator to bear
abundant fruit.

In all that concerns the working of the Microscope,
the Author has mainly drawn upon his own experience,
which dates-back almost to the time when Achromatic
Object-glasses were first constructed in this country.
e would be ungrateful, however, if' he were not to
acknowledge that he has derived many valuable hints
from the Practical Treatises of Mr. Quekett and Dr.
Beale, and from the Micrographic Dictionary of Messrs,
Griffith and Ienfrey. And among the works by which
he has been specially aided in trcating of the Appli-
cations of the instrument, he would especially name
M Quekett’s valuable Lectures on Histology (Vege-
table and Animal), Mr. Ralfs’s beautiful Monograph on
the British Desmidieze, Prof. W.Smith’s on the Diato-
macee (which will, when complete, be quite worthy to
tuke rank with the preceding), and the Micrographic
Dictionary.

All the Hlustrations have been drawn by Mr.W. Bagg,
and have been engraved under his superintendence; and
the Author ventures to affirm, that for fidelity as well
as for beauty of execution, they will bear comparison
with any Microscopic delineations yet cxccuted on
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wood. A large proportion of the subjects are original;
the sources of all that are not so, arc specified in the
list (p. xv).

The Author feels that some apology is due for the
long delay which has attended the appearance of this
work. When it was first announced as forthcoming,
his full intention was to apply himself immediately to
its production; but the unexpected demand for new
editions of his two large Treatises on Physiology,
required that the whole of his disposable time and
attention should be given-up during two years to car-
rying these through the press. When he at last found
himself free to apply himself to the “ Microscope,” he
fully expected that the forward state of his preparations
would enable him to complete it by October, 1855.
But in this expectation he has been disappointed by
the occurrence of two severe attacks of indisposition,
which compelled him for a time to suspend all mental
exertion, and have rendered it necessary for him care-
tully to abstain from overtasking himself ; so that he
feels assured that those who have kindly waited for
the appearance of this volume, will not, when acquainted
with these circumstances, blame him for a delay, the
causes of which have lain so completely eyond his
control.

Uxiversimy Hacw, LoNboy,
Feb. 9, 1856.
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No one who attentively examines the progress of any
department of Seience, save such as are (ke Mathematics
or Metaphysics) of a purely abstract character, can fail to
perceive hotv much it is dependent upon the perfection of its
instruments. ‘There are few instances, in fact, in which the
invention of a new instrument, or the improvement of an old
onc, has not given a fresh stimulus to investigation; even
where it has doue no more thau afford that degree of precision
to the results of enquiries alrcady in progress, which alone
could enable them to bhe made availalg)lc as data for philo-
sophical reasoning. But there are many cases in which such
inventions or improvements have opencd-out eniirely new
paths of scicntifie research, leading to fertile fields of investi-
gation whose very existence had been previously unknown, to
rich mines of discovery whose treasurces had lain uncared-for
becausc entirely unsuspected.—A few examples of this general
truth may not Ke inappropriate, by way of preface to the brief
uotice which it is intended to give in the present Introduction,
of the most important epochs in the history, as well of the
Microscope itself, as of its application to the purposes of
scientific research.

Thus in taking a rcvrospective survey of the history of
Astronomy, we find that every great advance in our knowledge
of the Celestial Universe, has been preceded by improvements,
either in those instruments for measuring space and time, by
which the places of the Heavenly bodies are determined, the
rate of their movements estimated, and a basis for the com-
putation of their distances ascertained ; or, again, in the fefe-
scope, by which our power of sight is so wonderfully augmented,
that we are enabled, when gazing through it into the unfathom-
able depths of space, to take cognizance of world beyond
world and system beyond system, whose remoteness cannot
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2 INTRODUCTION,

be expressed by any form of words that shall convey a distinct
idea to the mind, and to bring the members of our own grou
within such visua/ proximity to oursclves, that we can scruti-
nize their appearance nearly as well as if they had acfually
been brought a thousand times nearcr to us. For it was the
increased precision of celestial obscrvations on the places and
movements of the Plancts, which furnished the data whereon
Kepler was enabled to basc his statement of the laws of their
motion, It was the application of the pendulum to the measure-
ment of short intcrvalg of time, that enabled Galileo to ascer-
tain the law of Falling Bodics. And it was not until the

recise measurement of a degree upon the surface of the Earth
Eud furnished the means of determining both its own diameter
and its distance from the Moon, that Newton was cnabled to
verify and estahlish his grand conception, of the identity of
that force which deflects the planets from a rectilineal course
into elliptical orbits, with that which draws a stone to the
ground ; and thus to establish that Law of Universal Gravi-
tation, which still remains the most comprehensive, as well as
the most simple, of all the generalizations, within which the in-
tellect of man has been able to comprchend the phenomena of
Nature. 8o, again, it was only when the clder Herschel had
devcloped new powers in the telescope, that Sidercal Astro-
nomy could be pursucd with any view much higher than that
of mapping the distribution of the stars in the eclestial sphere;
and the present state of our knowledge of double, triple, and
other combinations of stars, with their mutually-adjusted move-
ments, of the multiform clusters of luminous points which
seem likc repetitions of our own firmament in remote depths
of space,,and of those nebulous films which may be conceived
to be new worlds and systems in process of formation, has only
been rendered attainable by the improvements which have
been subscquently made in the construction of that majestic
instrument.

If we glance at the mode in which the fabric of our existing
Chemistry has been upreared, we at once sec that it could uot
have attained its present elevation and stability, but for the
instrumentality otP the perfected balance; by whose uncrring
indications it was, that the first decisive blow was given to
the old “phlogistic’ theory, that the foundation was laid for
true ideas of cﬁ:amical combination, that the Laws of that Com-
bination were determined, and that the Combining Equiva-
lents of different elementary substances were ascertained ; and
by whose means alone can any of those analytical researches
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he prosecuted, which are not only daily adding to our know-
ledge of the composition of the bodies which surround us,
and suggesting the most important applications of that know-
ledge to almost every department of the Arts of Life, but
which arc preparing a broad and secure foundation for a lofticr
and more comprehensive system of Chemical Philosophy.

So, again, the balunce of torsion, the ingenious invention of
Cavendish and Coulomb, enables the Physical philosopher not
merely to render sensible, but to subject to precisc measure-
ment and subdivision, degrees of force that are far too feeble
to affect the nicest balance of the ordinary construction, even
if it were possible to bring them to act upon it; and stran
as it may seem, it has heen in such a halance that the Earth
itsclf has been weighed, and that a basis has been thus afforded
for the computation of the weights of the different Plancts
and cven of the Sun; whilst in the opposite direction it is em-
ployed 1o furnish those data in regard to the intensity of the
cleetric and magnetic forees, on which alone can any valid
theory of their operation be construeted.

The galvanometer, again, in which thc minutest Electric
disturbances are rendered sensible by the deflection of the
maguetic needle, has not only hrought to light a vagt class of
most interesting cleetric changes which were previously unsus-
pected (one of the most remarkable of these being the exist-
cuce of cleetric currents in the nerves of living animals, first
ascertained by M. du Bois-Reymond), but has™ enabled those
changes to be estimated with a marvellous amount of exact-
ness; thus furnishing to ohservations made by its means, a
preeision which is quite unattainable in any other mode, and
which is absolutely essential to the establishment of any valid
theory of electric action. And this same instrument is
scarecly less valuable, as serving, by a particular modification
of it, for the detcetion and estimation of changes of Tempe-
rature far too minute to be measured by the ordinary thermo-
nicter; thus affording the requisite means of exactness to
ohservation, in a department of scicnce to which at first sight
it appeared to have no relation.

“What an important influence,” says Sir John Herschel,
“may be exercised over the progress of a single branch of
science, by the invention of a ready and convenient mode of
cxecuting a definitc measurement, and the construction and
common ntroduction of an instrument adapted for it, cannot
be better exemplified than by the instance of the reflecting
goniometer; this simple, cheap, and portable little instrument

B2
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has changed the whole face of Mineralogy, and given it all the
characters of one of the exacet seicnces.”

Of all the instruments which have heen yet applied to
scientific rescarch, there is perhaps not one which has under-
gone such important improvements within so brie[ a space
of time, as the Microscope has received during the sccond
quarter of the present century; and there is certainly none
whose use under its improved form has heen more largely or
more rapidly productive of most valnable results. As an
optical instrument. the Miceroscope is now at least as perfeet
as the Telescope; for the G-feet parabolic speculum of Lord
Rosse’s gigantic instrument, is not more completely adapted
to the Astronomical survey of the heavenly bodics, than the
achromatic combination of lenses so minute that they can
scarcely be themselves discerned by 1he unaided eye, is to the
scrutiny of the Physiologist into the mysteries of life and
organization. Nor arc the revelations of the one less sur-
rising to those who find their greatest charm in novelty, or
less interesting to those who apply themselves to the study
of their seientific bearings, than arc those of the other. The
universe which the Microscope brings under our ken, seems
as unbounded in its limit as thal whose remotest depths the
Telescope still vainly attempts to falhom. Wonders as
great arc disclosed in a speck of whose minufeness the mind
can scarcely form any distinet conception, as in the most
mysterious of those nebulaxe whose incalculable distance baflles
our hopes of attaining a more intimate knowledge of their
constitution. And the general doctrines to which the lahours
of Microscopists are manifestly iending, in regard to the laws
of Organization and the nature of Vital Action, scem fully
descrving to take rank in comprehensivencss and importance
with the highest principles yet attained in Physical or Che-
mical Science.

As the primary object of this treatise is to promote the
use of the Microscope, by explaining its construction, by
instructing the learner in the best methods of employing it, and
by pointing-out the principal directions in which these may
be turned to good account, any detailed review of its Aistory
would be misplaced. It will suffice to state, that whilst the
simple microscope or magnifying-glass was known at a very
remote period, the compound microscope,—the powers of
which, li{:e those of the telescope, dcpend upon the combina-
tion of two or more lenses,—was not invented until ahout the
end of the sixteenth century; the carlier microscopes having
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been little else than modified telescopes, and the essential
distinction between the two not having been at first appre-
ciated. Still, even in the very imperfect form which the
_ instrument originally possessed, the attention of scicntific
men was early attracted to the Microscope ; for it opened to
them a ficld of rescarch altogether new, and promised to add
largely to their information concerning the structure of every
kind of organized body. The Transactions of the Royal
Society contain the most striking evidence of the interest
taken in microscopic investigations two centuries ago. Their
early volumes, as Mr. Quekett truly remarks, ‘literally teem’
with improvements in the construction of the Microscope,
and with discoverics made by its means. The Micrographia
of Robert Hooke, published in 1667, was, for its time, a most
wonderful production; but this was soon surpassed hy the
rescarches of Liccuwenhock, whose name first appears in the
Philosophical Transactions, in the year 1673. That with such
imperfeet instruments at his command, this accurate and
pains-taking obscrver should have seen so muck and so well, as
to make it daugerous for any one even now to aunounce a
discovery, without having first consulted his workg, in order
to scc whether some anticipation of it may not” be found
there, must ever remain a marvel to the microscopist. This
is partly to be explained by the fact, that he trusted less to
the compound microscope, than to single lenses of high
power, the use of which is attended with (fi[ﬁcultv, but which
are comparatively free from the errors inseparable from the
first-named instrument in its original form. The names of
Grew and Malpighi, also, appear as frequent contributors to
the carly volumes of the Philosophical Transactions; the
rescarches of the former having been chiefly directed to the
minute structure of Plants, and thosc of the latter to that of
Animals. Both were attended with great success. The former
Jaid the foundation of our unutomic:ﬁ knowledge of the Vege-
table tissues, and described their disposition in the roots and
stems of a great variety of plants and trees; besides makin,
out mauy Important facts I regurd to their dﬁ)hgvsiologica
actions. The latter did the same for the Animal body; and
scems to have been the first to witness the marvellous spee-
tacle of the wovement of Blood in the capillary vesscls of
the Frog’s foot,—thus verifying by ocular demonstration that
doctrinc of the passage of blood from the smallest arteries to
the smallest veins, which had been propounded as a rational
probability by the sagacious Ilarvey.
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Glimpses of the invisible world of Animaleular life were occa-
sionally revcaled to the carlier Microscopists, by which their
curiosity must have been strongly cxeited ; yet they do not
appear to have entered on this class of investigations, with any
large portion of that persevering zcal which they devoted to
the analysis of the higher forms of organic structure. Its
wonders, however, were gradually lll]f()ih(:d; so that in the
various treatises on the Microscope Publis]lcd during the
cighteenth century, an account of the plants and animals (but
especially of tlxelﬁ'mtter) too minute to be seen by the unaided
eye, occupies a conspicuons place. It was towards the middle
of that period, that M. Trembley of Geneva first gave to the
world his rescarches on the “ Fresh-water Polype ” or Hydra ;
the publication of which may be considered to have marked a
most important epoch in the history of microscopic enquiry.
For it presented to the Naturalist the first known example of
a class of animals (of which the more delicate and flexible
Zoophytes are, so 1o speak, the sheletons) whose elaim to that
designation had been previously doubted or even denied,—
the terms ‘sca-mosses,” ¢ sea-ferns,” &e., having been applied
to them, not merely as appropriately indicating their form and
aspect, hut as expressive of what even the most cminent
Zoologists, as well as Botanists, considered to be their vegetable
nature. And it presented to the Physiologist an entirely new
type of animal life ; the wondertul nature of which was fitted
not only to excite the liveliest interest, but also to effect a vast
extension in the range of the ideas entertained up to that time
regarding itsnature and capacities. Forwhat animalpreviously-
known could propagate itself by buds like a plant,—could pro-
duce afresh any part that might be cut-away,—could form an
number of new heads by the completion of the halves into which
the previous heads had been slit (thus realizing the ancient fable
of the ITydra),—could even regencerate the whole from a minute
portion, so that when the body of oneindividual was positively
minced into fragments, each of these should grow into a new
and complete polype,—could endure heing turncd inside-
out, so that what was previously the external surface should
beeome the lining of the stomach, and vice versd,—and could
sustain various other kinds of treatment not less strange (such
as the grafting of two individuals together, head to ﬁcad, or
tail to tail, or the head of one to the tail of another), not only
without any apparent injury, but with every indication, in the
vigour of its life, of being entirely free from suffering or
damage? (See Chap. x1.).—It was by our own countryman,
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Lllis, that the discoveries of Trembley were first applicd to the
clucidation of the real animal nature of the so-called Coral-
lines ;¥ the structure of which was so carefully investigated

by him, that subscquent observers added little to our know-
ledge of it, until a comparatively rccent period.

The true Avimalenles were ﬂyrst systematically studied, in
the latter part of the last century, by Gleichen, a German
microscopist, who devised the ingenious plan of feeding them
with particles of colouring matter, so as to make apparent the
form and position of their digestive cavities; an(i this stud
was afterwards zealously pursued by the eminent Danis
naturalist, Otho Fred. Muller, to the results of whose lahours
in this ficld but little was added by others, until Professor
Ehrenberg entered upon the investigation with the advantage
of greatly-improved instruments. Ti was at about the same
period with Muller, that Vaucher, a Genevese botanist,
systematically applied the Microscope to the investigation of
the lower forms of Vegetable life; and made many curious
discoveries in regard both to their structure and to the history
of their lives. He was the first to notice the extraordinary
phenomenon of the spontaneous movement of the Zo#spores of
the humbler aquatic plants, which is now known 1o be the
means provided b Nl;ture for the dispersion of the race
(Chaps. vr. viL); {mt being possessed with the idea (cormon
to all Naturalists of that period, and still very generally pre-
valent) that spontuncous motion cvinces dnimal life, he inter-
preted the facts which he observed, as indicating the cxistence
of a class of beings which are Plants at one phase of their
lives, and Animals at another,—a doctrine which has since
been completely set aside by the advance of physiological
knowledge. Notwithstanding this and other errors of infer-
pretation, however, the work of Vaucher on the ¢ Fresh-water
Confervee” contains such a vast body of accurate observation
on the growth and reproduction of the Microscopic Plants to
the stuf; of which he devoted himself, that it is quite worthy
to take rank with that of Trembley, as having laid the founda-
tion for all our scientific knowledge of these very interesting
forms. Although the curious phenomenon of ¢ conjugation’
had been previously observed by Muller, yet its counnection
with the function of Reproduction had not been even suspected
by him; and it was by Vaucher that its real import was first
iscerned, and that its occurrence (which had been regarded

* The structures to which this term is now scientifically restricted, are
really vegetable,



8 INTRODUCTION.

by Miiller as an isolated phenomenon, peculiar to a single
species) was found to be common to a large number of humble
aquatic forms of vegetation. But little advance was made
upon the discoverics of Vaucher in regard to thesc, save b

dition to the number of their speciﬁ’c forms, until a fresh
stimulus had been given to such investigations by the improve-
ment of the instrument itself. At present, they are among
the most favourite objects of study among a large number of
obscrvers, both in this country and on the Continent ; and are
well deserving of the attention which they reccive.

Less real progress secms to have been made in Mieroscopic
enquiry, during the first quarter of the present century, than
during any similar period since the invention of the instru-
ment. The defects inseparable from its original construction,
formed a bar to all discovery beyond certain limits; and
although we arc now continually mecting with new wonders,
which paticnt and sagacious obscrvation would have detected
at any time, and with any of the instruments then in use,

el it is not surprising that the impression should have
Ily)'ecmnc general, that almost everything which it conld accom-
plish %ad already been done. The instrument fell under a
temporary cloud from another cause ; for having been applied
by Anatomists and Physiologists to the determination of the
cgmwntary structure of the animal body, their results were
found to he so discordant, as to give rise to a general suspicion
of a want of trustworthiness in the Microscope, and in every-
thing announced upon its authority. Thus both the instru-
ment and its advocates were brought into more or lessdisercdit
and as they continue to lie under this, in the estimation of
many, to the present day, it will be desirable to pause here
for a while, to enquire into the sources of that discrepancy, to
consider whether it is avoidable, and to enquire how far it
should lead to a distrust of Microscopie observations, carcfully
and sagaciously made, and accurately recorded.

It is a tendency common to «d/ obscrvers, and not by any
means peculiap to Microscopists, to describe what they
believe and infer, rather than wlmt they actually wituess. The
older Microscopic observers were especially liable to fall into
this error; sinee the want of definiteness in the images pre-
sented to their eyes, left a great deal to be completed by the
imagination. And when, as frequently happened, i’hysiologists
hegan with theorizing on the elementary structure of the body,
and allowed themselves to twist their imperfect observations
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into accordance with their theories, it was not surprising that
their accounts of what they professed to have seen should be
cxtremely discordant. But from the moment that the visual
image prescuted by a well-constructed Microscope, gave
almost as perfect an idea of the object, as we could have
obtained from the sight of the object 1tself, if enlarged to the
same sise and viewed with the unassisted eye, Microscopic
observations admitted of ncarly the same certamnty as observa-
tions of any other class; it being only in a comparatively
small number of cascs, that a doubt can fairly remain about any
question of fzef, as to which the Microscope can be expected
to inform us.*

Another fallacy, common like the last to all observations,
but with which the Microscopic obscrvations of former times
were perhaps cspecially chargeable, arises from a want of due
attention to the conditions under which the observations are
made. Thus one observer described the Human Blood-cor-
puscles as flattencd disks resembling pieces of mouney, another
as slightly concave on each surfacc, a third as slightly convexy
a fourth as highly convex, and a fifth as globu?,ar ; and the
former prevalence of the lust opinion, is marked by the habit
which still lingers in popular phrascology, of designating these
bodies as *blood-glo ui)es.’ Yet all microscopists are now

greed, that their real form, when cxamined in freshly-drawn
blood, is that of cireular disks, with slightly-concave surfaces;
and the diversity in previous statements was simply due to the
alteration effceted in the shape of these disks, by the action of
water or other liquids added for the sake of dilution ; the effect
of this being to render their surfaces first flat, then slightly
convey, then more highly convex, at last changing their form
to that of perfect spheres.-—But microscopicaf enquiries are
not in themselves more liable to fallacies of this description,
than are any other kinds of scientific investigation ; and 1t will
always be found here, as well as elsewhere, that—good instru-
ments and competent observers being pre-supposed—the
accordance in resul/s will he precisely proportional to the
accordance of conditions, that is, to the similarity of the objects,

* One of the most 1emarkable of the questiones vexata at present agitated,
1s the nature of the markings on the siliceous valves of Diwafomacee (Chap. v1.);
some observers affirming those spots of the surface to be elevations, which
others ider to be depr The difference is here one of interpretution,
rather than of direct observation; the nature of the case preventing that kind
of view of the object, which eould leave no doubt as to the fact; and the con-

¢lusion formed bemg one of inference from a variety of appearances, which
will dufferently impress the minds of different individuals,
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the similarity of the treatment to which they may be sub-
jected, and the similarity of the mode in which they may be
viewed. ¥

The more completely,therefore, the statements of Microscopic
observers are kept free from those fullacies, to which observa-
tions of any kind are liable, wherein duc carc has not been taken
to guard against them, the more completely will it be found
that an essential agreement exists among them all, in regard to
the fucts which they record. And although the influence of
preconceived theories still too greatly modifics, in the minds of
some, the descriptions they profess to give of the facts actually
presented to their visual sense, yet on the whole it is remark-
able to what a unity of doctrine the best Microscopists of all
countries are converging, in regard to all such subjects of this
kind of enquiry, as have been studied hy them with adequate
carc and under similar conditions. Hence it is ncither fair to
charge upon the Microscopists of the present day the crrors
of their predecessors ; nor is it just to lay to the account of
the instrument, what entirely proceeds from the fault of the
observer, in recording, not what hc sees in it, but what he
fancies he can sce.

It was at the commencement of the second quarter of the
present century, that the principle of Ackromatic correction,
which had long before been applicd to the Telescope, was fitst
brought into cfficient operation in the construction of the
Microscope ; for although its theorctical possibility was well
known, insupcrable difficulties were helieved to exist in its
practical application. The nature of this most important im-
provement will be explained in its proper place (Chap. 1.);
and at present it will be suflicient to say, that within cight or
ten years from the date of its first introduction, the character
of the Microscope had heen in cffect so completely trans-
formed, that it hccame an altogether new instrument ; and
from being considered but little better than a scientific toy, it
soon acquired the deserved reputation of being one of the
most perfeet, instruments cver (leviscd by Art for the investi-
gation of Nature. To this reputation it has a still greater
claim at the present time; and though it would be hazardous
to deny the possibility of any further improvement, yet the
statements of theorists as to what may be accomplished,

* In objects of the most difficult class, such as the Diatomuacee, this last
point is one of fundamental importance ; very different appearances being pre-
sented b‘y the same olect, according to the mode in which 1t is illuminated,

mll!d the focal adjustment of the object-glass under which 1t is examined.—See
Chap, v1,
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arc so ncarly equalled by what Zas been effected, that little
room for improvement can be considered to remain, unless an
entirely new thcory shall be devised, which shall create
a new sct of possibilities

Neither Botanists or Zoologists, Anatomists or Physio-
logists, were slow to avail themselves of the means of perfect-
ing and“extending their knowledge, thus unexpectedly put
into their hands ; and the records of Scientific Societies, and
the pages of Scicntific Journals, have ever since teemed, like the
carly Transactions of the Royal Society, with discoveries
made by its instrumentality. really philosophic enquirers
soon came to feel, how vastly the use of the improved Micro-
scope must add to their msight into cvery department of
Organic Nature; and numbers forthwith applied themselves
diligently to the labour of investigation.  Old lines of research,
which had been abandoned as unlikely to lead to any satis-
factory issue, were taken up again with the confident expecta-
tion of suceess, which the result has shown to have been well-
grounded; and new paths were soon struck-out, each of
which, leading into some region previously unexplored, soon
clearcd the way to others whicE became alike productive ;
thus laying open an almost unlimited range of enquiry, which
the time that has since elapsed has served rather to extend
than to contract, and which the labour that has been devoted
to it has rather amplificd than exhausted.—A slight sketch of
what has already been accomplished by the assistance of the
Microscope, in t{le investigation of the phenomena of Life,
scems an appropriate Introduction to the more detailed account
of the instrument and its uses, which the present Treatise is
designed to embrace.

The comparative simplicity of the structure of Plants, and
the relatively-large scale of their clementary parts, had
allowed the Vegetable Anatomist, as we have secn, to
clucidate some of its most important features, without any
better assistance than the earlicr Microscopes were capable of
supplying. And many of those humbler forms of Cryptogamic
vegetation, which only manifest themselves to the unaided eye
when by their multiplication they aggregate into large masses,
had been nade the objects of careful study, which had yielded
some most important results. Hence there seemed com-
paratively little to be done by the Microscopist in Botanical
research ; and it was not immediately perceived what was the
direction in which his labours were likely to be most produc-
tive. Many valuable memoirs had been published, from time
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to time, on various points of vegetable structure; the in-
creased preeision and greater completencss of which, bore
testimony to the importance of the aid which had been
afforded by the greater efficiency of the instrument employed
in such researches. But it was when the attention of Vege-
table Physiologists first began to be prominently dirceted to
the history of development, as the most important of all the
subjects which presented themselves for vestigation, that
the greatest impulse was given to Scientific Botany; and its
subsequent progress has been largely influenced by that
imsulse, both in the accelerated rate at which it has advanced,
and in the direction which it has taken. Although Robert
Brown had previously observed and recorded certain Plle-
nomena of great importance, yet it is in the Memoir of Prof.
Schleiden, first publishvd in 1837, that this new movement
may he considered to have had its real origin; so that, what-
ever may be the errors with which his statements (whether
on that occasion, or subscquently) are chargeable, there
cannot be any reasonable question as to the essential service
he has rendered to science, in pointing out the way to others,
on whose results greater reliance may be placed.” Tt was b
Schleiden that the fundamental truth first broadly enunciated,
that.as there are many among the lowest orders of Plants, in
which a single cell constitutes the entire individual, each
living for and by itsclf alone, so cach of the cells, hy the
aggregation of which any individual among the higher Plants
consists, has an independent lifc of its own, bhesides the
‘incidental ” life which it possesses as a part of the organism at
large: and that the doctrine was first proclaimed, that the
l,i('e-/zistory of the indivednal eell is therefore the very first and
ahsolutely indispensable basis, not only for Vegetable Physi-
ology, but (as was even then forescen by his fur-reaching mental
vision) for Comparative Physiology in general. The first
problem, therefore, which he set himself to investigate, was—
how does the cell itself originale 7 1t is unfortunate that he
should have had recourse for its solution, to some of those
cases in which the investigation is o'tended with peculiar
difficulty, instead of making more use of the means and
opportunities which the ¢single-celled’ plants afford ; and it is
doubtless in great part to this causc, that we are to attribute
certain fallacies in his results, of which subsequent rescarches
have furnished the correction.

In no department of Botany, has rceent Microscopy been
more fertile in curious and important results, than n that
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which relates to the humblest forms of Cryptogamia that abound
not only in our seas, rivers, and lakes, but cven more in our
marshes, pools, and ditches. For, in the first place, these
present us with a number of most beautiful and most varied
Jorms, such as on that account alone are objects of great
mteres§ to the Microscopist; this is especially the case with
the curious group (ranked among Animalcules by Prof.
Ehrenberg), which, from the bipartite form of their cells, has
reccived the designation of Desmidiew. In another group, that
of Diatomacee (also still regarded as Animalcules, not only by
Ehrenberg, but by many other Naturalists), not only are the
forms of the plants often very remarkable, but their surfaces
exhibit markings of cxtram]'ginary beauty and symmetry,
which arc among the best ¢ test-objects’ that can be employed
for the higher powers of the instrument (Chap. 1v.): more-
over, the membrane of cach cell being coated externally with a
film of silica, which not only takes its form, but receives th

impress of its minutest markings, the siliccons skeletonﬁ
remain unchanged after the death of the plants which formed
them, sometimes aceumuluting to such an amount, as to give
rise to deposits of considerable thickness at the bottoms of
the lakes or pools which they inhabit; and similar deposits,
commonly designated as beds of  fossil animalcules,” are not
unfrequently found at a considerable distance from the surface
of the ground, on the site of what inust have probably once
been a lake or estuary, occasionally extending over such an
area, and rcaching to such a depth, as to constitute no
insignificant part of the erust of the globe.—It is not only in
the forcgoing particulars, however, that the foregoing and
other humble Plants have special attractions for the Micro-
scopist ; for the study of their lining actions brings to view
many phenomena, which are not only well caleulated to excite
the mterest of those who find their chief pleasure in the act
of observing, but arc also of the highest value to the Phy-
siologist, who sccks to determine from the study of them
what are the acts wherein Vitality may be said cssentially to
consist, and what arc the fundamental distinctions between
Animal and Vegetable life. Thus it is among these plants,
that we can best study the history of the multiplication of
cclls by “binary subdivision,” -vhich seems to be the most
general mode of growth 'and increase throughout the Vege-
table kingdom ; and it is in these, again, that the process of
sexual generation is presented to us under its simplest aspeet,
in that curious act of ‘conjugation’ {o which reference has
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already been made (p. 7). But further, nearly all these
Plants have at some period or other of their lives, a power of
spontancous movement ; which in many instances so much
resembles that of Animalcules, as to seem unmistakeably to
indicate their animal nature, morc especially as this movement
is usually accomplished by the agency of visible cilia: and
the determination of the conditions under which it ocecurs,
and of the purposes it is intended to fu]ﬁl, is only likely to
be accomp]ishel& after a far more extensive as well as more
minute study of their entirc history, than has yet been pro-
secuted, save in a small number of instances. It is not
a little remarkable, that in several of the cases in which
the life-history of these plants has been most completely
clucidated, they have been found to present a great variety of
forms and aspects at different periods of their existence, and
also to possess several different methods of reproduction; and
hence it can be very little doubted, that numerous forms which
are commonly reputed to be distinet and unrelated species,
will prove in the end to be nothing else than sucecssive stages
of onc and the same type. One of the most curious results
attained by Microscopic enquiry of late years, has heen the
suceessive transfer of one group of reputed Animaleules after
another, from the Animal to the Vegetable side of the line of
demarcation between the two kingdoms; and although, as to
the precise points across which this line should be drawn,
there is not yet an unanimous agreement, yet there is now an
inereasing accordance as to its general situation, which, even
a fow years since, was encrgetically canvassed. Those who
are acquainted with the well-known /o/roa (commonly termed
the ¢ globe-animaleule’) will be surprised to learn tKat this,
with its allies, constituting the family Volvorinee, is now to
be considered as on the Pegetable side of the boundary. (On
the subjeets of this paragraph, see Chap. vi.).

Not only this lowest type of Vegetable existence, but the
Cryplogame series us a whole, has undergone of late years a
very close serutiny, which has yielded results of the highest
importance; many new and curious forms having heen brought
to light (some of them in situations m which their existence
might have been least anticipated), and some of the most
obscure portions of their history having received an uncx-
Eectedly-clenr clucidation. Thus the discovery was anmounced

y M. Audouin in 1837, that the discase termed muscardine,
which annually carried-off large numbers of the silkworms
bred in the South of France, really consists in the growth of a
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fungous vegetation in the interior of their bodies, the further
propagation of which may be almost entirely prevented by
appropriatc means; in the succeeding year, the fact was
brought forward by several Microscopists, that yeast also is
composed of vegetable cells, which grow and mulytipl during
the process of fermentation; and subsequent rescarcﬁes have
shown Yhat the bodies of almost all animals, not even except-
ing Man himself, are occasionally infested by Vegetable as
well as by animal®Parasites, many of them remarkable for
their beauty of configuration, and others for the variety of the
forms they assume. The various parasites which attack our
cultivated plants, again,—such as the blights’ of corn, the
potatoc-fungus, and the vine-fungus,—have received a large
measure of attention from Microscopists, and much valuab%e
information has been collected in regard to them. It is still
a question, however, which has to be decided upon other than
microscopic cvidence, how far the attacks of these fungi are
to be considercd as the causes of the diseases to which theyt
stand related, or whether their presence (as is undoubtcdly
the case in many parallel instances) is the ¢ffect of the pre-
viously-unhealthy condition of the plants which they infest ;
the general evidence appears to the Author to incline to the
latter view.

Of all the additions which our knowledge of the struc-
ture and life-history of the higher types of Cryptogamic
vegetation has received, since the achromatic microscope has
been brought to bear upon them, there is none so remarkable
as that which relates to their Reproductive function. For the
existence in that group of anything at all corresponding to the
sexual generation of Flowering-Plants, was scarcely admitted
by any Botanists ; and those few who did affirm it were unable
10 substantiate their views by any satisfactory proof, and were
(as the cvent has shown) q\l}titc wrong as to the grounds on
which they based them. arious isolated facts, the truc
meaning of whicl was quite unrecognized, had been discovered
from time to time,—such as the existence of the moving
filaments now termed ¢antherozoids,” in the ‘globules’ of the
Chara (first demonstrated by Mr. Varley in 1834), and in the
<antheridia’ of Mosses and Liverworts (as shown by Unger and
Meyen in 1837), and the presence of ‘antheridia’ upon what
had heen always previousl{]considcrcd the embryo-frond of
the Feras (first detected by Nageli in 1844): but of the con-
nection of these with the gencrative function, no valid evi-
deuce could be produced, and the. sexual reprodugtion of the
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Cryptogamia was treated by many Botanists of the greatcst
cminence, as a doctrine not less chimerical, than the doctrine
of the sexuality of Flowering-plants had appeared to be to the
opponents of Linnmus. It was by the admirable rescarches
of Count Suminski upon the development of the Ferns (1848),
that the way was first opened to the right comprehension of
the reproductive process in that group; and the doctrine of
the fertilizing powers of the *antherozoidg’ once established
in a single case, was soon proved to apply O(Kuully well to
many others. Not a year has since elapsed, without the pro-
duction of new evidence of the like scxuality in the several

ups of the Cryptogamic series; this having been especially
urnished hy Hofmeister in regard to the higher types, by
Thuret and Decaisne as to the marine Algee, and by Tulasne
with _respect to Lichens and Fungi; and the doctrine may
now he considercd as established beyond the reach of cavil
from any but those, who, having carly committed themselves
dogmatically to the negative opinion, have not the candour to
allow due weight to the evidence on the affirmative side.—
With the study of the Reproduction of these plants, that of the
history of their Development has naturally Ibceu conneeled ;
and some of the facts already brought to light, especially by
the stndy of certain forms of Fungous vegetation, demonstrate
the extreme importance of this enquiry in settling the founda-
tions of Classification. For whercas the arrangement of
Fungi, as of other Plants, has been based upon the characters
furnished by their fructification, these characters have been
found hy Tulasne to be frequently subject to variations so
wide, that one and the same indicidual shall present two or
more kinds of fructification, such as had been previously cou-
sidered to be peculiar to distinet orders.  In this department
of study, which has been scarcely at all cultivated by Micro-
scopists of our own country, there is a peculiarly wide ficld for
carcful and pains-taking rescarch, an(i) a sure prospeet of an
ample harvest of discovery. (On the subjects of the two pre-
ceding Paragraphs, see Chap. vir.).

Although il has been in Cryptogamic Botany, that the
zealous pursuit of Microscopic enquiry has heen most con-
ducive to scientific progress, yet the attention of Vegetable
Anatomists and Physiologists has been also largely and pro-
ductively directed to the minute structure and life-history of
Flowering Plants. For although some of the general features
of that structurc had been made-out by the earlier observers,
and successive additions had heen made to the knowledge of
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them, previously to the new era to which reference has so
often {»ccn made, yet all this knowledge required to be com-

leted and made exact, by a more refined examination of the
?l)'l]emcntary Tissues than was before possible; and little was
certainly known in regard to those processes of growth, deve-
lopmeyy, and reproduction, in which their activit{) as living
organisms consists. All the researches which have been made
upon this point, tend most completely to bear-out the general
doctrine so clearly sct-forth by Schleiden, as to the independent
vitality of cach integral part of the fabric; and among the
most curions results of the enquiries which have been pro-
sceuted in this dircetion, may he mentioned the discovery,
that the movement of ‘rotation’ of the profoplasme (or the
viscid granwlar fluid at the expense of which the nutritive act
seems to take place) within the cells, which was first observed
hy the Abhé (];’)orti in the Chare in 1776, is by no means an
unique or exceptional case; for that it may be detected in
50 large a number of instances, among Phancrogamia no lesh
than among Cryptogamia, as apparently to justify the con-
clusion that it takes place in Vegetable ccils generally, at
some period or other of their evolution. In studying the
phenomena of Vegetable Nutrition, the Microscope has becn
most effectually applied, not merely to the determination of
changes in the form and arrangement of the clementary parts,
but alzo to the detection of such changes in their composition,
as ordinary Chemistry would be quite at fault to discover :
cach individual cell being (so to speak) a laboratory in itself,
within which a transformation of organic compouuds is con-
tinually taking-place, not only for its own requirements, but
for those of the cconomy at large ; and these changes being at
once made apparent by the apl)lication of chemical reagents
to microscopic speeimens whilst actually under obscrvation.
Henee the Vegetable Physiologist finds, in this Microscopic
Chemistry, one of his most valuable means of tracing the
sueeession of the changes in which Nutrition consists, as well as
of establishing the chemical nature of particles far too minute
to be analysed in the ordinary way; and he derives further
assistance in the same kind of investigation, from the applica-
tion of Polarized Light (§ 63), which immediately enables
lum to detect the presence of mineral deposits, of starch-
granules, and of certain other substances which are peculiarly
affceted byit. One of the most interesting among the general
results of such researches, has been the discover? that the
true cell-wall of ihe Plant (the ‘primordial utricle’ of Mohl)

c
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has the same albuminous composition as that of the Animal;
the external cellulose envelope, which had been previousl
considered as the distinctive attribute of the Vegetable cell,
being in reality but a secretion from its surface.—Of all the
applications of the Microscope, however, to the study of the
life-history of the Flowering-plant, there is none which has
excited so much interest, or given-rise to so much discussion,
as the nature of the process by which the Owule is fecundated
by the penetration of the pollen-tube.  This question, in the
opinion of the Author, may be considered as now determined ;
and the conclusion arrived-at is one so strictly in harmony
with the general results obtained by the study of the (appa-
rently) very different phenomena presented by the Generative
process of the Cryptogamia, that it justifies the Physiologist
i advaneing a general doctrine as to the nature of the func-
tion, which proves to be mo less applicable to the Animal
kingdom than it is to the Vegetable. (Sce Chap. virn).
Among the objects of interest so abundantly offered by the
Animal Kingdom to the obscrvation of Microscopists furnished
with vastly-improved instruments of rescarch, it was natural
that those minuter forms of Animal life which teem in almost
every stationary collection of watcr, should engage their carly
attention; and among those Naturalists who applied them-
selves to this study, the foremost rank must undoubtedly be
assigned to the eelebrated German Microscopist, Prof. Eliren-
berg. For although it is now unquestionable that he has
committed numerous errors,—many doctrines which at first
gained considerable currency on the strength of his high
reputation, having now heen abandoned by almost cvery one
save their originator,—-yet when we look at the vast advances
which he unquestionably made in our knowledge of Animal-
cular life, the untiring industry which he has displayed in the
study of it, the impulse which he has given to the nvestiga-
tions of others, and the broad foundation which he has laid
for their enquiries in the magnificent works in which his own
observations are recorded, we cannot bnut feel that his services
have been almost invaluable, since, but for him, this depart-
ment of microscopie enquiry would certainly have been in
a position far behind that to which it has now advanced.
Yet, great as has been the labour bestowed by him and hy
his followers in the same line of pursuit, it has become
increasingly cvident of latc years that our knowledge of
Infusory Animalcules is still in its infancy; that the great
fabric crected by Prof. Ehrenberg rests upon a most insecure
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foundation ; gnd that the Anatomy, Physiology, and Syste-
matic arrangelent of these beings need to be re-studied com-
chtely ab initio. Tor, in the first place, there can be no

oubt whatever, that a considerable scction of the so-called
Animaleules belongs to the Vegetable kingdom; consisting,
as alrgady pointed out, of the mofile forms of the humbler
Plants, of which a very large proportion pass, at some period
of their existence, through a stage of activity that scrves for
their diffusion. Morcover, in another group whose character
has been entirely misconceived by the great German Micro-
scopist, and was first clearly discriminated by M. Dujardin,
there is neither mouth nor stomach of any kind ; the minute
plants and animals which serve it as food, being incorporated,
as it were, with the soft animal jelly, which constitutes the
almost homogeneous body; and this jelly further extending
itsclf into ‘pscudopodial’ prolongations, whereby these alimen-
tary particles are laid hold-of and drawn-in. Tt was by the
same distinguished French Microscopist, that the importar
fact was first discovered, that animals of this Réizopod type
are really the fabricators of those minutc shells, which, from
their Nautilus-like aspeet, bad been previously regarded as
belonging to the highest class of the Molluseous Sub-King-
dom ; and the whole of this most interesting group, which
had received from M. D’Orbigny (who first perceived the
speciality of its nature, and made a particular study of it) the
designation of Foraminifera, has thus had its place in the
Animal scale most strangely reversed ; heing at once degraded
from a position but little removed from Vertebrated animals,
to alevel in some respeets even lower than that of the ordinary
Animalcules.

But even when Prof. Ehrenberg’s class of Polygastrica has
been thus reduced, by the removal of those forms which are
truc Plants, and by the detachment of such as belong to the
Rhizopod group, we find that our knowledge of its real nature
is almost wholly 70 e gained ; since little else has yet been ac-
complished than a description of a multitude of forwms, of whose
history as living beings scarcely anything clse is known, than
that they take food into the interior of their bodies by means
of an oral orifice, that they digest this food and appropriate
it to their own growth, and that they multiply themselves by
binary subdivision. Now there is a very strong analogical
probability, that many even of the most dissimilar forms of
these Animalcules, will prove to be different states of one and
the same ; for their multiplicati%n by binary subdivision being

c
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not a truc generative process, but being merelg (so to speak)
the growth of the individual, we may ie a.lmog certain that
sooner or later a new phase will present itsclf, consisting in
the evolution of proper sexual bodies, which will perform a
true generative act, the products of which may be very pro-
bably quite different from the forms we are accustomed to
regard as peculiar to each species. The attention of several
eminent Microscopists at the present time is strongly fixed
upon this part of the enquiry; which can only be efficiently
prosecuted, by Zimiting the range of observation for a time
to @ small number of forms, and pursuing these through all
the phases of their existence.

Among the most important of Prof. Ehrenberg’s unques-
tioned discoverics, we are undoubtedly to place that of the
comparatively high organization of the Rofifera, or Wheel-
Animaleules and their allies; for which, though previous!
confounded with the simpler Infusoria, he asserted and vindi-
cated a claim to a far more clevated rank. For although in
this instance, too, some of his deseriptions have been shown
to be incorrect, and many ofghis inferences to be erroncous,
and although subscquent observers are not agreed among
themsclves as to many important particulars, yet all asseut to
the general accuracy of Prof. ELrenbcrq’s statements, and
recognize the title of the Rotifera to a place not far removed
from that of the Vermiform tribes.—A parallel discovery was
made ahout the same time by MM. Audouin and Milne-Ed-
wards, in regard to the #7ustre and their allics, which had

reviously ranked among those flexible Zoophytes popularly
Enown as ‘corallines,” and arc often scarcely to be distin-
guished from them m mode of growth or general aspect ;* but
which were separated as a distinet order by these observers,
on account of their possession of a sccond orifice to the
alimentary eanal, and the general tendency of their plan of
organization to that which characterizes the inferior Mol-
lusca. The importance of this distinction was at once
recognized ; and the group reecived the designation of Polyzon
from Mr. J.V.Thompson, and of Bryo:oa from Prof. Ehrenberg,
The organization of this very interesting group was further

* “You go down,” says Mr, Kingsley, “ to any shore after a gule of wind,
and pick up a few delicate httle sea-ferns.  You have two in your hand (Serfu-
lara operculata and Gemellura lorweulata), whieh probably look to you, even
under a good pocket-magnifier, identical or nearly so.  But you are told to
your surprise, that however Iike the dead horny polypidoms which you hold
may be, the two species of animal which have formed them, are at least as far
apart in the scale of creation as a quadruped is from a fish,”
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clucidated, some years subsequently, by the admirable obser-
vations of Dr. Arthur Farre upon a newly-discovered form
(named by him Bowerbaukia), the transparence of whose
cenvelopes allowed its internal structure to be distinctly made-
out; and the additional features which he detected, were all
such ag 1o strengthen the idea alrcady entertained of its
essentially Molluscan character. This idea received its final
and complete confirmation from the admirable researches
of M. Milne-Edwards on the Compound Ascidians, which are
the lowest animals whose Molluscous nature had been pre-
viously acknowledged ; thesc having been discovered by him
to agree with Zoophytes in their plant-like attribute of
extension by ‘gemmation’ or budding, and to present,
in all the most important features of their organization,
an extremely close approximation to the Bryozoa.—Thus
whilst Microscopic research has degraded the Foraminifera
from their supposed rank with the Nautilus and Cuttle-
fish, to the level of the Sponge, it has raiscd the Wheell
Anmmaleules into proximity with the aquatic Worms, and
the humble ¢Sea-Mat,” formerly supposed to he a Plant,
to a position not much below that of the Ogyster and
Mussel *

Another most curious and most important field of Micro-
seopic enquiry has been opened-up in the study of the Trans-
Sormations which a large proportion of the lower animals
undergo, during the early stages of their existence; and not-
withstanding that it has even yet been very imperfectl
cultivated, the wnexpeeted result has been already attajnedt
that the fact of < metamorphosis,’—previously known only in
the cases of Inscets and 'l‘mlpoles, und commonly considered
as an altogether excepfeonal phenomenon,—is alinost universal
among the inferior tribes; it being a rare occurrence
for the oftspring to come-forth from the egg in a condition
hearing any resemblance to that which characterizes the
adult, and the latter being in general attained only after
a long series of changes, in the course of which many curious
phases arc presented. One of the earlicst and most remark-
able discoveries which was made in this direction,—that of the
metamorphosis of the Cirrkipeds (Barnacles and their allies)
by Mr. J. V. Thompson,—proved of most important assistance
in the determination of the truc place of that gmuﬁp, which
had previously been a matter of controversy; for although in

* With reference to the subjects of the three preceding paragraphs, see
Chaps. 1x., X., XI. :
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their outward characters they bear such a resemblance to
Mollusks, that the Barnacles which attach themselves to
floating timber, and the Acorn-shells which incrust the sur-
faces of rocks, are unhesitatinglly ranked by Shell-collectors
among their ‘multivalves,” yet the close resemblance which
exists between their early forms and the little Water-Fleas
which swarm in our pools, makes it quite certain that the Bar-
nacles not only belong to the Articulated instead of to the
Molluscous serics, but that they must be ranked in closc
proximity to the Entomostracous division of the Crustacea,
if not actually as members of it. To the same discovercr,
moreover, we owe the knowledge that even the common Crab
undergoes mctamorphoses scarcely less strauge, its carliest
form being a little creaturc of most grotesque shape, which
had been previously deseribed as an aﬁult and perfeet Ento-
mostracan; so that, although scarccly any two ereatures can
apparently be more unlike than a Barnacle and a Crab, they
have (so to speak) the same starting-point; the difference in
their ultimate aspcet chiefly arising from the difference in the

roportionate devclopment of parts which are common to

oth.—A still more remarkable series of Metamorphoses has
recently heen shown by Prof. Muller to exist among the Li-
noderms (Star-fish, Sea-urchins, &c.); whose dcvclol)mcnt he
has studied with great perseverance and sagacity.  Thus the
larva of the Star-fish is an active free-swimming animal, having
a long hody with six slender arms on each side, from onc end
of which the young stur-fish is (so to speak) budded-off; and
when this has attained a certain stage of development, the
long twelve-armed body separates from it and dies-off, its
chief function having apparently been, to carry the young
Star-fish to a distance from its fellows, and thus to prevent
overcrowding by the accumulation of individuals in particular
spots, which would be liable to occur if they never had any
more active powers of Jocomotion than they possess in their
adult state.—Scarcely less remarkable arc the changes which
are to he witnessed in the greater number of aquatic Mollusks,
almost all of which, however inert m their adult condition,
possess active powers of locomotion in their larval state;
some_heing rorc]lcd by the vibratile movement of cilia dis-
Wsed upon the head somewhat after the fashion of those of

heel-animalcules, and others by the lateral strokes of a sort
of tail which afterwards disappears like that of a Tadpole.—
Among the Apnelids or marne worms, again, there is found
to be an extraordinary dissimilarity, though of a somewhat
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different nature, between the larval and the adult forms: for
they commonly come-forth from the egg in a coudition but
little advanceg beyond that of Animalcules; and, although
they do not undergo any metamorphosis comparable to that
of Insects, they pass through a long series of phases of deve-
lopmegt (chiefly consisting in the successive production of new
joints or segments, and of the organs appertaining to these)

efore they acquire their complete type.—In nearly all the
foregoing cases it may be remarked, tﬁat the larval forms of
different spceics bear to one another a far stronger resem-
blance than exists among adults, the distinguishing characters
of the latter being only evolved in the course of their develop-
ment; and every new discovery in this direction only gives
fresh confirmation to the great law of development early
detected by the sagacity of Von Baer, that the more special
Jorms of structure arise out of the more general, and this by a

radual change. The meaning of this law will become obvious
icreafter, when some of the principal cascs to which it applids
shall have been brought in il?ustrution of it (Chap. x1r.).

A still more curious series of discoveries has been made, hy
means of the Microscope, in regard to the carly development
of the Medusan Acalephs (jelly-fish, &c.), and the relation-
ship that cxists betwcen them and the Iydraform Zoophytes ;
—two groups of animals, which had been previously ranked
in diffcrent classes, and had not been supposed to possess
anything in common. Ior it has been clearly made out by
the careful ohservations of Sars, Siebold, Dalyell, and others,
that those delicate arborescent Zoophytes, cach polype of
which is cssentially a Hydra, not only grow by extending
themsclves into new branches, like pI’z’mts, sometimes also
budding-off detached gemumee, which multiply their kind by
developimg themselves into Zoophytie forms like those whence
they sprang; but also produce peculiar buds having all the
characters of Meduse, which contain the proper generative
organs of the Zoophyte, but which, usually detaching them-
sclves from the stock that bore them, swim freely through the
ocean as minute jcll -fish, without exhibiting the slightest
trace of their origially-attached condition. The Meduse in
due time produce fertile eggs; and each egg developes itself,
not into tﬁc form of its iminediate (}i)rogenitor, but into that of
the Zoophyte from whieh the Medusa was budded-off. And
thus a most extraordinary alternation of forms is presented,
between the Zoophyte, which may be compared to the growing
or vegetating stage of a Plant (its polypes representing the
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leaf-huds), and the Medusa, the development of which marks
its Aowering stage.—So again, from t];e investigation of the
early history of those larger forms of <jelly-fish” with which
every visitor to the sea-coast is familiar, it has been rendered
certain that they too arc developed from Polype-larvie, usually
of very minute size, which give-off Mcdusa-buds; so that
whilst #4ey are hest known to us in their Medusan state, and
the Hydraformn Zoophytes in their polypoid state, cach of these
ﬁroups is the representative of a certain stage in the life-

istory of one and the same tribe of these curious beinygs,
which, when complete, includes both states, as will be here-
after shown in more detail (Chap. x1.),—Changes very similar
in kind, and in many respeets even more remarkable, have
been found by microscopic enquiry to take place among the
Entozoa (infestinal worms); but being interesting only to
professed Naturalists and scientific Physiologists, they
scarccly call for particular notice in a treatisc like the present.

It has not been among the least important results of the
new turn which Zoologiczﬁ enquiry has thus taken, that a far
higher spirit has been introduced into_the cultivation of this
science, than previously pervadedit.  Formerly it was thought,
both in Zoology and m Botany, that Classitication might he
adequately based on external chareters alone; and the
scientific acquirements of a Naturalist were estimated rather
by the extent of his acquaintunce with these, than by any
knowledge he might possess of their internal orgauization.
The great system of Cavier, it is true, professed to rest upon
organization as its basis; but the acquaintance with this
which was considered requisite for the purpose, was very
limited in its amount and superficial in its character; and no
Waturalist formerly thought of studying the history of Deve-
lopient as a necessmy adjunet to the Scienee of Classilica-
tion. low essential a knowledge of it has now become, however,
if only as a hasis for any truly natural arrangement of Animals,
must have become apparent from the preceding sketch; and
it has thus come to be felt and admitted amongst all truly-
philosophic” Naturalists, that the couplete study of any par-
ticular group, even for the purposcs of classification, iu\'nlvcs
the acquirement of a knowledge, not only of its infimate
structure, but of its entire life-history. And thus Natural
History and Physiology,—two departments of the great
Seience of Life, which the Creator inextricably blended, but
which Man has foolishly striven to separate,—are now again
being brought into their original and cssential harmony; and
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it is coming to be thought more creditable, to give a complete
clucidation of the history of even a single species, than to
describe any nmumber of new forms, about which nothing else
is made-out save what shows itself on the surface.

Thus every Microscopist, however limited may be his
opportynities, has a wide range of observation presented to
him in the study of the lower forms of Animal life; with the
strongest incitement to persevering and well-directed enquiry,
that the anticipation of novelty, and the expectation of
valuable results, can afford.  For, notwithstanding the large
numher  of admirable records which have been already
&ublishcd (chiefly, we must admit with regret, by Continental

aturalists) upon the developmental history of the lower
iribes of Animals, there is no one of the subjects that
have heen just passed in review, of which the knowledge
hitherto gaimed can be regarded as more than a sample of that
which remains to be acquired.  Records like those alrcad
referred-to, might easily be multiplied a hundred-fold, wit
infinite advantage to Seience; if those Microscopists who
spend their fime in desultory observation, and in looking at
some {avourite objects aver and over again, would but concen-
trate their attenfion upon some particular speeics or group,
and work-out its entire history wilh paticnce and deter-
mination. Aud the observer himsclf would find this great
advantage i so doing,—that an enquiry thus pursued
gradually becomes to him an ohject of such attractive in-
terest, that he experiene s a zest in its pursuit to which the
mere dilettante is an entire stranger,—besides enjoying all the
mental profit, which is the almost necessary result of the
thoronyh performance of any task that is not in itself un-
worthy. And what caz be amore worthy occupation, than the
attempt to gain an insight, however limited, into the operations
of Creative Wisdom ?—these heing not less wonderfully dis-
played among the forms of Animal life which arc accounted
the simplest and least aftractive, than in those which more
conspicuously solicit the attention of the Student of Nature,
hy the heauty of their aspeet or the claborateness of their
organization.

t has not heen, however, in the study of the minuter forms
of Animal life alone, that the Microscope has been turned to
valuahle account ; for the Anatomists and Physiologists who had
made the Hwmau fabrie the especial object of their study, and
who had been led to helieve that the knowledge accumulated
by their repeated and persevering seratiny into every portion
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accessible to their vision, was all which i lay within their
power to attain, have found in this new instrament of
rescarch, the means of advancing far nearer towards the
penetralie of Organization, and of gaining a much dceper
insight into the mysteries of Life, than had cver before been
conceived possible.  For every part of the entire organism has
been, so to speak, decomposed into its elementary tissues, the
structure un(ll actions of each of which have been separately
and minutely investigated; and thus a new department
of study, which is known as Histology (or Science of the
Tissues) has not ouly been marked-out, but has already made
great advances towards completeness.  In the pursuit of this
enquiry, the Microscopists of our day have not limited them-
sclves to the fabric of Man, but have extended thewr rescarches
through the entire range of the Animal kingdom ; and in so
doing, have found, as in cvery other department of Nature, ¢
combimation of endless variety in detail, with a marvellous
simplicity and uniformity of general plaw.  Thus the dowex
which constitute the skeleton of the Vertebrated animal,—
however diffcrent from each other in their external con-
figuration, in the arrangement of their compact and {heir
cancellated portions, and other such particulars as specially
adapt them for the purposes they have to perform in
cach organism,—all consist of a certain kind of tissue, dis-
tinguished under the microscope by features of a most peculiar
and interesting kind; and these features, whilst presenting
(like those of the Human countenance) a certain general con-
formity to a common plan, exhibit (as Prof. Quekett has
shown) such distinctive modifications of that plan in the
different elasses and orders of the Vertebrated scrics, that
it is generally possible by the microscopic cxamination of the
merest fragment of a hone, to pronounce with great probability
as to the natural family to which it has belonged.  Still more
is this the case in regard to the Zeeth, whose organie structure
(originally detected by Leeuwenhock) has been newly and far
more completely clucidated by Profrs. Purkinje, Retaius,
Owen, and Tomes; for the enquury into the comparative
structure of these organs, which has been prosecuted by Prof.
Owen, in particular, through the entire range of the Verte-
brated series, has shown that, with an equally close con-
formity to a certain geaeral plan of structure, there are at the
same time still wider diversities in detail, which are so cha-
ractcristic of their respective groups, that it is often possible
to discriminate, not ouly families, but cven geuera and species,
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by careful attention to the minute features of their structure.
Similar enquiries, with results in many respects analogous,
have been carried-out by the Author, In regard to the Shells
of Mollusks, Crustaccans, and Echinoderms; his researches
having not only demonstrated the regularly-organized struc-
ture of fhese protective envelopes (which had been previously
affirmed to be mere inorganic exudations, preseuting in many
instances a erystalline texture), but having shown that many
natural groups are so distinctively characterized by the
microscopic peculiarities they present, that the inspection of
a minute fragment of Shell will often serve to determine, no
less surely than in the case of bones and teeth, the position of
the animal of which it formed part. The soft parts of the
Animal body, moreover, such as the ewrfilages which cover the
exiremities of the bones and the ligaments which hold them
together at the joints, the museles whose contraction developes
motion and the fendons which eommunicate that motion, the
nervous ganglia which generate nervous force and the ners
fibres which convey it, the skir which clothes the body and the
mucous and serous membranes which line its cavitics, the
assimilating glands which make the blood and the secrefing
glands which keep it in a state of purity,—these, and
many other tissues that might be enumerated, are scverally
found to present charactenistic peculiarities of structure,
which are more or less distinetly recognisable throughout the
Animal series, and which bear the strongest testimony to the
Unity of the Design in which they all originated. ~As we
descend to the lower forms of Anmal life, however, we find
these distinetions less and less obvious; and we at last come
to fabries of such extremc simplicity and Aomogencousness,
that every part seems to rcsemble every other in structure
and actions; no provision being made for that ¢ division of
labour’ which marks the higher types of organization, and
whicl, being the consequence of the development of separate
organs each having its special work to do, can only be effected
where there is a * differentiation’ of parts, that gives to the
cutire fabric a character of Aeterogeneousness.

The Microscopic investigation whose nature has thus been
sketched, has not ouly been most fruitful in the discovery
of individual facts, but has led to ccrtain general results, of
great value in Physiologjcal Scicnce. Among the most im-
»ortant of these, is the complete metamorphosis which has
})cen cffected in the idcas previously entertained regarding
living action; such having been esseutially based on the
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Circulation of the blood, as the only vital phenomenon of
which any direct cognizance could be gained through the
medium of the senses. For it gradually came to be clearly
perceived, that in the Animal as 1n the Plant, each infegral
ortion of the Organism possesses an independent Life of its orn,
in virtue of which it performs a serics of actions peeuliar to
itself, provided that the conditions requisite for those actions
be supplied to it , and that the Lifc of the body as a whole
(like a symphony performed by a full orchestra) consists in
the harmonious combination of its separate instrumental acts,
—the circulation of the blood, instead of meuking the tissues,
simply affording the supply of prepared nutriment, at the
expense of which they evolve Zhemseires from germs previously
cxisting. This general doetrine was first put prominently
forwards b Schwann, whose “ Microscopical Rescarches into
the Accordance in the Structure and Growth of Animals and
Plants,” published in 1839, marks the commencement of a
new era 1n all that department of Animal Physiology, which
comprises the simply-vegetative life of the organized fabrie.
These researches, zwowcal_\' hased upon the ideas advanced hy
Schleiden, were prosecuted in the same direction as his had
been; the object which this admnirable observer and phi-
losophic reasoner specially proposed to himself, being the
study of the decelupment of the Animal tissues. 1le found
that although their evolution cannot be watched while in
actual progress, its history may be traced-out by the com-
parison of the sucecssive stages brought to Light hy Micro-
scoric rescarch ; and in so far as this has been accomplished for
cach scparate part of the organism, the stractwre and actions
of its several components, however diverse in their fully-
developed condition, are found to resemble each other more
and more closely, the more nearly these parts are traced-back to
their earliest appcarance.  Thus we arrive in our retrospective
survey, at a period in the early history of Man, at which the
whole embryonic mass is but « congeries of cells, all apparently
similar and equal to each other; and going still further back,
it is found that all these have had their origin in the sub-
division of a single primordial cell, which is the first defined
product of the generative act.  On this single ccll, the Physi-
ologist bases his idea of the most clementary type of Orga-
nization ; whilst its actions present him with all that is
essential to the notion of Life. And in pursuing the history
of the germ, from this, its simplest and most Aomogencous
-form, to the assumption of that completed and perfected type
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which is marked by the extreme #keferagencousness of its
different parts, he has another illustration of that law of pro-
gress from the general to the special, which is one of the highest
prineiples yet attained in the science of Vitality.

But further, the Physiologist, not confining his enquiries
to Man, pursues the like rescarches into the developmental
history of ther living beings, and is soon led to the conclusion
that the same is true of them also; cach Animal, as well as
cach Plant, having the same starting-point in the single cell ;
and the distinetive features by which its perfected form is
characterized, how striking and important soever these may be,
arising in the course of its development towards the condition
it is ultimately to present. In the progress of that evolution,
those fundamental differences which mark-out the great
natural divisions of the Animal and the Vegetable Kingdoms
respectively, are the first to manifest themselves; and the
subordinate peculiarities which distinguish classes, orders,
familics, genera, and specics, successively make their appear-
ance, usually (but not by any means constantly) in the order
of importance which Systematists have assigned to them. And
it is in thus pursuing, by the aid which the Mieroseope alone
can afford to his visual power, the history of the Organic
Germ, from that simple and homogeneous form whicli seems
common to every kind of living being, cither to that complex
and most heterogeneous organismwhich is the mortal tenement
of Man’s immortal spirit, or only to that humble Protophyte
or Protozoon, which lives and grows and multiplies without
show ing any essential advance upon its embryonie type,—that
the Physiologist is led 1o his grandest coneeption of the Unity
and All-Comprehensive nature of that Creative Design, of
which the developmeut of every individual Organism, from the
lowest to the highest, is a separate exemplification, at once
perfeet in itself, and harmonious with every other.

It has been the purpose of the foregoing sketeh, to convey
an idea, not merely of the services which the Microscope has
already rendered to the collector of fucts in every department
of the Scienee of Life, but also of the value of these facts as a
foundatiou for philvsophical reasoning. For it is when thus
utilized, that observations, whether inade with the Mieroscope
or with the "Lclescope, or by any other instrumentality, acquire
their highest value, and cxcite the sirongest interest in the
mind.  But as it 1s not cvery one who is prepared by his pre-
vious acquirements {o appreciate such rescarches, according to
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the scientific estimate of their importance, it may be well now
to address oursclves to that large and increasing number, who
are disposed to apply themselves to Microscopic rescarch as
amateurs, following the pursuit rather as ameans of wholesome
rcereation to their own minds, than with a view to the exten-
sion of the boundaries of existing knowledge ; and to those in
particular who are charged, whether as parents or as instruc-
tors, with the direction and training of the youthful mind.

All the advantages which have heen urgc(i’ at various times,
with so much scnse and vigour,* in favour of the study of
Natural History, apply with full forcc to Microscopical
enquir[y. What better cncouragement and direction can
possibly be given to the exercise of the ebserving powers of a
child, than to habituate him to the employment of this instru-
ment upon the objects which immediately surround him, and
then to teach him to scarch-out novelties among those less
immediately accessible?  The more we limit the natural
excrcise of these powers, by the use of those methods of
education which arc gencrally considered to be speeially
advantageous for the development of the Intelleet,—the more
we take him from ficlds and woads, from hills and moors, from
river-side and sca-shore, and shut him up in close sehool-
rooms and narrow play-grounds, limiting his attention to
abstractions, and cutting Tiim off cven in his hours of sport
from those sights and sounds of Naturc which scem to he the
appointed food of the youthful spirit,—the more dues it seem
important that he should in some way be brought into contact
with her, that he should have his thoughts sometimes turned
from the pages of books to those of Creation, from the
teachings of gMan to those of God. Now if we attempt to
give this direction to the thoughts and feclings in a merely
didactic mode, it loses that spontancousness which is one of
its most valuable features. But if we place before the youn
a sct of objects which can scarcely fail to excite their ]u-allhfuq
curiosity, satisfying this only so far as to leave them still
enquirers, and stimulating their interest from time {o time by
the disclosure of snch new wonders as arouse new feclings of
delight, they come to look upon the pursuit as an ever-fresh
fountain of happiness and enjoyment, and to scek every oppor-
tunity of following it for themsclves.

There are no circumstances or conditions of life, which
need be altogether cut-off from these sources of interest und

* By none more furcibly than by Mr. Kingsley, in his recent little volume

entitled “ Glaucus, or the Wonders of the Shore.
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improvement. Those who are brought-up amidst the whole-
some influences of a country life, have, it 1s true, the greatest
direet opportunitics of thus drawing from the Natural Creation
the appropriate nurture for their own spiritual life. But the
very famifiarity of the objects around them, prevents these
from exerting their most wholesome influence, unless they be
led to sce Yow much there is bencath the surfuce even of what
they seem to know best ; and in rightly training them to look
for this, how many educational objects,—physical, intellectual,
and moral,—may be answercd at the same time! «A walk
without an object,” says Mr. Kingsley, “ unless in the most
lovely and novel scenery, is a poor exercise; and as a recrea-
tion utterly nil. 1f we wish rural walks to do our children any
good, we must give them a love for rural sights, an object in
every walk ; we must teach them—and we can teach them—to
find wonder in every insect, sublimity in every hedge-row, the
records of past worlds in every pebble, and boundless fertility
upon the harren shore; anh 80, by teaching them to
make full use of that limited sphere in which they now are,
make them faithful in a few things, that they may be fit bere-
after to be rulers over much.”  What can be a more effectual
means of turning such opportunities to the best account, than
the employment of an aid which not only multiplies almost
infinitely the sources of interest prescnted by the objects with
which our eyes are most familiar, but finds inexhaustible life
where all seems lifeless, ceascless activity where all seems
motionless, perpetual change where all scems inert P—Turn,
on the other hand, to the young who are growing-up in our
great towns, in the heart of the vast Mctropolis, whose range
of vision is limited on every side by bricks and mortar, who
rarely sec a green leaf or a fresh blade of grass, and whose
knowledge of animal life is practically limited to the dozen or
two of creatures that everywhere attach themselves to the com-
panionship of Man, and shape their habits by his.  To attempt
to inspire a real love of Nature by books and pictures, in those
who {mvc never felt her influences, is almost hopeless. A
child may be interested by accounts of her wonders, as by any
other instructive narrative; but they have little of Zfe or
reali*y in his mind,—far less than has the story of adventure
which appcals to his own sym})at.lucs, or cven than the fairy
tale which charms and fixes his imagination.—But herc the
Microscope may be introduced with all the more advantage,
as being almost the only means accessible under such ciréum-
stances, for supplying what is nceded. A single rural or even
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suburban walk will afford stores of pleasurable occupation for
weeks, in the examination of its colﬁ:ctcd treasures. A large
glass jar may be easily made to teem with life, in almost ns
many and as varied forms as could be found by the unaided
eye 1n long and toilsome voyages over the wide ocean; and a
never-cnding source of amusement is aflorded by the observa-
tion of their growth, their changes, their movements, their
habits. The school-boy thus tramed, looks forward to the
holiday which shall cnable him to scarch afresh in some
favourite pool, or to explore the wonders of some stagnant,
basin, with as much zest as the keenest sportsman longs for a
day’s shooting on the moors, or a day’s fishing in the best
trout stream; and with this great advantage over him,—that his
excursion is only the heginning of a fre s stock of cujoyment,
instead of being in itscli the whole.

This is no mmaginary picture, but onc which we have con-
stantly under our cyes; and no argument can be needed
to show the value of such a taste, 10 sueh, at least, as have
sct clearly hefore their minds the objects at which they should
aim in the great work of Education.  For we have not merely
to train the intellectual powers and to develope the moral
seuse; but to form those tastes—those ‘likes and dislikes’—
which exereise a more abiding and a more cogent influence on
the conduet, than cither the reason or the mere knowledge of
dutv. 1t is our object to foster all the higher aspirations, to
keep in check all that is Jow and degrading.  But the mind
wust have recrcation and amusement ; and the more closely it
is kept by the system of education adopted, to the exercise of
any one set of powers, the more potent will be that reaction
which will urge it, when restraint is remoy ed, to activity of
some other kind; and the more important is it, that this re-
action should reecive a direetion to what is healthful and cle-
vating, instead of to what is weakening and degrading. 1t is
quite a mistake to imagine that those evil habits which result
from a wrong excrcise of the natural powers, a wrong diree-
tion of the natural tendencies, can be effectually antagonized
by the simple cffort at repression.  The constant excreise
cither of external coercion or of intcrnal restraint, tends to
keep the attention dirceted towards the forbidden object of
gratification, the malady is only held in check, not. cured;
and it will break out, perhaps with augmented foree, whenever
the perpetually-present, impulses shall derive move than ordi-
nary strm:ﬁth from some casual oceurrence, or the restraining
power shall have been temporarily weakened.  The only
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effectual mode of keeping in check the wrong, is by making
use of these same powers and tendencies in a righ# mode; b
finding out objects whereon they may be beneficially exercised;
and by giving them such a direction and encouragement, as
may lead them to expend themselves upon these, instead of
fretting and chafing under restraint, ready to break loose at
the first qpportunity. There is no object on which the youth-
ful cnergy can be emﬁloycd more worthily, than in the pursuit
of Knowledﬁe; no kind of knowledge can be made more
attractive, than that which is presented by the Works of
Creation; no source is more accessible, no fountain more
inexhaustible ; and there is none which affords, both in the
mode of pursuing it, and in its own nature, so complete and
beneficial a diversion from the ordinary scholastic pursuits.

If there be one class more than another, whic especially
needs to have its attention thus awakened to such objects of
interest, as, by drawing its better nature into exercise, shall
keep it frec from the grovelling sensuality in which it too fre-
quently loses itself, it 13 our Labouring population; the eleva-
tlon of which is one of the great social problems of the day.
Ou those who are actively coucerned in promoting and con-
ducting its education, the claims and advantages of the Study
of Nature can searcely be too strongly urged; since experience
has fully proved,—what might have Keen a priori anticipated,
—that where the taste for tiis pursuit has been early fostered
by jndicious training, it becomes so completely a part of the
mind, that it mrely%eaves the individual, however unfavour-
able his circumstances may be to its exercise, but continues
to exert a refining and elevating influence through his whole
subsequent course of life.—Now for the reasons n.Frea,dy stated,
the Microscope is not merely a most valuable adjunct in such
instruction, but its assistance is essential in giving to almost
every Natural object its highest educational value ; and whilst
the country Schoolmaster has the best opportunities of
turning it to useful account, it is to the ciy Schoolmaster
that, in default of other opportunities, its importance as an
educational instrument should be the greatest.—It was from
feeling very strongly how much advantage would accrue from
the introduction of a form of Microscope, which should be at
once good enough for Educational purposes, and cheap enough
to find its way mto every well-supported School in town and
country, that the Author suggested to the Society of Arts in
the summer of 1854, that 1t should endeavour to carry-out an
object so strictly in accordance with the enlightened purposes
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which it is aiming to effect ; and this suggestion having been
considered worthy of adoption, a Commitiee, chiefly consisting
of experienced Microscopists, was appointed to carry it into
effect. It was determined to aim at obtaining two instru-
ments ;—a simple and low-priced microscope for the use of
Scholars, to whom it might be appropriately given as a reward
for zeal and proficiency 1n the purswit of Natural History, not
in books, but in the field;—and a compound Microscope for
the use of Teachers, of capacity sufficient to afford a good
view of every kind of object most likely to interest the pupil
or to be within the reach of the instructor. Notwithstanding
the apprehensions generally expressed, that no instruments at
all li£el to answer the intended purpose could possibly be
roduced at the prices specified, the result has proved their
Fa]]a.c ; for among sevcral instruments of greater or less
efficiency, sent in competition for the award, the Committee
was able to seleet a Simple and a Compound Microscope fully
answering their expectations, and henceforth to be supplied to
the public at a cost so low as to place these instruments (it
may be hoped) within the reach of almost every one to whom
they are likely to be of service. An account of these two
Microscopes will be given hereafter. (Chap. 11, §§ 29, 31).
It is not alone, however, as furnishing an attractive objcet
of pursuit for the young—fitted at once to cxcite a wholesome
taste for novelty, ever owing with what it feeds on, and to
call forth the hcalthfulgrcxerclsc of all thosc powers, both
physical and mental, which can minister to its gratification,—
that Natural-History-studies in general, and Microscopic
enquiry in_particular, are to be specially commended as a
means of intellectual and moral discipline; for there is no
capacity, however clevated, to which they do not furnish
ample material for the exercise of all its best powers, no
period of lifc which may not draw from them its purest
pleasures. Even to observe well is not so casy a thing as some
persons imagine. Some are too hasty, imagining that they
¢an vake-in everything at a glance, and hence often forming
very erroneops or imperfect notions, which may give an en-
tirely wrong direction not only to thcir own views but to
those of others, and may thus render necessary an amount of
labour for the ultimate determination of the truth, many times
as great as that which would have sufficed in the first instance,
the original obscrvations been accurately made and faith-
fully recorded. Others, again, are too slow and hesitating;
and fix their attention too much upon details, to be able to
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enter into the real significance of what may be presented to
the vision. Although ignorance has doubtless much to do in
producing both these faults, yet they both have their source
m mental tendencies which are not corrected by the mere
acquisition of knowledge, and which are very inimical, not
mcre(liy to its fair reeeption, but also to the formation of a
sound judgment uHon any subject whatever, The habit of

arding against them, therefore, once acquired in regard to

icroscopic observation, will be of invaluable service in every
walk of life. Not less important is it (as has been already
shown), to keep our observations free alike from the bias of
preconccived ideas, and from the suggestive influence of
superficial resemblances; and here, too, we find the training
which Microscopical study atfords, especially when it is pro-
secuted under the direction of an eerrienced guide, of the
highest value in forming judicious habits of thought and
action. To set the young observer to examine and investigate
for himself, to tell him merely wkere to look and (ia general
terms) what to look-for, to require from him a careful account §
of what he sees, and then to lead him to compare this with
the descriptions of similar objects by Microscopists of large
experience and unquestionable accuracy, is not only the best
training he can receive as a Microscopist, but one of the best
means of preparing his mind for the exercise of its powers in
any sphere whatever.

{t cannot be too strongly or too constantly kept in view, that
the value of the results of Microscopic enquiry will depend
far more upon the sagacity, perseverance, and aceuracy of the
Observer, than upon the elaborateness of his instrument.
"The most perfect Microscope ever made, in the hands of one
who knows not how to turn it to account, is valueless; in the
hands of a careless, a hasty, or a prejudiced observer, it is
worse than valueless, as furnishing new contributions to the
already large stock of errors that pass under the guise of
scientific truths. On the other hand, the least costly Micro-
scope that has ever been constructed, how Limited soever its
powers, provided that it gives no {alxe appearances, shall
%urnish to him who knows what may be done with it, a means
of turhing to an account, profitable alike to science and to his
own immortal spirit, thosc hours which might otherwise be
passed in languid exzwi, or in frivolous or degrading amuse-
ments,* and even of immartalizing his name by the discovery

* ] have scen,” says Mr, Kingsley, “ the cultivated man, craving for travcl
and success in life, pent up in the drudxgery of London work, and yet keeping
D
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of secrets in Nature as yet undreamed of. A very large pro-
portion of the great achievements of Microscopic research
that have been noticed in the preceding outline, have been
made by the instrumentality of microscopes which would be
generally condemned in the present day as utterly unfit for any
scientific purpose; and it cannot for a moment be suppose
that the 1ell;1pwhich Nature presents for the prosecution of
enquiries with instruments of comparatively limited capacity,
has been in any appreciable degree exhausted. On the con-
trary, what las leen done by these and scarcely superior-
instruments, only shows how much there is 0 e done. The
Author may be excused for citing, as an apposite cxample
of his meaning, the curious results he has recently obtained
from the study of the development of the Purpura lapillus (rock-
whelk), which will be detailed in their appropriate place
(Chap. x11) ; for these were obtained almost entirely by the
aid of single lenses, the Compound Microscope having been
only occasionally applied-to, for the verification of what
had been previously worked-out, or for the examination of
such minute details as the power employed did not suffice
to reveal.

But it should be urged upon such as are anxious to do
service to Science, by the publication of discoverics which
they suppose themselves to have made with comparatively
imperfect instruments, that they will do well to refrain from
bringing thesc forward, umtil they shall have obtained the
opportunity of verifying them with better. It is, as already
remarked, when an object is leas? clearly seen, that there is most
room for the exercise of the imagination; and there was sound
sense in the reply once made by a veteran observer, to one who
had been telling him of wonderful discoveries which another
was said to have made “iz spite of the badness of his Micro-
scope,”—*No, Sir, it was in consequence of the badness of his
Microscope.” If those who observe, with however humble
ap-instrument, will but rigidly observe the rule of recording
only what they can clearly see, they can neither go far astray
themselves, nor seriously mislead others.

Among the erroncous tendencies which Microscopic enquiry
seems especially fitted to correct, is that which leads to the
estimation of things by their merely sensuous or material
greatness, iustead of by their value in extending our ideas

his lgirit calm, and his morals perhaps all the morg righteons, by spending
over his Microscope evenings which would too probably have gr: unflfv been
wasted at the theatre,”
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and clevating our aspirations. For we cannot long scrutinize
the “world of small” to which we thus find access, without
having the conviction forced upon us, that all size is but
relative, and that mass has nothing to do with real grandeur.
There is somethh:ﬁ in the extreme of minuteness, which is
no less wonderful,—might it not almost be said, no less
majestick—than the extreme of vastness. If the mind loses
itself in the contemplation of the immeasurable depths of
space, and of the innumerable multitudes of stars and systems
*by which they are peopled, it is equally lost in wonder and ad-
miration, when the eye is turned to those countless multitudes
of living beings which a single dmi of water may contain, and
when the attention is ]given to the wondrous succession of
phenomena which the life-history of every individual amon,
them exhibits, and to thc order and constancy which this
presents. Still more is this the case, when we direct our
scrutiny to the penetration of that universc which may be
said to be included in the body of Mun, or of any one o[y the
higher forms of organized being, and survey the innumerabley
asscmblage of elementary parts, each having its own inde-
pendent life, yet each working in perfect harmony with the
rest, for the completion of the wondrous aggregate which the
Lifc of the whole presents. In the study of the one class of

henomena, no less than in the survey of the other, we are
Ked towards that Infinity, in comparison with which the
greatest and the least among the objects of Man’s regard are
equally insignificant ; and in that Infinity alone can we seek
for a Wisdom to design, or a Power to execute, results so
vast and so varied, by the orderly co-operation of the most
simple means.
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CHAPTER 1.
OPTICAL PRINCIPLES OF THE MICROSCOPE.

1. ALy Microscopes in ordinary use, whether simple or com-
pound, depend for their magnifying power on that influence
exerted by lenses in altering the course of the rays of light

assing through them, which is termed refiaction* This
mfluence takes place in accordance with the two following
laws, which are fully explained and illustrated in cvery
clementary treatisc on Optics :

1. A ray of light passing from a rarer into a denser medium,
is refracted Zowards a line drawn perpendicularly to the planc
which divides them ; and vice versd.

1. The sines of the angles of incidence and refraction
(that is, of the angles which the ray makes with the perpen-
dicular bdefore and after its refraction) bear to one another a
constant ratio for cach substance, which is known as its inder
of refraction.

1t follows from the first of these laws, that a ray of light
entering any denser medium perpendicularly, nndergoes o
refraction, but continues in its straight coursc; and from the
sccond, that the rays ncarest the perpendicular are refracted
less than thosec more distant from it. The ‘index of refrac-
tion” is determined for dilferent substances, by the amount of
the refractive influencc which they exert upon rays passing
into them, not from air, but from a vacuum ; and in expressing
it, the sinc of the angle of refraction is considered as the wwif,
tyhich that of the angle of incidence bears a fixed relation.
Thus when we say that the ¢index of refraction’ of Water is
1'336, we mean that the sine of the angle of incidence of a
ray passing into water from a vacuum, 15 to that of the angle
of refraction, as 1'336 to 1, or almost cxactly as 1} to 1, oras

* It is not considered necessary in the present Treatise, to describe the
reflecting Microscope of Amici; since this, although superior to the Micro-
scopes in use previously to its introduction, has been completely superseded
by the application of the Achromatic rinciﬁle to tho ordinary Microscope.
Chtx See cspecially Dr. Golding Bird’s “Manual of Natural Philosophy,”

p. XXII



LAWS OF REFRACTION. 39

4 to 3. And thus, the angle of incidencc being given, that of
the angle of refraction may be found by dividing it by the
index of refraction.

2. On the other hand, when.a ray emerges from a dense
medium into a rare one, it is bent from &e perpendicular,
according to the same ratio; and to find the course of the
emergente ray, the sine of the angle of incidence must be
multiplied by the “index of refraction,” which will give the sine
of the angle of refraction—Now when an emergent ra
falls very og)h’quely upon the surface, the refraction which it
would sustain in passing-forth, tending as it does to deflect it
still farther from the perpendicular, becomes so great that the
ray cannot pass-out at all, and is reflected back from the plane
which separatcs the two media, into the one from which it
was emerginﬁ'. This internal reflection will take place, when-
ever the product of the sine of the angle of incidence, multi-

lied by the index of refraction, exceeds the sine of 90°, which
1s the radius of the circle ; and thercfore the ‘limiting angle,’
beyond which an oblique ray suffers internal reflection, variesy
for different substances in proportion to their respective indices
of refraction. Thus,the in(i)ex of refraction of water being 1336,
no ray can pass out of it into a vacuum,* if its angle of inci-
dence exceed 48° 28/, since the sine of that angle, multiplied
by 1-336, equals the radius; and in like manner, the ¢ limiting
angle’ for flint-glass, its index of refraction being 1-60, is
38° 41”.—This fact imposes certain limits upon the performance
of microscopic Lenses; whilst at the same time it enables the
optician to make most advantageous use of glass Prisms for
the purpose of reflection ; the proportion of the light which
they throw-back being much greater than that returned from
the best-polished metallic surfaces, and the bril]iancy of the
refleeted image being consequently higher.  Such prisms are
of great value to the Microscopist for particular purposes, as
will hereafter appear (§§ 40, 41, 57, 60).

3. The lenses employed in the construction of Microscopes
arc chicfly convez ; those of the opposite kind, or concave, being
only used to make certain modifications in the course of the
rays passing through convex lenses, whereby their performance

* The reader may easily make evident tc himself the internal reflection of
water, by nearly filling & wine-glass with water, and holding it at a higher
level than his eye, so that he sces tl.e surface of the fluid obliquel, m
beneath ; no object beld above: the water will then be visible through it, if
the eye be placed beyond the limiting angle; whilst the surface itself will
appear, a8 If silvered, through its reflecting back to the eye the light which

s upon it from beneath,
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is rendered more exact (§§ 10, 12).—1It is easily shown to be in
accordance with the laws of refraction already cited, that when
a “pencil * of parallel rays, passing through air, impinges upow
a convez surface of glass, the.rays will be made to converge ;
for they will be bent towards the centre of the circle, the
radius being the perpendicular to cach point of curvature.
The central or axial ray, as it coincides with the perpendicular,
will undergo no refraction ; the others will be bent from their
original course in an increasing degree, in proportion as they
fallg at a distance from the centre of the lens; and the effect
upon the whole will be such, that they will be caused to meet
at a point, called the focus, some distance beyond the centre

Fie. 1,

Parallel mystg falling on a pl lens, brought to a focus at
tho distance of its diameter; and conversely, rays diverging from
that point, rendered parallel.

of curvature.—This effect will not be materially changed, by
allowing the rays to pass into air again throu§h a planeg surface
of glass, perpendicular to the axial ray (Fig. 1) ; a lens of this
description is called a plano-convex lens; and it will hereafter
be shown to possess propertics, which render it very useful in
the construction of microscopes. But if, instcad of passing
through a plane surface, the rays re-enter the air through a
second conver'surface, turned in the opposite direction, as in
a double-convez lens, they will be made to converge still more.
This will be rewdﬁy comprehended, when it is borne in mind
that the contrary direction of the second surface, and the con-
trary dircction of its refraction (this being from the denser
medium, instead of info it), antagonize each other ; so that the
second convex surface exerts an influence on the course of the
rays passing through it, which is almost exactly equivalent to
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that of the first. Hence the focus of a double-convex lens
will be at just half the distance, or (as commonly expressed)
will be at half the length, of the focus of a plano-convex lens
having the same curvature on one side (Fig. 2).

Fra. 2.

Parallel rays, falling on a double-conver lens, brought to a focus
in ;t.ﬂ d(fentre; conversely, rays diverging from that point, rendered
par ¢

4. The distance of the .ocu. from the lens will depend, not
merely upon its degree of curvature, but also upon the
refracting power of the substance of which it may be formed ;
since, the lower the index of refraction, the Jess will the
oblique rays be deflected towards the axial ray, and the more
remote will be their pomnt of meeting; and conversely, the
greater the refractive index, the more will the oblique rays be
defleccted towards the axial ray, and the nearer will be their

oint of convergence. A lens made of any substance whose
index of refraction is 1'5, will bring parallel rays to a focus at
the distance of its diamefer of curvaturc, after they have
passed through one convex surface (Fig. 1), and at the distance
of its redius of curvature, after they have passed through Zwo
convex surfaces (Fig. 2); and as this ratio almost exactly
expresses the refractive power of ordinary Glass, we may for
all practical purposes consider the ¢principal focus” (as the
focus for parallel rays is termed) of a double-convex lens to be
at the distance of its radius, that is, in its centre of curvature,
and that of a plano-convex lens to be at the distance of twice
its radius, that is, at the other end of the diameter of its
sphere of curvature. '

5. It is evident from what has preceded, that as a double
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convex lens brings parallel rays to a focus in its centre of
curvature, it will on the other hand cause those rays to
assume a parallel direction, which are diverging from that
centre before they impinge upon it (Fig. 2); so that, if a
luminous body be placed in the principa% focus of a double-
convex lens, its divergent rays, falling on one surface of the
lens as a cone, will pass-forth from its other side as a cylinder.
Again, if rays already converging fall upon a double-convex
lens, they will be brought together at a point nearer to it
than its centre of curvature (Fig. 3); whilst, if the incident

Fie. 3.

Rays already converging, brought-together at a point nearer than
the principal focus ; and rays diverging from a point within the prin-
eip»y focus, still diverging, though in a diminished degree.

rays be diverging from a distant point, their focus will be more
distant from ﬂ{c lens than its principal focus (Fig. 4). The

F16. 4.

Rays diverging from points more distant than the principal focus
on either side, brought & a focus be{lond it ; if the point of ve;%ﬁnoe
be within the cifcle of curvature, the focus of convergence be
beyond it ; and vice verad,
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further the point from which they diverge, the more nearly
will the rays approach the parallel direction; until, at length,
when the object is very gistant, its rays in effect become
parallel, and are brought together in the principal focus. If
the rays which fall upon a double-convex lens, be divergi

from the farther extremity of the diameter of its s herentﬁ"
curvature, they will be brought to a focus at an equal distance
on the other side of the lens; but the more the point of
diverfgence is approximated to the centre or principal focus,
the further removed on the other side will Ee the point of
convergence, until, the point of divergence being a¢ the centre,
there is no convergence at all, the rays being merely ren-
dered parallel. If the point of divergence be within the
]principa.l focus, they will neither be brought to converge nor
he rendered parallel, but will diverge in a diminished degree
(Fig. 3).—The same principles apply cqually to a plano-convex
lens; allowance being made for the double distance of its
rl‘incipal focus. They also apply to a lens whose surfaces
iave different curvatures ; the principal focus of such a lens
is found by multiplying the radius of one surface by the
radius of the other, and dividing this product by half the sum
of the same radii.—The rules by w}lich the foci of convex
lenses may be found, for rays of different degrees of con-
vergence and divergence, will be found in works on Optics.

6. The refracting influcuce of concave lenses will evidently be
precisely the opposite of that of convex. Rays which fall upon
them in a parallel direction, will be made to diverge as if from
the principal focus, which is here called the megative focus.
This will be, for a plano-concave lens, at the distance of the
diameter of the sphere of curvature; and for a double-concave,
in the centre of that sphere. In the same manner, rays which
are converging to such a degree, that, if uninterrupted, they
would have met in the pﬁncé{)al focus, will be rendered
parallel; if converging more, they will still meet, but at a
greater distance; and if converging less, they will diverge as
from a negative focus at a greater distance than that for
parallel rays. If already diverging, they will diverge still
more, as from a negative focus nearer than the principal
focus ; but this will approach the principal focus, in proportion
as the distance of the point of (fivergence is such, that the
dircction of the rays approaches the parallel.

7. If a lens be convex on one side and concave on the
other, forming what is called a meniscus, its effect will depend
upon the proportion between the two curvatures. If they
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are equal, as in a watch glass, no perceptible effect will be
produced ; if the convex curvature be the greater, the effect
will be that of a less powerful corvez lens : and if the concave
curvature be the more considerable, it will be that of a less
powerful concave lens. The focus of convergence for parallel
rays in the first case, and of divergence in the second, may be
found by dividing the product of the two radii by half their
difference.

8. Hitherto we have considered only the effects of lenses
upon a ‘pencil’ of rays issuing from a single luminous point,
and that point situated in the ?ine of its axis. If the point be
situated above the line of its axis, the focus will be below it,
and vice versd. The surface of every luminous bod{ may be
regarded as comprehending an infinite number of such pomts,
from every one of which a pencil of rays proceeds, and is
refracted according to the laws already specified; so that a
perfect but inverted image or picture of the object is formed
upon any surface placed in the focus, and adapted to reccive
the rays. It will be evident from what has gone before, that
if the object be placed at twice the distance of the principal
focus, the image, being formed at an equal distance on the
other side of the lens (% 5), will be of the same dimensions with
the object : whilst, on the other hand, if the object (Fig. 5, « )
be nearer the lens, the image A B will be farther from it, and
of larger dimensions; but, if the object a B be farther from

. Fia. 5.

Formation of Images by convex lenses,

the lens, the imagc a & will be nearer to it, and smaller than
itself. Further, 1t is to be remarked, that the larger the
image in proportion to the Ob‘]f‘}t’ the less bright it will be,
because the same amount of light has to be sprcad over a
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greater surface; whilst an image that is smaller than the
object, will be more brilliant in the same proportion.

9. The knowledge of these general Emts will ehable ns
readily to understand the ordinary operation of the Micro-
scope ; but the instrument is subject to certain optical imper-
fections, the mode of remedying which cannot be compre-
hended without an acquaintance with their nature. One of
these imperfections results from the unequal refraction of the
rays which have passed through lenses, whose curvatures are
equal over their whole surfaces. If the course of the rays
passing through an ordinary convex lens be carefully laid-
down (Fig. 6), it will be found that they do not all meet

Fra. 6.

Diagram illustrating Spherical dberration.

exactly in the foci already stated, but that the focus F of the
rays AB, AB, which have passed through the peripheral portion
of the lens, is much closer to it than that of the rays a4, a4,
which are nearer the line of its axis; so that, if a screen be
held in the former, the rays which have passed through the
central portion of the lens will be stopped by it before they
have come to a focus; and if the screen ﬁe carried back into
the focus of the latter, the rays which were most distant from
the axis will have previously met and crossed, so that they
will come to it in a state of divergence, and will pass to
cand d. In either case, therefore, the image will have a
certain degree of indistinctness; and there is no one point to
which all the rays can be brought by a single lens of spherical
cucsvature.  The difference between the %oca.l points of the
central and of the peripheral rays, is termed the Spherical
Aberration. 1t is obvious that, to produce the desired effect,
the curvature requires to be increased around the centre of
the lens, so as to bring the rays which pass through it more
speedily to a focus ; and to be diminished towards the circum-
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ference, so as to throw the focus of the rays influenced by it
to a greater distance. The requisite conditions may be theo-
retically fulfilled by a lens, one” of whose surfaces, mstcad of
being spherical, should be a portion of an ellipsoid or hyper-
boloid of certain proportions; but the difficulties in the way
of the mechanical execution of lenses of this description are
such, that, for practical purposes, this plan of construction is
altogether unavailable.

9. Various means have been devised for reducing the
Aberration of lenses of spherical curvature. It may be con-
siderably diminished, by making the most advantageous usc of
ordinary lenses. Thus, the aberration of a plano-convex lens,
whose convex side is turned towards parallel rays, is only
Tdsths of its thickness; whilst, if its plane side be turned
towards them, the aberration is 4} times the thickness of
the lens. Hence, in the employment of a plano-convex lens,
its convex surface should be turned towards a distant object,
when it is used to form an image by bringing to a focus
parallel or slightly-diverging rays; but it sEou d be turncd
towards the eye, when it is used to render parallel the rays
which are diverﬁing from & very ncar object. The single
lens having the least spherical aberration, 1s a double-convex
whose radn are as one to six: when its flattest face is turned
towards parallel rays, the aberration is nearly 3% times its
thickness ; but when its most convex side reccives or trans-
mits them, the aberration is only Zsths of its thickness.—
The aberration is further diminished, loay reducing the alpcrture
or working-surface of the lens, so as to employ only the rays
that pass through the central part, which, if sufficiently small
in proportion to the whole sphere, will bring them all to
nearly the same focus. The use of this may be particularly
noticed in the objcct-glasses of common glon-achromatic)
Microscopes; in wilich, whatever be the size of the lens itsclf,
the greater portion of its surface is rendered inoperative by a
stop, which is a plate with a circular aperture interposed
between the lens and the rest of the instrument. If this
aperture be gradually enlarged, it will be seen that, although
tllxe image hecomes more and more illuminated, it is at the
same time becoming more and more indistinct; and that, in
order to gain defining power, the aperture must be reduced
again. Now this reduction is attended with two great incon-
veniences ; in the first place, the loss of intensity of light, the
degree of which will depend upon the quantity iransmitted b
the lens, and will vary therefore with its aperture; ami,'
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secondly, the diminution of the ‘angle of aperture,’ that is, of
the angle (abe, Fig. 8) made by the most diverging of the rays of
the pencil issuing from any point of an object, wiich can enter
the i):ns; on the extent of which angle depend some of the
most important qualities of a Microscope (§ 100).

10. The Spherical Aberration may be got-rid-of altogether,
however, by making use of combinations of lenses, so disposed
that their opposite aberrations shall correct each other, whilst
magnifying power is still gained. For it is easily seen that,
as the aberration of a concave lens is just the opposite of that
of a convex lens, the aberration of a convex lens placed in its
most favourable position may be corrected by a concave lens
of much less power in its most unfavourable position; so
that, although the power of the convex lens is weakened, all
the rays which pass through this combination will be brought
to onc focus.. It is by a method of this kind, that the
Optician aims to correct the spherical aberration, in the con-
struction of those combinations of lenses which arc now em-
ployed as object-glasses, in all Compound Microscopes thaty
arc of any real value as instruments of observation. But it
sometimes happens that this correction is not perfectly made ;
and the want of it becomes evident, in the fog by which the
distinctness of the imagc of the object, ang especially the
precision of its outlines, 1s obscured.

11. But the spherical aberration is not the only imper-
fection with which the optician has to contend in the con-
struction of microscopes. A difficulty equally serious arises
from the unequal refrangibility of the several coloured rays,
which together make-up white or colourless light,* so that
they are not all brought to the same focus, even by a lens
free from spherical aberration. It is this diffcrence in their
refrangibility, which causes their complete separation by the

rism_into a spectrum; and it manifests itself, though in a
ess degree, in the image formed by a convex lens. ~For if
parallel rays of white Light fall upon a convex surface, the
most refrangible of its component rays, namely, the violes, will
be brought to a focus at a point somewhat nearer to the lens
than the principal focus, which is the mean of the whole; and
the converse will be true of the red rays, which are the least
refrangible, and whose focus will therefore be more distant.

speaking of this fact, as more generally intelligible than the laj

which it might be more scientifically described, and at tho same time leading
to no practical error.,

* It has been deemed better, to adhere to the ordinary phraseology, when
in
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Thus in Fig. 7, the rays of white light, 4 B, o B, which fall on
the peripheral portion of the lens, are so far decomposed, that

Fra. 7.

Diagram illustrating Chromatic Aberration.

the violet rays are brought to a focus at c, and crossing there,
diverge again and pass-on towards ¥¥. On the other hand,
the red rays are not brought to a focus until b, and cross the
diverging violet rays at EE. The foci of the intermediate
rays of the spectrum (indigo, blue, green, ycllow, and orange)
are intermediate between these two extremes. If the im:
be received upon a screen placed at c, the focus of the violet
rays, violet will predominate in its own colour, and it will be
surrounded by a prismatic fringe in which blue, green, yellow,
orange, and red may be successively distinguished. 1If, on the
other hand, the screen be placed at b, the focus of the red
rays, the imaﬁe will have a predominantly-red tint, and will
be surrounded by a series of coloured fringes in inverted
order, formed by the other rays of the spectrum, which have
met and crossed.* The line & E, which lioins the points of
intersection between the red and the violet rays, marks the
‘mean focus,’ that is, the situation in which the coloured
fringes will be narrowest, the ‘dispersion’ of the coloured
rays being the least; whilst the interval ¢ , which scparates
the foci of the extreme rays, is termed the Ckromatic Aber-
ration of the lens.—As the axial ray A’ 3’ undergocs no
refraction, meither does it sustain any dispersion; and the
nearer the rays are to the axial ray, the less dispersion do
they suffer. Again, the more oblique the direction of the
rays, whether they pass through the central or the peripheral
* This experiment is best tried with a lens of long focus, of which the
central part is covered with an (i)})aque stop, so that the light passes only
through a peripheral ring ; since, if its whole aperture be in use, the regular

formation of the fringes is interfered-with by the spherical aberration, which
gives a different focus to the rays passing through each annular zone,
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portion of the lens, the greater will be the refraction they
undergo, and the greater also will be their dispersion; and
thus it happens that when, by using only the central part of
a lens (§ 12), the chromatic aberration is reduced to its
minimum, the central part of a picture may be tolerably free
from falsc colours, whilst its marginal portion shall exhibit
broad fringes.*

12. The Chromatic Aberration of a lens, like the Spherical,
may be diminished by the contraction of its aperture, so that
only its central portion is employed. But the error cannot
be ‘got-rid-of entirely by any such reduction, which, for the
reasons already mentioned, 1s in itself extremely undesirable.
Henee it is of the first importance in the construction of a
really-cfficient Microscope, that the chromatic aberration of
its ‘ object-glasses’ (in which the principal dispersion is liable
to occur) should be entirely corrected, so that the largest
possihle aperturc should be given to these lenses, without the
production of any false colours. No such correction can be
accomplished even theorctically in a single lens; but it ma;
be cffected by the combination of two or more, advantage
being taken of the different relations which the refractive and
the dispersive powers hear to cach other in different sub-
stances. Tor if we can unite with a convex lens, whose dispersive
power is Jow as comparcd with its refractive power, a concace
of lower curvature, whose dispersive power is relatively Zigh,
it is ohvious that the dispersion of the rays oceasioned by the
convex lens may be cffectually wewtralized by the opposite
dispersion of the concave (§ 6); whilst the refracting power
of the convex is only /owered by the opposite refraction of the
coneave, in virtue of the longer focus of the latter.—No diffi-
culty stands in the way of carrying this theoretical corrcetion
into practice. For the “ dispersive’ power of flint-glass bears
so much larger a ratio to its refractive power than does that of
crown-glass, that a convex lens of the former, the focal length
of which is 72 inches, will produce the same degree of colour
as a convex lens of crown-glass, whose focal length is
4% inches. Henee a concave lens of the former material and
curvature, will fully correct the dispersion of a convex lens of
the latter; whilst it diminishes its refractive power only to
such an cxtent as to make its focus 10 inches. The cor-
rection for chromatic aberration in such a lens would be
perfeet, if it were not that, although the extreme rays, violet

* This is well scen in the large pictures exhibited by Oxy-hydrogen
Microscopes.
E
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and red, are thus brought to the same focus, the dispersion of
the rest is not equally compensated; so that what 1s termed
a secondary spectrum 1s produced, the images of obliects seen
through such a lens being bordered on one side with a purple
fringe, and on the other with a green fringe. Moreover such
a lens is not corrected for spherical aberration; and it must
of course be rendered free from this, to be of any real service,
however complete may be the freedom of its image from
false colours. This double correction may be accomplished
theoretically by the combination of #4ree lenses, namcly, a
double-concave of flint placed between two double-convex of
crown, ground to certam curvatures; and this method has
long been cmployed in the construction of the large object-
glasses of Telescopes, which are, by means of it, rendered Ackro-
matic,—that is, arc enabled to exert their Refractive power
without producing either chromatic or spherical Aberration.
13. It has only been of late years, however, that the con-
struction of Achromatic object-glasses for Microscopes has
been considered practicable; their extremecly minute size
having been thought to forbid the attainment of that accuracy
which is necessary in the adjustment of the several curva-
tures, in order that the errors of each scparate lens which
enters into the combination, may be effectnally balanced
by the opposite errors of the rest. The first successtul
attempt was made in this direction, in the year 1823, by M.
Selligues of Paris; the plan which he adopted being that of
the combination of two or more pairs of lenses, cach pair
consisting of a double-convex of crown-glass, and a plano-
concave of flint. In the next year, Mr. Tulley of London,
without any knowledge of what M. Sclligues had accom})ﬁshcd,
applied himself (at the suggestion of Dr. Goring) to the con-
struction of achromatic object-glasses for the microscope ; and
succeeded in producing a siugi’e combination of three lenses
(on the telescopic plan), the corrections of which were ex-
tremely complete. This combination, however, was not of
high power, nor of large angular aperture; and it was found
that these' advantages could not he gained, without the
addition of a second combination. Prof. Amici at Modena,
also, who had attempted the construction of microscopic
object-glasses as carly as 1812, but, despairing of success, had
turned his attention to the application of the reflecting prin-
ciple to the Microscope, reswmmed his original labours on
hearing of the success of M. Selligues; and, by working on
his plan, he produced, in 1827, an achromatic combination of
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three pairs of lenses, which surpassed anything of the same
kind that had been previously executed. Irom that time, the
superiority of the plan of combining fhree pairs of lenses
(Fig. 8, 1, 2, 3), which should be so adjusted as to correet each
other’s crrors, to the telescopic
combinations adopted by Mr. Fia. 8,
Tulley, thay be considered to have
heen completely established; and
English opticians, working on this
method, soon rivalled the best
productions of Continental skill.
14. It was in this country that
the next important improvements
originated ; these being the result
of the theoretical investigations
of Mr. J. J. Lister,* which led
him to the discovery of certain
properties in Achromatic combhi-
nations, that had not heen pre-
viously detected. Acting upon Section of an Achromatic
the rules which he laid down, Object-glass.
practical Opticians at once sue-
cceded in producing combmations far superior to any which had
been previously executed, both in wideness of aperture, flatness
of ﬁcfd, and perfeetness of correction ; and continued progress
has been since made in the same dircction, by the like
combination of theoretical acumen with manipulative skill.

* See his Memoir in the “ Philosophical Transactions,” for 1829,

+ The first British Opticians (after Mr. Tulley) who applied themeselves to
the construction of Achromatie obrect-glasses for Microscopes, were Mr, Ross
and Mr. Powell  Mr, James Smith did not enter the field until some time
afterwards; but, having the advantage of Mr. Lister’s special superin-
tendence, he roon equalled, in the lower powers at least, the best productions
of his predecessors. With Mr, Ross, Tus son has been subsequently associated .
with Mr. Powell, lis brother-m-law, Mr. Lealand; and with Mr. Smith, Mr.
Beck, a nephew of Mr. Lister.  These three firms have constantly kept-up
an honourable rivalry, which has been very advantageous to the perfectionne-
ment of the Microscope; and have mantamed a position which is still far in
advance of that of all other manufacturing Opticians 1 this country or the
Continent.  The lenses produced by each are distingmished by excellences of
their own; and it would be scarcely possible faitly to assign an absolute pre-
f.rence to either above the others.—Amoug the rs who have pied
themselves in the construction of microscopic Achromatics, Mr. Wenham has
been the most suceessful. An American rival has recently been announced,
in the person of Mr. Spencer; who, taking advantage of all that had been
previously accomplished, is said to have produced combinations not onl
cqualling, but, in some important particulars, gurpassmi those of English
makers, Only one of these, however, has found its way (the Author believes)
to this country ; and not himself having had the opportunity of seeing it, he
can only judge of it by report. 9

E
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For the subscquent investigations of Mr. Lister have led him
to suggest new combinations, which have been speedily
carried 1nto practical execution; and there is good reason te
believe that the limit of perfection has now been nearly
reached, sincc almost everything which seems theorctically
possible has been actually accomplished.—The most perfect
combinations at prescut in use for high powers, consist of as
many as efght distinct lenses ; namely, in frout, a trii)lct com-
posed of two plano-convex lenses of crown-glass, with a plano-
concave of dense flint between them; next, a doublet, com-
posed of a double-convex of crown, and a double-concave of
flint; and at the back, another triplet, consisting of two
double-convex lenses of crown, with a double-concave of flint
interposed between them. By the use of this combination, an
angular aperture of no less than 170° has been obtained with
an objective of 1-12th inch focus ; and it is obvious that as an
increasc of divergence of no more than 10° would bring the
extreme rays into a straight line with each other, they would
not enter tfle lens at all; so that no further enlargement of
the aperture can be practically uscful.

15. The enlargement of the angle of aperture, and the
greater completeness of the corrections, first obtained by the
adoption of Mr. Lister’s principles, soon rendered sensible an
imperfection in the performance of these lenses under certain

Fra. 9.
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circumstances, which had previously passed unnoticed ; and
the important discovery was made {)y Mr. Ross, that a ve

obvious difference existed in the precision of the image, accord-
ing as the object is viewed itk or without a covering of tale
or thin glass; an object-glass which is perfectly adapted to
cither of these conditions, being sensibly defective under the
other. WThe mode in which this difference arises, is explained
hy Mr. Ross as follows.* Lct o, Fig. 9, be any point of an
objeet ; o p the axial ray of the pencil that diverges from it ;
and o T, o T/, two diverging rays, the one near to, the other
remote from, the axial raY. Now if ¢ 6 6 & represent the
scetion of a picee of thin glass, intervening between the object
and the objeet-glass, the rays o T and o ' will be refracted in
their passage through it, In thc directions T R, 7/%'; and
on emerging from it again, they will pass-on towards x and »’.
Now if the course of these emergent rays be traced backwards,
as by the dotied lines, the ray & R will scem to have issued
from x, and the ray &’ &’ from v; and the distance x v is an
aberration quite sufficient to disturb the previous balance 0"
the aberrations of the lens composing the object-glass.—Th

requisite correetion may be effected, as Mr. Ross pointed-out,
by giving to the front pair (Iig. 8,1) of the three of which the
objeetive is composed, an exeess of positive aberration (i. e., by
under-correcting it), and by giving to the other two pairs (2, 3)
an excess of negative aberration (2. e., hy over-correeting them).
and hy making the distance between the former and the latter
susceptible of alteration.  For when the front pair is approxi-
mat (-(\ most nearly to the other two, and its distance from the
objeet is inercased, its positive aberration is more strongly
cxerted upon the other pairs, than it is when the distance
between t}xe lenses is increased, And the distance betwecen the
front pair and the ohject is diminished. Consequently, if the
lenses be so adjusted that their corrcetion is perfect for an
uncovered objeet, the front pair being removed to a certam
distance from the others, its approximation to them will give
to the whole combination an cxcess of positive aberration,
which will neutralize the negative aberration occasioned by
covering the object with a thin plate of glass.¥ It is obvious
that this corrcetion will be more important to the perfect
performance of the combination, the larger is its angle of
aperture; since, the wider the divergence of the oblique rays

* “‘Transactitns of the Society of Arts,” vol. li. .
+ The mode in which this adjustment is effected, will be more fitly described
hereafter (§ 82).
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from the axial ray, the greater will be the refraction which
they will sustain In passing through a plate of glass, and the
greater therefore w1.ﬁ be the negative aberration produced,
which will, if uncorrected, serious!fy impair the distinctness of
the image. And it is conscquently not required for Jow powers,
whose angle of aperture is comparatively small; nor even for
the higher, so long as their mlgI:: of aperture does not exceed
50°. As a large proportion of the lenses made by forcign
Opticians do not range beyond this, the adjustment in question
may be dispensed-with; and eveu where the angle is much
larger, if the corrections be made perfect for a thickness of
glass of 1-100th of an inch (which is about an average of that
with which objects of the finer kind arc usually covered), they
will not be much deranged by a differcnce of a few hundredths
of an inch, more or less, in that amount.
16. We arc now prepared to enter upon the application of
,the optical principles which have been explained and illus-
trated in the foregoing pages, to the construction of Micro-
scopes. These are distinguished as simple, and compound ;
each kind having its pecnliar advantages to the Student of
Nature. Their essential difference consists in this ;—that in
the former, the rays of light which euter the eye of the
observer proceed dircetly from the object itself, after having
been subject ouly to a change in their course; whilst in the
latter, an enlarged image of the objeet is formed by a lens,
which image is viewed by the observer through a simple
microscope, as if it were the object itsclf.  The simple micro-
scope may consist of vue lens ; but (as will be presently shown)
it may be formed of 4wo, or even three; these, however, are so
disposed as to produce an action upon the rays of light corre-
sponding to that of a single lens. 1In the compound microscope,
on the other hand, not less than two lenses must be employed ;
onc to form the enlarged image of the obf'ect, and this, being
nearcst to it, is called the object-gluss ; whilst the other again
magnifics that image, being mterposed between it and the cye
of the observer, and is henee cul{ed the eye-gluss. A perfect
object-glass, as we have seen, must consist of a combination
of lenses ; and the eye-glass, as we shall presently see (§ 21),
is best constructed by placing two lenscs in a certain relative
yosition, forming what is termed an eye-piece.—These two
Linds of instrument need to be separatcly considered in detail.
17. Simple Microscope—In order to gain a clear notion of
the mode in which a single lens serves to € magnify > minute
objeets, it is necessary to revert to the phenomena of ordinary
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vision. An eye free from any defect has a considerable power
of adjusting itself, in such a manner as to gain a distinet view
of objects placed at extremely varying (E:E:,nccs; but the
image formed upon the retina will of course vary in size with
the distance of the object ; and the amount of detail perceptible
in it will follow the same proportion. To ordinary eyes,
howevey, there is a limit within which no distinct image can
be formed, on account of the too great divergence of the rays
of the different pencils which then enter the cye; since the
eye is usually adapted to receive, and to bring to a focus, rays
which are parallel or but slightly divergent. This limit is
variously stated at from five to ten inches ; we are inclined to
think from our own observations, that the latter estimate is
nearest the truth; that is, although a person with ordinary
vision may see an object much mnearer to his eye, he will see
little if any more of its details, sincc what is gained in size
will be lost in distinctucss. Now the utility of a convex lens
interposed between a near object and the eye, consists in its
reducing the divergence of the rays forming the several pencils
which 1ssue from it; so that they enter the eye in a statc bf
moderate divergence, as if they had issued from an object
beyond the nearest limit of distinct vision ; and a well-defined
picture is consequently formed upon the retina.  But not only
1s the course of the several rays in cach pencil altered as
regards the rest, by this refracting process, but the course of
the pencils themselves is changed, so that they cnter the eye
under an angle corresponding with that at which they would
have arrived from a larger object situated at a greater stance.
The picture formed upon tlJm retina, therefore, by any object

F1a. 10.

Diagram illustrating the action of the Sunple Microscope,
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(Fig. 10), corresponds in all respects with one which would
have been made gy the same objcet « & increased in its dimen-
sions to A B, and viewed at the smallest ordinary distance of
distinct vision. A *short-sighted ’ person, however, who can
see objects distinctly at a distance of two or three inches, has
the same power in his eye alone, by reason of its greater
convexity, as that which the person of ordinary vision gains
hy the assistance of a convex lens which shall enable him to
sec at the same distance with equal distinctness. It is
cvident, therefore, that the magnifying power of a single lens,
depending as it does upon the proportion between the distance
at which it renders tﬁe object visible, and the nearest dis-
tance of unaided distinet vision, must be different to diflerent
eyes. It is usually estimated, however, by finding how many
times the focal length of the lens is contained in ten inches ;
since, in order to render the rays from the objeet nearly
parallel, it must be placed nearly in the focus of the lens
(Fig. 2); and the picture is referred by the mind Lo an object at
the ordinary distance. Thus, if the focal length of a lens be
one inch, its maguifying power for each dimension will be ten
times. and conscquently a hundred superficial ; if its focal
distance be only one-tenth of an inch, its magnifying power
will be a hundred lincar, or ten thousand superficial. The use
of the convex lens has the further advantage of bringing to
the cye a much greater amount of light, than would have
entered the pupil from the enlarged object at the ordinary
distance, provided its own diameter be greater than that of
the pupil; but this can only be the case when its magnifying
power is low.

18. 1t is obviously desirable, especially when lenses of
very high mz:ﬁmif ing power are being employed, that their
aperture should be as large as possible; since the light
issuing from a minute object has then to be diffused over
a large picture, and will he proportionally diminished in
intensity. But the shorter the focus, the less must be the
diameter of the sphere of which the lens forms a part; and
unless the aperture be proportioually diminished, the spherical
and chromatic aberrations will interlere so much with the
distinctness of the picture, that the advantages which might
be anticipated from the use of such lenses will be almost
negatived. Neverthcless, the Simple Microscope has hcen
an Instrument of extreme value in anatomical rescarch, owing
to its freedom from those errors to which the Com ouna
Microscope, as originally constructed, was neccssarily subject;
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the greater certainty of its indications being evident from the
fact, that the eye of the observer receives the rays sent-forth
by the obicct itsclf, instcad of those which proceed from
an image of that ohject.—A detail of the means employed by
different individuals, for procuring lenses of extremely short
focus, though posscssing much interest in itsclf, would be
misplaced here; since recent improvements, as will presently
be shown, have superseded the necessity of all these. 1t
m::,f' be stated, however, that Leceuwenlocck, De la Torre,
and others among the older microscopists, made great usc of
small globules procured by fusion of threads or particles
of glass. The most important suggestion for the improvement,
of the Simple microscope composed of a single lens, proceeded
some ycars ago from Dr. Brewster, who proposed to substitute
diamond, sapphire, garnct, and other precious stones of high
refractive power, for glass, as the material of single lenscs.
A lens of much longer radius of curvature might thus
be employed, to gain an equal magnifying power; and the
aperture would admit of great extcusion, without a propor-
tional increase in the spherical and chromatic aberrations!
This suggestion has been carried into practice with complete
sueeess, as regards the performance of lenses exceuted on this
plan; but the difficultics of various kinds in the way of their
exceution, are such as to render them very expensive ; and as
they are not superior to the combination now to be described,
they have latterly been quite superseded by il.—This com-
bination, first proposed %y Dr. Wollaston, and known as
his doublet, consists of two plano-convex lenses, whose
focal lengths are in the proportion of one to three, or nearly
s0, having their convex sides directed towards the eye, and
the lens of shortest focal length nearest the object. In Dr.
Wollaston’s original combination, no perforated diaphragm
(or “stop’) was interposed; and the distance betwcen the
lenses was left to be determined by experiment in each casc.
A great improvement was subsequently made, however, by the
introduction of a ‘stop’ betwecn the lenses, and by the divi-
sion of the power of tch smaller lens between two (especially
when a very short focus is required) so as to form a ¢riplet,
as was first suggested by Mr. Holland.* When combinations
of this kind are well constructed, both the spherical and the
chromatic aberrations are so much reduced, that the angle of
aperture may be considerably enlarged without much sacrifice

* “Transactions of the Society of Arts,” vol, xlix,
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of distinctness; and hence for all powers above 1-4th inch focus,
doublets and triplets are far superior to single lenses. The
performance of even the best of these forms of Simple micro-
scope, however, is so far inferior to that of a good Com-
pound microscope as now constructed upon the achromutic
principle, that no one who has the commaud of the latter
form of instrument would ever usc the 4igher powers of the
former. It is for the prosceution of observations, and for the
carrying-on of disscctions, which only require /o powers, that
the Simple mieroscope is to be preferred; aud consequently
although doublets and triplets afforded the best means of obtain-
ing a high magnifying power, hefore Achromatic lenses were
brought to their present perfection, they are now com-
paratively little used.

19. Another form of simple magnifier, possessing certain
advantages over the ordinary double-convex lens, is that com-
monly known by the name of the ¢ Coddington’ lens. The
first 1dea of it was given by Dr. Wollaston, who proposed to
cement together two plano-convcx, or hemispherical lenses,
by their plane sides, with a stop interposed, the central aper-
ture of which should he cqual to 1-5th of the focal length.
The great advantage of Sl]((::ll a lens is, that the oblique penetls
pass, like the central ones, at right angles with the surface ;
and that they are consequently but little subject to aberration.
‘The idca was further improved-upon by Mr. Coddington, who
pointed-out that the same end would be much better an-
swered by taking a spherc of glass, and grinding a deep groove
in its equatorial part, which should be then filled with opaque
matter, so as to Fimit. the central aperture.  Such a lens gives
a lurge ficld of view, adwits a_considerable amount of light,
and 1s cqually good in all dircetions; but its powers of
definition arc by no means equal to those of an achromatic
lens, or even of a doublet.  This form is chicfly uscful, theve-
fore, as a hand magnifier, in which neither high power nor
pecfect definition is required; its peculiar qualitics render-
mg it superior to an ordinary lens of the same power, for
the class of pbjeets for which such lenscs are applied in this
mode.  We think it right to state that many of the magnificrs
sold as < Coddington’ lenses arc not really (as we have satisfied
oursclves) portions of spheres, but are wanufactured out of
ordinary double-convex lenses, and will be destitute, there-
fore, of many of the ahove advantages.—1t may be desirable
to allude to the magnifier known under the name of the
¢ Stanhope’ lens, which somewhat rescmbles the ¢ Coddington’
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in appearance, but differs from it essentially in properties.
It is nothing more than a double-convex lens, having two
surfaces of unequal curvatures, separated from each other by
a considerable thickness of glass; the distance of the two
surfaces from each other being so adjusted, that when the
most convex is turned towardsn&c eye, minute objects placed
on the other surface shall be in the focus of the lens. This is
an easy nlode of applying a rather high magnifying power to
scales of butterflies’ wings and other similar flat and minutc
objects, which will readily adhere to the surface of the glass ;
and it also serves to detect the presence of the larger animal-
cules, or of crystals in minute drops of fluid, to exhibit the
¢ ecls’ in paste or vinegar, &e. &c. ; Iiml; it is almost entirely
destitute of value as an instrument of scientific research, and
can scarcely be regarded in any higher light than as an in-
genious philosophical toy.*

20. Compound Microscope.—In its most simple form, this
instrument consists of 011{;' two lenses, the © ohject-glass’ and
the “eye-glass:’ the former, ¢ o (Fig. 11), receiving the rays
of light direct from the object, A B, wiich is brought into neury
proximity {o it, forms an cularged and inverted image A’ B’ at
a greater distance on the other side; whilst the latter, L m,
receives the rays which are diverging from this image, as if
they proceeded from an object actually occupying its position
and enlarged to its dimensions, and these it brings to the eye
at &, so altering their coursc as to make that image appear
far larger to the cyc, preciscly as in the case of the snuple
mieroscope (§ 16).—It 1s obvious that, by the use of the very
same leuses, a considerable variety of magnifying power may
be obtained, simply by altering their position m regard to
each other and to the object; for if the eye-glass be carried
further from the object-glass, whilst the object is approxi-
mated nearer to the latter, the image A' g’ wil'{ he formed at a
greater distance from it, and its dimensions will consequently
be augmented,  If on the other hand, the eye-glass be brought
nearer to the object-glass, whilst the ohject is removed further
from it, the distance of the image will be shortened, and its
dimensions proportionably diminished. We shall hereafter
sce that this mode of varying the magnifying power of com-
pound microscopes may he turned to good account in more
{han one mode (§§ 43, 4£); but there are limits to the use
which can be advantageously .nade of it. The amplification

* The principal forms of construction of Simple Microscopes, will be
described in the next hapter.
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may also be varied by altering the magnifying power of the
eye-glass; but here, too, there are limits to the increase;

Fie. 11. Fr6.12.

Diagram of simplest form of Diagram of the complete
Compound Microscope. Compound Microscope,
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since defects of the object-glass, which are not perceptible
when its image is but moderately enlarged, are brought into
injurious prominence when the imperfect image is amplified to
a much greater cxtent In practice, it is generally found
much better to vary the power, by employing object-glasses
of different foci; an object-glass of Jong focus forming an
image, which is not at many tunes the distance of the oﬁject
from the other side of the lens, and which, therefore, is not of
many times its dimension; whilst an abject-glass of shorf
focus requires that the object should be so nearly approxi-
mated to it, that the distance of the image is a much higher
multiple of that of the object, and its dimensions are pro-
portionably larger (ﬁ 8).—In whatever mode additional ampli-
fication be obtained, two things must always result from the
change: the portion of the surface of thc object, of which
an image can be formed, must be diminished ; and the quantity
of ligﬁt spread over that image must be proportionably
lessened.

21. In addition to the two lenses of which the Compoundy
Microscope essentially consists, another (Iig. 12, ¥ F) is
usually introduccd between the object-glass and the image
formed by it. The ordinary purposc of this lens is to change
the course of the rays in such a manuer, that the image may
be formed of dimensions not too great for the whole of it to
come within the range of the cyc-picce; and as it thus
allows more of the object to be scen at once, it is called
the field-gluss. It is now usually considered, however, as
belonging to the ocular end of the instrument,—the eye-
gluss and the field-yluss heing together termed the Eye-peere
Various forms of this cye-picec have been proposed hy dif-
ferent opticians ; and one or another will be preferred, aceord-
ing to the purpose for which it may be requived. That
which it is most advantageous to employ with Achromatic
object-glasses, to the l|u:rf0rm;uu;c of which it is desired to
give the greatest possible effcet, is termed the  Huyghenian ;’
having been employed hy lluy{.ihens for his telescopes, although
without the knowledge of all the advantages which its hest
construction renders 1t capable of affording. It consists of
two plano-convex lenses (& ® and v ¥, Fig. 12), with their
plane sides towards the eye; thesc are placed at a distance
equal to half the sum of tleir focal lengths; or, to speak
with more precision, at half the sum of the focal length of
the eye-glass, and of the distance from the field-glass at which
an image of the object-glass would be formed by it. A ‘stop’
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or diaphragm, B B, must be placed between the two lenses, in
the visnal focus of the eyc-glass, which is, of course, the
position wherein the image of the object will be formed, b
the rays brought into convergence by their passage through
the field-glass.—By Huyghens, this arrangement was intended
merely to diminish the spherical aberration; but it was subse-
qluently shown by Boscovich, that the chromatic dispersion was
also in great part corrected by it. Since the introduction of
Achromatic object-glasses for Compound Microscopes, it has
been further shown that all error may be avoided by a slight
over-correction of thesce; so that the blue and red rays may
be caused to enter the cye in a parallel direction (though not
actually coincident), and thus to produce a colourless image.
Thus let L m N (Fig. 13) represent the two extreme rays of
three peneils, which, with-
Fre. 13. out the ficld-glass, would
form a blue image convex
to the cyc-glass at 1 B, and
a red onc at R R; then, by
the intervention of the
field-glass, a bluc image,
concave to the cye-glass,
is formed al B B/, and a
red one at ®” ®'.  As the
focus of the eye-glass is
shorter for bluc rays than
for red rays, by just the
difference in the place of
these inages, their rays,
after refraction by it, enter
the eye in a parallel dirce-
tion, and produce a picture
free fiom false colour. Iff
the objeet-glass had been
rendered perfectly achro-
Section  of  Huygheman Eye-piece matic,.thc blue ra; s, after
adapted to over-corrected Achromatic assing through the ficld-
objectives. p ° g
glass, would have been
brought {0 a focus at 4, and the red at » ; so that an error would
be produced, which would have been inercased instead of anta-
gonised by the eye-glass. Another advintage of a well-con-
structed Huyghenian cye-piece is, that the image produced by
the meeting of the rays after passing through the field-glass,
is by it rendered concave towards the eye-glass, instead of
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convex, so that every part of it may he in focus at the same
time, and the ficld of view thereby rendered flat.*

22. Two or more Huyghenian eye-pieces, of different mag-
nifying powers, known as Nos. 1, 2, 3, &c., are usually sup-
plied with a Compound Microscope. The utility of the higher
powers will mainly deﬁend upon the excellence of the objec-
tives; fox when an achromatic combination of small aperture,
which is sufficiently well corrceted to perform very tolerably
with a low cye-picce, is used with an cye-picce of higher
magnifying power (commonly spoken-of as a *deeper’ one),
the image may lose more in brightness and in definition, than
is gamed by its amplification; whilst the image given by
an objective of large angular aperture and very perfect cor-
reetions, shall sustain sgﬁittlc loss of light or of dclinition by
‘deep cye-piecing,” that the increase of magnifying power
shall be abnost all clear gain.  Such an objective, therefore,
though of far inferior power in itself, is practically morc
valuable (as giving @ much greater raige of power with equal
eflicicney) than a lens of higher power whicl can only be usedy
cffectively with the shallower eyc-picces. 1lence the modes
in which different achromatic combinations of the same
power, whose performanee with shallow eye-picees is nearly
the same, are respectively affected by deep eye-pieces, alford a
good test of their respective merits ; sinee any defect in the
corrections is sure to be brought-out by the higher amplifica-
tion of the image, whilst a deliciency of aperture is mamfested
by the want of hght.

23. An Kye-pieee is sometimes furnished with achromatic
nieroscopes, especially  for micrometric purposes, which,
though composed of only two plano-convex lenses, differs
essentially in its construction from the Huyghenian; the
ficld-glass having its convex side upwards, and heing so much
nearer to the eye-class, that the image is not formed above it
(as at BB, Fig. 12), but below it. This cye-picce, which is
known as Ramsden’s, gives a very distinet view in the central
portion of the field ; but, as it does not, like the 1luyghenian,
correct the convexity of the image formed hy the object-glass,
but rather increases it, the marginal portions of the ficld of
view, when the ecentre is in focus, are quite indistinet. Hence
this eye-picce cannot be recommended for ordinary use; and

* Those who desire to gain more information upon this subject than they
ean from the above notice of it, may be referred to Mr, Varley's mvestigation
of the propertiecs of the Tluyghenan eye-mece, m the 61st volume of the

““{ransactions of the Soctety of Arts;” and to the article ¢ Microscope,” by
Mr. Ross, m the “ Penny Cyclopwedia.”
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its chief value to the Microscopist has resulted from its adap-
tation to receive a divided-glass-micrometer, which may ]E)c
fitted into the exact planc wherein the image is formed by the
object-glass, so that 1its scale and that image arc both magnificd
together by the lenses interposed between them and the eye.

e shall hercafter see, however, that the same end may be
so readily attained with the Iluyghenian eye-picee (§ 46), that
no practical advantage is gaine(l'i)y the use of that of Rams-
den.—It is affirmed by Mr. Ross, that if the Achromatic
principle were applied to the construction of Eye-picces,
the latter is the form with which the greatest perfection
would be obtained. That such an adaptation mig]\(, be pro-
ductive of valuable results, appears from the success with
which Mr. Brooke has employed a triplet objective of one-
inch focus, as an eye-picee ; the definition obtained by it being
very superior to that afforded by the ordinary Lluyghcnian
cye-piece.

2. In the Eye-picces of compound microscopes of older
construction, it was customary to cuploy a pair of plano or
double-convex lenses of longer focus, for the eyc-glass, instead
of a single plano-convex of shorter focus: the advantage
being, that alarger and flatter ficld could be thereby obtained.
A Dbrighter image, a flatter field, and a greater freedom
from aberration, than are afforded by any ordinary cye-picce
of this kind, may be obtained by the substitution of a com-
hination neatly resembling Hersehel’s “aplanatic doublet '—
namely, a meniscus, having its concave side next the cye, and
a double-comex of the form of least aberration,® with ils
flattest side next the objeet—for the plano-convex eye-glass,
and the substitution of a double-convex lens of the form of
least aberration, with its flatiest side next the objeet, for the
plano-convex field-glass.  With such an cye-picee, a field of
fourteen inches in diameter (ineasured at the usual distance of
ten mehes) may be obtained perfeetly flat, and equally distinet
and well illuminated over every part.  When such an eve-
piece, however, 1s used in conjunction with achromatie objce-
tives, it jutpairs the definition of their image to such o
degree, that their finest qualities are altogether sacrificed.
Still there are certain large transparent objeets, such
as transverse sections of wood, wings of inscets, &ec., in
viewing which a large and flat ficld is of more importance
than perfeet definition ; sinee their structure is so coarsc, that

* The ‘ form of Jeast aberration’ is when the radu of the two surfaces arc to
each other as 110 6.
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there is no minute detail to be brought-out. Nothing is so
cffective for the cxhibition of these, as an eye-piece of the
kind just alluded-to, with an objective of about 3 or 4 inches
focus; and this may cither be a single lens (which, when of
such low power, will perform sufficiently well for objects of
this elass), or a single pair of lenses forming part of a perfect
achrosatic combination, having its aperture somewhat cou-
tracted by a stop.*

* Some of the lowest French Achromatics answer extremely well for this
purpose; and the front pair of the lowest set usually made in this country
(that, namely, of 2 inches focus) is sometunes made removable, so that the
back pair which also 18 very swtable to the class of objects mentioned
above, may be employed by itself.
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CHAPTER TI.
CONSTRUCTION OF TITE MICKOSCOPE.

25. The optreal principles whercon the operation of the
Microscope depends, having now been explained, we have
next to consider the mechanical provisions, whereby they
are brought to hear upon the different purposes which the
instrument. is destined {o serve.  And first it will he desirable
to state those general principles, which have reccived the
sanction of universal experienee, in regard to the hest arrange-
ment of its constituent parts.—Every complete Microseope,
whether Simple or Compound, must possess, in addition to the
leus or combination of lenses which affords its maguifying
power, a stuge whereon the objeet may seeurely rest, a concave
merror for the illumination” of transparent objects from
beneath, and a condensing-lens for the illumination of opaque
objeets from above.

. Now in whafever mode these may be conneefed with
cach other, it is essential that the optical part and the stage
should be so disposed, as eilher to be altogether free from len-
dency lo ribration, or o vibrale together ; since it is obvious
that any movement, of one, in which the other does not
partake, will be augmented to the eye of the observer in pro-
portion to the magnifying power employed.  In a badly-con-
structed instrument, even though placed upon a steady table
resting upon the firm floor of a well-built house, when high
powers are used, the objeet Is seen to oscillate so rapidly at
the slightest tremor, such as that caused by a person walkmg
across the room, or by a carriage rolling-hy in the strect, as
to be frequently almost indistinguishable : whereas in a well-
construcied microscope, scarcely any pereeptible effeet will be
produced by even greater distughances

1. The next, requisite is « capabilily of acenrate adjustment
o ecery varely of focal distance, without mocement of the olyect.
It is mow a prinerple almost wniversally recognised in the eon-
struction of good Microscopes, that the sluge whercon the
object 1s placed should be a fizfure ; the movement by which
the focus is to be adjusted, bemg effected in the lenses or
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optical portion. Scveral reasons concur to establish this
prineiple ; of which one of the most important is, that, if the
stage he made the movable part, the adjustment of the
illuminating apparatus must be made afresh for every change
of magnifying power; whilst, if the stage be a fixture, the
illumination having been once well adjusted, the object may
be cxamined under a great varicly of magnifying powers,
without its being changed in any respeet.  Morcover, if the
stage be the movable part, it can never have that firmness
given to it which it ought to possess; for it is almost im-
possible 1o make a movable stage free from some degree of
spring, so that, when the hands bear upon it in adjusting the
position of an object, it yiclds in a degree, which, however
trifling in itself, ﬂ)('com('s unpleasantly apparent with high
powers. The mode of effecting the foeal adjustment should he
such as to allow frec range from a minute fraction of an inch
to three or four inches, with equal power of obtaining a
delicate adjustment at any parl. Lt should also be so accurate,
that the optical axis of the instrument should not he in the
least, altered by movement, in a vertical direetion ; so that, if
an ohjeet be brought into the centre of the field with a low
ower, and a higher power be then substituted, it should
he found in the centre of ¢fs field, notwithstanding the great
alteration in the focus.  In this way much time may often be
saved, by employing a low power as a fivder for an objeet to
be examed by a higher one; and when an object is being
viewed by a sneeession of powers, little or no re-adjustment of
its place on the stage should be requived.  For the Sunple
Microscope, in which it is seldom advaniageous to use lenses of
shorter focus than 1- 1th ineh (save where doublets are employed
§ 18), a sach-and-pinon adjustment answers sufficiently well;
and this is quife adequate, also, for the foeal adjustinent of
the Compound hody, when objectives of low power only are
employed.  Bui for any lenses whose foeus is less than half
an inch, a “fine adjustwment,” by means of a serew morcment
operating cither on the object-glass alone or on the entire
body, is of great value; and for the highest powers it is quite
indispensable.  In some Mieroscopes, indeed, which are pro-
videJ with a “fine adjustment,” the rack-and-pinion movement
is dispensed-with ; the “coarse adjustment” being given by
merely sliding the body up and down in the socket which
arasps it.  But this plan 15 objectionable, inasmuch as it
mvu{\ es the wse of do/k hands in making the ¢ coarse adjust-
meni,” for which only oxe should be required; and even then
¥ 2
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the adjustment eannot be made with nearly the same facility,
as by a smooth well-cut rack. The Author’s expericuce,
thercfore, would lead him to recommend, that if one of these
adjustments is to be dispensed-with, it showld be the ¢ serew’
or “fine” adjustment, rather than the “rack’ or  coarse,” unless
the instrument is {0 be almost exelusively employed for the
examination of objects requiring high magnifying powers.*
1. Scarcely less important than the preceding requisite,
in the case of the Compound Microscope, though it does not
add much to the utility of the Simple, is the capabulity of
bewng placed in cither a certical or « horizontal position, or «t
any angle with the horizon, without deranging the adjustment
of its parts to cach other, and without placing the cye-picce
in such a position as to be inconvenient to the observer. 1t
is certainly a matter of surprise, that Oplicians, especially on
the Continent, should have so long neglected the very simple
means whieh are at present commonly employed in t{lis
country, of giving an inclined position to microscopes; since
it is now uniyversally :wknowlvt{_t_rvd, that the vertical position
is, of all that ean be adopted, the rery worsf. An inclination
of about 55 to the horizon will generally he found most
com cnient for wneonstrained observation ; and the instrument
should be so construeted, as, when thus inelined, to give to
the stage such an elevation above the table, that when the
hands are employed at it, the arms may rest conyeniently upon
the table  In this manner a degree of support is attained,
which gives such free play to the museles of the hands, that
movements o the greatest nieety may be exeeuted by thems
and the fatigue ol long-contmued observation is  greatly
diminished. Sueh minutie may appear too trivial to descerve
mention; hut no practised microscopist will he slow to ac-
knowledge their value, The stage must of course be provided
with some means of supporting the objeet, when it is itself
placed ma position so inchned that the objeet would slip-down
unless sustained  There are sowe objeets, however, which
can only he seen in a vertical mieroscope, as they require to
he viewed inwa position nearly or entirely hovizontal; such are
* I the Microscopes constructed by Mr. Ladd, a chaw-morement is substi-
wnted for the rack-and-pinon, and this has the advantage of hemg smoother
andd more sensinve, of bemg less ikely to become unequal by wear, and of
bemg eostly ightened 1f it should ‘lose time,” whalst ats deheacy and smooth-
ness admit ¢ y (vael adjustment bemng made by its means alone, even when
hugh powers are employed,  Still, as will be shown hereafter (§81), the use of
the bne adjustent’ 1s by no means restricted to this purpose, and it cannot

be adyvantazeously dispensed-with i a Mieroscope, which 1s to be used for any
but the most connuen purposes,
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disscetions in water, urinary deposits, saline solutions under-
going crystallisation, &c. For other purposes, again, the
microscope should be placed horizontally, as when the camera
lucida is used for drawing or measuring. Tt ought, therefore,
to be made capable of every such variety of position.

1v. The last principle on which we shall here dwell, is sim-
plicityin the construction and adjusiment of every part. Many
Ingenious mechanical deviees have heen invented and exceuted,
for the purpose of overcoming difficulties which arc in them-
sclves really trivial. A moderate amount of dexterity in the use
of the hands is sufficient to render most of these superfluous ;
and without such dexterity, no one, even with the most com-
plete mechanical facilitics, will ever hecome a good micro-
scopist. Among the couveniences of simplicity, the practised
Microscopist will not fail to recognise the saving of time
cflected by being able quickly to sct-up and put-away his
instrument.  Where a number of parts are to he serewed-
together hefore it can he brought into use, interesting objeets
(as well as time) are not unfrequently lost; and the sapme
cause will often occasion the instrument to he left exposedto
the air and dust, to its greal defriment, hecause fowe is
required to put it away; so that a slight advantage on the
side of bimpﬂicity of arrangement, often causes an inferior
imstrument. to be preferved by the working ni('.r()scopiat to a
superior one.  Yet there iy, of course, a limit fo this simpli-
fication; and no wrrangement can be objected-to on this score,
which gives advantages in the examination of ditlicult objects
or the determination of doubtful questions, such asno simpler
means can afford—The meaning of this  distinetion will
become apparent, if it he applied to the cases of the “tra-
versing stage” (§ 37) and the “achromatic condenser”
(§ 56).  Kor although the traversing stage may he con-
sidered a valuable aid in observation, as facilitating the
finding of a minute object, or the examination of the entire
surface of a large one, vel it adds nothing {o the elearness of
our view of cither; and ifs place may in great degree be
supplicd by the fingers of a good manipulator.  On the other
hand, the use of the achromatic condenser not only con-
tributes very materially, but is absolutely indispensable, to
the formation of a perfect image, in the case of many ol)jlects
of a dillicult class ; the want of it eannot he compensated by
the most dexterous use of the ordinary appliances; and con-
sequently, although it may fairly be cousidered superfluous,
as regards o large proportion of the purposes to which the
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Microscope is directed, whether for investigation or for display,
et as regards the particular objects just alluded-lo, it must
e considercd as no less necessary a part of the instrument

than the achromatic objective itself.  Where expense is not

an objeet, the Microscope should dowbtless he fitted with dotk
these valuable accessories ; where, on the other hand, the cost
is so0 limited that only owe can be aflorded, thet one should be
scleeted which will make the mstrument most useful for the
purposes to which it is likely to be applicd. (Sce Intro-
duction, pp. 35, 36).

In the account now fo he given, of the principal forms of
Microscope readily procurable in this country, it will he the
Author’s objeet, not so much fo enumerate and deseribe the
various patterns which the several Makers of the instrument
have produced, as, by sclecting from among them those
c_\'amp\(‘s which it scems to him nost desirable to make
known, and by specifying the peeuliar advantages which cach
of these presents, to guide his readers in the ehoice of the
Eind of Microscope best swited, on the one hand, to the elass
of vestigations they may be desirous of following-out, and
on the ofher, to their pecuniary ability. lie is anxious,
however, that he ah()u](i not be supposed to mark any
prefercnce for g@he particular instruments he has selected,
over those constructed upon the same general plan hy other
Makers; to have enumerated them all, would obviously bhe
quite incompatible with the plan of his treatise; hut he has
cousidered it fair (save in one or two speeial cases) to give
the preference to those Makers who have worked-out their
own plans of construetion, and have thus furmshed (to say
the Icast) the general designs, which have heen adopted with
more or less of modilication by others.

Stmple Microscope.

26. Under this head, the common kand-uagnifier or pocket-
lens first elaims qur affention; being in reality a Simple
Microscope, « although  not commonlv accounted as  such.
Although this little mstrument is in cvery one’s hands, and is
indispensable to the Nuturalist,—as alfording him the means
of at once making such preleminary examimations as often
afford him most mportant. guidance,—yct there are com-
paratively few who know how to handle it to the hest advan-
tage. The chicf difficulty lies in the steady fixation of it af
the requisite distance from the objeet, especially when the
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lens employed is of such short focus, that the slightest want
of exactness in this adjustment produces evident indistinet-
ness of the image. DBy carefully resting the hand which
carrics the glass, however, against that which carries the
object, so that both, whenever they move, shall move together,
the observer, after a little practice, will be able to employ
cven high powers with comparative facility. The lenses most
generally serviccable for hand-magnificrs, range in focal length
from two inches to half an inch; and a combination of two or
three of such in the same handle, with an intervening per-
forated plate of tortoiscshell (which serves as a diaphragm
when they are used together), will he found very useful.
When such a magnifying power is desired, as would require
a lens of a quarter of an inch focus, it is best obtained by the
substitution of a ‘ Coddington’ (§ 19) for the ordmary double
convex-lens.  The handle of the magnifier may be picreed
with a hole at the end most distant from the jomnt by which
the lenses are attached to it ; and through this may be passed
a wire, which, bheing fitted vertically into a stand or fopt,
serves for the support of the maguifying lenses in a horizontal
position, at any height ab which it may be convenient to fix
them.  Such a little apparatus s a rudimentary form (so to
speak) of what is commonly understood as a Stmple Micro-
scope; the term being usually applied to those instruments
in which the magnifying powers are supported otherwise than
in the hand, or, iu whieh, if the whole apparatus he supported
by the hand, the lenses have a fixed bearing upon the object
25).

§27.) Ross’s Simple Microscope—This instrument holds an
intermediate place hetween the hand-magnifier and the com-
plete Mieroscope; heing, in fact, nothing else than a lens
supported in such a manner, as to be capable of being readily
fixed in a varicty of positions suilable for dissceling and for
other manipulations. Tt consists of a circular brass foot,
wherein is serewed a short tubular pillar (Fig. 14), which is
¢sprung’ at its upper end, so as to grasp.ﬂ second tube, also
<sprung,” by the drawing-out of which the pillar maybe clongated
to about 3 inches. This carrics at its upper end a jointed
socket, through which a squarc bar aboul 3% inches long
slides rather stiffly; and onc end of this bar carries another
joint, to which is attached a ring for holding the lenses. By
lengthening or shortening the pillar, by varying the angle
which {he square bar makes with its sunnit, and by sliding that
bar through its socket, almost any position and elevation may
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be given to the lens, that can be required for the purposes to
which it may be most usefully applied; care being taken in

F1a, 14.

Ross’s Simple Microscope.
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all instances, that the ring which carries the lens should (by
means of its joint) be placed horizontally. At A is seen the
position which adapts it hest for picking-out minute shells or
for other similar manipulations; the sand or dredgings to be
examined being spread upon a picee of black paper, and raised
upon a book, a box, or some other support, to such a height,
that when the lens is adjusted thereto, the cye may he ap Ll’icd
to it continuously without unnecessary fatigue. It will he
found advantagcous that the foot of the microscope should
not stand upon the paper over which the objects are spread,
as it Is desirable to shake this from time to time, in order to
bring a fresh portion of the matters to he examined into
view; and gencrally speaking, it will be found convenicnt to
place it on the opposite side of the object, rather than on
the same side with the observer. At B is shown the position
in which it may be most couveniently sct, for the disscetion of
objeets contained in a plate or trough, the sides of which,
hemg higher than the lens, would prevent the use of any
magnificr monnted on a horizon{al arm.—The powers usually
supplicd with this instrwacnt, are one lens of an ineh foeds,
and a sccond of either hall or a quarter of an inch. By
unserewing the pillar, the whole is made to pack into a small
flat case, the extreme portability of which is a great recowm-
mendation.  Although the uses of this little instrument are
greally limited hy its want of stage, mirror, &e., yet for the
class of purposes to wineh it éx suited, it has advantages over
perhaps every other form that has been devised.

8. Gairdner's Simple Microscope.—This lit{le instrument,
distinguished like the preceding for its simplicity and porta-
hility, is adapted 1o quite a different elass of purposes;
namely, the examination of minute transparent objeets, espe-
cially those contamed in thuid, such as Ammaleules, Desmidicx
and Diatomacewe, Urinary deposits, &e. Lt consists (Fig. 15)
of a Wollaston’s doublet. (§ 18) supported upon a handle, with
which is also connceted an elastic slip of brass, carrying a
ring which surrounds the projecting eentre of the under side
of the doublet; this ring is made to approach nearer to, or
{o recede further from, the doublet, by means of a milled-
headed serew which passes through the stem that supports
the latter, aud bears upon the slip of brass that carries the
former : and {o the side of it which is furthest from the doublet,
i disk of very thin glass is comented.  In using this little
instrument, a minute drop of the liquid to be examined is 1o
be placed on the wnder side of the thin-glass disk,—that is, on
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the side away from the doublet,—and it is to be covered
by another disk, which will

F1g. 15. be drawn 1o the fixed disk,

and supported in its place by
the ecapillavy attraction of
the fluid for hoth. The in-
strument is then to be so
held, that the cye, when ap-
plied to the doublet, looks at
the lighi through the film of
liquid; and when the focal
adjustment is made by means
of the milled-head, any par-
ticles this may contain, of a
size to he hrought info view
by the magnifying power em-
])‘o_v(‘d, will b dind netly dis-
cerned.  The instrument is
usually eonstructed with hut
a single power, adapted tothe
class of objeets for whick it is
to be employed ; thus for the
purposes of the botanieal or
zoologieal collector, a power
of from 70 to 100 diameters
is sufficient ; whilst for the
examination of urinary de-
# posits, a power of 200 or
Gairduer's Simple Microscope.  nore is desivable. Tt would

uot, he difficult so to modify

it, however, by making the doublet to screw into a socket,
instead of fining it on the stem, that one power might be
substituted for another on the same instrument; and the
adjusting screw might then perhaps be dispensed-with, since
the focal adjustment might probably be made sulliciently
well, hy turning round the (E)ubl(-t itsclf in its serewed
socket. The object-holder, too, might be so constructed as
to reccive a greater variety of obyeets, and even to hold
{:rcpurutions mounfed on slips of glass ; which would ofien
¢ a matter of great convenience for eclass-demonstration.

All this, however, would add to the complexity and the
cost of the instrument ; the simplicity and low price of which
at present comstitute its chicl recomuncndation.  Though
not suited for the higher purposcs of a Microscope (the view
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of any object afforded by a doublet magnifying 100 or 200
diameters, being far inferior 1o that presented by only a
tolerable achromatic), yet there is a certain class of observations
for which it is particalarly convenient,—those, namely, which
only require a recognition of known forms. Thus, the collector
of Diatomacce, Animalcules, &e., may by its means af once
test thg general value of the sample he has taken-up, and may
decide whether to throw it away as worthless, or to reserve
it for morc minute examination. And the Medical practi-
tioner who is familiar with the aspeel of Urinary deposits,
may, by this little instrument (which he can carry m his
waistcoat-pocket), diseriminate on the spol the nature of
almost any sediment whose character he may wish to know,
without, being obliged to have recourse to a more claborate
apparatus.*

29. Field’s Simple Microscope—The general purposes of a
simple Microscope are satisfactorily answered Il;y the instru-
ment, which has recently gained the premium awarded by the
Couneil of the Socicty of Arts, and which is capable of being
very effectively used in the examination of most of the objedts
for which such an instrument is suited. 1t cousists (Kig. 16) of
a tubular stem, about five inchies high, the lower end of which
serews finly into the lid of the hox wherein the instrument is
packed when not in use.  To the upper end of this stem, the
stage is firmly fixed ; while the lower end carrics a concave
mirror.  Within the tubnlwr stem is a round pillar, having a
rack cul into it, against which a pinion works that is turned
by a milled-head ; and the upper part of this pillar carrics a
horizontal arm which hears the l(-nscs; s0 that, by turning the
milled-head, the arm may be raised or lowered, and the requi-
site focal adjustment obtained.  Three magnifiers are supplied
with this instrument ; and by using them either separately or
in combination (the lens of shortest focus heing placed at the
bottom, whenever two, or all three, are used fogether), a con-
siderable range of powers, from about five to forty diamcters, is
obtained. The stage is perforated with a hole at cach corner ;
into any one of which may be fitted a condensing lens for
opaque objects (§ 61), or a pair of stage-forceps (§ 66).  An
aquatic-hox for the examination of objeels in water (§ 68)
is also supplicd.§ This instrument is peculiarly adapted for

* This Microscope, the invention of Dr. Willam Gairdner, of Edinburgh,
is made by Mr. Brvson, optician, of that city.

+ The price of the mstrument, with all these appurtenances, packed in a
neat mahogany box, is only halfu-gnivew; and the maker, Mr. G. Ficld of
Birmmgham, 18 bound by his agreement with the Society of Arts to keep it
always in stock  Sce also § 31.
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educational purposes ;* being fitted in every particular for the
exammation of botanical specimens, small nscets or parts

F1a.16.

Field’s Simple Mieroscope.

of inscets, waterdleas, the larger animaleules, and other
such ohjeets as young people may readily colleet and pre-
parc for ﬂlcmsc%vvs; and such as have trained th(-msc}vcs
m the application of it to the study of Natare, are well
prepared for the advantageous use of the Compound Miero-
scope.  But it also affords to the scientific enquirer all that
is cssential to the pursuit of such investigations, as are best
followed-out by the concurrent employment of a Simple aud a
Compound Microscope,. the former being most fitted for the
preparation, and the latter for the examination, of many kinds
of objects st—and it may be casily adapted {o the purposes of
dissection, by placing it hetween armi-rests (§ 1045, or blocks
* See Introduction, pp. 33, 34, 1 Sce Introduction, p. 36.
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of wood, or books piled onc on another, so as to give a
support for the han& on either side, at or near the level of
the stage.

30. Quekelf's Dissecting Microscope.—To the scientific inves-
tigator, however, it is generally more convenient to have alarger
stage than the preceding instrument affords ; and in this rcch(:t
an” arrangenient devised hy Mr. Queketl (Fig. 17) will be

A}

Fig. 17.

Quekett’s Dissecting Microscope.
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found extremely convenient. The stage, which constitutes
the principal part of the apparatus, is a plate of brass (hronzed)
nearly six inches square, serewed to a picee of mahogany of
the same size and about, 5-8ths of an inch thick ; underneath
this a folding flap four inches broad is attached by hinges on
cach side; and tlllc two flaps are so shaped, that, when closed
together, one lies closely upon the other, as shown in
Fig. 17, . These flaps, when opened, and kept-asunder by a
brass bar, as shown m Fig. 17, a, give a firm support to the
stage at a convenient height ; and the bar also carries a socket,
into which the stem of the mirror-frame is inserted. At the
back of the stage-plate is a round hole, throngh which a
tubular stem slides vertically, that carries at its summit the
horizontal axm for the magnifying powers ; {his stem may or
may not he furnished with a rack-and-pinion movement ; but
the author’s experienee leads him strongly to recommend that
it should be provided with this means of making the foeal
adjustment ;. smee the sliding action, independently of the
greater {ronble it always involves, is apt {o become uneven
and difficult, especially 1f the surface of the stem should have
hecome rougheved by the corrosion of scea-waler, or by the
action of acids, salines, &e, used as reagents.  The same
frame which carries the mirror, is also made to carry a lens
whicl serves as a condenser for opaque objeets ; its stem
heing then fitted into a hole in the stage, at one side, or in
front of, its eentral perforation.  The instrument is usually
furnished with three maguifiers, namely an inch and half-inch
ordinary lenses, and a quarter-ineh Coddington (§ 19); and
these will be found 1o he the powers most useful for the
nrposes to wineh this instrument is specially adapted.  The
](-nm-.s, mirror, condenser, eross-har, vertical stem, and milled-
head, all fit into hollows cut for theiv reeeption on the under
side of the stage, and are then covered and kept-in-place hy
the side-flaps; so that, when packed together, and the flaps
kept-down {)_y an elastic band, as shown in Tig. 17, s, the
instrument 1s extremely portable, furnishing (so to speak) a
case for itself. Tt may he easily made to serve as a Compound
microscope, hy means of an additional ~(em and horizontal arm,
carrying a light “hody.’—The prineipal disadvantages of {his
very mgeniows and otherwise most convenient arrangement,
are that it must he always used with the light vz front of the
observer, or nearly so, sinee the side-flaps interfere with the
access of side-light to the mirror; and that the obstruction
of the side-flaps also prevents the hands from having that
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ready access to the mirror, which is convenient in making its
adjustments.  These inconvenicnees, however, are trifling,
when compared with the great {dcilities afforded for scientific
investigation by the size and firmness of the stage; and the
Author can confidently recommend the mstrument for all such
purposes, from much personal experience of its utility.

« Compound Microscope.

The various forms of Compound Microscope may be
grouped with tolerable definitencss into two prineipal classes ;
one consisting of those instruments, whose size and general
plan of construction adapt them ouly for the ordinary methods
of obscrvation; whilst the other meludes those which are
suited to carry the various accessories, whose use enables the
obscrver not only to work with more facility and certainty,
but, in some instances, to gain information respecting the
objeet of his examination, which he could not obtain without
them. It is true that some of the most important of thesk
accessories sy be applied to the smaller and lighter kind of
Mieroscopes ; but when it is desired to render the instrument
complete by the addition of them, it is far preferable to adopt
oue of those larger and more substantial patterns, which has
been devised with express reference to their most advantageous
and most convenient employment.—In nearly all the instru-
ments now fo be described, the same basis of support is
adopted, namely, a triangular “foot,” from which arise two
uprights ; and between these the microscope ifself is swung,
in such a manner that the weight of its different, parts may be
as nearly as possible halanced above and below the eentres of
suspension, in all the ordinary positions of the instrument,
This double support was first introduced Mr. George Jackson,
who substituted two pillars (a torm which Messrs. Smith and
Becek still retain in their Large Compound Microscope, Fig. 29)
for the single pillar conneeted with the microscope itself by a
¢ceradle-joint” (as in Fig 20) which was previously in use ; but
in place of pillars serewed inta the fripod hase, a pair of
flattened uprights, cast in one picee with it, is now generally
adopted, with a view both to greater solidity and to facility of
construction. Messrs. Powell and Lealand, it will be observed,
adopt a tripod support of a different kind (}“ig. 28), still, how-
cver, carrying-out the same fundamental prineiple, of swinging
the microscope itself between two centres.—Two different
modes of giving support and motion to the “body”’ will be
found to prevarl.  One consists in its attachment at its base
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to a transverse ¢ arm,” which is borne on the summil of the
movable stem, whose rack is acted-on by the pinion of the
milled-head, as in Figs. 18," 27, 28; whilst in the other, the
body is supported along a great part of its length by means of
a solid “limb,” to which is attached the pinion that acts on a
rack fixed to the hody itself, as in Figs. 21, 22, and 29. The
former method has the advantage of enabling the body to he
turned aside by the rotation of the transverse arm upon the
summit, of the stem,—a movement which is ofien convenient,
both as leaving the stage clear for dissection, &e., and as
cnabling the ohjectives to be more readily exchanged ; but it
is subjeet to the disadvantage, that unless the transverse arm
and the body are constructed with great solidity, the absenee
of support along the length of the latter leaves it snbjeet to
vibration, which may become unpleasantly apparent when
high powers are used, giving a dancing motion to the objeets.
With a view of preventing this vibration, Messrs. Powell
and Lealand conneet the top of the “body” with the hack of
the transverse arm, by a pair of oblique “stays® (Fig. 28).
The sceond method of support is decidedly superior 1 steadi-
ness, a perfeet freedom from tremor being obtained with less
solulity, and therefore with less cumbrousness ; the mode in
which the rack is applied, morcover, in the microscopes of
Messrs. Smith and Beek (most of which ave construeted upon
this plan) gives o it a peculiar smoothness and easiness of
working s but the traversing movement of the hody is sacri-
ficed.  Although some attach considerable importance to
this movement, the Author’s experience of instruments con-
strueted upon both plans, leads huon to give a preference to the
sceond.

31. Field’s Compornd Microscope—The fivst of the simpler
forms which we shall more particularly deseribe, is that
to which the medal of the Society of Arts has been recently
awarded, not as a testimony to the perfection of its construe-
tion, but as marking the highest degree of excellence among
the instruments sent in competition, that secmed consistent,
with the cheapuesst which was the fundamental requivement
(Sce Introduction, p 34). The triped foot (Fig. 18), with
its pair of uprights, is of cast-iron; and affords a very firm and

* The price of this mstrument, complete, with two eye-picees and two
achromat:e objeetives ginvang a range of power from abont 25 to 200 diameters,
condenser on_a separate stand, stage-foreeps, and hyve-box, m a mahogany
ease, 1~ only three quencas, and the maker, Mr, G i'wld of Birmmghamn, 14
bound by hus agreement with the Soctety of Arts to keep italways m stock,
80 as to supply any purchaser at onee.
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steady basis of support. The centres of suspension by which
the microscope is swung between these uprights, are attached

F1a. 18,

Freld’s Compound Microscope.

to the hollow pillar that bears all the other parts.  Just above
them, when the instrument is in a vertical position, is a
milled-head on cither side, which acts on a rack cut into the
stem that rises from the pillar, and carrics the body on a
transverse arm, thus giving the ¢ coarse’ adjustment for focal
distance ; whilst the “fine” adjustment is given by another
milled-head (scen edgeways in the figure) in the transverse
arm, which turns a screw whosc exiremity acts upon a lever
that produces a slight change in the distance between the
objcet-glass and the objcct,%y clevating or depressing a tube
that carries the former,—this tube being so fitted to the
lower end of the body as to slide freely within it, and being
ressed downwards by 'a spring, whilst it is raised upwards
y the lever-action just named. The additional advantage is
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gaincd by this arrangement (which is the onc adopted with
some modification by most Microscope-makers), namely, that
if the object-glass should be carclessly forced-down so as to
press upon the object, the yiclding of the spring-tube prevents
any scrious injury {o the one, and to a certain extent proteets
the other. ’l'l]le stage, which is firmly attached to the pillar,
is furnished on its upper surface with a movable brass }cdge,
against which the objeet rests when the stage is inelined in
any degree to the horizon; this ledge should slide smoothly
and casily from the back to the front of the stage, but should
have at the same time safficient hold upon it to retain its
wsition and to support the object, at whatever point it may
be left. At a little distance bencath {he stage, there is
attached to it a ¢ diaphragm-plate,” perforafed with holes of
various sizes for the regulation of the quantity of light
admitted to transparent objects (§ 55), and also affording,
in onc of ifs positions, a dark back-ground, which is usctul
when opaque objeets are heing viewed.  The stage is per-
forated at one of 1ts front corners with a hole, mio which fits a
pair of stng(--forccl)s (§ 66). The mirror, which is concave
on one side aud ‘) ane on the other, is attached, not to the
pillar, but to & tube which slides upon it, so that its distance
from the under side of the stage may he mercased or dimi-
nished.  The condenser for opaque objeets is mounted ou a
separate stand (§ 61) —The simplicity of the construction of
this Microscope, and the facility with which all those adjust-
ments may he made that are required for the purposes wiieh
it is intended to fulfil, should constitute, with its low price, a
great recommendation to those, who value a Mieroscope
rather as a means of interesting reereation for themsehves, or
of enltivating a taste for the Study of Nature and a habit of
correct observation in the young, than as an nsirument of
seieufilic rescarch. It is not, of course, 1o be expected that,
it should hear comparison, in regard cither to the mcchanical
finsh of 1ts workmanshup, or 1o the perfection ol its optical
eflects, with Microscopes of many times ifs cost; but it is
infiitely superior to the best Microscope ever econstructed on
the old (non-achromatic) plan; and it is greatly to he pre-
ferred in its mechanical arrangemeuts to any of the carlier
achiromatic microscopes, which it at least cquals in optical
performance.

32. Hghley's Hospital Microseope~The scale of this in-
strument 15 somewhat larger than that of the preceding, and
its workmauship more finished and substantic { The tripod
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stand, the stage and its fittings, and the mirror, almost exactly
rescmble thosc first described’; but the body, which is longer,

Fia, 19,

Highley's Hospital Microscope.

1s supported in a different mauner. The pillar to which the

stage and the mirror are attachcd, is prolonged upwards, and

then forms a kind of €limb,” to which is aflixed a tube slit-down

in front ; and within this tube the ‘ body” slides up and down,

with sufficicnt freedom to allow of bemg easily moved, yeb

with sufficient stiffness to I‘CIlla,ilé firm in any position in which
G
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it may be left. 1In the simple form of this instrument here
delineated, the sliding action affords the only means of making
the * coarse’ adjustment (§ 25, 11) ; but a rack-and-pinion move-
mient may be introduced at a trifling additional cost. The fine’
adjustment is made by a milled-head in front of the lower end
of the body, which acts directly upon a tube sliding within it
that carries the ohjectives.—This iustrument is particularly
adapted, by the roominess of its stage, for the examination of
pathological specimens ; and, when the body is provided with
a rack movement, it forms an unexceptionable microscope for
general purposes, and may even be furnished with a movable
stage, achromatic condenser, polarizing apparatus, &e.*

33. Nachet's Microscope. — Until a comparatively-recent
period, all save the most claborate and expensive forms of
Compound Microscope constructed by Continental opticians,
were adapted for usc in the vertical position only. M. Nachet,
however, has now so modificd his ordinary pattern, that the
instrument may bhe inclined (like the preceding) at any angle;
and he has thus rendered it a very convenient, as well as o
cheap and portable Microscope. The basis consists of a
somewhat oval foot, with a smgle pillar rising from a little
hehind its centre ; and at the top of this pillar is a ¢cradle-
joint,” which supports the stage and the upright stem that
carrics the hody. The transverse arm, however, 15 attached,
not directly to the summit of this stem, but to a tube which
slides over it and this tube can be raised or lowered by
turning the milled-head at its summit (which acts upon a
serew that enters the stem), wherehy a *fine” adjustent is
obtained, that acts through the transverse arm upon the hody
which it carries. The “coarse’ adjustment is cilected, as in
the preceding case, hy sliding the hody throngh an outer tube
which grasps it ; the latter being fixed into the transverse
arm. The mode in which the o?)jcct is sup{»ort(‘d upon the
stage, when this is inelined, is very simple and ingenious, and
is In some respeets preferable to the sliding—lc(ﬁ_rc gencrally
used by English makers.  Near each side of the stage is seen
a somewhat clastic strip or tongue of sheet-brass, the front
extremity of which is free, but which is attached at, its hinder
cnd to a pin that passes through a hole in the stage, in which
it works very ca.si{y. This pin is prolonged for about }-inch

* The cost of this instrument essentially depends npoun the number and
magnifying power of the objectives supplied with it; 1t 1s usually provided,
however, with a 1-inch and }-inch; and iv then sold (without the rack-move-

ment) at £6 10s, This sum, however, does not melude either a case or any
accessory apparatus,
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beneath the stage, and then terminates in a broad flat head ;
and it is surrounded by a slender spiral spring, which, bearing

F1c. 20.

Nachet’s (‘ompound Microscope.

al its iwo ends against the under side of the stage and the
head of the pin, tends to depress the latter, and thus to bri

the brass tongue into close apposition with the stage when
nothing intervenes, and to bind-down anything that may be
placed%etwecn them. In making use of this little apparatus,
1L is most couvenient to employ both hands, in such a manner
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that the thumb and fore-finger of cach shall hold one end of
the slip of glass whereon is placed the objeet under examina-
tion, whilst onc of the other fingers of cach hand is used
to push-up the head at the end of the pin, so as to Lift the
tongue from the slage; the slip of glass can then be moved
from side to side, or up and down, with the most perfect
freedom, and may be firmly secured at any point by ceasing to
wress upon the heads of the pins, which will then be forced-
own by the springs, so as to bring the tongues to bear on
the slip of glass. When the microscope is used in a vertical
position, for the examination of urinary deposits &c., no means
of fixing the object being required, 11 is convenient to turn
the tongues backwards, so as not to ocenpy any part of
the stage. The advantages of this arrangement are the
perfect frecdom with which the slip of glass can he moved
under the objective, either in finding a minute objeet, orin ex-
amining the surface of a larger one; and the facility and
exactuess with which it is velained at any point, at which
it. may be desired to fix it. The disadvantages are, the
neeessity of using both hands to move the object ; and the
interference of the tongues with the movement of the object
from side to side, when it is large enough to require a con-
siderable range ; on which last account the plan is unsuited to
the use of an aquatic-box. The stage is furnished on its
under surface with a diaphragm-plate, not mounted as a wheel,
but sliding in a straight line, which is a less convenient
arrangement ; and to ils lower side is also attached a stem
that carries the mirror, the distance of which from the stage
is not capable of variation.—This instrument is distinguished
by its simplicity and cheapuess, and by its adaptation to many
of the wants of the scientific enguirer.*  One of its chicf dis-
advantages is the small size (especially the narrowness) of its
stage, which eramps the operations of the observer; and hence
it will not be found nearly so convenient to the young miero-
scopist, as the equally-simple patterns in common use in this
country. Those, however, who arc carrying-on rescarches upon
objects too ‘minute 1o make this objcetion felt,—(such, for
example, as urinary deposits), and wno need high magnifying
powers, without requiring these to possess the greatest
attainable perfection, will find this l\imroscopc extremely
well suited 1o their wants.—Another instrument constructed
by M Nachet upon the same general plan, but upon a larger

* With three objectives and three eye-picces, giving a range of magnifying
powers from about 50 to about 500 diameters, it is sold in Paris for 190 francs.
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scale, is capable of being fitted with Achromatic condenser,
Polarizing apparatus, Micrometer cye-picce, Stage-movements,
&c.; in the arrangement of which accessories, much skilful
contrivance is shown.—The Buzocular Microscope of the same
ingenious Optician will be deseribed further on (§ 40).

34. Smith and Beck’s Student’s Microscope.—Of the patterns

yet deyised for a mi-
croscope of simple
construction, which
shall yet be capable
of answering every
essential  purpose
whether of display
or of investigation,
that of Messrs.
Smith and Beek ap-
pears to the Author
to, be (to say the
least) among the
best ; and he recom-
mends it with the
more  confidence,
since he has for
many years om-
ﬁ(:ycd one of these

icroscopes as his
ow working instra-
ment.  Thereis no-
thing distinetive in
the tripod support,
or in the mode in
which the micro-
scope ilsell is sus-
pended between the
uﬁri hts.  But the
‘body’ rests for a

cat part of its
ength upona ‘liml’
of ~ solid  brass,
ploughed into a
groove for the rc-
ception of the rack,

which is attached =

to the body; this

Fic. 21.

Smith and Beck’s Student’s Microscope.
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groove being of such a form, that the rack is firmly held in it,
whilst it slides smoothly through it. The great advantage of this
method of construction over any other in which the rack-and-
pinion movement is made to act directly on the hody, is that it
renders impossible any of that fwist wﬁich tends to throw the
object more or less completely out of the field, and secures that
exact centering which is cssential to the optical perfection of
the instrument. The upper end of the body is farnished with
a *draw-tube,” by which 1ts length can be increased ; and one
side of this is graduated to iuches and tenths. The advan-
tages of this arrangement will be explained hereafter é\‘ 43).
The *fine’ adjustment is effected by means of a milled-head,
situated just behind the base of the stem that bears the limb;
this acts on a screw, the turning of which (by a contrivance
that nced not, be deseribed in detail) depresses the stem with
the limb and body attached to it, so as to bring the objective
nearcer to the ohject; whilst if the pressure of the screw be
withdrawn, by turning the milled-head in the opposite dirce-
tion, the tubular stem (with the Limb and body) is carried
upwards by a spiral spring in its interior, thus increasing the
distance of the objective from the ohjeet. This adjustment is
remiarkable for its sensitiveness, and for its freedom from any
displacing action upon the image. The only other peculiarit
that need be noticed in this instrument, is the mode in which
the ohject is borne upon the stage; for instead of resting
agamst a ledge, it lics upon a kind of fork, which slides in
arooves ploughed-out of the stage, and which moves with
such facility, that the pressure of a single finger upon one of
the upright pins al the back of the fork is sufficicnt to push
it in cither direction. At the extremity of one of the prongs
of this fork, is a ‘spring elip’ for securing the objeet hy
a gentle pressure, which is particularly uscful when the
mieroscope is placed in a horizontal position for drawing with
the camera lucida (§ 49), the stage being then vertical.  And
at the extremity of the other prong is a hole for the inscrtion
of the pin of the stage-forceps, which thus gains the advan-
tage of the sliding movement of the fork, in addition to
its own actions.—This instrument can casily be wade to
receive the addition of an achromatic condenser and of a
polarizing apparatus ; it may also be fitted with a traversing
stage, but there is scarccly sufficient room for its working, to
render such an addition worth its cost.*

* No working Physiologist or Naturalist can require, in the Author's
opinion, a better instrument than the above; unless he be directing s
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35. Smith and Beck’s Dissecting Microscope.—A modification
of the preceding pattern has been ma(f:; for the special

urposc of carrying-on dissections under the Compound

icroscope, without any interference, however, with the usc
of the instrument for all ordinary purposes. The general plan
of the instrument (Fig. 22), as vni’l Le af once apparent, is essen-
tially the same as that of the Student’s Mieroscope ; but the
stage is much longer from back to front, so as to give morc
room; and from the back of it rises a strong curved limb for
the support of the body, which is made to slide upon it, as in
the previous case, by a rack-and-pinion movement. A secénd
milled-head is scen above that by which the focal adjustment.
1s made; and this acts by means of a rack upon the draw-
tuhe, which it brings-out or shuts-in, without the necessity of
holding the body with the other hand,—a movement which
will be found of very great advantage, when the *erecting
eye-piece’ (§ 44) is employed for varying the magnifying
power. The chief use of this erecting eye-piece, which screws
mto the lower end of the draw-tube (Fig. 32), in the Disscet-
ing Microscope, is to erect the image (as its designation
implies), and thus to facilitate the empfoyment of dissecting-
instruments upon an object under inspcction, the selection
of minute shells, &e., or other manipulations, which cannot be
so conveniently carried-on, save after long practice, when the
objeet is inverted.  As the  fine’ adjustment, cannot, in this
pattern, be applied to the ‘limb,” it is attached (if required)
to the lower end of the body itsclf, as in Messrs. Smith and
Beck’s larger Microscope (Fig. 29); but for the purposes to

attention to some particular class of objects, which need the very highest
microscopic refi ts for their clucidati The cost of the instrument,
fitted with two eye-peces, condenser for opaque objects, aquatic box, and stage
foreeps, is (with case) about £7; the cost of the objectives depends upon their
magnifying power and upon their angular aperture, Those most serviceable
for ordinary purposes are the 1% inch, §inch, #; inch, and } inch, whose
respective prices are £3, and 3, 5, and 6 guineas ; the first and third, or the
second and fourth, of these may be sclected in the first instance, and the others
added at any time; the addition of the  inch (which the unpractised micro-
scopist 18 scarcely likely to employ to advantage, and which is only useful for a
very limited set of purposes) may be postponed until it 1s really needed and can
be cffectnally employed. More can be scen of most objects by the proper
management of such a iinch as Messrs. 8. and B. now supply, than could
have becn made-out by the § of a few years back.—These opticians are now
constructing a new pattern of Students’ Microscolilo, complete in itself with
two good powers, which will be well adapted to the most important uses of
the Physiologist and Medical Practitioner, without exceeding 10 pounds in
price. To those, however, who, thoagh obliged to limit their first outlay,
o plate making subsequent additions, the Author would strongly recom

mend the choice of the instrument described in the text, as one on which such
additional expenditure may be more profitably bestowed,
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which such an instrument as this is usually applicd, the finc
adjustment is seldom nceded, the rack-movement being suffi-

Frc. 22,

ciently cxact and scusitive to furnish all that is needed for
low and medium powers. When this addition is made, how-
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ever, the instrument is adapted to any kind of work to
which the preceding can be zp}plicd; it can receive the same
fittings ; and in consequence of the larger dimensions of the
stage, a traversing movement may be readily added to it.
This Microscope may thus be rendered a very corplete instru-
ment ; but it will scarcely be so convenient in use, as the
instrugents which are specially planned for a greater range of
adaptalions ; and the particular advantage it possesses, is for
the purpose indicated by its designation.

36. Waringtow'’s Universal Microscope.—A new set , of
adaptations for special purposes, called-for by new require-
ments, has been recently devised by Mr. Warington; who,
by different combinations of the same very simple materials,
has produced an instrument which may be used in four
different modes, and which may fairly, therefore, be designated
a “universal’ microscope. Mr. Waringlon’s original object
was to provide an arrangement, whereby the ~Cormpound
Microscope should be brought to hear upon living objects in
an Aquarium, when these might be either in contact with one
of the glass sides, or be not far removed from it. This he
accomplished by making use of the hody of a Student’s micro-
scope (§ 34), with the grooved limb in which it slides, and
attaching the latter by a strong cradle-joint to a tubular stem,
which could be fixed at any height upon the cdge of the table

Fia. 23.

Warington’s Universal Microscope, as arranged for viewing objects
in an Aquarium,
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that supports the Aquarinm, by means of a elamp with a bind-
ing-screw. Subsequently Mr. W. dispensed with the rack;
attaching the cradle-joint at the top of the tubular stem to an
outer tube, within which the sliding of the body acts as a
“coarse’ adjustment ; and providing a ‘fine’ adjustment (by
an ingenious plan of his own) at the object-cnd of the body
itself. To the Author, however, it has scemed far more con-
venient to retain the rack ; and this he has combined with the
sliding tubhe, thus obtaining great facility of adjustment with
no pereeptible “twist ;” and the arrangement of the apparatus,
with this modification, is shown in Fig. 23. If the rack he
well cut, there will be no occasion for a ¢ fine” adjustment ;
since the purposes to which this arrangement is adapted, only
require low or moderate powers.  When the instrument is set,
up in the above position, the body may he moved like a swivel
from side to side, and it may be inclined downwards at any
degree of obliquity; but its most suitable position will

Fr1e. 24

Warington’s Universal Microscope, as arranged for Dissection in a large
trough. (N B. By drawing the stem @ through the clamp, the body may be
shifted to such a distance from the wooden base, that the latter nced not
interfere with tire dissecting-trough).
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generally be the horizontal, with its axis directed at right
angles to the flat side of the Aquarium.—It is obvious that the
very same instrument, turncd from the horizontal into the
vertical position, by attaching the clamp (as in Fig. 24) to the
cdic of a wooden strutt rising vertically from a horizontal
slab, instcad of to the edge of a horizontal table, becomes
extremgly well suited for examining objects which are in
course of dissection in a trough too large to be conveniently
transferred to the stage of the microscope, for looking-over
minute shells spread-out on a sheet of paper, and for other
urposes for which a special form of (iiasccting-microscﬁpc
Kas been devised by Messrs. Powell and Lealand. —But again,
by turning up the L shaped support constructed for the last-
named purpose, so that it shall rest (as it were) ou two legs like
the Greek A, and then clamping the stcm that carries the body
to its highest clge, the instrument acquires a position very

Fic. 25.

Warmgton's Umversal Microscope, arranged for ordinary use,
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suitable for ordinary microscope-work ; and nothing is wanted
to adapt it to this, save the addition of a stage and a mirror,
each of which may be so constructed as to fit into a brass
socket let into the wooden support, thus completing the
Mieroscope in the form represented m Fig. 25.—Tlhis 15 not
the last of the adaptations of which the instrument is
capable , for the wooden support remaining at the same
inclination, the body may he brought to the perpendicular, by
shifting its stem in the clamp an(f; by altering its angle at the

F1a. 26.

Wanmngton's Uyiversal Microscope, arranged for dissecting on the stage.

cradle-joint ; whilst a horizontal position may be given to the
stage, I])y fitting it into another socket (Fig.26); in this arrange-
ment, morcover, the stage acquires an increasc of firmness,
from the bearing of a plaic that projects at right angles from
its under surface, upon the inelined face of the wooden sup-

ort. Thus a dissecting-microscope is formed, which has
many,of the advantages of that of Messrs. Smith and Beck ;
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being subject, however, to the important drawback, that the
mirror canuot be so placed as to reflect the light upwards
through the axis of the microseope. (A means of remedying
this, however, might perhaps he contrived without much diffi-
culty or cost.) On the left side of the slanting support, at a
short distance above the stage, is a hole into which may be fitted
cither the stem of a condensing-lens for opaque objects, or the
stem ol*the stage-forceps ; either or both of which may also be
fitted into holes in the front corners of the stage. The stage
is provided with a sliding ledge for the support of objects in
an inclined position; and it might also be furnished’ if
required, with a diaphragm-plate. One of the chief merits of
the instrument, however, being lightness and portability, it
would not be desirable {o encumber it with many accessories.
Kor convenience of packing, the shorter portion of the L piece
may be connceted with the longer by strong pins fitted into
sockets, iustead of being permanently tixed, so that the two
can he readily disconnected and onc part laid flat upon the
other; and the whole apparatus will then lie within a very
small compass.—The distinetive peculiarily of this instrument
consists i the extreme simplieity of the means, by which a
variety of useful ends arc obtained. It is scareely one that
should he recommended to the beginuer ; since it is in several
respeets not so well adapted for ordinary work, as the forms
already described.  But it is & most valuable addition to the
Mieroscopic apparatus of the Naturalist; and may be con-
structed at so trilling an expense, to work with any objeetives
he alveady may possess, that a considerable demand may be
anticipated for it.*

37. We now puss {o an enlirely-different class ol instru-
ments,—those of which the aim is, not simplicity but perfee-
tion; not the production of {he best effeet with Hmited means,
but the atfainment of ceverything that the Microscope cun
accomplish, without regard to cost or complexity.  This
object has been certaiuly carried-out by the Opticians of our
own country, much more completely than by those of the
Continent ; and it scems but fair towards the three prineipal
London makers, by whose labours the present admirable
results have been attained, that the pattern finally adopted by
each should he here delineated and deseribed. —Without any
imvidious prefercnce, the first place may fairly be assigned to

* This instrument has been made for Mr. Warington and for the Author by

Mr. Salmon, 100, Fenchurch-strect, who supplics it, on either plan, without
objectives or case, but with condenser and stage-forceps, for 3 guineas,
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the Large Compound Microscope of Blr. Ross; not only as
being the one which was first brought (in all cssential features
at least) to its present form, but also because it is that which
contains the greatest number of provisions for investigating
objects in a varicty of different modes. The general plan of
Mzr. Ross’s Microscope will be seen to be essentially the same
with that which has Eeen followed by Mr. Field in the simple

Fie. 27.

196

Ross’s Large Compound Microscope.
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form of this instrument first described (§ 31), as well as by
many other makers; but it is carricd-out with the greatest
attention to solidity of construction, in those parts especially
which arc most liable to tremor; and we are informed by Mr.
Ross, that cvery part has been tested by the ‘inverted

endulum’ (an instrument contrived to indicatc otherwise
msensible vibrations), and either strengthencd or reduced as
might be found necessary, so as o obtain an equality of vibra-
tion between the stage and the optical part, which will prevent
any perceptible tremor in the image. ’Ill)w “coarse * adjustigent
is made by the large milled-hcad situated just behind the
summit of the uprights, which turns a pinion working into a
rack cut on the back of a very strong flattened stem, that
carrics the transversc arm at its summit; a second milled-
head (which is here concealed by the stage-fittings) is attached
to the other end of the axis of the pinion (as in Fig. 18), soas
to be worked with the left hand. * The “fine’ adjustment is
effected by the willed-head on the transverse arm just behind
the base of the ‘hody;’ this acts upon the ‘nosc’ or tube
projecting below the arm, wherein the objectives are serewed.
The other milled-head seen at the summit of the stem, serves
to secure the transverse arm to this, and may be tightened or
slackencd al pleasure, so as to regulate the traversing move-
ment of the arm ; this movement is only allowed to take place
in one direction, namely towards the right side, being checked
in the opposite by a “stop,” which sceures the comecidence
of the axis of the body with the centre of the stage and with
the anis of the illuminating apparatus beneath it.—It is in the
movements of the stage, that the greatesi contrivance is
shown ; these are three, namely, a traversing movement from
side to side, a traversing movement from before backwards,
and a rotatory movement. The traversing movements, which
allow the platform carrying the objeet to be shifted about an
inch in cach direction, are effected by the two milled-heads
situated at the right of the stage ; and thesc are placed side by
side, insuch a position that onc may be conveniently acted-on
by the forc-finger, and the other by the middle-finger, the
thumb being readily passed from one to the other. The
traversing portion of the stage carrics the platform whercon
the object 1s laid, which has a chﬁc at the back for it to rest
against ; and this platform has a sliding movement of its own,
from before backwards, by which the object is first brought
uear to the axis of the microscope, its perfect adjustment
being then obtained by the traversing movement. To this

-



98 CONSTRUCTION OF THE MICROSCOPE.

platform, and to the traversing slides which carry it, a
rotatory movement is imparted by a milled-head, placed
underneath the stage on the left-hand side; for this milled-
head turns a pinion which works against the circular rack
(seen in the figure) wherchy the ?ﬁmle apparatus above is
carricd-round about a third of a revolution, without in the
least disturbing the place of the objcet, or removing it from
the field of the microscope. This rotatory movement is uscful
for two purposes; first, in the cxamination of very delicate
objeets by (l;{))liquc lights, in order that, without disturbing the
illuminating apparatus, the effect of the light and shadow
may be scen de every direction, wherchy important additional
information is often gained ; and sccondly, in the examination
of objects under polarized light, a class of appearances being
produced by the rotation of the ohject between the prisms,
which is not developed by the rotation of either of the prisms
themsclves.  Below the stage, and in front of the stem that
carrics the mirror, is a dovetail sliding-bar, which is moved
up and down by the milled-head shown at ifs side; this
slli)ding-bar carrics what is termed by Mr. Ross the ‘secondary
stage’ (omitied in the figure for the sake of simplicity), which
conaists of a cylindrical tube for the reception of the achro-
matic condenser, the polarizing prism, and other fittings;
to this sccondary stage, also, a rofatory motion is com.
municated by the turning of a milled-head ; and a traversing
movement of limited extent is likewise given to it by meuns
of two screws, one on the front and the other on the left-
hand side of the frame which carrics it, in order that its
axis may be brought into perfect coincidence with the axis of
the “body.’—The special advantages of this instrument consist
in its perfect steadiness, in the admirable finish of its work-
manship, and in the variety of movements which may be given
both to the object and to the fittings of the secondary stage. Its
disadvantages consist in the want of portability, necessarily
arising from the substantial mode of its construction; and in
the multiplicity of its movable parts, which presents to the
heginner an aspect of great complexity. This complexity,
however, is much more apparent than rcal; for cuch of these
parts has an independent action of its own, the naturc of
which is very soon learned ; and the various milled-heads are
so disposed, that the hand readily (and at last almost instine-
tively) finds its way from one to the otler, so as to make any
required adjustiment, whilst the eye is steadily directed to the
object. To the practised observer, therefore, this multiplica-
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tion of adjustments is a real saving of time and labour,
enabling him to do perfectly and readily what might otherwise
require much trouble, besides affurding him certain capabilities
which he would not otherwise possess at all.

38. Powell and Lealand’s Compound Microscope.—This
instrument, represented in Fig. 28, is far lighter than the

A Fia. 28,

Powell and Lealand’s Lnrgs Compound Microscope.
u D
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preceding in its general ‘build,’ without being at all deficient
in stecadiness ; it has not, however, some of those movcments
for which Mr. Ross’s plan of construction is especially
adapted. The threc-legged stand gives o finn support to the
trunnions that carry the tube to which the stage is attached,
and from which a triangular stem is raised, by the rack-and-
pinion movement set in action by the double-milled head,
wherchy the ‘coarse’ adjustment of the focus is obtained.
The triangular stem carries at its summit the transverse arm,
which confains (as in Mr. Ross’s microscope) the lever-action
of the ¢fine’ adjustment; and this is acted-on by the milled-
bead at the back of the arm, whence also pass two oblique
stays, which, being attached to the upper part of the body,
assist in preventing ifs vibration. The stage is provided with
a traversing movement in cach direction, to the extent of
about three-quarters of an inch; this is effected on the plan
known as Turrell’s, in which the two milled-heads are placed
on the same axis, instead of side by side, onc of them being
also repeated on the left hand of the stage, so that the move-
ments may be communicated either by the right hand alone,
or by both hands in combination. The platform which carrics
the object is made to slide, as in the preceding case, on the
summit_of the traversing apparatus; and it has not only a
ledge whereon the object may rest, but also a “spring-clip’
for sceuring it whenever the stage may be placed in a vertical
position.  This platform, morcover, is so comnected with the
traversing apparatus, that it may be turned round in the
direction of its plane; but as this rotation takes plice above
instead of beneath the traversing apparatus, t{mrc is 10
sceurity that the centre of rotation shall coincide with the
axis of the optical portion of the nstrument; so that, unless
this adjustment have been previously made, the ohjeet will be
thrown completely oul of the field of view when the platform
is made to revolve. Henee, although this movement is of
great use in facilitating the full exawmination of an object, by
cnabling the observer to bring it into the field of view in
overy varicty of position, it docs not serve, like the rotatory
movement of Mr. Ross’s stage, to change the position of the
object in regard to the illuminating apparatus, without dis-
turbing the obscrver’s view of it. The condenser for trans-
parent objeets, the polarizing apparatus, &e., are here fitted
to the under side of the riucipalpstage itsclf, instead of to
an independent or secondary stage; an arrangement which,
though convenient as regards compactness, admits of less
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variety of adjustment than is afforded by the latter plan. The
mirror, instead of being swung loosely upon two centres, is
pivotted toone end of a quadrant of brass, of which the otherend
1s pivotted to a strong Eiu that projects from the sliding tube ;
a spring heing so attached to cach of these pivots, as to give to
the movements of the mirror that suitable degree of stiffness,
which ghall prevent it from being disturbed by a passin
touch.—~No instrument can be better adapted than this to
the ordinary wants of the Microscopist ; there are very few
purposes which it cannot be made to answer; and there gre
many who will consider that its deficiency as to thcsf is
counterhalanced (to say the least) by its comparative sim-
plicity and portability, as well as by ils lower cost. For the
sake, however, of such as may desirc the power of oblaining a
more oblique illumination, than is permitted by the construc-
tion of the stage in the instrument just described, Messrs. P.
and L. have recently brought-out a new pattern, in which the
thickness of the stage 1s greatly reduced, a sub-stage is
provided for the reception of the condenser und other fittings,
and the mirror is mounted on a doubly-extending arm.

39. Smith and Beck’s Large Microscope—The general plan
of this instrument (Fig. 29) nearly resembles that of the
¢ dissccting microscope’ of the same makers, already noticed
(§ 35), so far, at least, as regards the mode of supporting the
body, and of cffecting the focal adjustments; whilst in the
construction of the stage, and in the arrangement of the fittings
beneath, it differs from all the microscopes hitherto described.
The stage is furnished with the usual traversing movements ;
but it is distinguished by its fhinness ; and this is of import-
ance in certain cases, as admitting of a more oblique illumina-
tion than could otherwise be obtained, and also as allowing
the construction of the achromatic condenser (§ 56) to be
much simplificd. The platform for the object is fitted upon
the traversing apparatus, in the same mode as in the micro-
scope last described, and posscsses the sume kind of rotatory
movement.  Beneath the sta.%f is a continuation of the gun-
metal ¢limb’ which carries the body; and this is ploughed
out into a groove for the reception of a sliding-bar, which
carries what may be termed the secondary body,’ namely, a
short tube (scen beneath the stage), capable of being moved
up and down by a milled-hcad, and fitted for the reception of
the achromatic condenscr, Il)olarizmg apparatus, &c. This
¢secondary body’ consequently answers the same purpose as
the ‘secondary stage’ of Mr. Ross’s microscope, and its
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relations to the other parts of the instrument are essentially
the same ; but it differs in the following particulars .—first,

F1a. 29.

Smith and Beck’s Large Compound Microscope.

that by being made to work in a groove which is in perfect
correspondence with that wherein the prineipal ‘body’ works
(this correspondence being secured by the action of the plauing
machine that ploughs both grooves), the ‘secondary’ body
always has its axis so perfectly continuous with that of ihe first,
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that no special adjustment is needed to *centre’ the greater
part of tﬁc illuminating apparatus; and secondly, that the
tube will carry the achromatic condenser at its upper end, the
polarising prism at its lower, and the sclenite plates between
the iwo, a combination that cannot be made in any other
instrument (§ 63). Moreover, as all these fittings arc received
into a tube of which the cxact size and position are assured,
the makers of this instrument can supply additional apparatus
at any time, with the certainty of its accurate adjustment. This
¢ secondary body,” howcever, has not the rotatory movement
possessed by Mr. Ross’s ‘secondary stage ;” and to the lim#ted
class of purposes, therefore, which that movement is adapted
to scrve, it cannot be adapted. The mirror is hung in the
usual way between two centres; but the semicircle that
carrics these, instead of being at once pivotted to the tube
which slides upon the cylindrical stem, is attached to an inter-
mediate arm; and by mcans of this it may be placed in such
a position as to reflect light very obliquely upon the objeet,
and thus to bring-out a new set of appearances with which
it is very important in certain cases fo be acquainted.—In
regard to weight and complexity, this instrument holds a
position intermediate between the two last deseribed.  The
mode in which the body is supported, appears to the Author
decidedly preferable to that adopted by the other makers;
and though it has the disadvanlage of scparating the focal
adjustments from each other and from the stage-motions more
widely than is the case in the two preceding mstruments, yet
the difference is scarcely pereeptible in practice. The milled-
heads acting on the former are both of them in positions in
which they arc easily rcached by the left-hand, when the
elbow is resting on the table; whilst the right-band {inds the
milled-heads of the traversmng sta%e and of the secondary
body in close proximity to each other. The imperfection of
the means of giving rotation to the objeet, constitules in this,
as in Powell and Lealund’s microscope, a point of inferiority
to Ross’s : the number of cases in which such a movement is
important, however, is by no means considerable. On the
other hand, the arrangement of the illuminating apparatus in
Suitk and Beek’s Microscope, scems to the Author to present
some decided advantages over that adopted by either of the
other makers ; and in point of general excellence of workman-
ship, this instrument cannot be surpassed.

ﬁ’ithout any invidious comparisons, it may be safely said
that whoever desires to possess a first-class Microscope,
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cannot do better than selcet one of the three instruments last
described ; the excellence of the optical performance of the
lenses supplied by their respective makers, being so ncarly on
a par, that the choice may be decided chiefly hy the pre-
ference which the taste of the purchascr, or the nature of the
researches on which he may {;c cengaged, may lead him to
entertain, for one or other of the plans of construction which
has now been brought under notice.

40. Nachet's Binocular Microscope.—Since that remarkable
invention of Prof. Wheatstone, the Stereoscope, has led to a
general appreciation of the value of 4inocularvision, in convey-
mg to the mind a notion of the solid forms of bodics, various
attempts have been made to apply the samnc principle to the
Microscope. To any onc who understands the principle of the
Stercoscope, a little consideration will make it obvious that this
end might be ZZeoretically attained, by placing two microscope-
bodies at such an angle of inclination, that their respective
objeet-glasses should point to the same object, whilst their cye-
pieces should be at the ordinary distance of the right and left
eyes from cach other ; but this pructical difficulty will ohviously
and necessarily arise, in bringing the two microscopes into
the requisite convergence,—that the axes of the instruments
caimot be approximated sufliciently-closely at their lower ends,
unless the o{)jectivcs employed should be of a focus so long,
that the value of such an instrument would be extremely limited.
It was carly scen, therefore, that the ouly feasible method
would be to use but a single objective for both bodies; but
to hiscet the pencils of rays emerging from this lens, so as
to cause all those which have issued from the object in
such a direction as to pass through cither half of it, to
be refracted into the body situated on that side; so that, the
two cyes, applied to the two eyc-picces respectively, shall
receive through the two halves of the objective, two mag-
nified images of the objeet differing from cach other m
perspeclive projection, as if the objcet, actually cnlarged
to the dimeusions of ils image, had been viewed by both
eycs at once at a moderate distance. That such a method
would producc the Stercoscopic cffect, n-aght be anticipated
f.om the result of the very simple experiment of covering
the right-hand or the left-hand half of an object-glass
of low power, during the cxamination of any object that
lies in oblique perspective; for the two views of it thus ob-
tained, will be found to present just the kind and degree of
difference which is observable in stereoscopic pictures.—The
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first attempt to put this plan into execution, scems to have
been that of Prof. Riddell of New Orleans ; but the results of
his method, as followed by Opticians on the European side of
the Atlantic, were far from answering the expeetations excited
by his own description of them. The subject was both
theoretically and practically investigated by Mr. Wenham,
with much ability (}’)l‘ransantlons of the Microscopical Society,
new seriks, Vol. Ir, p. 1); and a Binocular Microscope on a
pattern suggested by him, was constructed by Messrs. Smith
and Beck. This, too, was far from satisfactory in its per-
formance, having two capital defects ; namely, first, that the
view which it gave was often psendoscopic, the projecting
portions of the object appecaring to be depressed, and vice
versd; and second, that the two bodics being wwuifed at a
fixed angle of convergence, the distance between their axes
could not be conveniently adapted to the varying distances of
the cyes of different individuals.—The construction adopted
by M. Nachet, how-
ever, is mnuch more Fia. 80.
successful. Hisme- 1w —~q jF—
thod is fo divide the FT
encil of rays issu-
ing {rom the objec-
tive, hy mcans of a —
prism (Fig. 30, p) \
whose section is an
equilaleral triangle; 5
for the rays @6 on
the right side, which
cuter the flattened
surface presented to
them, arc reflected,
by impinging very
oﬁliqucl_y against
onc of the internal
faces of the prism,
towards the left,
clnergingagninfll'om
the prism, as the; S het's Bi
had I()mtcrc d it, al- Arrangement of llv’ll;:!sl‘r(')l:c})!; gac et’s Binocular
most at right angles; .
and in like mamner, the rays o’ 4’ on the left side arc reflected
towards the right. Eath of thesc pencils is received by a
sumilar prism, which again changes its dircction, so as to render

[ )
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it parallel to its original course; and thus the two halves 2 & and
@' I/ of the original pencil are completely separated from each
other to any intervalpthat may be required, this interval being
determined by the distance between the central and the lateral
risms. In Fig. 31 is shown the

g&inocnlar Microscope construet-
ed by M. Nachet upon this plan.
The arrangement of the base and
stageis that commonly employed in
French vertical Microscopes ; and
a stem rises from the back of it,
with which the double body is
connected by a rack-and-pinion
movement that gives the focal ad-
justment. The apparatus of prisms
shown in Fig. 30, is placed be-
tween the objecl-glass and the
lower ends of the bodies; and by
means of a double-threaded screw
acted-on by a milled-head between
the two bodics, they may be sepa-
rated frgm, or approximated to-
wards, each other; so that the dis-
tance between their axes may be
brought to coincide with the dis-
tance hetween the axes of the eyes
of the individual observer.—The
Author can confirm by his own
expericnce the statement of M.
Nachet, that this instrument is
entirely free from {hat tendency
to produce pseudoscopic cflcets,
which is the great drawhack in
Prof. Riddell’s and in Mr. Wen-
ham’s arrangements ; and it comes
Nachet's Binocalar Microscope. S0 near the theorctical standard
of perfection, when used with low

powers of moderate aperture, that its performance may be con-
sidered highly satisfactory. Its definition, however, when used
with higher powers of larger angular aperture, has not yet
been remlcrog sufficiently good, to enable it to allord a satis-
factory view of the more difficult class of test-objccts; and
it may be doubted whether, considering the number of de-
flections which the rays undergo in their course, such perfect

F1a. 31.
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definition is to be anticipated. For although their general
coursc on entering and emerging-from each prism may be
perpendicular to 1its surfaces, so that they suffer no refrac-
tion, many of them will be slightly oblique, and will there-
fore undergo mnot only refraction, but also sume amount of
chromatic dispersion. And it is moreover to be recollected,
that wlen high powers arc being employed, and especially
such as are ofg large angular aperture, the smallest departure
from_cxactitude 1n the focal adjustment gives indistinctness
to the image. Now the special object of this instrument
being to convey to the mind the notion of the solid fokns
of o%:'ccts, of which some parts project morc than others,
it is obvious that the rays proceeding from the projecting
arts caunot be so nearly grou ht to the same focus witfl those
from tlie rcceding, as to produce an even tolerably-distinet
image of both at once. It scems likely to be only with objee-
tives of comparatively low power and small angular aperture,
that images suitable for the production of Stereoscopic effects
will be produced; but for certain classes of objects, this
mode of exhibition is most admirably adapted, the solid forms
of the Polycystina (Chap. x.), for example, being brought-out
by it (especially when they are viewed as opague, 1ot as
transparent objcets) with such a reality, as to make them
resemble ca,rved[] ivory balls which the hand feels ready to grasp.
41. The same mct{lod of dividing the peneil of rays issuing
from the object-glass, by a scparating prism placed in its
course, has been applied by M. Nachct to another purpose,
—that of enabling two or more obscrvers to look at the same
object al once, which is often a matter not only of considerable
convenicuee, but also of great importance, especially in the
demonstration of dissections. The account given by M.
Nachet of the construction of this instrument, as adapted for
fiwo persons, will be found in the “Quarterly Journal of
Microscopical Science,” Vol. IL, p. 72 ; he has subsequently
devised another arrangement, by which the form of the sepa-
rating prism is adapteg to divide the peneil into ¢hree or cven
Jfour parts, each of which may be directed into a different bodlv,
so as to give to scveral obscrvers abt one time a ncarly
identical image of the same object. Of course, the larger the
number of secondary pencils into which the primary pencil is
thus divided, the smal.[cr will be the share of ligh¢ which cach
observer will receive; but this reduction does not interfere
with the distinctness of the image, and may be in some degree
compensated by a greater intensity of illumination.
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CHAPTER IIL

ACCESSORY APPARATUS.

42. In describing the various picces of accessory apparatus
with which ihe Microscope may be furnished, it will be con-
venient in the first place to treat of thosc which form (when
in usc) part of the mstrument itself, being Appendages cither
to its Body or to its Stage, or serving for the Illumination of
the objeets which arc under examination; and sccondly to
notice such as have for their function to facilitate that exami-
nation, by enabling the microscopist to bring the Objects con-
venicntly under his imspeetion.

Section 1. Appendages to the Microscope.

43. Draw-Tube—It is advantagcous for many purposes,
that the Eyc-picce should be fitted, not al once into the
‘hody’ of the Microscope, but into an intermediate tube ; the
drawing-out of which, by augmenting the distance between
the object-glass and the image which 1t forms in the focus of
the eye-glass, still further augments the sizc of the image in
relation to that of the objeet (§ 20). Tor although the mag-
nifying power cannot be thus inercased with advantage to auy
considerable extent, yet, if the corrections of the ohject-glass
have been perfectly adjusted, its performance is not seriously
impaired by a modcrate lengthening of the body; and this
miy be conveniently had-recoursc-lo on many oceasions, in
which some amplification is desired, intermediate between the
powers furnished by any two objectives. Thus if onc objeet-
glass give a power of 80 diameters, and another a power of
120, by using the first and drawing-out the eye-picce, its
power may be ipcreased to 100. Again, it is often very useful
to make the object fill up the whole, o ncarly the whole, of
the field of view: thus il an object that is being viewed by
transmitted rays, is so far from transparent as to require a
strong light {o render its details visi%)lc, the distinctness of
its details is very much interfered-with, if, through its not
occupying the peripheral part of the ficld, a glarc of light
cnter the eye around its margin; and the importance of this
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adjustment is even greater, if opaque objects mounted on
black disks are being viewed by the Licberkuln (§ 65), since
if any light be ffansmitted to the eye direct from the mirror,
in consequence of the disk failing to occupy the cntire field,
it greatly interferes with the viviﬁness and Xistinctncss of the
image of the object. In the use of the Micrometric eyc-
picces tg be presently described ({§ 45, 46), very great ad-
vantugé: 15 to {)e derived from the assistance of the draw-tube;
as cnabling us to make a precisc adjustment between the
divisions of the stage-micromcter, and those of the eye-picce
micrometer; and as admitling the establishment of a more cofl-
venient numerical relation %ctween the two, than could be
otherwise sccured without far more claborate contrivances.
Morcover, if, for the sake of saving room in packing, it he
desired to reduce the length of the body, the draw-tube
affords a ready means of doing so; since the body may be
made to ¢ shut-up,” like a telescope, to little more than half
its length, without any impairment of the

optical performance of the instrument when Fia. 32.
mounted for use.

A4. Frector—TIt is only, however, in the use
of the Ercctor, that the {ull value of the draw-
tube, and the advantage of giving to it a rack-
and-pinion movement of its own (§ 35), come
to be fully appreciated. This instrument, first
applicd to the Compound Microscope by Mr.
Lister, consists of a tube about three inches
long, having a meniscus at one end and a
plano-convex lens al the other (the convex
sides being upwards in cach case), with a
diaphragm nearly half way hetween them; and
this 1s serewed into the lower end of the draw-
tube, as shown in Fig. 32. 1ts effect is (like
the corresponding ercetor of the Telescope),
to antagonize the reversion of the image formed
by the object-glass, by producing a second
reversion, so as {o make the image presented
to the cye correspond in position with the
ohject. The passage of the rays through two
additional lenses, of course occasions a certain
loss of light by reflection from their surfaces,
besides su )jectmgfthﬁm to aberiations “ihcrcby
the distinetness of the image is somewhat im- g
paired ; but this need not lmfo’a an obstacle to its D::li‘tvhhfli;gc‘m?d
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use for the class of purposes for which it is especially adapted
in other respeets (§ 35), since these scldom require a very
high degree of defining power.—By the positn given to the
Erector, it is made subscrvient to another purposc of great
utility; namely the procuring a very extensive raxnge of magni-
f{lmg power, without any change in the objective. For when
the draw-tube, with the ercctor fitted to it, is completely
pushed-in, the acting length of the bodIv] (so to spcak) is so
greatly rcduced by the formation of the first image much
nearer the objective, that, if a lens of 8-10ths of an inch focus
be employed, an object of the diameter of 1% inch can be
taken-in, and cularged to no more than 4 diamcters ; whilst,
on the other hand, when the tube is drawn-out to its whole
length, the object is enlarged 100 diameters. Of course every
intermediate range can be obtained, by drawing-out the tube
more or less ; anﬁ the facility with which this can be accom-
}:lishcd, renders such an instrument most useful in various
cinds of rescarch, espeeially those in which it is important,
after finding an object with a low power, to examine it under
a higher amplification ; since this may be done, without cither
a chauge of objectives, or a transfer of the object to another
microscope fitted with a different power. It is when the
draw-tube is thns made subservicnt to the use of the Ercetor,
that the value of its l'ack-and-pinion adjustment is most felt ;
for by giving motion to the nul.lcd-hcu({ which acts upon this
(Fig. 22) with onc hand, whilst the other hand is kept upon
the milled-head which moves the whole body (it being neces-
sary to shorten the distance belween the object and the
objective, in proportion as the distunce of the image from the
objeetive is increased), the observer—after a little practice in
the working-together of the two adjustments—may alnost
instantancously alter his power to any amount of amplification
which he may find the object to require, without ever losing a
tolerably distinet view of it. This can searcely be accomplished
without the rack-movement ; sincc, if both hands be required
to make the alteration of the draw-tube, the re-adjustment of
the focus must be effected subscquently.

45. Micrometer—Although some have applied their micro-
metric apparatus to the stage of the microscope, yet it is to
the Eye-picce that it may be most advantagcously adapted.*

* The Stage-micrometer constructed by Fraunhofer is employed by many
continental Microscopists; but it 15 subject to this disadvantage,~that any
error in 1ts performance is augmented by the wkole magnifying power em-

ployed ; whilst a hike crror in the Eye-picce-micrometer is mereased by the
magnifying power of the cye-piece alone.
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The cobweb micrometer, invented by Ramsden for Telescopes,
is probably, when well constructed, the most perfect instru-
ment that the Microscopist can employ. It is made by
stretching across the field of a ¢ positive” eye-piece (§ 23) two
very delicate parallel wires or cobwebs, one of which can be
scparated from the other by the action of a fine-threaded
serew, the head of which is divided at its edge into a con-
venient number of parts, which successively pass-by an index
as the milled-head 1s turned. A portion of the field of view
on one side is cut-off at right angles to the cobweb-threads,
by a scale formed of a thin plate of brass having notches at
its edge, whose distance corresponds to that of the threads of
the screw, every {ifth notch being made deeper than the rest
for the sake df ready cnumeration. The object being brought
into such a position that one of its edges seems to touch the
slationary thread, the other thread is moved by the micrometer-
screw, until it appears to lie in contact with the other edge
of the objeet; the number of entire divisions on the scale
shows how many complete turns of the serew must have heen
made in thus separating the threads; while the number to
which the index points on the milled-head, shows what {rac-
tion of a turn may have been made in addition. It is usual,
by employing a screw of 100 threads to the inch, to give to
each division of the scale the value of 1-100th of an inch, and
to divide the milled-head into 100 parts; hut the absolute
valuc of the divisions is of little consequence, since their
micrometric value depends upon the objective with which the
instrument may be employed.  This must be determined by
means of a ruled slip of glass laid upon the stage; and as the
distance of the divisions cven in the best-ruled slip is by no
means uniform,* it is advisable to take an average of scveral
measurements, both upon different slips, and upon different
parts of the smme slip. Here the draw-tube will be of cssen-
tial use, in cnabling the microscopist to bring the value of the
divisions of his Micrometer {o even numbers. Thus, suppose
that with a 1-4th inch object-glass, the tube being pushed-in,
a scparation of the lines by one entire turn and 37-100ths
of another were needed to take-in the space between two lines
cn the ruled slip, whose actual distance is 1-1000th of an
inch ; then it is obvious that 137 divisions on the milled-head

* Of the degree of this inpquality, some idea may be formed from the
statement of ﬁamlover, that the valne of the different divisions of a glass
ruled by Chevalicr to 1-100th of a millimetre, varied between the cxtreme
rat108 of 31:36, the mean of all being 34.
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are equivalent with that power 1o a dimension of 1-1000th of
an inch, or the value of cach division is 1-137,000th of an
inch. But as this is an awkward number for calculation, the
magnifying power mnay be readily increased by means of the
draw-tube, until the space of 1-{000th of an inch shall be
represented by a separation of the cobweb-threads to the
extent of 150 divisions; thus giving to cach division the
much more convenient value of 1-150,000th of an inch. The
Microscopist who applies himself to researches rcquiring
micrometric measurement, should determinc the value of his
Micrometer with cach of the objectives he is likely to usc
for the purpose; and should keep a table of these deter-
minations, recording in cach case the extent to which the
tube has been drawn-out, as marked by the graddated scale of
inches which it should possess. The accuracy with which
measurcments may be made with this instrument, is not
really quite so minute as it appears to be; for it is found
practically that when the milled-head is so graduated, that, by
moving it through a single division, the cobweb-threads arce
separated or approximated by no more than 1-10,000th of an
inch, it needs to be moved through four divisions, for any
change in the position of the threads to be made sensible to
the eye.  Couscquently, if three entire turns, or 300 divisions,
were found to separate the threads so far as to coincide with
a distance of 1-1000th of an inch on the ruled glass under
a 1-8th of an inch objective, although each division of the
milled-head, will thus represent 1-300,000th of an inch, yet the
smallest measurable space will e four times that amount, or
1-75,000th of an inch. With the 1-12th inch objective, the
sm:lull(:st measurable space may be about 1-100,000th of an
inch.

46. The expensiveness of the cobweb-micrometer heing an
important obstacle to its pi'cncml use, a simpler method is
more commonly adopted, which consists in the insertion of a
transparent scale into the foeus ol the eye-piece, on which the
image of the objcet is seen to be projected. By Mr. Ross,
who first devised this method, the ¢ positive’ cye-picce was
employed, and a glass plate ruled in squares was at{ached
bencath its field-glass, at such a distance that it and the
image of the ohject should be in focus together; and the
value of these squares having been determmed with cach of
the objectives, in the manner already described, the size of
the object was estimated by the proportion of the squarc that
might be occupicd by its image. While the use of the positive
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eyepiece, however, renders the definition of the ruled lines
peculiarly distinet, it impairs the definition of the objcct ; and
the ‘negative’ or common Iluyghenian eye-picce is now gene-
rally preferred. The arrangement devised by Mr. G. Jackson
allows the divided glass to_be introduced into the ordinary
eye-picce (thus dispensing with the nccessity for one specially
adapted for micrometry), and greatly increases the facility
and acchracy with which the eye-piece scale may be useci
This scale is ruled like that of an ordinary measure (i.e., with
every tenth line Jowg, and every fifth line half its length), on a
slip of glass, which is so fitted into a brass frame (¥ig. 33, ﬂ),

Fia. 33.

as to have a slight motion towards cither end; ome of its
extremities is pressed-upon by a small fine milled-headed
serew which works through the frame, and the other by a
spring (concealed in the figure) which antagonizes the screw.
The scale thus mounted is introduced through a pair of slits
in the cye-picce tube, immediately above the diaphragm
(Kig. 33, 4), s0 as to occupy the centre of the ficld; and it is
hrought accurately into foens by unserewing the glass nearest
fo the eye, uniil the lints of the scale are clearly seen. The
value of the divisions of this scale must be determined, as in
1
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the former instance, by means of a ruled stage-micrometer,
for each objective employed in micrometry (the drawing-out
of the eye-piecc tube enabling the proportions to be adjusted
to even and convenient numbers); and this having been
accomplished, the scale is brought to bear upon the object to
be measured, by moving the latter as nearly as possibie into
the centre of the field, and then rotatng the eye-piece in such
a manner, that the scalc may lie across that diameter which it
is desired to mecasure. The pushing-screw at the extremily
of the scale heing then turned, until one cdge of the objeet is
in exact contact with one of the long lines, the number of
divisions which its diameter occupics is at once read-off by
dirceting the attention to the other edge,—the operation, as
Mr. Quekett justly remarks, being nothing more than laying
a rule across the body to be measured. This method of
measurcment may he made quite exact enough for all ordinary
wrposes, provided, in the first place, that the eye-picee scale
Ln ivided with a fair degree of accuracy, and sccondly, that
the value of its divisions be ascertained (as in the casc of the
cobweb-micrometer) by seceral comparisons with the scale laid
upon the stage. Thus if, by a mean of numerous observa-
tions, we establish the value of cach division of the eye-picee
scale to be 1-12,500th of an inch, then, if the image of an
object be found to incasure 3% of those divisions, its real
diameter will be 3} X 5345 or 1-3571st of an inch.* Now
as, with an objective of 1-12th inch focus, the value of
the divisions of the eye-picce scale may be redueed to
1-25,000th of an inch, and as the eye can estimate a fourth
art of one of the divisions with tolerable accuracy, it fol-
ows that a magnitude of as little as 1-100,000th of an inch
can be measured with a near approach to exactness, and
that this instrument cannot be fairly considered as ranking
much below the cobweb-micrometer in minute aceuracy. At
any rate, it is sufficiently preeise (when due care is employed)
for all ordinary purposes ; and it has the great advantage of
cheapness and simplicity.—Whatever method be adopted, if
the measurgment be made in the Eye-picee, and not on the
stage, it wiﬁ be necessary to make allowanee for the adjust-

“ The ecalculation of the dimensions is most simphfied by the adoption of
a decimal scale ; the value of each division being made, by the use of the draw-
tube adyustment, to correspond to some ahquot part of a ten-thousandth or a
hundred-thousandth of an mch, and the dimensions of the object beme then
found by simple multiplication :—Thuas (to take the above example) the value
of &u)glzx division m the decimal scale 1s *00008, and the diameter of the object
is *00028. .
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ment of the object-glass to the thickness of the glass that covers
the object, since its magnifying power is considerably affected
by the separation of the front pair of lenses from those
behind it (§ 83). It will be found convenient to compensate
for this alteration, by aliering the draw-tube in such a manner
as to neutralize the cffect produced by the adjustment of the
objective ; thus giving one uniform value to the divisions of
the cyd-piece scale, whatever may be the thickness of the
covermng-glass : the amount of the alteration required for each
degree must of course be determined by a scries of meusyr
ments with the stage-micrometer, and should be recorded” on
the table of the micrometric values of the several objeetives.
47. Goniometer—When the Microscope is employed in
rescarches on minute crystals, a means of measuring their
angles is provided by the adaptation of a goniometer to
the ecye-picce.  The simplest form (contrived by Schmidt
and made by Ross) whicL answers sufficiently well for all
ordinary purposes, essentially consists merely of a  positive’
cye-picce, with a single cobweb-thread stretehed across it
diametrieally in a civeular frame capable of rotation; the
edges of this frame are graduated in degrees, and a vernier is
also attached to the indes, whereby fractional parts of degrees
may he read-off. By rotating the frame carrying the thread,
so that it shall lic successively in the dircetions of the two
sides of the erystal, the angle which they form is at once
weasured by the difference of the degrees to which the index
points on the two occasions. For the cobweb-thread, a
glass plate, ruled with parallel lines at about the 1-50th of an
meh asunder, may he advantageously substituted ; sinee it is
not then necessary to bring the erystal into such a position as
to lic along the diametrical thread, hut its angle may be
measured by means of any one of the lines to which it happens
to be necarest.—1f a higher degree of preeision be required
than this sinstrument is fitted to afford, the Dowble-refracting
Goniomeler, myvented by Dr. Leeson, may he substituted ; for a
description of which (too long to bhe introduced here) the
reader is referred to Dr. L’s account in the “ Proceedings of
the Chemical Society,” Part xxxiii,, and to Mr. Quekett’s
¢ Practical Treulise on the Microscope.”
48. Indicator.— When the Microscope is used for the
urpose of demnonstrating to others such objects as may not
[;c at once distinguished by the uninitiated eye, it is very
useful to introduce into the eye-picee, just over the diaphragm,
a small steel hand pointing to gearly the centre of the field ;
1
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to whose extremity the particular portion of the image which
the ohserver is intended to look-at, is to be brought by moving
the object. The hand may be so attached, as to be readily
turned-back when not, required ; leaving the field of the cye-
ﬁiece quitc free. This little contrivance, which was devised
y Mr. J. Quekett, is appropriately termed by him the dedicator.
49. Camera Lucida.—Narious contrivances may be adapted
to the eye-piece, in order to enable the obscrver to sce the
image pro{cctcd upon a surface whercon he may trace its out-
lincs. = The one most generally employed is the Camera
Lucida prism contrived by Dr. Wollaston for the general pur-
poses of delincation ; this heing fitted on the front of the eyc-
hicee, in place of the cap’ by which it is usually surmounted.
he Microscope being placed in a horizontal position, as

Fi1c. 34

d b o - - - - |

Microscopg arranged with Camera Lucida for Drawing or Micrometry.

shown in Fig. 34, the rays which pass through the eye-
piece into the prism, sustain such a fotal reflection {rom its
oblique surface, that they come to its upper horizontal surface
at right angles to their previous direction ; and the eye heing
50 placed over the edge of this surface, that it receives these
rays from the prism through part of the pupil, whilst it looks
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beyond the prism, down to a white-paper surface on the table,
with the other half, it sees the image so strong‘ﬂ and clearly
projected upon that surface, that Ii];'ﬁe only difficulty in tracing
1t arises from a certain incapacity which seems to exist in
some individuals, for seeing the image and the tracing-point at
the same time. This diﬂgculty (wfxich is common to all in-
strumeuts devised for this purpose) is lessened by the inter-
position of a slightly-convex lens in the position :Jvaown in the
figure, between the eye and the paper, in order that the rays
from the paper and tracing-point may diverge at the same aggle
as those which are received from the prism; and it mme
gencrally got-over altogether, by experimentally modifying
the relative degrees of light reccived from the object and from
the paper. If the image be too bright, the paper, the tracing-
point, and the outline it has madec, are scarcely seen; and
either less light may be allowed to come from the object, or
more light (as by a taper held ncar) may be thrown on the
paper and tracing-pomt. Sometimes, on the other hand,
mcasures of the contrary kind must be taken.—Instead of the
prism, some microscopists prefer a specuinm of polished steel,
of smaller size than the ordinary pupil of the eye, fixed at an
angle of 45° in front of the cyc-picee; and this answers
cxactly the sawme purpose as the preceding, since the rays
from the cye-piece are reflected vertically upwards to the
central part of the pupil placed above the mirror, whilst, as
the eye also receives rays from the paper and {racer, in the
sanc dircetion, throuih the peripheral portion of the pupil,
the image formed by the microscope is visually projected (Yown-
wards, as in the preceding case. This disk, the invention of
the celehrated anatomist Soemmering, is preferred by some
microscopic delincators to the camera lucida. The fact is,
however (as the author can testify from his own experience),
that there is a sort of ‘knack’ in the use of cach instrument,
which is commonly acquired by practice alonc; and that a
person habituated to the use of either of them, does not at first
work well with another.—A different plan is preferred by
some microscopists, which consists in the subs.titution of a
plate of neutral-tint or darkened glass for the oblique mirror ;
the cyc receiving at the same time the rays of the microscopic
image, which are obliquely reflected to it from the surface of
the glass, and thosc of the paper, tracing-point, &c. which
come to it through the fluss.——lt is so extremely useful to
the wmicroscopist, to be able to take outlines with one or other
of these instruments, that every one would do well to practisc
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the art. Although some persons at once acquire the power of
seeing the image and the tracing-point, with equal distinetness,
the case is more frequently otherwise; and hence no one
should allow himself to be baflled by the failure of his first
attempt. 1t will sometimes happen, especially when the
prism is employed, that the want of power to sec the pencil is
due to the faulty position of the eye, too large a part of it
being over the prism itsell.  When onee a good position has
been ohtained, the eyc should be held there as sieadily as
possible, until the tracing shall have been completed. 1t is
essential to keep in view, that the proportion between the
size of the tracing and that of the object, is affected by the
height of the circ ahove the paper; and hence that if the
microscope be placed upon a support of different thickness, or
the eye-piece be elevated or depressed by a slight inelination
given to the body, the scule will be altered. This it is of
coursc peculiarly mportant to bear in mind, when o series of
tracings is being made of any set of objects which it is
intended to dclincate on a wniform seale; or when the
camera lucida (or any similar arrangement) is  employed
for the purposc of Micrometry. All that is requisite to twrn
it to_this account, is an accurately-divided stage-micrometer,
which, being placed in the position of the objeet, cnables
the observer to sce its lines projected upon the swiface
upon which he has drawn his outiinc; for if the divisions
be marked upon the paper, the average of several be taken,
and the paper be then divided by parallel lines af the distance
thus ascertained (the spaces being subdivided by intermediate
lines, if desirable), a very accurate seale is furnished, by
which the dimensions of any objects drawn in outlime under the
same power may be minutely determined.  Thus if the
divisions of a stage-micrometer, the real value of each of
which is 1-200th of an inch, should he projected with such a
magnifying power, as to be at the distance of an inch {rom one
another on the paper, it is obvious that an ordinary inch-scafe
applied to the measwrement of an outline, would give ifs
dimensions in two-hundredths of an inch, whilst cach (ifth
of that scale would be the equivalent of a thousandth of
an inch. When a sufficient magnifying power is used, and
the scale thus made is minutely divided, great accuracy may
be obtained. It has been by the use of this method, that
Mr. Gulliver has made his admirable scries of mcasurements
of the diameters of the Blood-corpuscles of different animals.

50. Object-Glass-Holder—In Microscopes of the old con-
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struction, whose objectives were single lenses, these were not
unfrequently mounted near the periphery of a cireular disk
pivotted to the lower end of the body, in such a manner that
any desired power might at once be brought into use by
merely rolating the disk. Since the introduction of achro-
matic object-glasses, this method has been until recentl
abandqued ; cvery ‘power’ being scparately connected with
the extremity of the body, so as not o admit of any sub-
stitution, save by screwing-off one ohjective and serewing-
on another. The old method, however, has heen partjplly
reverted-to by Mr. C. Brooke; who has contrived a 4older
into which two objectives may be serewed, and which,
being attached to the ‘nose’ of the body, cnables cither of
them to be brought into position, by simply turning the
arm on its pivot. This is an extremely convenient arrange-
ment, and might easily be carried further if desired ; sinee, by
having a tri-radiale or quadri-radiate arm, threc or four
powers might be thus brought into use successively, with as
much facility as two. The prineipal objection to the general
use of such an appendage, }i(‘s in the nicety of workmanship
that is required to obiam that exact “centering,” which is
needed to ﬂ)ring the axis of the objective into precise con’
tnmity with that of the body; and unless this be attained,
the performance of the instrument is greatly impaired. In
microscopes of the old construction, the ofher imperfec-
tions were so greal, that none but an exceessive deficiency in
this respect would attract attention.—The convenience of such
an instantancous change in the power of the objective is
very great; sinee it is eontinually desirable to obtain a general
view of an ohjeet with a low power, and to examine the
parts of it in detail under a higher amplification, with as little
expenditure of time and trouble as possible.

31. Objeet Marker.—All Microscopists occasionally, and
some continually, fecl the need of a ready means of finding,
upon a glass slide, the particular object or portion of an object,
which they desire to bring into view ; and various contrivances
have been suggested for the purpose. Where different
magnifying powcrs can be readily substituted one for another,
as by the use of the Erector (§ 44) or of the Object-glass-
holder (§ 50), no special means arc required ; since, when the
objeet has been found by a low power, and brought into the
cenire of the field, it is rightly placed for examination by any
other objective. Even this slight {rouble, however, may be
saved by the adoption of more special methods;, among the
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simplest of which is marking the position of the object on the
surface of the thin glass which covers it. The readiest mode
of doing this, when the object is large enough to be distin-
guished by the naked eye, is to make a small ring round it
with a fine camel-hair pencil dipped in Indian-ink ; but when
the object is not thus visible, the slide must be laid in position
on the stage, the objeet ‘found” in the microscope, the con-
denser adjusted to give a bright and defined cirele of light,
and then, the microscope-body being withdrawn, the black
ring is to be marked around the illuminated spot.—The same
end, however, may be more preciscly as well as more neatly
accomplished, by attaching an object-marker to the objective
itself.  That of Mr. Tomes consists simply of an ivory cap,
fitting over the 1-4th inch objective, baving its extremity
narrowed-down (like that of the objective itself) but perforated
in the centre, so as to form a minute ring; the object having
been ‘found’ and brought into the centre of the field,
the cap is placed upon ihe objeetive, the ring is blackened
with Indian-ink, and then, being carefully brought by the focal
adjustment into contact with the surface of the glass, it
stamps on this a minute circle enclosing the objeet.—A more
“claborate contrivance of a similar kind, for marking a eircle
round the object by a diamond-point, attached to a cap fitting
on the objective, has been recently deseribed by Mr. Bridgman
(““ Quarterly Microscopical Journal,” vol. iii., p. 237) ; this has
the advantage of admitting a variation in the size of the
circle, and also of substituting a delicate line for the broad
ring which may partly obscure some neighbouring object ;
but, on the other hand, the very delicacy of the diamond-
marks prevents them from being readily distinguished, and
some kinds of glass arc so apt to °star’ when marked with a
diamond-point, that cracks or splinters may extend from the
circle over the object it is intended to indicate.—The most
unobjcctionable and satisfactory mode of ‘ finding’ an objcct,
however, is, in the Author’s opinion, that which is alforded
by a graduation of thc movable parts of the stage, in the
manner to be presently described ({ 53).

52. Lever Staye~The general arrangement of the Travers-
ing Stage, now usually adapted to all high-class Microscopces,
has been already explained (§§ 37—39); and though the
details are differently constructed by the scveral makers, yet
the gencral principle is, that a lateral or Zorizontu! movement
is given to the object-platform by one milled-head, and a
front-to-back or verfical movement (the microscope being
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supposed 1o be placed in an inclined position) by another.
The stage may be so constructed, however, that motion shall
be given to the object-platform by means of a lever acting upon
it I any required dircction; this being accomplished by
making the object-platform slide laterally on an intermediate
plate, and by making the latter slide vertically upon the fixed
stage-plate which forms the basis of the whole; each pair of
plates being connected by dovetailed slides and grooves.
Thus the object-platform may be readily made to traverse, not
merely horizontally or vertically, but, by the simultancops
sliding of both plates, in any intermediate direction. 'This is
especially convenient in following the movements of Animal-
cules, &c., for which purpose this lever-stage is to be preferred
to the ordinary form: its usc being attcn;:i’cd with this parti-
cular facility, that, as the motion of the hand is reversed by
the lever, so that the object moves in the opposite dircetion,
and as the motion of the object is again reversed to the eyc
by the microscope, the image moves in the same direction as
the hand; and thus, with a little practice, cven the most rapid
swimmer may be kept within the ficld by the dexterous
management of the lever. For gencral purposcs, however,
the ordinary traversing stage will be found most convenient.
53. Object-Finder.—Either kind of movable stage admits
of a simple addition, which very much facilitates the
‘finding” of minute objeets mounted in slides, that are not
distinguishable by the naked-eye; such, for example, as the
articular forms that present themselves in Diatomaccous
Eepoa;its. This “finder’ consists of two graduated scales, one
of them vertical, attached to the fixed stage-plate, and the
other koricontal, attached to an arm carried by the inter-
mediate plate; the first of these scales cnables the ob-
server to ‘set’ thgyvertically-sliding plate to any determinate
position in relution to the fixed plate, while the second gives
him the like power of sctting the horizontally-sliding plate by
the intermediate. In order to make use of these scales, it is of
course necessary that the sliding and rotating platform on which
the object immediately rests, should be always brought into onc
constant position upon the traversing plates beneath ; this is
secomplished by means of a pair of sfops, against which it
should be brought to bear. So, again, this sliding-plate or
object-platform should itsclf be furnished with a ¢ stop” for the
rlass slide to abut-against, so as to securc this being always
fuid in the same position. These stops may be made removable,
s0 as not to intcrfere with the ordinary working of the stage.
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Now supposing an obscrver to be examining a newly-mounted
slide, containing any objects which he is likely to wish to find
on some future occasion ; he first lays the slide on the ohjeet-
platform, with its lower cdge resting on the ledge, and its end
abutting against the lateral stop, and brings the object-
platform itself into its fixed place against the stops; then if,
on sweeping through the slide, he meet with any particular
form worthy of note, he reads-off ils position upon the two
scales, and records it in any convenicnt mode. The scale
may be divided to 50ths of an inch, and each of thesc spaces
may be again halved by the eye; the record may perhaps be

, . 26
best made thus,—Zricerativm fuvus ™ ;—the upper numbe

always referring to the upper scale, which is the horizoutal,
and the lower to the vcrtica,{). Now whenever the Microscopist
may wish again to bring this object under examination, he has
merely to lay the slide in the same position on the platform, to
bring the platform itself into its fixed place on the traversing-
plate below, and then to adjust the traversing-plates them-
sclves by their respective scales.—Even a non-movable stage
may have a similar pair of scales adapted to it; the vertical
scale being so placed, as to mark the pesition into which the
object-platform is brought by sliding it up or down; and the
horizontal scale being marked upon the object-platform itsclf,
s0 as to allow the observer to note the precise position of the
end of the glass slide. Thus let it be supposed that, by
shifting the slide from side to side, and by moving the object-
platform up or down, a certain objeet has heen brought into
the field; if the place of the object-platform and of the slide
be then noted by the vertical and the horizontal scales, the
object may be found at any future time without difficully, by
re-adjusting the slide and the object-platform to the same
numbers.*—The numbers referring Lo cac® object may cither

* The first of the above plans, to the utility and accuracy of which the
Author can bear strong testimony, was suggested by Mr. Okeden in the
“ Quart. Microsc. Journal,” vol. ni. p. 166, The second had heen previously
suggested by, Mr, E, G. Wright in the same Journal, vol. i. p. 302; the
descriptions of both are made clear by figure  Other *finders’ are deseribed
and figured by Mr. J. Tyrrel, Mr. T. E, Amyot, and Mr. Bridgman, at pp. 234
and 302-304 of the last-named volume.—It appears to the Author that Mr.
Okeden’s plan might be adopted with very little trouble or expense m every
Microscope p d of a stag t, and Mr. Wright’s in every Micro-
scope with a fixed stage but movable object-carvier; and that if would be
very desirable for every microscope that may be made hercafler, to be
furnished with such scales. If the different makers could agree upon some

ystem of graduation, in the same way as Microscopists have adopted
3 inches by 1 as the standard di ion of object-slides, much trouble would
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be marked upon the slides themselves, like the names of the
ob{jccts, or may be recorded with these in a separate list,
reterring to the slides by figures alone. The general adoption
of such a plan, though involving a little more labour at first,
would prove in the end to be a great saving both of time and
trouble.

54. Jagnetic Stage—If a stage be unprovided with a tra-
versing-movement of any kind, there is no means of allowin
the objeet to be moved 1n all directions with smoothness an
facility, and yet of holding it in any position in which phe
Microscopist desires to retain it, more convenient and more
ready of application, than is furnished by magnetic attraction.
A magnctic stage was originally proposed hy Mr. King of
Bristol; but scems to have been first brought into cfficient
practical action by Mr. G. Busk. His plan consists in
atlaching two semicircular magnets to the under side of the
stage, so as nearly to surround its aperture, and in inserting,
for the conveyance of the magnetic foree to the upper side,
four soft iron pegs, which slightly project above its surface;
over these an objeet-bearer of soft 1ron, with its under swface
ground smooth and true, will slide so readily, as to admit of
very easy and precise adjustment of the place of the object
by a steady sz practised hand.—Another arrangement, which
has sowme advantages over the preceding, has been proposed
by Mr. J. B. Spencer; this consists surrounging the
aperture of the stage by aring of soff iron, the surface of
which projeets very slightly above the brass plate, the magnets
(cut out of sheet-steel) being attached to the under side of
the object-bearcr.  This method is perhaps more readily
applic:f{)lc than Mr. Busk’s {o the stage of @wy microscope,
and will probably interfere less with its other fitiings.*

55. DiaphragmPlute—No microscope-stage should ever be
without a diaphragm-plate fitted to its under-surface, for the
sakc of restricting the amount of light reflected from the
mirror, and of limiting the angle at which its rays in:ipin ¢ on
the object (See Figs. 18 and 21).  This plate should always
be at fcast half an inch below the object, since it is otherwise
comparatively inoperative; and thus, whilst it may be fixed

be saved to obscrvers at a distance frem one another, who might wish to
examine each others’ objects; for the numerical reference attached to each
ohjeet would then enable it to be fourd by every observer, whose stage should
he graduated upon the same method. X

* Kor a more detailed description, with illustrative figures, of Mr. Busk’s
Magnetic Stage, see “ Quart, Microsc. Journal.” vol. u. p. 280; and for Mr,
Spencer’s, vol. ui. p. 173,
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immediately beneath a movable stage whose thickness serves
to remove 1t sufliciently far, it should be fixed on the end of a
short tube forming a sort of well on the under side of the
stage, when this consists of but a single fixed plate. The
diaphragm-plate should be perforated with holes of several
different sizes, in the largest of which it is convenicent to fit a
ground-glass (this, by mcans of a serew-socket, may be made
removable at pleasure), the use of which is to diffuse a soft
and cquable light over the field, when large transparent objeets
(such as sections of wood) are under examination ; between
the smallest and the largest aperture, there should be an
unperforated space, to serve as adark back-ground for opaque
objeets.  The diaphragm-plate itself, the < well > of the stage,
in fact every part 1.hrougﬁ which light passes to the ohject
from bencath, should be blackcne(f in order to avoid the
interference that would be occasioned by irregularly-reflected
rays.  The cdge of the diaphragm-plate should be notehed at
certain iutervzﬁs, and a spring-cateh fitted so as to drop into
the notches, in order that each aperture may be brought into
its proper central position.—This simple arrangement, i com-
hination with the mirror (which should be concave on one side
and plane on the other) and side-condenser (§ 64), affords to
the Microscopist all the means of illuminating his objects,
whether transparent or opaque, which are ordinarily requisite :
to bring out t{)lc highest powers of the instrument, however,
more refined methods of illumination arve required; and a far
greater variety of treatment is needed in the casc of muny
objects, the determination of whose true characters is a
matter of difficulty, cven under every advantage which can
be derived from assistance of this kind.

56. Achromatic Condenser.—In almost cvery case in which
an objective of 1-4th inch or any shorter focus is employed,
its performance is greatly improved by the interposition of an
achromatic comhination {)ctwcen the mirror and the object, in
such a manner that the rays reflected from the former sim]l be
brought to a focus in the spot to which the objective is
directed. +This may bhe accomplisked sufficiently well for
ordinary purposcs, by adapting a Fiench triple combination
of about 1-4th inch focus, to the end of a tu[))c 13 inch long,
which shall slide within another tube fitted to the opening n
the stage, by the bayonct-catch or any similar connection that
gives attachment to the diaphragm-plate. If this be correctly
centred in the first instance, and the workmanship of the
microscope be- good, no more expensive arrangement will be
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required, by such at least as may be satisfied with that degree
of perfection, which suffices for the clear discerument of all but
the most difticult objects. The sliding movement of the tube,
especiallysif it be accomplished by a lever-action (as suggested
by Mr. Quekett), is quite sufficient for the adjustment of the
focus ; and the removal of the outer lens adapts it for usc
with objectives below 1-4th inch, to whose performance it
often affords important assistance.—In the most perfect
arrangement of the Achromatic Condenser, however, such as
is now adapted to all first-class instruments made in this
country, the achromatic combination is one specially adapted
to the purpose; and is so mounted as to ensure the greatest
accuracy of its adjustments. By Mr. Ross it is supported by
what he terms the € secondary stage’ (§ 37); and by Messrs.
Swmith and Beck it is carried upon the summit of the “cylindrical
litting” which answers the same purpose (§ 39); whilst b

Messrs. Powell and Liealand, it is attached by a bayonct-catch
to the under side of the fixed stage-plate (§ 38). In cither ease
il is provided with a pair of milled-headed serews (Fig. 36),
which give it a slight degree of horizontal motion in trans-
verse directions, for the purpose of procuring an accurate
centering ; and where, as in Messrs. Powell and Lealand’s
instrument, the focal adjustment is not given by the move-
wment of the carriage which bears it, a rach-and-pinion is
attached for this purpose to the tube of the condenser itself.—
In order that the Achromatic Coundenser should be made
to afford the greatest possible varicty of modifications of
the illuminating peneil, it requires to be furnished with a
diaphragm-plate (as first suggested by Mr. Gillett) inwnediately
behind its lenses; and this should be picrecd with holes of
such a form and size, as to be adapled to cut-ofl in various
degrees, not merely the peripheral, but also the central parts
of the illuminating peneil. The former of thesc purposes is
of course accomplished, by merely narrowiyg the aperture
which limits the passage of the rays through the central part of
the lens ; the latter, on the other hand, requires an aperturc
as large as that of the lens, having its central part more or
less completely occupied by a solid disk, which may so nearly
fill the circle, as to leave but a mere ring through which the
light may pass. Such apertures are shown in the diaphragm-
plates in Figs. 35 and 36 —The Condenscr thus completed is
constructed oun three different plans by the three prmeipal
makers, in accordance with the different arrangements of
their respective stages. By Mr. Ross, who originally
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carried Mr. Gillett’s plans into operation, the diaphragm-
platc has the shape of a short frustrum of a cone (Fig. 35), so
attached to the condenser, that the portion of the plate which

Fra. 35.

Ress’s Achromatic Condenser

passes through it shall cul it
transversely; each aperture is
indicated by a number on the
dial; and a spring-caich is so
arranged, as to wmark when any
one of the apertures is in its
right place, and to show ils
number.  The thinness of the
stage in Messrs. Smith and
Beck’s microscope, allows the
diaphragm -platc  to be made
upon the ordinary plan (Ifig. 36),
since it can be brought sufti-
ciently near to the lenses of the
condenser, without coming into
too close contiguity with the
stage ; and this 15 obviously the
simplest and most convenient ar-
rangement. By Messrs. Powell

and Lealand, again,—their stage bemg too thick to allow of

Fic 36.

Smith and Becek’s Achromatic Condenser.

the dinphragm-plate be-
ing placed beneath it,
without removing tha
plate from its proper po-
sition behind the lenses
of the condenser,—the
diapuragm-plate is made
so small that it can be
reecived into the interior
of the stage (Fig. 37),
but is rotuted by a
milled-head beneath; and
the edge of this is marked
bynumbers, cach signify-
g a particular aperture,
and thus marking by ils
position which aperture

is in usc. As, however, the smallness of the diaphragm-plate
so limits the number of apertures, that the desirable varicty
could not he afforded by it alone, a sccond plate is made
to rotate immediately beneath it upon the same axis (like the
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hour and minute-hands of a watch), by means of a second
milled-head, numbered at its edge like the first; and the
apertures in the diaphragm-plate being simple circles, the

Frc. 37

Powell and Lealand’s Achr tic Cond r.

centres of these are covered by stops of differcnt sizes, sup-
plicd by the second or ¢ stop’-plate; by which very ngenious
arrangement, a great variety of combinations may be obtained,
all of them indicated by the numbering on the two milled-heads.

37. Reflecting Prisms—Lvery mirror composed of glass
silvered at the back, gives, as is well known, a double reflee-
tion; vawely, a principal image from the metallic surface, and
o sccondary Tmage from the surface of the glass in front of it.
This sccondary image, it has been thougl, interferes with
the perfect performance of the uc'hr.omutlc copd_cpser: and
henee, for obtaining the most sutlstz_tcto!"y dehu.ltmn, sonie
Microscopists prefer to direct the axis of the microscope to
the source of hght (the muror heing turncd aside) ; whilst
others, feeling the inconvenicnee of the position thus required,
have recourse to a_prism which s}'u‘tl] give the required reflec-
tion with ouly a single image. The prism usuull cmployed
(having been originadly applied to this purpose by M. Dujardin)
has plane surfaces, and acts, thercfore, as the equivalent of a
planc mirror. A reflecting prism has been devised, however,
ly Mr. Abraham (optician of Liverpool), which is intended
by him to take the placg both of mirror and achromatic con-
dinser, though its action (as it seems o the Author) must
rathier be that of the ordinary concave wirror ; this has onc
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of its surfaces hollowed-oul to receivc one side of a double-
convex lens, the other side of which acts as the emergent
surface of the prism, causing the rays as they pass through it
to converge; aud the prism itself heing composed of flint-
glass, whﬁst the lens is of crown, no chromatic dispersion of
the rays is produced, though the spherical aberration is not
corrected.

58. White-Cloud Illuminators—1It being universally ad-
mitted that the light of a bright white cloud is the best of all
kinds of illumination for ncarly every kind of Mieroscopic
enquiry, various attempts have becn made to obtain such
light, from the direct rays either of the sun or of a Iaml), by
what may be called an artificial cloud. Somc have replaced
the plane mirror by a surface of pounded glass or of carhonate
of soda, or (more commonly) by a disk of plaster of Taris,
the latter bcingl‘ decidedly the preferable method; but a suffi-
ciently bright light is not thus obtained, unless a condenser
be employed to intcnsify the illumination of the mirror.
Such a condenser may be most conveniently aitached by a
jointed arm to the frame which carries the disk, according to
the method of Messrs. Powell and Lealand, shown in Fig. 38 ;

the frame itsclf heing made

Fie. 38. to fit upon the mirror, and

to turn with it in every
direction. — Another very
simple, and for many pur-
poses very efficient mode of
obtaining a white-cloud illu-
mination (invented by Mr.
Handford) counsists in coat-
- ing the back of a concave

White-Clond Illuminator. plate of glass, like that em-
ployed in the ordinary eon-
cave mirror, with white zinc paint, instead of silvering it;
and then mounting this in a frame, which may be fitted (like
the plaster-of-Paris disk just described) over the ordinary
mirror. A concave surface of plasier-of-Paris, morcover,
might easily be obtained, by casting it when fluid upon
the convex surface of such a plate. When a coucuvitfr is
thus given to the white surface, its Pgrfurmmlcc with low
powers is much improved; but with high powers, a special
condensation of the light must be adopted, and the arrange-
ment above described seems the simplest that could be
devised. Tt is open, however, to certain objections, which
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beeome apparent when very high powers are used and difficult
objects are under examination ; and to obtain the most per-
feet white-cloud jllumination possible, is the objeet of the
apparatus devised by Mr. Gillett. This consists of a small
camphine lamp, placed nearly in the focus of a parabolie
speculum, which reflects the rays cither at onee upon a disk
of roughened enancl, or upon a sccond (hyperbolie) speculum
wlieh réflects thew upon such a disk. A very pure and con-
centraled light is {hus obtained; and as the forms of the
incident peneils are broken-up by the roughened surfuce, that
surface takes the place of the lamp, as the source from whith
the rays primarily issuc.  The advantage of this illumination
is specially felt, - the examination of objeets of the most
difficult class under the highest powers.

59. Oblique 1lluminators—It is frequently desirable to
obtain & means of illumnating transparcut objeets with rays
of more obhquity than ean be refleeted to them from the
mirror, even when {his is thrown as much as its mounting
will permit, out of the axis of the Microscope (§ 39), or than
can be transmitted by the ordinary achromafic condenser,
even when all bt ils marginal aperture is stopped-out.  Such
oblique light may be used in Awo entively different. modes.
The rays, although very far out of the axis of the mieroscope,
may still not make too great an angle with it to fall heyond
the aperture of the objeetive; aud thus, entering its peri-
pheral portion after their passage through the ()Bjcci, they
will form the image in the ovdinary way.  The advantage of
such oblique illummation, arises from its power of bringing-
out markings which cannot be seen when ouly direct rays are
employed ;. and when the rays come only from one side, so as
to throw a’strong shadow, and cither the stage or the illu-
minator is made to rotate, so that the light shall fall upon
the object smecessively in every azimuth, information may often
be gained respeeting the nature of these markings, which can
be acquired 1w no other mode.—Bul the direction given to
the rays may be so oblique, that they shall not enler the
ohject-glass at all; in this ease, they serve to illuminate the
objeet itsell, which shines by the light whose passage it has
interrupted ; and as the obscrver then receives no other light
than that which radiates from #¢, the objeet (provided it be of
a nature {o stop cnough light) is scen bright upon a dark
field —Each of these methode has its advantages for particular
classes of objeets; antl it is advisable, in all doubt{ul cases,
1o have reeourse to every variety of oblique illumination that

K
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shall present the objeet under a different aspeet. Almost every
Microscopist who has espeeially devoted his attention to the
more diflicult Zined or dotted objects, has devised his own
partieular arrangement for oblique dlumination, aud feels con
fideut of its superiority to others.  To give a full deseription
of all, would be quite unsuitable fo owr present objeet t]hos(-,
therefore, will be specially noticed, which have already acquired
general approval; whilst such as have onlysheen recommended
by indiriduals, will be simply referred-to. - As they have little
in common, save their purpose, it scems scareely possible fo
classify them according to any other characier, than that
afforded by the direction which they give to the oblique rays;
some of them bringing these to bear on the object from ore
sede alone, and others from «ll sides.

60. One of the cahest methods devised {for obtaining
oblique light, was the eccentrie presm of M. Nachet 5 whiel,
ocenpying the place of the achromatic condenser, and Tike it
receiving its Hght from the mirror, has its surfaces so arranged,
as 1o throw a converging penedl of rays on the wunder side of
the objeet, whose axis is at an angle of about 40° with the
axis of the mieroscope.  One great convenience of this mstru-
ment Ties i the power of giving revolution fo the prism, hy
sunply turning it in ats soeket, so as to dweet the obligue
rays upon the object from every side successively, without,
moving the stage. — Tts principal disadvanfages consist, 1 the
Imutation of 1ts aperture (producing a deficieney of Jight),
m the want of correetion for its ehromatic aberration, and in
the absence of any power of varving the obliquty of the
iMumuuatig peneill *—AllL these disadvantages seem to he
remcdied by the plan ol oblique illumination vegently pro-
posed by Mr. Sollitt of Hull, which consists iu Ii’u- employ-
ment of an Acluomatic condenser of very long foeus and
laree apetture, mounted m sueh a manner as to enable its
avis 1o he melmed fo that of the microscope throngh a wide
angular range; a condenser of this deseription hie states to he
sutable also for all ordimary purposes. (¢ Quart. Mierose,
Jomm, 7 volo i p 87)  Such an instrument, when its aus
does not form a very kuge angle with that of the microseope,
wmay recene its light from the plane neovor, espeeially of this
be ~o mounted as to be capable of heing turned considerably
out of the visual avis; but when its position is too oblique for

£ A full desenipfion of M. Nachet’s prism, and a mathematial investi-
zation of i properties, by Mr G, Shadbolt, will be foand m the “ Transae-
nons of the Microscopical Soctety” (st Series), volom p 71 o scq,
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the light to he thus supplied to it, recourse must he had to
rays cither proceeding direet from their source (such as o
lamp or a hright cloud), or direeted at the requisite angle by a
reflector placed in a suitable position.  Ior this latter pur-
pose, a reetangular prism (§ 57), mounted on a separate stand,
will be found very convenient.—By many observers, a com-
bination of the seflecting and refracting powers of a prism is
preferted, which causes the rays to be at once reflected by a
plane surface, and concentrated by lenticular surfaces ; so that
the prism answers the purpose of mirror and condenser at the
same time.  Such a prism was first constructed by Amdei;
and it may be cither mounted on a separate hase, or attached
to some part of the microscope-stand. The mounting adopted
by Messrs Smith and Beek, and shown in Fig. 8, is a very
simple and  convenient
one; this consists in al- Fre. 30,
taching the frame of the
prism to a shdmg har,
which works m dovetal
grooves on the top of a
cap that may he set on
the  eylmdreal  litting
beneath the stages; the
slide seives for the re-
gulation of the distance
of the priswm from the
axis of the mieroseope,
and (‘,()Ihcqlu‘ll“_\' ol the Amrer's Prism for obhique illanination
obliquity of  the illumi-
nation s whibst s distanee heneath {he stage is adjusted by the
rack-movement ol the eylindeical fitting. ~ In this manner, an
illuminating peneil ol almost any degree of obliquity may he
readily obtamed ; hut there is no provision for the correefion of
its aberrations. Such a provision is allorded by the achiomatic
prismof Mr. Abralaun (§ 57), which may be mounted in the
mamer just deseithed.  And {he same object is aftained by
an arrangement devised by Mr. Grubb, a Dublin opiician, of
which Dr. Rohmson of \emagh speaks very highly; 1he prism
having 1ts aberiaions correeted for a lamp placed al o given
distance in the plane of the stage; and heing mounted in
such a mamner as to be capable of travellng (like Mr.
Sollitt’s condenser) through an angular range of as much as
1200 (“Quart. Mierose: Jowrn,” vol. iti. p. 166).—In all of
tnese methods, the obliquity of the illwmination is practically
K 2
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limited by the eonstruction of the stage, and especially by the
relation wlieh s thickness bears {o the diameter of its lower
apertiwe. The thinner the stage, and the Luger its lower
aperture, the more oblique will be the rays which way he
transmitted through it; and in admitting an extreme obliquity
of illumination, the thin stage recently infroduced mio some
of the hest Microscopes (§§ 38, 39) possesses i great advantage
over all whose thichness 1s greater.  On the other hand, it is
when the ray s are most oblique, that the greatest advanfage is
gained by making them fall upon the objeet from every side in
suceession 3 and where this camnot. be accomphshed s m the
case of Nachet’s prism) by the rvotation of the dluminating
apparatus, the votatory movement must he aiven to the objeet.
Lt is obvious that, for this purpose, a revolvimg stage which
keeps the objeet constantly in the field (§ 57), 15 deadedly
referable to one whieh does not possess suel o movement
{mi the means have not yet heen found of obtanung this
advantage without some sacrifice of {the other,

61. Whenever the rays ave diveeted with sueh obliquity, as
not o he received into the object-glass at all, but are
sufliciently retamed by the objeet, to render 1t (so to speak)
sell-lummous, we have what is known as the blueh-geomud
dranalion ;1o which the aftention of Microscopists gene-
ally was first drawn by the Rev J B Reade, m the year
1538, although 1t had been practised some fnne hefore, not
only by the Nuthor but by several other obseivers  For
low powers whose amewar aperture is small, and for such
objeets as do ot requre auy more speetal  provision, a
sulliciently good “black-ground ™ llumination may he obtamed
by means of the coneave mirror alone, espesially whenf is so
mounted as to he capable of a more than ordmary degiee of
obhiquity. Tn this manner it is often possible, not merely to
bring into view features of strueture that might not other-
wise he distingmshable, hut 1o see hodies of extreme frans-
pareney (sueh, for wstanee, as very minute Animaleules) that
are not visthle when the field is flooded (so to speak) by diveet
light, these presentmg the heautiful speetacle of phosphor-
oseent pointS apidly sling through o dark ocean. Where
the mirtor eannot he placed in a posttion oblique enough
to give this effeet, a hlach-ground dlumination sufliciently
good for many purposes may be obtained by Mr. Reade’s
origtnal method; whieh consisted in dispensing with the
mitor altogether, and in placing the Luny and ordinary con-
densing-lens (§ 61) in such a position beneath and {o one
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side of the stage, as to throw upon the wuder side of the
objeet a penail of rays too oblique to enter the object-glass
alter passing through it.—Another very simple mode, which
answers sulliciently well for low powers and for the larger
objeets whieh these are fitted to view, consists in the substitu-
tion, for the achromatic condenser, of a plano convex lens of
great convesity, forming a large scgment of its sphere, with a
centrdl stop to cut ofl the direet rays; for the rays passing
through the marginal portion of this Spotled Lens, being
strongly refracted by its high curvature, are made to converge
at an angle too wide for their entranee into an objectiv of
moderate aperture, and thus the ficld is left dark; whilst all
the light stopped by the objeet serves (as it were) to give it
luminosity ol its own.—Ncither of the foregoing plans,
however, will answer well for objeetives of high  power,
having such large angles of aperture that the light must fall
cery obliguely to pass bevond them altogether.  Thus if the
peneil formed hy the “spotted lens® have an angle of 60°, its
rays will enter a 1-1th inch objective of 70% and the ficld
will not be darkened. For obtaining o greater degree of
obliquity, Mr. Wenham has contrived a Purabolie Speculum,*
having its apex cut off, so That the objeet might be placed in
the locus, to which all rays parallel to 1ts axis are reflected ;
and the direet vays being cheeked by a stop placed behind it,
the object is luminated only by those whiell are reflected to
it from all sides of the inferior of the parabola al a very
oblique angle. A« the thickness of the glnss-bli(lc on which
the objeet” 13 mounted, was found by Mr. W. to produce «
very sensible aberration in the rays converging fowards it, he
mierposed a menisens lens, having sueh a curvature as to
produce a counteracting aberration of an opposite kind.  The
crcular opemng al the hottom of the wide tube (Fig. 40)
that carries the speeulum, may be fitted with a diaphragm
adapted {o cover any poition of it that may be desived; and
by giving rotation fo this diaphragm, vays ol great obliquity
may he made to fall upon the objeet from every azimuth in
suceession (§ 60) —A like purpose was aimed-at in the de-
wnlar Condenser of Mr Sh:ulbolt,'f which consists of a ring of
glass whose swifaee was so shaped as to preseut a prismatic
scetion; the inelinafion of the ouler side being such as
to produce w fofal 1eflection of the rays impinging on it, and
to direct these throngh the imer side of the ring, so as to

L}
* «'Pransactions of the Microscopical Society” (1st Serwes), vol. iii. p. 85.
T Op at, p. 132,
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fall at a very oblique angle upon the object, from every
azimuth of the circle.—A" combimation of both methods is
adopted in the Larabolic Humator (Fig. 40) now sul)plied
by Messrs. Smith and Beek; for this consists of a paraholod
ol glass, resembling a cast of the -
Fra. 40. terior of Mr. Wenhaw’s parabolic
speeulmn, bul refleetmg  the rays
which full upon the outer surface of
the glass, like Mr. Shadbolt’s annular
prism. 1t has the advantage of being
more casily constructed than the pa-
rabolie speculum, and s little i ab
all infetior {o it in performance ; hut
it requires that an appropriate “stop’
should be adapted to uf, for ecach
ohjective with which it is to he
used : whilst in Mr. Wenham’s spe-
culwm, the requisite adaptation for
| the angular aperture of the objective
w § is made by ﬂﬂu-ring the position of
SO the stop by weans of the eentral
stem g the elfeet of which alleration
is Lo eut-off a Luger and larger pro-
Paabohe Mummator. — portion of the least-oblique rays, the
more nearly the stop is approximated
to the objeel; and thus to illwiinate it more and more
exclusively by those which meet at the widest angle.—In
using either of these illmminators, the rays wineh are made
to fall upon them should be parallel, consequently the plane
mirror should always he employed; and when, iustead of
the parallel rays of daylight, we are obhged to use the
diverging rays of a lamp, these should be rendered as parallel
as possible, previously to thew vefleetion from the wirror,
by the interposition of the “hull’s-cye” condenser (§ 61) so
adjusted as to produce this ellect,

62. For the exhibition of those classes of objects which are
suitable for “black-ground’ illumination, and which are betfer
seen by light sent into them from e evy azimuth, than they
are by a pencil, however hright, ineident in one direetion
only, no more simple, convenicnt, aud eficient. means could
wohably be found, than that which is afforded by the “spotied
Ivns’ for low powers, and by the €parabolic illuminafor’
for powers as high as 1-4th or 1-5th of an inch focus ;—the
use of the latter with the highest powers, being rendered
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disadvantageous hy the great reduction in the amount of light,
oceasioned by the necessity for cutting-off of all the rays
reflected from the purnhof:)ial. which fall upon the object
within {he limits of their angle of aperture.—One of the
great advantages of this kind of illumination consists in
this ; that, as the light rediates from each part of the object
as its proper source, instead of merely passing through it from
a more remote souree, ifs different parts are scen mueh more
in their normal relations 10 one another, and it acquires far
more of the aspeet of solidity.  The rationale of this is casily
made apparent, by holding-up a glass vessel with o figlred
surface hetween one eye and a lanp or a window, so that it
is scen by trausmitied light alone; for the figures of its
two surfaces are then so blended-together 1o the eye, that
unless their form and distribution be previously known, it can
scarecly he said with cerfainty which markings belong to
cither. If, on the other hand, an opaque hody he so placed
hehind the vessel, that no rays are transmutted  dircetly
through it, whilst it reccives adequate illmmination from the
cirenmambient light, its form is elearly discerned, and the two
surlaces are differentiated without the least difficulty.

63. Polurizing Apparatus—1un ovder to examine transparent
ohjeets by polarized light, it is necessary to employ some
means of polurizeny the rays before they pass through the
objeet, and {o apply to them, in some part of their course
between the objeet and the eye, an awalyzing medium.
These fwo requirements may be provided-for in different
modes.  The polarizer may be cither a bundle of plates
of thin glass, used in place of the mirror, and polarizing
the rays by reflection; or it may be a ¢single-image’ or
¢ Nicol” prism of leeland Spar, which is so (:()nstruct(-a as to
transmit only one of the two rays into which a beam of
ordinary light is made to divarieate on passing through this
substance ; or il may be a plate of Tourmaline, or one of the
artificial fourmalines composed of the disulphate of iodine
and quinine, now known by the designation of ¢ Ierapathite’
alter the name of their diseoverer.  Of these methods, the
¢ Nicol” prism is the one generally preferred ; the objection
to the reflecting polarizer heing, that it caumot be made to
rotate - the tourmaline being undesirable, on account of the
colour which it imparts when sufficiently thick to produce an
effective polarization; and the erystals of 1erapathite being
seldom obtained perfeet, of sufficient size to afford a gocd
illumination. The polurizing prism is usually fitted into a
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tube (Fig. 41, a, «) with a large milled-head () at the bottom,
by which it is made to rotate in a collar (4) that is attached

Fia. 41.

Fitting of Polarizimg Prism in Snmth and Beek’s Microscope,

{o the microscope; this collar may be fitted fo the vuder side '
of the stage-plate, or, where a secondary stage is provided, it
may be attached to this; in the microscope of Messrs. Smith
and Becek, it scvews into the lower part (4) of a tube
(Fig. 41, 1) that, slides into the  cylindreal fitting’ heneath
the stage (Ihg. 29). The analyzer, which may be cither a
‘Nicol” prism, a Tourmaline, or a crystal of Herapathute, is
usually placed cither in the interior of the microscope, or
between the eye-picec and the eye. 1f it he a prism, it is
mounted in a tube, which may cither be screwed into the
lower end of the body in the situation of the erector (Fig. 32),
or may be fitted over the eye-piece in place of its ordinary cap
(Fig. 12); in the former situation it has the advantage of not
Timiting the fild, but it stops a con-
Fra. 42. siderable proportion of the light; in
. the latter, it detracts much less from
the brightness of the image, but cuts
off a good deal of the margin of the
ficld. A plate of Tourmaline or Hera-
pathite, if obtainable of sufficient. size
and freedom from eolour, has a de-
cided advaulage above the Niecol
prism, as an analyzer, in being free
from both these inconveniences ; and
it may be set in a cap which fits-over
Fitting of Analyzmg I'rism thp ()l..dimwy cap()f ﬂw c.):c-pi(:cq.—l"or
upon the Eye-piece bringing-out certain cflects of colour
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by the usc of Polarized light (Chap. xx.), it is desirable
to interposc a plate of Sclenite beneath the polarizer and
the object ; un(i it is advantageous that this should be
made to revolve. A very convenient mode of effecting
this, is to mount the sclenite plate in a revolving collar,
which fits into the upper end («) of the tube (Fig. 41, 1)
that reccives the polarizing prism. In order to obtain the
greatdst variety of coloration with different objects, films of
selenite of different tlhicknesses should be employed; and
this may be accomplished by substituting one for another
in the revolving collar. A still greater variety may be
obtained by mounting three films, which separately give three
different, colours, in a frame resembling that in which hand-
magnifiers are usually mounted, so that they may be used
singly or in double or triple combinations; as mauy as
thirteen different tints may thus be obtained ; but the advan-
tage of revolution is sacrificed —When the construetion of
the microscope does not readily admit of the conncetion of
the selenite p]lutc with the pelarizing prism, it is convenient
to make use of a plate of brass (Fig. 43) somewhat larger than

Fra. 13.

Selenite Object-carrier,

the glass slides in which objeets are ordinarily mounted, with
a ledge near one edge for the slide to rest-ngainst, and a large
cireular aperture into which a glass is ﬁttca, having a film of
sclenite cemented 1o it; this ©selenite stage” or object-carrier
heing Iaid upon the stage of the nueroseope, and the shde
confaining {he object being placed upon it, the cffect of the
sclenite is obtained, as in the previous avrangement ; and by
an ingenious modification confrived by Dr. Leeson, the ring
into which the selenite plale is fitted being made movable,
one plate may be substituted for another, whilst rotation may
he given to the ring by means of a tangent-serew fitted into
the brass-plate.  Such a ¢selenite stage’ auswers cvery pur-
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pose that can be required; hut as there is no provision for
using two or three plates in combination, it is necessary to
have a distinet selenite-plate for every modification of colours
that may be desived.—A very beautiful cffect may he
obtained with eertain kinds of semi-opaque objects, by illumi-
nating them by means of a “spotied lens’ (§ 61), with a
polarizer of Hevapathite placed al such a distance above it as
to receive the converging hollow peneil near its {ermination
in the objeet, and an analyzer of the usual deseription,—a com-
bination ‘devised by Mr. Furze ;% for the solidity which this
mode of oblique illumiation imparts to certam objeets, is
remarkably heightened by the play of colours afforded by the
polarization of the light.—Wlen the polarizing apparatus is
eing employed with any but the lowest powers, it is very
advantageous to use the achromatic condenser in combination
with it ; this combination, whieh eannot be made in ordmary
microscopes, is prmid(*(l-l'm‘ in that of Messrs. Smiﬂl and
Beek, by the ¢ ey lndrical fitting” so often referved-to, which ean
receive the polarizing prism at its lower end, and {he achro-
matic condenser at its upper, whilst the selenite plate or
plates may be inferposed between them.t

Ot Llnminotors for Opaque Objects.—All objeets through
which saflicient light. cannot be fransmitted 1o enable them to
be view ed in the modes already described, require to be illumi-
nated by vays, which, being thrown wpon the surface under
examinadion, shall be reflected from it into the microseope;
and this mode of viewing them may often he advantageously
adopted in regard o semi-transparent or cven transparent
objeets, for the sake of the diverse aspeets it alfords.—Among
the various methads devised for this purpose, the one most
generally adopted consists in the use of a condensing lens,
cither attached to the microscope, or mounted upon asepuate
stand, by which the rays proceeding from a lamp or hown a
bright sky arc made to” converge upon the object.  For 1he
cflicient, ilhnnination of large opaque objects, sich as injected
preparations, it is desirable to employ a ¢ bull’s-eye” condenser
(which is a plano-convex lens of short focus, two or three
inches in dinnleter), mounted upon a soparate stand, in such
amanner as to allow of being,placed in a greal variely of

* ¢ Trandactions of the Microscopical Society” (2nd Series), vol. i p. 63,

t For an aceount of the nature and properties of Polarized Light, which
would he out of place i the present treatise, see the chapters on that subjeet in
Dr. Golding Bird’s “ Manual of Natural Philosophy,” Dr. Perera’s “ Lectures
on Polarized laght,” New Ed., cdited by Prof. Baden Powell, or any modern
treatise on Optics,
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positions, The mounting shown in Fig. 44 is perbaps on» of
the best that can be adopted : the frame which carries the
lens is borne at

the bottom upon a Fio. 4.

swivel-joind, which
allows it to be
turncd in any azi-
muth’ whilst it
may be inclined at
any angle to the
horizon, by the re-
volution of the
horizontal  tube
to which it is at-
tached, around the
other  horizontal
tube which pro-
jeets  from  the
sten; by the shd-
ing of onc of these
tubes withm the
other,again, the ho-
rizonfal arm may
be lengthencd or
shortened, the lens
may he seeured in
any position (is its
weight is apt to
drag it down when
it 15 inelined, un-
less the tubes he
made o work, the
one info the other,
more  stillly than
is comvenient) hy
means ol a tight- Bull’s-Eye Condenser.

ening collar milled

at ifs cdges; and finally the horizontal arm is atiached to
a spring sockct, which slides up and down upon a vertical
stem.  "The optical effect of such a lens differs according
to the side of it turned fowards the light, and the con-
dition of the rays which fall upon it. The position of lewst
spherical aberration, is when its coneer side is turned towards
parvallel or towards the leust diverging rays; consequently,
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when used by daylight, its plaze side should be turncd
towards the ofject ; and the same position should be given to
it, when it is used for procuring converging rn{s from a lamp,
the lamp being placed four or five times further off on one
side, than the objcct is on the other. But it may also he
employed for the purpose of reducing the diverging rays of
the lamp to parallelism, for use either with the paraholic
illuminator (§ 61), or with the side-reflector o he presently
deseribed ; and the plaxe side is then {o he tuined towards
the lamp, which must be placed at such a distance from the
condenser, that the rays which have passed through the latter
shall form a luminous cirele equal to 1t in size, al whatever
distance from the lens the sereen may be held—Even where
the large < bull’s-cye * condenser is provided, it is well 1o have
a smaller condensing lens in adddion; wd this, which is
usnally a double-
Fio. 15, convex lens, may
cither be mount-
ed on a separate
base (Fig. 13), or
may he atfached
to some part of
the  microscope-
stand. (TuMessrs,
Sunth and Beek’s
large microscope,
Fig. 29, two soc-
kets with hmd-
ing - serews, one
for the eondens-
inglens, the other
for theside-reflee-
tor, are seen in
the <Lhmb’). This
condensmg lens
is sufficient by it-
sell for most ordi-
]lllry ])llrl)()b('.‘i 5
and it may also
be used to obtain
a greater coneen-
trationof the rays
aready brought into convergence by the hull’s-cye (§ 93).
65. The illumination of opague objects may be effected by
reflection, as well as by refraction; and a very advantageous

Ordinary Condensing Lens,
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means of using the light of a lamp for this purpose, is afforded
by the Side-Reflector contrived by Mr. Ross. This is a highly-
polished concave speculum (Fig. 46), which can be placed
above and to one side of the ohject ; and which is so mounted

as {o be eapable of being placed
in every kind of position, accord-
ing to the place of the lunp, and
the degvee of obliquity of the illu-
mination required. The squared
stem, with which the speculum
is conmeeted by several mterme-
diale joints, may be fitted to a
socket, cither in the stage or in
some parl. ol the microscope-
stand, hke that of the smaller
condensing lens, The light, re-
flected by the speculum upon
the object, may he cither 1]11ut
whieh falls on it direet from the
Lunp, or may come to it through
the miervention of the bull’s-eye,
arranged so as to throw parallel
rays upon the speculum (§ 61).
—The prisms already deserthed
as m use for the illwimation of
transparent objeets by the reflee-
tion of Light from beneath, may
also be cwployed, by an inver-
sion of {hew position, for the
illumination of opaque objeets
from above.  In Continental Mi.
croscopes, the prism is frequently
attached to the lower end of the
body; but this is an undesivable
mode of supportmg if, since the
iumiation s disturbed by every
alteration in the distanee  be-
tween the body and the objeet.
Thisscems to be provided-agumst
by the mounting of the prsm in
My, Grubb’s microscope (§ 60),
which allows it to be used af my

FiG. 16,

(W UZ,,

Side-Reflector.

angle cither above or below the stage.—A mode of illuminating
opue ohjects by a small concave speculum reflecting the
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light dircetly down upon it, was formerly much in use, hut is
now comparatively seldom employed. This concave speculum,
termed a “ Licberkuln” from the eelebrated Microscoi)ist who
imvented it, is made to fit upon the end of the ())ljccti\'e,
having a perforation in the eentre for the passage of the rays
from fhe objeet to the lens; and it reecives its light from the
mirror beneath, the objeet being so mounted as only 1o stop
out the central portion of the rays that are reflected upwards.
The curvature of the speculum is so adapted to the focus of
the object-glass, that, when ihe lalter is duly adjusied, the
rays reflected up to it from the mirror shall be made to con-
verge strongly upon the part of the object that is in focus;
consequently unll('ss (as 1s sometimes done) the speculum
should he mounted on a tube sliding over the “nose’ of the
microscope, and capable of heing adjusted to the different
distances required by the several objeetives, a separate specu-
Ium is required for every objeet-glass  The disadvantages of
this mode of ilhumination are chiefly these;—first, that by
sending the light down upon the object almost perpendicu-
lTaely, there is searcely any shadow, so {hat the mequalities
of its surface, and any minute markings which it may pre-
sent, ave but fadotly or not at all seen; second, that the size
of the object must be so limited by that of the speeulum, as
to allow the rays to pass to its marginal pottion; and (hird,
that a special mode of mounting is required, to allow the heht
to he refleeted from the miror around the margin of the
object. The first objection may he in some degree remoyved,
by turning the mirrer considerably out of the aais, so as to
refleet its light obliquely upon the Licherkuhn, whieh will then
send 1t down obliquely upon the ohyeet 5 the llumination, how-
ever, will mot even then he so goodas that which is alforded hy
the side-refleetor. The mounting of opaque objeets in wooden
shides (Chap. v.), which affords in many cases the most cont
vendent means of preserving them, completely prevents the
emplovinent of the Licherhulm in the examination of them
uml they must either he set, for this purpose, upon disks
which afford them no protection, or in glass eells with a
hlackened hack-grionund. The eases wherem the Lichethuhn is
most useful, are those in which it is desied to examine small
opaque objeets, such as ean he held in the stage-forceps
(3 66), or Tud upon a slip of glass, with lenses of half-inch
focus or Jess; sinee a stronger light ean he thus coneentrated
upon them, than can be easily obtained by side-illumination.
In cvery such case, a black hack-ground must be provided, of
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such a size as 1o fill the ficld, so that no light shall come to
the cye direct from the mirror, and yet not large enough 1o
create any unnecessary obstruction to the passage of the rays
from the wirror {o the speculum.  With each Licherkubn is
commonly provided a blackened stop of appropriate size, having
a well-like cavity, and mounted upona Yiu which fits into a
support conneeted with the under side of the stage ; but though
the <dArk well’ serves to throw-out a few objects with peculiar
foree, yet, for all ordinary purposes, a spot made with black
paper or black scaling-wax-varnish upon a slip of glass yill
answer the required purpose very cftectually, the slip béing
simply laid wpon the stage beneath the object. .

Scetion 2. Apparatus for the Presenlalion of Oljects.

66. Stage-Foi cops.—~EBvery Mieroscope should be furnished
with a pair of Stage-foreeps (Fig. 47) for holding minute

Stage-Foreeps.

ohjects heneath the object-glass.  They are mounted hy means
of a joint upon a pm, which fits into a hole cither in the
corner of the stage itself or in the objeet-platform ; the object
is mserted by pressing the pin that projeets from one of the
blades, whereby 1t is separated from the other; and the blades
close agam, so as fo retan the objeet when the pressnre is
withdrawn, By shding the wire-stem which bears the foreeps
through its sochet, and by moving that sochet vertically npon
its joint, and the joint horizontally upon the pin, the object
may be brought mto the field preeisely in the position re-
quired ; and it may be turned round and round, so that all
sides of il may be examined, by simply giving o twisting
novewent to the wire stem. The other extremity of the stem
often bears a small biass hox tilled with cork, and perforated
with loles in its side; this affords a sceure hold to common
pins, to which disks of card, &e., may he attached, whercou
ubjects are mounted for being viewed with the Licherkuhn.
‘This wethod of mounting was lormerly much in vogue, but has
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been less employed of late, sinee the Licherhulmn has fallen into
comparative disuse

67. Gluss Stige-Plate~Eyevy Mieroscope should be fur-
nished with a picee of plate-glass, about {1 by 1} in, to one
margin of which a navrow strp of glass 18 eemented, so as to
form a ledge. This is ('\'h't'mv]y usctul, hoth for laying objects
upon (the ledge preventing them from sliding-down when the
mieroscope is inelined), and for preserving the sfage from
inpury by the spilling of sea-water or other saline or eorrosive
liquids, when such are in use.  Sueh a plate not. only serves
for the examination of trausparent, but also of opaque ohjeets;
1he dark hack-ground heing farmshed by the diaplagm-plate
(§ 53), and the condensing-lens hemg so placed as to throw a
side-hght upon them—A small addition may he conyvenently
made 1o the glass stage-plafe, which adapts 1t for use as a
Gronwy-Stute, A cireular apertuie, of ahout the diamcter of
afest-tube, is made near one end of the plate (the Jength of
which, for tlis puwpose, had betfer he not less than 5 inches),
and in this is to he fitted a little cup, tormed of the end of a
teat-tube, about three quarters of an eh deep, in sueh a
manner that its vim shall projeet a hittle above the surface of
the plate. The cup may be elosed by an ordinary corh, or (to
woid danger of splitting it) by a disk of glass cemented to a
ring of cork which shall embrace the exterior of the tube; g
a small aperture must be lelt, by grindmg a noteh i the mim
of the cup, sufietent to admit the passaze of (wo or thiee
threads of Tamp-cotton  The mauner i which the <growing-
slide” &5 used, 15 1his —Supposing we wish fo follow the
changts wundergone by some minufe Alea or Tnfusorivm, wihieh
we have Just deteeted mea drop of liquid under examination
apon an ordinary shp of glass (and covered with thin glass), —
we dransfer this slip to the “growing-slide,” ill the cup with
distilled water mived with a small proportion of the water in-
which the organism was found, and then so arrange the
thieads (previously moistened with distilled waten), that they
shall pass from the eup to the edge of the liguad m which the
objeet. is confained.  Thus, as the water evaporates from
heneath the Yhin glass, the theeads wedl afford o contmmous
supply, and the {hreads will not beeoroe drey, until the whole
of the liquid has been absorbed by thenvand has heen dissi-
pated by cvaporation.  Fresh supplies may, of course, he
mtroduced nto the cup from time fo time, as may he needed,
$0 as fo prevent any loss of liguid from heneath the thin
glass; and in this mauner, the most important requisite for
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the continued growth of aquatic organisms,~—a constant supply
of liquid, without an exclusion of air,—may be sccurcd.®

68. Aquatic Box or Animalcule Cuge—This, also, is an
appendage with which every Microscope should be provided,
50 vuricﬁ. and so constant is its utility. It consists of a shori
picee of wide brass tube, fixed perpendicularly at one end
mto a flat plate of brass (Fig. 48) which is itsclf perforated by
an aperture cequal
in diameter to that FIG. M.
of the tube, and
having ils opposite
extremity closed hy
a dish of glass(1,4);
over this fitsacover,
formed of a picce
of tube just {argc
enough to slide ra-
ther ~ stifily upon
that whichforms the
boy, closed at the
top by another dise
of glass (8, ). The
cover bemg fahen-
off, a drop of the
lignid to be  ex-
amined, or any thin
()I)J(‘(‘i which can Agquatic Box o* Anmalenle-Cage, as seen 1 per-
be most ady (lllf:lg(:- \pective at , and m section at i,
ously looked-ut 1n
fluid, 15 placed npow the lower plate, the cover is then slipped
over if, and is pressed-down until the drop of liquid e spread-
out, or the ohjeet be flatrened, to the degree most eonveuient
for observation  If the glass disk which forms the lid be
cemented or harnished into the brass ring whieh carries it, o
small hole should be lefi. for the escape of air or superfluous
fluid ; and this hole may he elosed-up with a morsel of wax,
if it be desired to prevent the included fluid from evaporating.
But as it is (l(-.air:ﬂl)lc that this glass should be thin cnough to
allow a 1-1ih inch ohjective to he employed for the examina-
tion of Animaleules, &e., and as such thin glass is extremely
apt 1o he broken, it is a much better plan to furnish the brass
cover with a serew-cap, which holds the glass disk with suffi-

* See the “ Micrographiic Dictionary,” by Dr. Gnftith and Mr, Henfrey
Lutroduction, p. \x.
L
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cient firmness, but” permits it to be readily replaced when
broken ; and as the looseness of this fitting gives ample space
for the escape of air or fluid around the margin of the (llisk,
no special aperture is needed. Tt is always desirable, if
possible, to prevent the liquid from spreading to the edge of
the disk; since any objects it may contain arc very apt, in
such a case, 10 be lost uuder the opaque ring of the cover;
this is to be avoided by limiting the quantity of liquid intro-
duced, by laying it upon the eentre of the lower plate, and by
pressing-down the cover with great caution, so as to ilatten
the drop equally on all sides, stoppmg short when 1t is
spreading too close to the margin.  With a hittle practice,
tllxis objeet, may in general be suceessfully attained ; llmt if so
much superfluous liquid should have been introduced, that i
has flooded the circumference of the wmelosed space, and
exuded around the edge of the disk, it is belter to wipe the
whole perfeetly dry, and then {o introduee a fresh drop, taking
more care 1o limit its quantity and to restrain it within con-
venient bounds  If the box be well-construeted, and the
glass disks he flat, they will come into such elose contact,
that objeets of extreme thinmess may he compressed belween
thems iwnm not only may such small animals as Water-lleas
(Futomostraen) he restrained from the active movements which
preclude any careful observation of their strueture,—and this
without. any permanent injury being inflicted wpon {hem,—
but much smaller ercatures, such as Wheel-Animaleules
(Lolifera), or Bryozva, may be llattened-out, so as to display
their infernal organization more clearly, and cven the lurger
Infusorte may be treated in like mauner.  The workmg
Microscopist will find it of great advantage to possess several
of these aquatic boxes, of different sizes; ;m(l one or two of
them may have the glass cover of stronger glass than the
rest, and firmly fixed I its vim, so that, if the cover he made
to slide cquably on the box, the instrument (in hands accus-
tomed to carcful manipulation) may be made to answer the
purpose of a compressorium (§ 70). o

69.  Zvophyte-Trough—For the cxamination of living
aquatic ohjegls, too large to be conveniently reecived into
the Aquatic Box, the Zoophyte-trongh confrived by Mr
Lister may he employed with great advantage.  This consists
of a trough of ﬂllc shape represented in Fig. 48, formed
of plates and slips of plate-glass cemented together by marine
glue; of a loose vertical plate of glass, just 5o mueh smaller
than the front or back of the inside of the trough, us to be
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able to move freely between its sides; aud of a horizontal
slip of glass, whose length cquals that of the inside-bottom
of the trough, hut

whose hreadth is in- FiG. 0.

ferior by the thick-
ness of the plate
just mentioned. The
trough “being filled
with water (fresh or
salt as the case may
be), the hotizontal
slip is laid at the
hottom,and the ver-
tical plate is placed
in contact with the
front of the trough,
s lower  margin
heing reecived into Zoophyte-Trough

the space left at the

front edge of the horizontal slip, which serves to hold it
there, acting as a kind of hinge; a small ivory wodge s
then nserfed between the frouf-glass of the trough and
the upper part of the vertieal plate, which it serves to
wess haekwards s hut Ales pressure is kept m cheek by «
ittle sprmg of bent. whadehone, which is placed between
the vertieal plate and the daed-glass of the trough. By
moving the ivory wedge up or dow, the amount of space left
hetween the upper part of the vertieal plate and the front-
elass of the trough, can he preciscly requlated; and as their
lower margins are always in close apposition, 1t is evident that
the one will meline to the other, with a constant, diminution
of the distance between them, from above downwards.  Henee
a Zoophyte, or any siilar hody, dropped into this spaee, will
deseend wndil it rests against the two surfaces of glass, and
will remain theie i a situation extremely  eonvewent for
ohservation; and the regulating-wedge, by inercasing  or
unimshing the space, serves to determme the level to whick
the objeet shall fall —Of these troughs, again, it. is convenient,
for the working Microscopist to he furnished with several, of
different sizes; and in one of them Chara ov Nefella may he
kept growing, in a sfate very convenient for observation. A
siniilar trough may be provided for this last purpose, however,
bv dispensing with the vertieal plate and horizontal slip
altogether, and approximating the front and back-plates so
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that only a very narrow space’is contained between them ; in
this ease it is convenicnt to let the upper lip of the back-plate
project considerably heyond that of the frout plate, as objects
may then be much more readily inserted between them ; and
the buack plate may also be conveniently made to project
beyond the sides of the trough, as would he uscful, too, in the
case of larger troughs. If it he wished to grow Chara, &e.
in a thin trough of this kiud, the trough, whenever it is not
under observation, should be immersed m a twmbler or jar of
water; sinee the plant will not flourish in a very limited
supply.

70. Compressorium.—The purpose of this instrument is to
apply a graduated pressure 1o objects, whose structure cun
onl be made-ont wfmn they are tiniuued by extension. Kor
such as will bear tolerably rough treatment, a well constrmeted
Aquatic Box may he made to answer the purpose of a com-
pressor; but there is a very large class, whose organization is
so delicate as to be confused or altogether destroved by the
slightest excess of pressure; and for the examination of such,
an” instrument in which the degree of compression can he
regulated with preeision, is almost indispensable.  Various
plans of construction have heen proposed ; hut none among
them appears to the Author to present so many advan-
tages as the one represented in Fig. 50, the general plan of
which was originally devised by Schick of Berlm, hut the
details of which have been modilied hy M. de Quatrefages,
who has coustantly employed this instrument in lis claborate
and most suceessful researches on the organization of the
Marine Worms. I eonsists of a plate of brass between 3

Fra 50,

Compressoriun’

and 4 inches long, and from 1% to 13 inch I)roru‘d,. having a
central aperture of from j to 4 of an ineh.  This central
aperture 1s_covered on its upll)(-r side by a disk of thin Flass,
which may be cemented to the hrass plate by Canada halsam ;
and the under side of it is bevelled-away, so that the thickness
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of the edge shall not interfere with the approach of the objee-
tive to its margin, when that side is ma(le the uppermost —
Near onc extremityof the plate Is a strong vertical pin, that gives
support to a horizontal bar which turns on it as on a swivel ;
through the end of this bar that projects beyond the plaic,
there passes a screw with a milled-head ; and at the other end
is jointed a second bar, against one end of which the serew
bears, whilst the other carries a frame holding a second disk
of thin glass. This frame is o small circular platc of glass,
having an aperture equal in size to that of the large plate;
to its under side, which is flat, x disk of thin glass is cemented
by Canada balsam, while its upper side is bevelled-off as it
approaches the opening, for the purpose just now specified ;
and by being swung between pivots in a semicirele of brass,
which is itsclf pivotied {o the movable arm, it is made eapable
of a limited movement in any direction.  The upper disk with
the apparatus which supports it, having heen completely turned
aside round the swivcll- oint, the ohject to he compressed is
laid upon the lower disf(; the upper disk is then turned hack
s0 as Lo lic preeisely over ir, an(}, by the action of the milled-
head serew, is gradually approximated to the lower, to which
the pivot-movements of its frame allow it to take-up a payallel
position, whatever may be the inclination of the bar.—As it is
frequently of great importance 1o be able to look at cither
side of the object under compression, the principal plate is
provided with two pins at the extremity farthest from the
milled-head, which, heing exaetly cqual in length to the
swivel-pin, afford, with it, a support to the instrument, when
it is so turned that the side represented as undermost in the
figure, shall he uppermost 5 and it is in order that high powers
may he used in this case as in the other, that the disk which
then covers the object is made of thin glass, instead of being
(as in the original form of the instrument) a picee of thick glass
plate.  That a thin glass disk is more liable to fracture under
pressure, than a thick one, is no serious objeetion to its use
for this purpose; since the lower one 15 not more likely to
break than the upper onc; and cither may be replaced with
extreme facility, by simply warming the part of the instrument
to which it is attached, so as to loosen the cement that holds
it.  And the advantage of being able to view an object under
a high power, from either side, wil he most fully appreciated
by cvery one who has been much engaged in the class of
observations, which this instrument is speeially adapted to
faciltate.—1f tlns Compressorium be mch of sufficient size
.
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to admit an ordinary glass slide hetween the vertical pins, an
objeet may he su?)j('(:t('d to compression, and afterwards
removed for examination out of the compressor, without
trausferring it from one glass to another, whicl is frequently
an advantage In this case, it will be convenient that the
thin glass disk should be €eountersunk’ into {he upper

surfuce of the principal plate, so as to

Fis. 51, form one level with if.

A B« 7L Dipping Tubes—In every operation
oy o~ - in which small quantities of liquid, or
! a L] small objects contained in liquid, have to
o he dealt-with by the Mieroscopist, he
l|" f will find it a very great convenienee to be

provided with a et of tubes of the forms
i represeuted i Fig. 51, but of somewhat
lareer dimensions.  These were formerly
destgnated as “fishing-tubes;” the purpose
for which they were origmally devised
having been the fishing-ont of Waler-
(o Fleas, aquatic Inseet-Larvie, the larger
! Animaleules, or other living objeets dis-
tinguishable cither hy the unaided exe or
by the assistance of o magnifying glass,
from the vessels that may contain them

But they are equally applicable, of course,
to the scleetion of minute Plants; and
they may he turned to many other no
| less useful purposes, some of wlieh will
he specitied hereafter When it is desived
to secure an objeet which can he seen
cither with the eye alone or with a mag-

nifying-glass, one of these tubes is passed-
‘ down into the liguid, its upper ouiliee

|

|

! i having been previously elosed by the
' fore-linger, until its lower orilice is elose
I above the ohject; the finger heing then
!

|

removed, the liquid snddenly rises into
. the tube, proh bly earrying the objeet
| up with ity awd, if this is scen to be
i
i

the case, by putting the finger again on

J the top of the tube, its contents remain
- in it when the tube is lifted-out, and may
be deposited on a slip of glass or on the
Fishing Tubes,  lower disk of the aquatic ri)ox, or, il too




FISHING-TUBES.—FORCETS. 151

copious for cither reccptacle, may be discharged into a
watch-glass.  1n thus fishing for any but the minutest ohjeets,
it will be generally found convenient to cmploy the open-
mout hed tu;i’)c c; and when its contents have been dis-
charged, if they inelude but a single object of the desiderated
hind, this may be taken-up by one of the finer tubes, a, ®, or,
if more convenient, the whole superfluous fluid may he sucked-
up by *he wouth, and the objeet left with no more than is
suitable; or, if there he many of the desived objeets in the
fhud fiest selected, these may be taken-up from it, one by one,
by either of the finer tubes.

7%. Furceps—Another instrument so indispensable to the
Microscopist as to be commonly considered an appendage to
the Microscope, is the 1"01‘00\)5 for taking-up minute ohjeets;
many forms of this have heen devised, of which one of
the most convenient is represented in Iig 52, of something

Poreeps.

less than the actual size.  As the foreeps, I marme re-
scarehies, have eontmually to e pl}l]\g(‘d into s “:\-\val.('r,.lt' is
hetter that {hey should he made of hrass or of (l(‘l‘lnll.ll—h]]\(‘r,
than of steel, sinee the latter rusts far more 1'(':ld||_y’; a.u.ul
as they are not intended (like dissceting foreeps) 1()‘ l:\lic a Ifnllt
erasp of the object, but werely fo hold l'(, th(-:v ';jlh.l_?’ )(‘ 111111:31(,
very heht, and their spring-part slender. As 1 ‘]m ({;lhc al
however, to their ulility, that their points bl()il llm(‘a::
aceurately, it is well that one of the blades shoulc l)(?
fwrnished with a guide-pin, passing through a hole in the
other.

; woine constitute, it is helieved, all the most im-
po;ll‘lzlt(ut f‘;):;-;g: of Apparatus, which can b(,: ‘consxdcr(_:d in the
lioht of Aceessories to the Mieroscope. Those which have
heen contrived to afford facilitics for the prepuration and
mounting of Objeets, will b2 deseribed in a future chapter
{Chap. v.).—It may he' thought that some notice ought to he
taken of the Frog Plate and Fish-Pan, with the former of
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which many Microscopes arc supplied, whilst the latter
has scarcely yet gone altogether out of use. But the Author
having heen accustomed to gain all the advantages of these,
by methods far more simple, whilst at, least equally efficacious,
does not consider thein as presenting any advantages which
render it desirable to expend time or space in giving a detailed
account of them ; and he will explain the methods alluded-to,
under the appropriate head.



CHAPTER IV.

N MANAGEMENT OF THE MICROSCOPE.

73. Support.—~The Table on which the Microscope is placed,
when in use, should be one whose size cuables it also #to
reecive the various appurtenances which the observer finds it
convenient 1o have within his reach, and whose steadiness is
such as to allow of his arms heing rested upon it without
any yiclding ; it should, morcover, be so framed, as 10 be as
free as possible from any tendeney to fransmit the vibrations
of the building or floor whereon il stands.* The manner in
which the Microscope itself is constructed, however, will have
a great influence on the effect of any such disturbing canse ;
sinee, i the whole instrument move together, searcely any
tremulousness will be produced in the mmage, by vibeations
which cause it 1o “ dance” most unpleasantly, it the body and
the stage of the Microscope oscillate independently of cach
other.  Llence, in choosing a Mieroscope, it should always he
subjected to this test, and should he unliesitatingly vejeeted
if the result be unfavourable. It is of course to he horne
in mind, that any vibration, cither of the object or of the
optical apparatus, in which the other does not partake, will
be much more apparent when high magnifying powers are
used, than when the object is amplified in a mueh less degree,
the motion of the objeet heing magnitied in preciscly the same
ratio with the object itself; hence if, when the microscop(: is
thus tested with f\igh powers, it is found to be free from fault,
its steadiness with low powers may be assumed; hut, on the
other hand, & Microscope which may give an image free from

* The working Microscopist will find it a matter of great convenience to
have a Table specially set-apart for this purpose; furnished with drawers in
which are contained the various accessories he may require for the prepa-
ration #ud mounting of objects. If the Microscope be one which 13 not very
readily taken-out-from and put-back-mto its case, 1t is very convement to
cover 1t with alarge bell-glass ; which n:ay be so suspended from the ceiling,
by a cord carrying a counterporse at 1ts other end, as to he rased or Jowered
with the least possible trouble, and' to be entirely out of the way when the
Microscope is in use,  Similar but smaller bell-glasses are also useful for the
protection of objects, which are in course of bemng exammed or prepared, and
which 1t is desirable to seclude from dust.
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pereeptible tremor when the lowest powers only arc employed,
may be quite unfit for use with the highest.

74, Light—~Whatever may be the purposes to which the
Microscope is applied, it is a matier of the first imporlance to
sceure a pure and adequate illumination.  There is scareely any
class of ohjeets, for the examination of which good duylight 1s
not to be preferred to any other kind of light 5 but good lamp-
light is preferable to bad day-light.—\When daylight is em-
plloyod, the Microscope should bhe placed near a window,
whose aspeet should he (as ncarly as may he convenient)
opposile to the side on which the sun is shinig; for the hght
of the sun refleeted from a bright cloud, is thai which the
sxperienced Mieroscopist will almost always prefer, the rays
proceeding from a cloudless blue sky being by no means so
well fitted for his purpose, and the “dull Iurid reflection of a
dark cloud heing the worst of all. - The deseef vays of the sun
are far too powerful {o be wsed with advantage, unless its
intensity be moderated, either by refleetion from a plaster-of-
paris or some other € white-cloud” mivror (§ 58), or hy passage
thiough some imperfeetly Aransparent medium. The woderator
contrived by Mr. Rainey lor lunp or gas-light (§ 75), has heen
found to answer equally well for direet sun-light; the glare
and heating power of which it so cffectually subdues, as to
destroy all {endeney to njure the most delieate objeet, or to
confuse the observer’s view of it; whilst an illummation iy
obtained by ifs means, whose intensity renders it superior for
cerfain purposes to anything else.—The young Microscopist
is carnestly recommended to make as mmch use of duyliyht as
possible; not only heeause, in a large number of cases, the
view of the objeet which it affords is mote safisfactory than
that which can he obtained by any kind of Tunp-light, but also
heeausc it is muchless “trying” to the eyes. So great, indeed,
is the difference between the two in this respeet, that there are
many who find themselves wnable to earry-on thewr observa-
tions for any length of time by lamp-ighi, although they
experience neither fatigue nor stram from many Lours’ con-
tinuous work by daylight.

75. When recourse is had to Artit: ial light, 1t is of great
imporfanee, not only that it should be of good quulit{, but,
that the arrangement for furnishing it should be suitable to
the special wants of the Microscopist.  Thus, although a wax
or composition-candle affords a very pure light, yet its use is
attended with two inconvemences, wlhiclx render its use very
undesirable when any better light can be obtained ;—namely,
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the constant flickering of the flame, whick is not sufficiently
prevented hy .surrounﬁiug it with a chimuey; and the continual
alteration in its level, which is oceasioned by the consumption
of the candle.  The most useful light for ordinary use, is that
furnished by the steady and constant tlame of a lamp, {ed cither
with oil, camphine, or gas; the wick or burner should be eylin-
drical or “argand;’ it should be capable of adjustment fo any
heighttabove the table; and a movable shade should be pro-
vided, by which the light may be prevented from coming direet
to1he observer’s eyes, or from diffusing itself too widely through
theroom. These requisites wre supplied by the lamp commgnly
kuown as the ¢ University’ or “reading’ lamp, which has a
circular foot with a vertical stem, on which the oil-reservoir
(carrying with it the burner) and the shade, ean be fixed at any
convenient heaght,  French and German lamps on the sune
general construction, but having the reservoir contrived on
the ¢bivd-fountain’ prineiple, are also to he obtamed, heing
largely imported for the use of watehmakers; these have the
advantage of burning-out all their oil, which i nof the easce
with the ordinary €reading’-konp, as /7 does not hurn well
cxeept when {ull or nearly so ;3 but they are usually destitate
of a shade, which, however, ean be easily added.  Lamps of
cither hid are sometimes constructed on the “solar” prineiple,
which inereases the purity and intensity of the hght, hut at
the sune time not, (m}y diminishes the diameter of the flame,
hut also produces an meony ement transverse < hreak ” near its
lower part.  The best kind of Jight which an oil-lamp can
furnish, s that yiclded by the ¢ Moderator” Tnnps which have
of Tate come into such general use; but they have this imporfant
drawback, that they contain in themselves no adjustment for
varying the elevation of the burner, and that their construction
is such as to give no facilities for any arrangement of this
Kind.—The same objection applies to the Camphine-lamps in
ordimary use; but asmall camphine-lamp has been construeted
for the special use of Microscopists, which is capable of heing
placed on an adjustable stand, so that its flune may be
raised or lowered to any desired level. The light of this
lamp is whiter and more intense than that of any other, and it
may he used with advantage for eertain very delicate observa-
tions (§ 58); but for the ordinary purposes of the Micro-
scopist 1L is not so convenient, the swrface of flame from which
the light ean be reeeived by the mirror or condenser, being
limited by the peculiar construction which the combustion of
cainphine requires,—To every one who has a supply of Gus at
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command, the use of it for his microscope-lamp (by means of
a flexible tube) strongly recommends itsclf, on account of its
extreme convenience, and its freedom from any kind of trouble.
The lamp should be constructed on the general plan alrcady
described, the burner heing made to slide up and down on a
stem rising pcmcn(]iculurfy from a foot, which also carrics a
shade; and the hurner should he one which affords a hright
and steady eylindrical flame, either ‘Leslie’s” or the € cone’
burner being probably the best.  Lven the best light supplied
by a gas-lamp, however, is inferior in quality to that of a good
oll-lamp ; and is more injurious and unpleasant to the eye.
Henee the interposition of some kind of artificial medium,
adapted to keep-back the yellow rays, whose predominance in
the lamp-lame is the chief source of its injurious action, is
especially required when gas-light is used.  This may be )u.rtlf'
cifected, by tixc simple expedient of using a chimney of bluish
glass, known as ¢ Liehlond’s;” but, in addition, it is advantageous
to cause the light to pass through a screen of bluish-hlack or
neutral-tint glass; and it will then be nearly purified as to
quality, though wuch reduced in intensity.* ~Mr. Rainey,
who has paid great attention to the best means of obtaining a
good illumination by artificial light, recommends, as the best
moderalor, one picce of dark blue glass, free from any tint of
red, another of very pale blue with a slight shade of green,
and two of thick white plate-glass, all cemented together with
Canada balsam ; this, as ulr(-udy stated, may be used with sun
light, as well as with lamp-light.  The Microscopist who
wishes 1o render the artifieal light which he may Lc in the
habit of using, as pure as possible, will do well to compare it
with daylight (as suggested by Dr. Griflith, who scems to
have heen the first to cmploy tinted glass with this objeet);
furnishing himself with several picces of glass of different
shades, substituting one for another, and altering their dis-
tances from the lamp,t until he has sueeeeded i so tempering
its rays, that the fiv{d of his Microscope, or the ohject under
view, is not more coloured when llununated by the artificial

* A gas-lampyprovided with these and other appurtenances for regulaling
tho dlumination, and also with a water-bath aid mountmg-plate, is supphe
by Mr. S. Highley, Flect-street,

t The nearer the coloured glass is approximated to the flame, the less
modihcation will 1t produce n 1ts rays ; simce therr intensity varies m ditferent

arts of thetr course, mversely with the square of therr distance from the
illummating centre, whalst «/y mfluenee is a constant quantity. Hence a pale-
blue glass placed near the mirror, or between the mirror and the stage, has
a:org effect than a chimney of much decper blue numediately surroundmg

¢ flame,
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light reflected from the mirror, than it is when the mirror is
so turned as to refleet a good light from a white cloud.

76. Position of the Li it —When the Microscope is used
by day-light, it will usually be found most convenient to place
it in such & manner, that the light shall be at the left-hand of
the observer. It is most important that no light should enter
his eye, save that which comes to it through the Mieroscope ;
and the access of dircet light can scarcely he avoided, w*mn
he sits with his face to the light.  Of the two sides, it is more
convenicent to have the light on the %7 ; first, hecause it is
not inferfered-with by the right hand, when this is emploged
in giving the requisite dircetion to the mirror, or in adjusting
the illuminating apparatus ; and sceondly, hecause, as most
persous cmploy the right eye rather than the left, the pro-
Jeetion of the nose serves to cut-ofl' those lateral rays, which,
when the light comes from the right side, glanee hetween the
eye and the cye-picce.  In order to prevent, still more
completely, the access of false light, it is desivable, if it
be otherwise convenient, that when daylight is employed, its
source should be a little behind the ohserver; but as it will
then, by fulling upon the stage, interfere with the view of any
objeet which 1s imperfectly-transparent (§ 87), it may be
neeessary to keep il from doing so, hy the inferposition of a
sereen.—When artificial light 15 employed, the same general
precautions should he taken. The lamp should always he
placed on the left side, unless the use of the mirror he
dispensed-with, or some special reason exist for placing it
otherwise. If the objeet under examination be transparent,
the Lunp should he placed at a distance from the eye about
mi(lw:tyll)(-t\vccu that of the stage and that of the wmirror; if
on the other hand, the object he opaque, it should bhe at
a distance aboul midway between the cye and the stage; so
that its hight may fall, in the one ease upon the mirror, in the
ofher ease upon the stage, at an angle of ahout 157 with the
axis of the microscope. The passage of direet rays from the
flame to the eye, s[]u)uld be guarded-agaiust by the inter-
position of the lamp-shade; and no more light should he
diffused through the apartment, than is absolutely neeeassary
for other purposes.—If ohservations of a very delicate nature
arc heing mwll(:, it is desirable, alike by daglight and by lamp-
light, 1o exclude all lateral rays from the cye, as completely as
possible ; and this may be realily accomplished, by means of a
shade attachcd to theeye-picce of the mieroscope.  Such a
shade may be made most simply of an oblong picce of card-
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board, having a circular hole cut in it, by which it may fit
upon the eye-picec or the upper part of the hody; its two
ends bh()lll(f be turned-up, so as to cut-off all lateral light ; its
upper side should also be turned-up, so as to eut-off the light
from the front ; and a noteh should be eut in its lower edge, in
the proper position to reecive the nose. It may be cither
painted black, or may be covered with black cloth or velvet.

77. Care of the Lyes—Although most Microscopists ae-
quire a habit of cmploying only one eye (gencrally the right),
yet it will be deededly advantageols to the begiuner, {hat
fic should learn to use either ¢ye indifferently; smee b
employing and resting cach alternately, he may work much
louger, without incurring unpleasaut or injutious fatigue,
than when he always employs the same.—~Whether or not
he do thus, he will find it of great iportance to acquire the
habit of heeping open the wwcwploged eye. "This, 10 such as
are unacenstomed 1o i, scems at first very embarrassing, on
account of the interference with the  microscopie  image,
which is occasioned by the picture of surtoundmg objects,
formed upon the reting of the second eye; but the habit of
restricting the attention to that impression only which s
received through the microscopic eye, may generally he soon
acquired 5 and when it has once been formed, all ditliculty
ceases.  Those who find it unusually diflicult to acquire this
habit, may do well to learn it in the first instance with {he
assistance of the shade just desceribed; the employment of
which will permit the second eye to be kept open without any
confusion.  The advantage of the practice, i diniushing
the fatigue of long-contmued obsernvation, is such, (hat no
pains avc ill hestowed by the Mieroscopist, which are devoled
to carly habituation to it.—"There can he no doubt that the
habitual use of the Microscope for many hours together,
especially by lTamp-light, aud with high waguilying powers,
has a great tendeney to injure the sight. Every Micioscopist
who thus occupres hmnself, therefore, will do well, as he
values his eyes, not merely to adopt the varions precautionary
measures uir(':uly speetfied, but vigorously to observe the
simple rule of wot continaing 1o obser e, any longer haw he can
do so withoul fuligre,

78. Cure of the Microscope—Defore the Microseope s
brought into use, the eleanliness and dryness of its p,,labsvs
ought to be ascertained. T dust or moisture should haye
seitled on the Mirror, this can be readily wiped-off. If any
spots should show themselves on the ficld of view, when it is
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illuminated by the mirror, these are probably due to particles
adherent to one of the lenses of the Eye-piece; and this may
be determined by turning the eye-picce round, which wifl
cause the spots also to rotate, if their source lies init. [t
may very probably be suflicient to wipe the upper surface of
the cyc-glass (by removing its cap), and the Jower surface of
the field-glass; but af, after this has been done, the spots
shouldsst il present themselves, it will he necessary to unserew
the lenses from their sockets, and {o wipe their inner surfaces ;
taking care to screw them firmly info their places again, and
not to confuse the lenses of different eye-picces.  Rometupes
the eye-glass is obseuved by dust. of extreme fineness, which
may e carried-ofl by a smart. pull of breath : the vapour which
then remains upon the swrface heing readily dissipaied, by
capidly moving the glass hackwavds and forwards a few times
through the mir. And it is always desirable o try flus plan
in the tivst instanee ; sinee, however soft, the substance with
which the glasses -we wiped, theiv polish is Impaired in the
end by the too frequent performanee of the process. The
hest maderial for wiping glass, 15 a picee of soft. wash-leather,
from whieh the dust 1t generally contains has heen well
healen-out.—1f the Object-classes be eavefully handled, and
be khept e their boses when not in use, they will not be likely
to require eleansing One of the ehief dangers, however, to
whieh they are liable in the hands of an inexperieneed Micro-
scopist, aises from the negleet of preeauntion in using them
with fhuids; which, when allowed o come in contact with the
sutface of the outer glass, should he wiped-off as soon as
possible.  In serewing and wnscrewing them, great eare
should be fahen to keep the glasses al o distanee from the
surlace of the hands; sinee they are liable not only 1o be
sotled by actual contact, hut to be dinmed by the vaporous
exhalation from skin which they do not touch. This dnmess
will be best dissipated, by moving 1he glass quichly through
the air. It will sometimes he found, on holdmg an ohjeet-
elass to the light, that particles cither of ordinary  dust,
or more often of the hlack coating of the interior of the
microscope, have settled upon the surface of its hack-lens ;
these ave hest removed by a elean and dry camel-hair peneil.
If any clondiness or dust should still present itself in an
abjeet-glass, alter its front and back surfaces bave heen care-
t'uﬂl_v cleansed, . should be sent to the maker (if 1f be of
‘nelish manpfactwie) to be taken to picees, as the amateur
will sc ldom suceeed in doing this without injury to the work ;
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the foreign combinations, however, heing usually put-together
in a simpler manner, may be rcadily unscrewed, cleansed, and
screwed-together again.  Not unfrequently an objective is
renderced dhun by the cracking of the ecment by which the
lenses are united, or by the insinuation of moisture hetween
them ; this last defeet occasionally ariscs from a fault in the
quality of the glass, which is technically said 1o sweat.” In
neither of these cases has the Microscopist any resource, save
in an Optician experienced in this kind of work ; sinee his
own altempts 1o remedy the defeet are pretty sure to be
attended with more injury than benefit.

79. General drrangement of the Microscope for se~The
inclined position of the instrument, already so frequently
referred-to, is that in which Obscrvation by it can be so much
more advimtageously carried-on than it can he in any other,
that, this should always be had-recourse-to, unless particular
circwmstances render it unsuitable.  The preeise inclination
that may prove to be most convenient, will depend upon the
“build’ of the Microscope, upon the height of the observer’s
scat as comparcd with that of the table on which the instru-
ment rests, and lastly, upon the tallness of the individual ; and
il must be determined in cach case by his own experienee of
what suits him best,—that which he finds wost comfortuble,
being that in which he will he able not only to work the
Iongest, It to see most distinelly—The seleetion of the
object-glasses and eye-picees to be employed, must he entirely
determined by the character of the object.  Large objeets
presenting no minute structural features, should always be
examined in the fiest instance by the Jowes? powers, wherehy a
general view of their nature is o'%)tuinvd; :m(] since, with lenses
of comparatively long focus and small angle of aperture, the
precision of the focal adjustment is not of so wuch consc-
quence as it is with the higher powers, not only those parts
can be scen which are exactly in foeus, but those also ean be
tolerably well distinguished, which are not precisely in that
planc, hut ave a little nearer or more remote. When the general
aspeet of an objeet has been sufliciently examined through low
powers, its details may be serutinized under a higher wnphfi-
cation ; and this will gc required in the first instance, if the
objeet be so minute, that little or nothing can he made-cut
respecting it, save when a very eularged image is formed.
The power needed in each particular case, can only be learned
by experience; that which is most suitable for the several
classes of ohjects hercafter to be deseribed, will be specified
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under cach head.—In the general examination of the larger
class of objeets, the range of power that is afforded by the
“crector’ in combinafion with the “draw-tube’ (§ 14, will be
found very uscful; whilst for the ready exchange of a low
power for a high oue, great conyenience is afforded by Mr.
Brooke’s objeet-glass holder (§ 50).

80. . When the Microscopist wishes to angment his magni-
fying power, he has a choice between the employment of an
Objcective of shorter focus, and the use of a deeper Eye-piece.
It hie possess a complete series of objeetives, he will generplly
find it best to substitute one of these for another, witRout
changing the eye-picee for a deeper one; but if his “powers’
he separaled by wide intervals, he will be able to break the
abruptuess of the inercase in amplilication which they pro-
duce, by using cach objective first with the shallower, and
then with the deeper cyc-rivcc. Thus if a Mieroseope be
only provided with two objectives, of 1 inch and 1-#th inch
focus respeetively, and with two eye-preces, one nearly
double the power of the other (as will he the case with
Messrs. Smith and Beek’s new Edueational - Mieroseope,
p- 89 wofe), such avange as the following may be obtained,
—353, 100, 200, 350 diameters; or, with two objeetives
of somewhat shorter focus, and with deeper eye-picces (as
is the case with an instrument. in the Author’s possession,
constructed by Kelluer of Wetzlar, whose Mieroscopes have
acquired for themselves a deservedly-high reputation),—
88, 176, 350, 700 diameters.  The use of the *draw-tube’
(§ 43) enables the Microscopist still further to vary the mag-
lﬁf_ying power of his instrument, and thus to oblai almost
any cxact number of diameters he may desire, within the
limits to which he is restrieted by the foeal length of his
ohjectives. The advantage to be derived, however, cither
from ¢ deep exe-piceing,” or from the use of the draw-tube, will
mainly depend upon the quality of the object-glass.  For if it
be imperfectly corrected, its cirors ave so much exaggerated,
that morg is lost in defintion than is gained in amplification ;
whilst, if its aperture be small, the loss of Tight is an cqually
serious drawhack.  On the other hand, a combination of
perfeet constiuction and wide angle of aperture, will sustain
this treatment with so little impairment in the perfection of its
image, thai a magnifying power may be obtained by its usc,
such as, with an ifepior instrument, can only he derived from
an objective of much shorter focus combined with a shallow

M
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cye-picce*  Tn making any sucl comparisons, it musi be
constantly borue in mind that the real question 1s, what can be
seen 2 1t is always desirable for the purposes of rescarch, to
employ the Jowess power with which the details of structwie
can he clewrly made-out; smee, the lower the power, the less
is the liability to error from false appearances, and the better
can the mutual relations of the different parts of the object
be appreciated. Tenee in festing the optieal quality of a
Microscope, the question should always he,—not, what is its
greatest magmfying power,—but, what is the es/ magnilying
power under wlieh i will show objeets of a given degree
of dillieulty.

81. In making the Foeal Adjustment, when low powers ae
used, it will seeely be necessary o employ anmy but the
coasse morement , provided that the rack be well eut, the pinion
work m b smoothly and easily, withoul either “sprig,” <loss
of 1me,” or “twist,” and the milled-head be laree enongh to
give the requsite leverage. Al these are requisites which
should he found in every well-construeted instiwment 5 and
its possession of them should be tested, like its freedom fiom
vibtation, by the use of high powers, sinee a really-good
coarse adjustment should cuable the observer to < focus’ an oh-
Jeetive of L-Sthumeh with preeision. What is meant hy *spuing’
13 the alteration which may often be obseryved to take place on
the withdiawal of the hand 5 the objeet which has heen hrought.
precisely mto foens, and whicl so remains as long as the
nilled-head s hetween the fingers, beecommg indistinet when
the milled-head is let-go. The souree of this fanli may he
cither e the rack-movament, itself, or m the general frammg
ol the mstrument, which is so weak as to allow of displace-
ment by the mere weight or pressure of the haud ; <hould the
latter he the case, the “spring” may he in great degiee pre-
venled, by emefully abstainmg from bearony-o0 the alled-
head, which should be simply sofaled between the fingers.
By *Joss of 1nme’ is meant the want of suflicient readiness in
the acton of the pinion wpon the rack, so that the nnlled-
head may he moved a little in either direction, without afleet-
ing the body;* thus oceasioning a grest diminntion in the
sensitiveness of the adjustment. This fault may sometimes
be deteeted in Maeroscopes of the best origal construction,

» The 1-10thy object-glass of Messrs Snuth and Beek was speaally distin-
gwished by the Jurors of the Great Exlubntion, as afording, by the use of
deep eve-preees and the draw-tube, a power fully equivalent m the 1esolution

of diflien't tests, to that which a few years previously eculd only have been
gnen by cnohjective ot 1-Sth inch.
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which have gradually worked-loose, from the constancy with
which they have been in employment ; and it may often he
correeted by tightening the screws that bring {he pinion
to hear agamst the rack.  And by ‘twist’ it is intended
to express that apparent movement of the ohject across the
field, which results from a real displacement of the axis of the
body {o one side or the other, owing to a want of correet
Gittmg* in the working parts.  As this last fault depends
entirely on bad original workmanship, there is no l'onwky for
it; but it is one which most seriously inferferes with the
convenient use of the instrument, however excellent mi#y be
its optical performance.—1Iu the use of the coarse adjustment
with an objective of short focus, extreme care is neeessary to
avoid hringing it down upon the object, to the injury ol
one or both; for although the spring with which the tube for
the reeeption of the objeet-glass is furnished, whenever the
fine adjustment Is imediately applied 1o this (§ 31), takes-oft
the violenee of the erushing action, yvet such an action, even
when thus moderated, ean searveely fail to damage or disturh
the objeet, and way do great misehiel to the lenses. Where
no such spring-tube is futmshed, the fine adjustment, heing
otherwise provided-for, oc heing uot supplied at all, still
arcafer cave is of course required. I is here, perhaps, well
to notice, for the guidanee of the young Mieroseopist, that
the «clval distance between the objeet-glass and the object,
when a distinel ymage is formed, is always considerably less
than the wominal focal Tength of the objeet-glass ; thus, the
distance of {he 1 el or 2-3 wmeh ohjeel-glass may he litile
more than hall an meh; that of the 4-10 inch may be but
hittle more than one-tenth of an inehy that of a 1-1ora l1-5
meh may seareely exeeed ove-twentieth: that of a 1-8 inch
may not he one-forticth; and that of a 1-12 or a 1-16 inch
may be so close as not to admif the intervenfion of a lni(-(‘c of
elass no more than one-hundredth of an ineh in thickness.
The reason of this is, that the focal length of an Achomatie
objeetive 15 estimated by that of the Smgle Tens with which it
agrees in the size of fhe image it forms, ind therefore in
magnifying power (e. ¢, it is sad 1o be of Finel foeus, when
its power 1s cquivalent to that ol a single lens, which brings
arallel rays 1o a point at an inch distanee) 5 whilst from ifs
{;ving composed of & combination of lenses, the point from
which that {ocal destance has really to be measured, is not at
the surfuce of ils fromt lens, hui at some distance behmd it,
i the interior of the combination.—One more precaution it
M2
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may he well to specify ;—namely, that either in changing one
object for another, or in substituting one objective for another,
save when powers of such focal length are employed as to
remove all likelihood of injury, the “body’ should be turned
to onc side, where the construction of the Microscope admits
of this displacement, or (where it does not) should have its
distance from the stage increased by the € coarse movement.
This precaution is zﬁ)so]uhzly necessary, when objectives of
short focus are in use, to avoid injury cither to the lenses or
to the object ; and when it is habitually practiscd with regard
to these, it becomes so much like an “acquired instinet,’ as to
be almost invariubly practised in other eases.

82. In obtaining an exact Focal Adjustinent with object-
glasses of less than half an inch focus, it will be generally
found convenient to employ the five morement ;  and as
recourse will frequently be had to its assistamee for other
purposes also, it is very importand that it should he well con-
structed and in good working order.  The points to be pur-
ticularly looked-to in testingit, arc for the most part the same
with those already noticed m relation to the course movement.
1t should work smoothly and equably, producing that graduated
alteration of the distance of the object-glass from f(le object,
which it is its special duty to cffect, without any jerking or
irregularity. [t should be so sensitive, that any movement of
the milled-head should at once make its action apparent, by an
alteration in the distinetness of the image, when high powers
are cuployed, withont any ‘loss of time.*  And s action
should not give rise Lo any twisting or displacing movement, of
the image, which ought not to bein the least degree disturbed
by any number of votations of the milled-head, still less, by
rotation through only a few degrees.—Oue great use of the
“fine adjustment’ consists in bringing into view different
stratu of the objeet, and this in such a gradual manner that
their comnnection with one another shall he made apparent.
Whether an opague or a trausparent object be under exami-
nation, only that part ean be perfeetly discerned under any

wower, which §s exactly in focus ; and when high powers of
]:u'gc aperture are employed, this is fae only part that can
be scen at all. A wminute alteration of the focus often

* It will sometimes happen that the “fine movement’ will seem not to act,
merely beeause 1t has been so habifually worhed m one direction rather than
the other, that its serew has been turned toofar.  In that case, nothing more
18 requined for ats restoration to good working order, than turnmg the serew
m the other direction, until 1t shall have reached about the muddle of its
range of action,
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causes so cntirely-different a set of appearances to be pre-
sented, that, if this alteration be made abruptly, their relation
to the preceding can searcely be even guessed-at; and the
gradual transition from the one to the other, which the fine
adjustment alone affords, is therefore necessary to the
correct interpretation of either.  To takea very simple case :—
The transparent body of a certain animal being traversed
by vessels lying i different planes, one sct of these vessels
is brought mto view by one adjustment, another set by
“focussing’ to a different planc; and the conneetion of the
two sets of vessels, which may be the point of most imfior-
tance in the whole anatomy of the animal, may be cntirely
overlooked, for want of a fine adjustment, the gm({luntcd action
of which shall cuable one to be traced contmuously into the
other.  What is true even of low and medium powers, is
of course true to a still greater degree of high powers; for
although the “coarse movement’ way enable the observer to
bring any stratum of the object into accurate focus, it is
impossible for him by its weans Lo secure thal fransitional
“focussing,” which is often so much more instructive than an
exael adjustment at any one poinf. A clearer idea of the
nature of a doubtful struetuve is, in fact, often derived from
what is eaughi-sight-of iz the act of changing the focus, than
by the most attentive study and comparison of the different
views obtamed by any number of separate ¢ focussings.”  The
experienced Mieroscopist, therefore, when examining an object
of almost any description, constantly keeps his finger upon the
milled-head of the “fine movement,” and watches the effect
produced by its revolution upon every feature which he dis-
tinguishes ; never leaving off, until he be satisfied that he has
serutinized not only the entire surfirce, but {he entire thickness
of the object. It will often happen, that, where different
structural features present themsclves on different planes, it
will be difficult or even impossible to determine which of them
is the nearer and which the more remote (it being the special
result of the ordinary mode of viewing ohjects by transmitied
light, that such differcnces are obliterated), unless, by the use
of the ¢finc movement,” it he ascertained, when they are
successively brought into focus, whether the objeet-glass has
been moved Zowards or away-from the objeet. Even this, how-
ever, will not always suceced m certain of the most difficult
cases, in wineh the difference of level is so slight as to be
alwost inappreciable ;—as, for instance, in the ease of the
markings on the siliccous Jorice of the Diatomacese (Fig. 80).
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83. When Objectives of short focus and of wide angular
aperture arc heing employed, something more is necessary
than exact focal a(Tjustm(-nt ; this being the Adjustnent of Lhe
Object-glass itsclf, which is required to neutralize the disturh-
ing effect of the glass cover upon the conrse of the rays pro-
ceeding from the ohjeet (§ 15).  For this adjustment, it will
he recollected, a power of altering the distance hetween the
front pair and the remainder of the combination is required ;
aud this power is oblained in the following mauner.  The
front pair of lenses is fixed into a tube (Fig. 53, a), which

Fra. 53.

Uncovered
Jovered

Seetion of an Adjusting Object-tilass,

slides over an interior tube () by which the other two pairs
are held; and it is drawn up or down by means of a collar (),
which works in a furrow cut in the mner tube, and upon a
serew-thread eut in the ouler, so that ifs revolution m the
planc to which it is fixed by the one tube, gives a veitieal
movement to the other.  In‘one part »f the outer tube, an
oblong slit is made, as seen at , inlo which projects a small
tongne, serewed on the inner tube; at the side of the former
two horizoutal lincs are engraved, one pointing to the word
‘uncovered,” the other to the word € covered ;” wlilst the latter
is crossed Dy a hovizontal mark, which is hrought to coincide
with cither of the two lines by the rotation of the screw-
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collar, which moves the outer tube wp or down.  When the
mark has been made 1o point to the line “uncovered,” it
indicates that the distance of the lenses of the object-glass is
such, as to make it suitable for viewing an objeet without any
interferenee from thin glass : when, on the other haud, the
mark has been brought, by the revoluwtion of the serew-collar,
into coineidence with the line ¢ covered,” i indicates that the
front Iwns has heen hrought into such proximity with {he other
two, as to produce a ¢ positive aberration” in the objeetive,
flitted Lo neutralize the negative abereation” produeed by the
interposition of a glass cover of a certuin thickness. is
evident, however, that unless the particular thickness of glass
for which this degree of alteration is swted, be always em-
ployed for this purpose, the correetion caunot be exaet; and
means must be taken for adapting it o every grade of thick-
ness, whielo may be likely {o present itself in the glass-covers
Unless his correetion be made with the greatest preeision,
the enlargement of the anele of aperture, to which our
Opticians have of Tate applied themselves with sueh remarkable
suceess, hecomes worse than useless; being a souree of
diminished instead of nereased distmetness m the details of
the objeet, which are far hetter scen with an objective of
areatly mferor aparture, possessing no speetal adjustment for
the thiekness of the glass. The following general rule is
aiven by Mr. Wenham, for seenring the most cfficient per-
formanee of an objeet-glass with an¥ ordinary objeet, —* Svllv('l.
any dark speck or opague portion of the object, and bring the
outhne into perfect foeas 5 then lay the finger on the nulled-
head of the fine motion, and move it hriskly hackwards and
forwards iu hoth diveetions from the first position.  Observe
the expansion of the dark oulline of the objeet, hoth when
within, and when without, the foeus  If the greater expan-
sion, or coma, 1» when the objeet is without the foeus, or
furthest from the objeetive, the Tenses must be placed further
asunder, or towards the mark <uncovered.” T the greater
coma is when the objeet is wre/hin the foeus, or nearest to the
objective, the Tenses must he hrought ecloser together, or
fowards the mark ‘covered” When the object-glass is in
proper adjustment, the expansion of the outline i exactly the
same hoth within and without the foens” A different indi-
cation, however, is alforded hy such “fest-objeets ” as present
(like the Podura-seale and the Diatomacer) a set of distinet
dots or olher markings.  For “1f the dots have a tendeney to
run mto lines when the objeet is placed welhout the focus, the
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glasses must be brought closer together; on the contrary, if
the lines appear when the object is_withen the focal point, the
object must be further separated ®*  When the angle of
aperture is very wide, the difference in the aspect of auy
severe lest ugder different adjustments becomes at onee
evident ; markings which are very distinet when the corree-
tion has been exactly made, disappearing almost instan-
tancously when the screw-collar is turned a little way round.F

84. Although 1he most perfiet correetion required for each
particular ohjeet (which depends, not. merely upon the thick-
ness of its glass-cover, but upon that of the flwd or balsam in
which it may he mownted) can only he found by experimental
trial, yel for all ordinary purposes, the following simple
method, first devised hy Mr. Powell, will suflice.  The ohject-
glass, adjusted to ‘uncovered,” is 1o be “focussed’ to the
object; its serew-collar is next to be turned, until the surface
of the glass-cover comes into focus, as may he perecived by
the spots or strize by wineh it may be marked ; the objeet is
then to be again hrought into focus by the ¢ fine movement.’
The edge of the serew-collar being now usually graduated,
the particular adjustment which any objeet may have heen
found to requite, and of which a record has heen kept,
may be made again without any dufliculty. By Messrs. Snuth
and Beek, however, who fust introduced this graduation, a
further wse is made of it. By experiments such as those
deseribed inthe last paraginph, the correet adjustment, is fivst
found for any particular object, and the muher of divisions
observed, throngh which the serew-collar must he moved in
order to bring 1t back fo 09 the position suitable for an
uncovered objeet.  The thickness of the glass-cover must
then he measured by means of the “fine movement ;” this is
done by hringing info exact foeus, first the object itsell, and
then the surface of the glass-cover, and by observing the number
of divisions through which the milled-head (which is itself
graduated) has passed in making this change. A definite

* See “Quartg Jonrn. of Microse. Science,” vol. 1 p. 138.

+ Mr. Wenham remarks (loe. eit ), not without justice, upon the difficulty
f making this adjustment, even i the Ohjective of our hest Opticians, and
¢ states that he has hiself sneeceded much better, by making the outer
ube the finture, and by making the tube that carries the other purs shido
athm this, the motion bemg given by the action of an mehned shit in the
evolving collar, upon a pin that passes through a longitudimal slit in the
ier tube, to be attached to the mmer. The whole range of adjustment 13
thus performed withim a third part of a revolution, with searcely any friction,
and with such an immediate transtion from good to bad defimtion, that the
best pont 18 made readaly apparent,
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ratio between that thickness of glass, and the correetion
required in that particular objective, is thus established ;
amll this serves as the guide to the requisite corvection
for any other thickness, which has been determined in like
manner by the “fine-movement.”  Thus, supposing a par-
ticular thickness of glass to be measured by 12 divisions of
the milled-head of the fine movement, and the most 1)(‘1'1'«'(‘!,
performagice of the object-glass to be obtained by moving the
screw-collar through 8 divisions, then a thickness of glass
measured by 9 divisions of the milled-head, would requive the
serew-collar to he adjusted to 6 divisions in order to obiajn
the best effeet. The ratio hetween the 1wo sets of divisiofis
is by no means the sume for different, combinations ; and it
ought to he determined for cach objeetive by its maker, who
will generally be the best judge of the hest € points” of his
lenses ; hut when this ratio has been onee ascertaiued, the
adjustment, for any thickuess of glass with which the objeet
may happen Lo be covered, is readily made by the Microscopist
himself.—Although this method “appears somewhal more
complex than that of Mr. Powell, yet 1t is more perfeet 5 and
when the ratio between the two sets of divisions lias been
once defermined, the adpstment does not really mvolve more
trouble —Another use 1s made of this adjustment by Messes.
Smith and Beek ; namely, to correet the performance of the
ohjeetives, which is disturbed hy the inerease ol distance
between the objeetinve and the eye-picee, that is oceasioned by
the use of the draw-tube (§ #3).  Aecordingly, they mark a
scale of inches on the draw-tube (which is wseful for many
other purposes), and diveet, that for every inch the body is
Iengthened, the serew-collae of the objeetive shall be moved
through a cerfain number of divisions

85, drrangement for Transpacent Oljects —1f the objeet be
already “mounted’ in a shide, nothing more 1s necessary, in
order Lo bring it into the right position for viewing it, thanto
lay the slide upon the obyeet-platform of the stage, and to
support it in such a position (by means of the slidmg ledge or
other contrivance) that the part 1o be viewed 1, as nearly as
can he guessed, in the centre of the aperture of the stage, and
therefore in a line with the axis of the body. If the object
be not ‘mounted,” and be of such a kind that it is fl)cst
scen dry, it may be simply luid upon the glass stage-plate
(§ 67), the ledge of wluch will prevent it from slipping-off
when the microscope is inclined, and a plate of thin glass may
he luid over it for its protection, if its delicacy shouli‘sccm to
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render this desirable. T, again, it be disposed to eurl-up, so
that a slight pressure is needed to flatten or extend it, recourse
may be had to the use of the aquatic box (§ 68) or of the
compressorinm (§ 70), no liquid, however, being introdu ed
between the surfaces of glass. Ina very large proportion of
cases, however, either the objeets to he examined are already
floating in fhud, or it is preferable to examine them in fluid,
on account of the greater distinetness with which they may he
seen s if such objeets he minute, and the quantity of liquid be
small, the drvop is simply 1o he laid on a shp of glass, and
covered with a plate of thin glass ; if the objeet or the quantity
of liguid be Targer, it will be hetter fo place it in the aguatie
box; whilst, if the objeet have dimensions which render
even this inconvenient, the zoophyte-trough (§ 69) will afford
the best medium for its examination.  1f it he wished to have
recourse 10 compresscon, for the expansion or flattening of the
ohject, this may he made upon the ordmary shde, by pressing-
down the thin-glass cover with a pomted stick; and this
method, which allows the pressure to be applied where it may
chance to be most required, will generally he found preferable
for delicate portions of tissue which are casily spread-out, and
which, in fact, require little other compression than is
afforded by the weight of the glass cover, and by the eapillary
aftraction” which draws it into pronimity with the slide
beneath. A firmer and more enduring pressure may be
exerfed by the desterous management. of a well-construeted
aquatic box; and this method is peeulinly valuable for
coulining the movoments of minute animals, so as to keep
them at vest under the field of the microscope, without killing
them. It is where a firm but graduated pressure s required,
for the flattening-out of {he bodies of thm semi-tiansparent
animals, withont, the neeessity of removing them from the
field of the microscope, that the compressornun is most
useful.  Whevever the fivst and simplest of the above methods
can he had-recourse-to, it is the prefcrable one; sinee the
ohject, when on a glass slide, ean be subjeeted to the Achro-
matie Condenser, Polariscope, Oblique LHunination, &e., with
far more convenience than when removed to a plane above
the stage, as it must be when the aguatic box is used.
—Whether the ohjeet be submitted to examination on a slip
of glass, or in the aquatic hox or compressorium, it must he
fiest brought approximately indo position, and supported
there, just as if it were in a mounted shde.  The preeise
mode of effecting this will differ, accordmg to the particular
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Lan of the instrument employed ; thus in some, it is only the
R‘(lgc itself that slides ulong the stages in others, it is a
cartiage of some kind, whercon the object-shde rests; in
others, again, it is the centire platform itsclf that moves upon
a fived plate beneath.

86. Ifaving guided his objeet, as nearly as he can do by
the unassisted eye, into its proper place, the Microscopist
then brimgs lis light (whether natural or artificial) fo hear
upon it, by furning the mirror in such a direetion as to vefleet
upon its under surface the rays which are received by itself
from the sky or the lamp.  The concare mirror is that whigh
should always be first emploved, the plece being veserved for
special purposes 5 and it should bring the rays to convergenee
i or near the plane in which the object lies (Fig. 54).  The

T1G. 54

Arrangement of Microscope for Fransparent Objects,

distance at. which i, should be ordinarily set heneath the
stage, is 1hat at which it brings parallel rays {0 a foeus 5 but
his distance should he capable of elongation, hy the lengthen-
ing of the stem to which the wuror is attached ; since the
rays diverging from a lump at a short distance, are not
s soon hrought to a foeus, ~ The correct focal adjustment of
the mirror may be judged-of, by its formation of images of
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window-hars, chimneys, &c., upon any semi-transparent medinm
placed in the planc of the object. It is only, however, when
small objects are heing viewed under high magnifying powers,
that such a concentration of the light reflected by the mirror
is either nceessary or desirable ; for, with large objects, seen
under low powers, {he ficld would not, in this mode f)c cquably
illuminatcdl.] The diffusion of the light over a larger arca may
be sceured, cither by shifting the mirror so nuieh above or so
much below its previous position, that the peneil will fall
upon the object whilst still converging or after it has met and
dwverged ; or, on the other hand, by the interposition of a
plate of ground-glass in the course of the converging peneil,—
this last method, which is peenliarly appropriate o lamp-light,
being very easily had-recourse-to, if the diaphragm-plate, as
formerly recommended (§ 55), have had its largest aperture
filled with such a diffusive medium.—The eye heing now
applied to the Bye-picee, and the hody being € focussed,” the
objeet is to be hrought into the exact position required, by
the use of the traversing-movement, if the stage be provided
with it ; il not, by the usc of the two hands, one moving the
objeet-slide ftom side to side, the other pushing the ledge,
fork, or holder that carries it, cither forwards or backwards,
as may be required. It is always to be remembered, in
miking such adjustments hy the direet nse of the hands, that,
owing to the mverting action of the microscope, the motion
to he given to the objeet, whether lateral or vertical, must be
preciscly opposed to that which its image seems to require,
save when the Ereetor (§ 44) is employed. When the object
has heen thus brought fully into view, the Mirror may
require a more accurate adjustment.  What should he aimed-
at, is the diffusion of a elear and cquable light over the entire
ficld ; and the observer should not he satisfied, until he has
aitained this object. If the field should he darker on one
side than on the other, the mirror should he slightly turned in
such a direction as to throw morc light upon that side;
perhaps in so doing, the light may be withdrawn from some
part previously illuminated; and it may thus he found
that the penéil is not large cnough to light-up the entire field.
This may he owing to onc of threc causes : cither the cone of
rays may be received by the ohjeet too near to its focal apex,
the remedy for which lics in an alteration in the distance of
the mirror from the stage ; or, from the very oblique position
of the mirror, the cone is 1oo wmuch narowed across one of
its diameters, and the remedy must be sought in a change in
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the position cither of the wmicroscope or of the lump, so
that the face of the mirror may not be turned so mueh away
from the axis of vision ; or, again, from the ecutre of the mirror
being out of the optical axis of the instrament, the illmminating
cone is projected obhiquely, an error which can be rectified
without the least difliculty. If the cone of rays should come
to a focus in the object, the ficld is not unlikely to be crossed
by the undges of window-bars or chimneys, or the form of 1he
lamp-flame may bhe distinguished upon it the former must he
got-rid-of by a slight change in the inelination of the mirror ;
and if the latfer canmot he dissipated in the same way, thé
lamp should be hrought a httle nearer.

§7. The equable illunination of the entire ficld having heen
thus obtained, the guantity of light to be admitted should he
regulated by the Diaphragm-plate (§ 55).  Tlus must depend
very much upon the nature of the object, and wpon the intensity
of the hight.  Generally speaking, the more fransparent the
objeet, the less light does it need for its most perfeet display;
and ats most delicate markings are frequently only made
vistble, when the major part of the cone of rays has heen eut-
ot Thus the movement of the ¢iZir,—those minute vibratile
filaments, with which almost every Auimal is provided m
some patt of s organism, and whiech many of the humbler
Plands also possess,—can only be diseerned m many instances,
when the hght is admatted through the smallest aperture,
On the other hand, the less transparent objeets usually require
the stronger illununation wluch is afforded by a wider cone of
Tays; and there are some (such as semi-transparent seetions
of fossil teeth) whieh, even when viewed with low powers, are
better seen with the intenser hght afforded by the Aehromatie
Condenser.—In every ease 1 which the objeel presents any
considerable obstruction to the passage of the 1ays through
it, great carc should he taken to profeet it entirely from
ducrdent light 5 sinee this extvemely weahens the effeet of that
which is veecived into the nueroscope by transmssion. I is
by daylight that this interference is most likely to occur:
sinee, i the precautions already given (§ 76) respeeting the
use of Lunplight be observed, no great amount of hght ean
fall upor the upper surface of the objeet.  The observer will
be warned that such an effeet is being produced, by perceiving
that there is a want, not. only of brightuess, hut of clearncss,
in the image; the field being veiled, as it were, by o kind of
thin vapour; aud he may at onee satisfy himself of the cause,
by iuterposing his hand between the stage and the source of
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light, when the immediate inercase of brillimey and of dis-
tinetness will reveal to lum the oecasion of the previous defi-
cicney in hoth.  Nothing more is necessary for its perma-
nent avoidance, than the interposition of an opaque screen
(blackened on the side towards the stage) ]])ot\\ cen the
window and the objeet ; care heing of course tuken, that the
sereen does not interfere with 1he passage of light to the
mirror.  Such a sereen may be easily shaped and adapted
cither to he carried by the stage itself, or Il)y the stand for
the condenser; but it 15 seldom employed by Microscopists,
as it interferes with aceess to the left side of the stage, and
the interposition of the hand, so often as it may be needed,
is more frequently had-recourse-to in preference, as the more
convenient expedient.  The young Microscopist who may he
cxamining transparent objecets by daylight, is vecommended
never to omit ascertaining, whether the view wlieho he may
oblain of them, is in any degree thus marred by incident
light.

88, Although the ithunination afforded by the Mirror alone
is quite adequate for a very large proportion of the purposes for
which the Mivroscope may be profitably employed (nothing
clse having heen used by many of those who have made most
valuable contributions to Scienee by means of s mstrn-
ment), yet, when high magnifying powers are employed, and
sometimes even when but o very moderate amplification is
needed, great advantage is gained from the use of the fehro-
amalic Condenser. The various modes i whiel this may be
constructed, and may be fitted 1o the Mieroseope, have heen
alveady deseribed (§ 56) 5 we have now to speak of the mammer
of using il. The lenses with wlich the Condenser is provided
should be made to separate {from cach other, in sueh a manner
that fwo or three distwet powers should he afforded; 1he
complete combination should he used with obyeetives of 1-3th
imch foeus or less; the front lens should be vemoved with
objeetives of from half {o a quarier of an inch foeus 5 and the
sceond lens may be removed, so that the back lens will he alone
employed, when it is desired to use the eondenser with objee-
tives of less than hall an inch foers, 1t is of the greatest
importance that the Condenser should he aceurately adjusted,
beth as to the coineidence of its optical axis with that of the
Microseope itsell, and-as to its focal distance from the object.
The eentering may he most readily accomphished, by so adjust-
ing the distance of the condenser from the stage (hy the
rack-and-pinion action, or the sliding movement, with which it
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is always provided), that a sharp circle of light shall be
thrown on any semi-transparent medimn Inid upon it 5 then,
on this heing viewed through the Microscope with an objec-
tive of sufliciently low power to take-in the whole of ity if
this cirele be not found to he coneentrie with the field of
view, the axis of the condenser must be altered by means of
the milled-head tangent-serews with which it is provided.
The fm‘///‘m{/u.s/m('///, on the other hand, must he made under
the objective whieh is o be employed in the examination of
the objeet, by turning the muror in such a manuner as to
throw upon 1he visual image of the objeet (previously hrough?
into the focus of the Mieroscope) an image of a chimney or
window-bar, 1if daylight be vnlp‘u_\vd, or of the top, hottom,
or edge of the Tamp-lame, it Tanp-light he in use: sueh a
vertical movement should he given to the condenser, as may
render the view of this as distinet as possible: and  the
dwreetion of the mirtor should then be sufliciently changed to
displace these miages, and to substitute for them the elearest
light that eax be obtamed. It will generally he found, how-
ever, that although such an exaet focussing gnves the most
perfeet results by dayheht, yet that by lamp hight the hest
Wlumintion s obtained, when the eondenser is removed 1o a
somew hat greater distanee from the obyeet, than that at which
it gives a distinet image of the lunp L every ease, mideed,
in which it s desned to aseertam the effeet. of rareely m the
method of Mlwmmation, the effeets of alterations in the dis-
tanee of the condeuser from the objeet should he tried ; as it
will often happen that delicate markings hecome visible when
the condenser 1s alittle v/ of focus, whieh cannot be distin-
guished when it is precisely o focus —The daphragm-plate
with which all the Ilw.sl, forms ol Achromatic. Condenser are
now furnished, enables the observer not only to vary (he
angle of his illommating peneds through avange of from 200
10 80°, but also to stop-oll’ the central portion of the peneil,
so as to allow only 1ts most oblique rays 1o pass, and the
confrast, presented Dy the aspeet of many objeets, accordmg
as the size and form of the aperture i the diaphragm plate
linuts the rays transmitted by the condonser to those of the
central or those of the peripheral portion of the penel, s often
so marked, as to show heyond question the great importanee of
this mode of varying the illumination.—When the Condenser
is employed, the plawe Mivror muy often be substituted with
advantage for the coneand; the eluef elfeet of this exchange
being to diminish the quantity of light, without altering the
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angle of the illuminating pencil. It must he horne in® mind,
in mauking such an alteration, that the plane mirror reflects
parallel or (if from a lamp) diverging rays, instead of the
converging rays reflected by the concave mirror; so that the
focus of the condenser is likely to require re-adjustment. For
ohjects of great delicacy and {ransparency, the “white-cloud’
illumination (3§ 58) may be had-recowrse-to with advantage ;
or, if it he desired that the illuminating peneil should be {ree
from the error imparted by the double reflection of the mirror,
the mirror may he turned aside, and in its stead the lamyp (if
the ohservation be made by artificial light) may be placed in
the axis of the microscope; or the mirror may be replaced by
¢ Dujardin’s prism’ (§ 57), which will be equally available
either by (lnylighf or by lamp-light.

§9. Should 1t he desired, however, to try the effeet of very
oblique light upou an objeet, the Achromatic Condenser must
be removed (unless, as in Mr. Sollitt’s arrangement, § 130, it
be so coustrueted as to be eapable of inelination to the axis of
the Mieroscope), and other means must he employed.  The
Simplest method, where the mirror is mounted on an “arm?’
(Fig. 29), is 1o turn it {0 oue side, so as to reflect the rays at
a considerable angle ; and where this cannot be done. nearly
the samc effeet is produced hy placing the lamp iu the dirce-
tion from which 1t is desired that the oblique rays should
roceed, and interpfosing an ordinary condensing lens between
it and the objeet.  Ov, if the Microscopist be provided with
the means of mounting a ‘Dujardin’s prism” ou a separate
stand, he may place it in such a position as to refleet light
from any point required: and he may concentrate that light
by an ordinary condenser.  The possession of Amic’s prism,
however (which serves hoth as wirror and condenser, § 60), will
save the necessity of any other provision of this kind.—1t is
when objeets are thus itliminated by oblique light, and when
their markings are of such a kind as 1o he bes/ or to be anly
shown by light falling upon them in one particular diceetion,
that we derwve the greatest advantage from the power of
giving a rotatory movement cither to {he objeet or to the

illuminating appioatus.  Thus suppose that

A an object be mairked by longitudmal striz,

] 1oo famt to be scen by ordinary direet light ;

. ,  the oblique light most fitted 1o bring them
¢ into view, will he that proceeding in cither
of the dircetions cor p ; that which falls upon

B - it in the directions o and B, tending to
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obscurc the strie rather than to disclose them,  Bui, more-
over, if the striwe should be due to furrows or prominences
which have oue side inclined and the other side abrupt, they
will not be hrought into view indifferently by light from ¢ or
from », but will he shown best by that which makes the
strongest shadow : henee if there be a projecting ridge, with
an abrupt side looking towards ¢, it will be hest seen by light
from 1 whilst if there he a furrow with a steep bank on the
side of ¢, it will be by light from that side that 1t will be best
displayed.  But it is not at all unfrequent for the longitudinal
strize to be erossed by others; and these transverse sirize pvill
usually he best seen by the light that is least favourable for
the longitudinal ; so that, in order 1o bring them into distinet.
view, cither the illuminating pencil or the objeet must be
moved a quarter round  The revolving action with wlieh the
stage of Mr. Ross’s Microscope is provided (§ 37), enables
this movement to be given 1o the objeet without any displace-
ment of ats image, which of conrse exeeufes, to the eve of the
observer, a rotation in the opposite direetion.  In other
microscopes, however, it s diflicult fo gve awotation to the
objeet, hy cansing the objeet-platform to {urn upon its axis,
without thiowmg the obyeet out of the field (§ 35); though
this sy be :u-mmplislu'(r, by sueh an adjustment of the tra-
versing movement, as shall hiing the eentre of the tube on
whieh that platform fwns-round, into the visual anis of the
microscope—or, i this adpustinent canmot he conventently
made in the first instance, by keeping the right hand con-
stant Iy in action upon the milled-heads of the stage-movement,
whilst the Teft hand rotates the objeet-platform, so as, by
means of the former, to correet the displacement of the objeet.
oceasioned by the latter 1t may be saflicient, however, to
examme the objeet in several different positions, so that the
appearances i, presents meeach may he compared, withont thus
watehing the tramsition from one fo the other.

90. There are many kinds of transparent objeets, espectally
sweh as cither consist of thm plates, disks,or spieules of siliccous
or calearcous matter, or contain such hodies, which are peen-
liarly well seen under the loch-grovad illumination (§§ 61,
62); for not only does the brilhant lunmmosity which they
then present, contrasting remarkably well with the dark
grouud behind them, show their forms to (‘xh':mrdinuri' advan-
tage; bub this mode of illumination mparts to them an
appearance of solidity, which they do not exhibit h{) ordinary
transmitted light (§62); and it also frequently brings-out

N
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surface-markings, which arc not othcrwise distinguishable.
Hence, when any object is under examination, that ean be
supposed to be a good subject for this method, the trial of
it should never he omitted. For the low powers, the use of the
¢spotted lens’ will he found sufliciently satisfactory; for the
higher, the paraboloid should be employed (§ 61).—Similar
general remarks mﬂ{ be made, respecting the cxamination of
objects hy polurized light.  Some of 1he most striking effcets
of this kind of illumination, arc produced upon bodics whose
particles have a erystalline ageregation; and hence it may
often be employed with great navantngc to bring such bodies
into view, when they would not otherwise he distinguished ;
thus, for cxample, the raphedes of Plants are much more
clearly made-out, by its means, in the midst of the vegetable
tissues, than they can be by any other. But the peculiar
effects of polarized light arc also exerted upon a great number
of other organized substances, hoth Animal and Vegetable;
and it often reveals differences in the arrangement or in the
relative density of their component particles, the existence of
which would not otherwise have been suspeeted; heuee, the
Microscopist will do well to have recourse to it, whenever he
may have the least suspicion that its usc can give him an
additional power of diserimination.

91. Arrangement for Opuque Objects—Although a Targe
proportion of the objeets hest suited for Microscopie examina-
tion are cither in themselves sufticiently transparent to admit
of being viewed by light ¢ransmitted through them, or may be
made so hy appropriate means, and although that micthod
(where it ean he adopted) is generally the one best fitted for
the elueidation of the details of thewr structure, vet there are
many objeets of the most intercsting character, the opacity of
whieh cntirely forbids the use of this method, and of whieh,
therefore, the sarfuces ouly can be viewed, hy means of the
incident rays which they refleef. These are, for the most
yrt, objeets of comparatively large dimensions, for which a
low magnifying power suflices; and it is specially important,
in the examination of such objects, not to use a lens of
shorter foetls than is absolutely neeessary for diseerning the
details of the structure; sinee, the Jonger the focus of the
objective employed, the less is the indistinetness produced by
inequalities of the surface, and the luger, 0o, may be ifs
aperture, so as to admit a greater quantity of light, to the
great improvement of the brightness of the image. Tt is
surprising how little attention has been given by Opticians to
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the construction of objectives suitable for this purpose. In
their zeal for the improvement of the higher powers of the
Microscope, they have thought comparatively little of the
lower; and in Continental Microscopes, it is rarc to meet
with an objeetive which will give cven a tolerable view of a
large opaque object. The Author, indeed, well remembers
the time, when it was not thought worth-while, cven by
Tnglis Opticians, to construct Achromatic objeet-glasses of
less than an inch foeus; and the production of objectives of
1} in. and 2 in. focus has been chicfly called-for, in consequence
of their value in displaying anatomical preparations in wlfich
the blood-vessels have heen injected with colouring-matter.
The view which is afforded of large opaque objeets, however,
by a Compound microscope, furnished with even an imperteetly-
correeted Achromatic objeet-glass, giving a magnitying power
of 20 or 25 diameters, is so greatly preferable to that which is
given by any Simple microscope, that no instrument thae is
intended for'gencral rescarch should be wnfurnished with such
a power. It s espeeially required in Microscopes that are to
he used for Edueational purposes; sinee 1t is most important
that the young should Lc trained m a knowledge of the
wouders and beauties of the familiar objeets around them ;
and au objective of low power and wide aperture, adapted to
the examination of a large surface at onee, affords & means of
displaying these, such as can be alforded in no other way,
save hy the use of the Frector and draw-tube (§ +1). A
microscope furnished with these appendages, need not he
supplicd with an objective of longer focus than 1 . or
8-10ths in.; but the Author would strongly recommend to such
as do not possess them, that they should give to a ¢ dividing’
1% . or 2 in. (in which the front-lens is removable, and 1s
replaced by a perforated eap that limits the aperture of the
back-lens, which 15 then employed by itself, having a foeus of
ahout 3 m.) a preference over sugh as do not thus supply the
extremely low power which he recommends *

92. The mm‘c of hringing opaque objects under view, will
differ accordmg to their ‘mounting,” and to the manner in

* A sngle parr (lmt and crown) of about 21, focus, was constructed at
the Author's request, some years smee, by Messes, Snuth and Beck, for the
speeral purpose of” exhibitmg mjected preparations, and other opaque objects,
and 1ts performance has been so satisfactory to him, that he was induced to
urge upon the Microscopic Comnuttee appomted by the Soaety of Arts,
that the Educationd Microscope fo, which they mvited competition (§ 31),
<hould be furnishal with sweh a power.  This recommendation having been
adopted, the instrument sclected has been speaally fitted for the class of
ohyeets above alluded-to

N 2
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which it is desired to illuminaie them. If the object be
mounted in a “slide’ of glass or wood, upon a large opacue
surface, the slide must bhe laid on the stage in the wsual
manner, and the object brought as nearly as possible into
position by the eye alone (§ 81).  If it he not so mounted, it
may he simply laid upon the glass stage-plate, resting against
its ledge; and the diaphragm-plate must then be so furmed, as
to afford it a black back-ground.  For all ordinary purposes,
a plano- or double-comves lens, of about 1% inch diameter,
and 2 inches focus, cither mounted upon a separate stand (as
in Fig. 15), or so attached by a jomted support to the Miero-
scope itself as to admit of being placed in any required

Fi16 oo,

Arvrangement of Microscope for Opuque Objects,

yosition, will answer extremely wdll as a Condenser.~-Tf Day
1ight be employed, the wieroscope slould be so placed that
the strongest light may fall obliquely upon the stage, aud pre-
ferably from the left hand side ; there will then be no diffieulty
m so disposing this condenser, as to afford an itHumination
suflicient for almost any hind of objeet, provided the quality
of the light itsell be good.  Diveet sunhght cannot he here
cmployctﬁ without the produetion of an injurious glare, and
the risk of burring the o})jcct; but the sunlight reflected from a
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bright cloud is the hest light possible.  The condenser should
always be placed at right angles to the direction of the
illuminating rays, and at a distanee from the ohject which
will he determined by the size of the surfuce to be illwninated
and by the kind of light required.  If the magnifying power
employed be high, and the field of view he consequently
linted, it will be desirable so to adjust the lens, as 1o bring
the con® of rays to a point upon the part of the ohjeet under
cxamination; and this adjustment ean only be rightly made
whilst the object is kept m view under the microscope, the
condenser hemg moved in various modes, until that positien
has heen found for it in which it gives the best light. 1f, on
the other hand, the power be low, and it be desived to spread
the light equably over a luge licld, the condenser should be
placed ecither within or beyond its focal distance; and here,
too, the best position will be ascertained by trial. 1t will
often be desirable also, 1o vary hoth the obliquity of the light,
and the direetion iuwhich it falls upon the objeet 5 the aspect
of which is greatly affected by the manner m which the
shadows are projected upon its swiface, and m wiich the
lights are reflected from the various pomts of if. There are
many objeets, indeed, distmguished by their striking appear-
anee when the hight falls upon them on one side, which are
cutirely destitute hoth of bullianey of colour and of sharpness
of outhme, when illummated from the opposite side.  Tenee
it is always desirable to try the effect of changing the position
of the objeet; which, if if he “mounted,” may be first slufted
hy merely reversing the place of the two ends of the slide,
and then, it this he not satisfactory, may he more completely
as well as more gradually altered, by making the objeet-plat-
form itscll revolve, where the stage is litted with such a
movement - if, however, the objeet be not mounted, hut be
simply resting on the stage-plate, it may be reacdhly shiffed by
hand. With regnd to the obliquity of the Thuninating rays, it
is well to remark, that 1f the objeet be *mounted” under a glass
cover, and the mewdent vays fall at oo great an angle with
the perpendicular, a large Tmpm'i on of them will be refleeted,
and the hrillianey of the objeet will be greatly impaired.

93. The same general arrangement. must he made, when
Artificial light is used for the illumination of opaque objects;
the Lunp heing placed in such a position mregard to the stage,
that its rays may fall in the daeetion indicated in Fig. 55; and
these rays being colleefed and coneentrated by the candenser,
as alvcady directed. As the rays proceeding from a lamp
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within a short distance are already diverging, they will not be
brought by the condenser to such speedy convergenee, as are
the ]mleel rays of daylight; and it wmust, therefore, be
further removed from the object, to produce the same effeet.
By madifying the distanee of the condenser from the lamp and
from the objeet respectively, the cone of rays may he hrought
nearly to a foens, or it may be spread almost equably over a
large surface, as may be desired. Tn the illumination of opague
objects, the inferiority of artificial to solar hght is not so per-
ceptible as in the case of transparent objeets 5 and the former
has the advantage of heing miore easily coneentrated to the
precise degree, and of heing more readily made 1o fall in the
precise dircetion, that may he found most advantageous. More-
over, the contrast of light and shadow will be more strongly
marked, when no light falls upon the objeet except that pro-
ceeding from the Jamp used for its illumination, than it can be
when the shadows are partially lightened by the rays which fall
upon the objeet from every quarter, as must he the ease if it
be viewed by daylight. If the ordinary condensing-lens do not
afford a suflicient ilhunination, the large ‘bull’s-cye’ condenser
(§ 64) may be employed; its conves side being turned towards
the lamp, when 1t is desired to bring its rays into the most,
complefe convergenee.  And, if a still more concentrated
light he required for the illumination of a small objeet under
a high power, the small condenser may be so placed as to
reccive the eone where it is reduced to its own size; smee, by
its means, the rays may be brought to a more exact con-
vergence than they can be by the bull’s-eye alone.  Tn this
wanner, very minute hodies may he viewed as opaque objeets
under a tolerably-high magnifymg power; provided that the
brasswork of the extremitics of the objeetives he so hevelled-
off, as to allow the illmminating eone to have aceess to the
object.¥*—No method of illuminating large opaque objects by
lamp-light is more ecffective, than the veflection of light
from a concave speeulum placed near the side of the objeet
(§ 65); this not only affords a brilliant light, which may
he equably spread over as large a surfice as may be required,
hut may, by the mode in which it is jumted to ifs supports, be

* Since the introduction of the Parabolic illuminator, the occasions on
which advantageous recourse can he had to the examination of minute
objeets with high powers by ineident hght, have become much less numerous;
amee these ohjeets are for the most part suflierently trunsparent to adunt of
bemng illuminated by that mstrument; and when they are so, the view of
them wlneh it affords 18 generally much superior to any that can be gained
by the method of 1ltumination deseribed above
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made to throw its rays upon the objeet at a great varicty of
angles, without the necessity of moving the lamp, whereby the
dircction in which the best illumination can be gained,
is readily ascertained.  If & more infense light and a greater
concentration be required, than the speewlum will afford
by reflecting the diverging rays of the lamp, these may be

r(‘ndcr(-,ﬂ lmm]lel or slightly convergent by the interposition
of the bull's-cye condenser, which, for such a purpose, must

have its plene side turned towards the lamp.  This speculum
cannot be so advantageously used by duylligrht, the ordinary
condensing-lens being then ler‘cid('dly preferable. 1

9L If the object which it is dcsiru{ to examine be of small
size, aud of a shape and character that vender it unsuitable to
be laid upon the glass stage-plate, or to be twrned over so as
to bring cach side in twin into the most advantageous position,
—as is 1he ease, for example, with the eapsules of Mosses, the
mouths of which cannot he conveniently brought into view in
this mode,—it may be grasped in the stage-foreeps (§ 66),
which alford great facility for this Kind of manipulation; or,
if it be foo minute or dcﬁvntv {0 be thus held, it may be taken-
up upon the hewd of a small pin, by moistening this with
saliva or with a little thin gum-water; and the pm may then
be cither held in the stage-foreeps, or may be run into the
cork al s opposite extremity. By eareful mampulation,
every part of such an objeet may he brought. under view sue-
cessively, aud miy he exposed to every variety of illumination.
It is in viewing objeets supported in this mode, that the
utility of the Licherkahn (§ 65) is cliefly felt; for, as
the stage-foreeps needs to be shifted into different positions,
50 that the objeet is sometimes riused above and sometnnes
depressed below the level of the stage, in order to present it
under a different aspeet, the side-illummation, whatever he its
sonrce, needs to }w newly adjusted with each change in
the 1)0siti<m ol the object; whilst the Licherkuhn .-ur]usts
itself, so to speak, when the objeet is brought into focus,
If the mirror be so mounted that it canbe turned considerably
out of the axis of the microscope, and the aperture of the
stage be sufliciently large, a ligllt of considerable r)hlj(pliig
may he refleeted from the Lacherkuhn; thus enabling 1t
to afford a kind of illumination, which, as alrcady remarked, is
usually much more valuable than that produced by the ncarly
perpendicular rays sent down by it on the object, when the
mirror is placed in the axis. Whenever the Licherkuhn s
cuployed, care must he taken that the dircet light from the
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mirror he entirely stopped-out by the interposition of a ¢ dark
well’ or of a black disk, of such a size as to i/ the ficld given
by the particular objective employed, but not to pass much
beyond it.—An ingenious cowmbination of a ldemispherical
Lieberkuhn with the Paraboloid (§ 61) has been devised
by Mr. Wenham, for the illumination of minulc opaque
O{jccts by very oblique rays,* and Mr. C. Brooke has attached
a small plune speculum to ohjectives of 1-Sth and 1-12th inch
focus (which cannot be otherwise advantageously employed
with that illuminator), in such a manner that its surface is
level with, or very little helow, that of the outer lens, so as to
reflect downwards upon the object those extreme peneils of rays
which pass-by the aperture of the objeet-glass. In cither
casc, an oblique illumination from one side only may be
obtaied, by shutiing-off cither half of the lower aperture
of the paaholoid.  These contrivances for the exammation
of minute objeets with high powers by ineident hght, have
scarcely yet reeeived the attention they deserve.

95. Frrors of Interpretution.—The correctness of the con-
clusions which the Microscopist, will draw, regarding the
nature of any objeet, from the visnal appearances which it
presents to him, when examined in the varions modes now
speeified, will necessarily depend in great degree upon his
revious experience in microscopic ohservation, and upon his
}mowlcdgu of the class of bodies to which the partienlar
specimen may belong.  Not ouly are observations of ey
kind liable, as already remarked (Introduction, pp. 8-10), fo
certain fallacies arising out of the previous notions which the
obscrver may entertain, in regard to the constitution of the
objeets or the nature of the actions to which his aftention is
directed ; but even the most practised observer is apt to take
no note of such phenomena as his mind is not prepared to
appreciate.  Thus, for example, it canmot he doubted that
many Physiologists must have scen those appearances in thin
slices of Cartilage, wineh are now interpreted as denoting its
cellular organization, without in the least degree suspeeting
their real import, which Schwann was the first to deduee
from the study of the development of that (issue; it was not
known before his time, ““what cells mean” i Animal organ-
ization ; and the retinal pictures which now suggest the idea
of them to the mind of even the tyromthe stu(fy of Histology
(p 26), passed almost entirely unnoticed by keen-sighted and

* “Quart. Journ, of Microse, Science,” vol. ii, p. 155.
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intelligent Microscopists previously to 1839. Errors and
imperfections of this kind can only be corrected, it is obvious,
by general advance in seientific knowledge ; but the history
of them affords a useful warning against hasty conelusions
drawn from a too-cursory cxamiation, 1f the history of
almost any seieutific investigation were fully made known, it
would generally appear, that the stability and completeness of
the conclusions finally arrived-ad, had only been atfained after
many modifications, or even entire alterations, of doctrine.
And it is, therefore, of such greal importance to the correet-
ness of our conclusions, as to be ahnost essential, that they
should not he finally formed and announced, until they have
been tested in every conceivable mode. 1t is due to Scienee,
that it should be burdencd with as few false facts and false
doctrines as possible. It is due to other truth-scckers, that
they should not he wmisled, to the gicat waste of Zheir time
an Yuins, by owr errors.  And it is due to oursclves, that we
should not commit our reputation to the chance of impair-
ment, by the prewature formation and publication of conclu-
sions, which may be at once reversed Dy other observers
better informed than ourselves, or may he proved to be
fallacious af some futwre time, perlups even by our own more
extended aud careful rescarches.  The swspension  of  the
Jedyment, whenerer there seems room for doubt, is a lesson
incaleated by all those Philosophers who have gained the
highest repute for practical wisdom 5 and it is one which the
Mieroseopist cannot too soon learn, or {oo constantly practise.
96. Besides these general warnings, however, ecrtain
speeial cations should be given to the voung Mieroscopist,
with regard to crrors into which he is liahle to be led, by the
misinterpretation of appearances peculiar to objeets thus
viewed, even when the very hest instruments are employed.—
Thus the shavrpuess of the outline of any transparent objeet is
impaired by a change in the conrse of the rays that merely
pass-hy it, which is termed Luflection ov 1 }'//_/-limz. ) 1t any
opaque objeet be held in the conrse of acone of rays diverging
from a focus, the shadow which it will form upon a sereen
held to receive if, will not possess a well-defined edye, hut will
have as its houndary a shaded dand, gradually increasing in
brightness from the part of the sercen on which the shadow is
most intense, to that on which the illumination is most com-
plete,  If the light be homogencous in its ({Juulity, the shaded
and will possess no ‘eolours of ifs own; but if the light be
decomposable, bike the ordinary solar beaw, the band will
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exhibit prismatic fringes.* Tt is obvious that such a diffrac-
tion must exist in the rays transniitted through the substance,
as well as along the cdges, of transparent objects ; and that it
must interfere with the perfect distinetness, not merely of their
outlines, but of their images, the various markings of which
are shadows of portions that afford obstacles, more or less
complete, 1o the perfectly-free transmission of the rays.
There are many objects of great delicacy, in which the * dif-
fraction-band *'is Liable to he mistaken for the indication of an
actual substance; on the other hand, the presence of an actual
substance of extreme transparency, may sometimes be doubted
or denicd, through its being erroneously attributed to the
< diffraction-band.t No rules can be given for the avoidance
of such errors, since they can only he csca yed by the diseri-
minative power which education and hal[)it confer.  The
practiscd Microscopist, indeed, almost instinctively makes the
requisife allowance for diffraction; and scldom finds himself
cmbarrassed by it, in the interpretation of the visual appcar-
ances which he oblains through a good instrument.—DBesides
this unavoidable result of the inflection of the rays of light,
there is a pecaliar phenomenon  attendant upon  oblique
illwnination at certain angles in one direction ; which consists
in the production of a double image, or a kind of overlying
shadow, sometimes presenting markings cqually distinet with
those of the object itself. This image, which is not unlike
the sccondary spectrum formed by reflection from the outer
surface of a silvered-glass mirror, has been called the © duffract-
ing spectrum s but its origin docs not really lic in the
diffraction of the luminous rays, sinee ou the one hand it
cannot he explained according to the laws of diflraction, and
on the other it may be traced to an entirely different cause.
An objeet thus illuminated is seen by two- different sets of
rays; those, namely, of Zransmitted lig‘llt, which pass through
it obliquely from the source of the illumination to the opposite

* This phenomenon is explamed on the Undulatory Theory of light, by the
disturbance whigh takes place in the onward nropagation of waves, when
substdiary centres of undulation arc developed by the impact of the principal
undulations on obstacles in their course; the chromatic dispersion being due
{o the inequality in the lengths of the undulations proper to the scverally-
coloared rays,

+ Thus the account given by Prof. Sharpey and the Author, of the structure
of Muscular Fibre (Chap xvrrt.), has been called in guestion by observers who
had not secn their preparations, on the ground that the ¢ diftraction-band’ had
not been allowed-for. ~ To whatever the appearance 11 question (Fig. 326) may
3'01|d‘w' there cannot be the shghiest question that 1t does not arise from

iffraction, .



ERRORS OF INTERPRETATION. 187

side of the object-glass; and those of radiuted light, which,
heing iutereepted by the object, are given-off from it again in
all dircetious. (The latter alonc are the rays wlmrﬁ)y the
images arc formed in any kind of ‘black-ground’ illumination,
§ 61, 62). Two different images will be formed, when the
illuminating peneil is very oblique, and the angular aperture
of the object-glass is wide; one of them by the light trans-
mitted to one extreme of its aperture, the other by the light
radiated to its gencral surface; and onc or the other of these
images may be stopped-out, by covering that portion of the
lens which receives, or that which does not receive, the
transmitted pencil. This * diffracting spectrum > may be pro-
duced at pleasure, in an object illmnmated by direct light and
secn with a large aperture, by holding a needle or a horschair
hefore the front lens, so as to spht the aperture into two
parts.
97. Errors of interpretation arising from the imperféetion of
the Focal adjustment, are not at all uncommon amongst young
Microscopists.  With lenses of high power, and especially
with those of large angular aperture, it very seldom Lappens
that all the parts of an objeet, however small and flat it may
be, ean be in focus together ; and hence the foeal :uljushncnt
bemg exactly made for one part, everything that is not in
exact foens is not. only more or less indistinet, but is often
wrongly represented.  The indistinetuess of outline will some-
times present the appearance of a pellueid border, which, like
the diffraction-band, may be mistaken for actual substance.
But the most comumon error is that which is produced by the
reversal of the lights and shadows, resulting from the refrac-
tive powers of the object itself; thus, the bi-concavity of the
bl()m}-disks of Human (and other Mammalian) blood, occasions
their eentres to appear dark, when in the foeus of the Miero-
scope, through the dispersion of the light which it necasions
but when they are brought a little within the focus, by a
slight, approximation of the objeet-glass, the centres appear
brighter than the peripheral parts of the disks (Fig. 315).  The
same reversal presents itsclf in the case of the markings of the
Diatomacewe; for these, when the surface is exactly in focus,
are scen as light hexagonal spaces, separated by dark parti-
tions ; and yet, when the surface is slightly beyond the {ocus,
the hexagonal are are dark, and the intervening partitions
light (I'ig. 80). The best mcans of avoiding crrors of inter-
pretation arising from this source, lics in the employment of
the fowest powers with which the particular structures can be
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distinguished ; since, if the different parls of the surface and
margin of {he object can be simultancously brought so nearly
into focus, that a distinet view may he gamed of all of them
at once, no false appearances will be produced, and cverything
will be seen in its real aspeet.

98. A very important and very frequent souree of error,
which sometimes operates even on experienced Microscopists,
lics in the refractive influence cxm't('dl by certain peeuliarities
in the form or constitution of objects, upon the rays of light
transmitted through them ; this mfluence heing of a nature to
give rise to appearances in the image, which suggest to the
observer an idea of their cause that may he altogether different
from the reality. A very characteristic illustration of the
fallacy resulting from external configuration, is furnished by
the notion which long prevailed amongst Microscopic observers,
and which still lingers in the public mind, of the fabuler
structufe of the Iluman haiv. This nofion has no other
foundation, than the exisfence of a bright baud down the axis
of 1he hair, which is due to the convergence ol the rays of
light oceasioned by the concerity of its surface, and which is
cqually shown hy any other transparent eylinder; and it is
unmistakeably disproved by the appearances presented by thin
transverse sections of Ilair, which show that it is not only
filled up to its centre with o medullary substance, but. that its
centre is sometimes even darker than the surrounding part
(Ihg 311).  Of the fallacy which may avise from diversities in
the refractive power of the internal parts of an ohjeet, we have
an cqually ©pregnant instance” in the misinterpretation of the
nature of the leewne and canaleenli of Bone (Fig. 300), which
were long supposed 1o be solid corpuseles with radiating
filaments of peeular opacity, instead of being, as 15 now
universally admitted, minute chambers with diverging pas-
sages, excavated in the solid osscous substance.  For just as
the convexity of its surfaces will cause a transparent eylinder
to show a bright axial band, so will the concavity of the in-
ternal surfaces of the cavities or tubes hollowed-ont in the
midst of highly-refracting substances, oceasion a divergenee of
the rays passing through them, and ecnsequently render them
S0 dm:}( tllmt they are casily mistaken for opaque solids.  That
such is the case with the so-called “ bone-corpuseles,’ is shown
by the effeets of the infiltration of Canada-balsam through the
osscous substance ; for when this fills-up the excavations,—
being nearly of the same refractive power with the hone
itsclf, and being also quite transparent, and (in thin lamine)
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quite colourless,—it oblitcrates them altogether.  So, again,
if & person who 1s unaceustomed to the use of the 1111('1'0§éopc
sholH(l chance to have Lis attention directed to a preparation
mounted in liquid or in balsam, that might chance to contain
aw-bubbles, he will he almost certain to be so much more
strongly impressed by the appearance of these, than by that of
the objegt, that his first remark will be upon the number of
strange-looking black rings which he sces, and his first inquiry
will e iu regard to their meaning,

99. No expericnced Microscopist could now be led astray
hy such obvious fallacics as those alluded-to; but it is nccessagy
1o dwell wpon them, as warnings to those wha have still to go
through the same education~The best method of Iearning to
appreciate the class of al)pcn.ranccs in question, is the com-
parison of the aspeet of globules of Oil in water, with that of
elobules of Water in oil, or of bubbles of Air in water or
Canada-balsam. - This comparison may be very readify made,
by shaking-up some oil \VEYBI waler to which a little gum has
been added, so as to form an ewulsion ; or hy sunply placing
a dvop of oil of turpentine and a drop of water together on a
slip of glass, laving o thin-glass cover upon them, and then
moving the cover several fimes backwards and forwards upon
the shide®  Now when sueh a mixture is examined with a
sulliciently-high magmfying power, all the globulds prescut
nearly the same appearance, namely, dark margims with hright
centres : but when the test of alferation of the focus 1s apphied
to them, the difference is al once revealed ; for whilst the
elobules of Oil swrrounded by waler b(_:(:()}lm turker as the
ohjoct-glass i depressed, and lighter as i is raesed, those of
Water surrouwnded by oil hecome wore lnminous as the ohjeet-
alass is depressed, and durker as it is raesed. The teason of
thns lies in the fact, that the high refracting power of the oil
canses each ol its globules to act hke a donble-comvex lens of
very short foeus; and as this will hring the rays whieh pass
through it info convergenee whove {he globule (1 ¢, hetween
the globule and the an('(‘I ive), its hrghtest image s given,
when the object-glass 1s removed somewhat turther from it
than the exact foeal distanee of the object.  On the other
hand, 1he globule of watcr in oil, or the ninute bubble of air
in water or balsamn, acts, in virlue ot its inferior refractive

* If this latter mode be adopted, it is preferable, as sugrested by the
aathors of the ¢ Vierographie Dictionary” (Introduction, p sxau), to colour
the o1l of turpentine with alkanel, or some siular substance, tor its more

ready distind tion.
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power, like a double-concave lens; and as the rays of this
diverge from a virtual focus /Jelow the globule (i. e., between
the globule and the mirror), the spot of greatest luminosity
will be found, by causing the object-glass to u,pﬁ)mach withm
the proper focus.—Now in the ‘protoplasm ” of the cells of the
lower Plants, and in the ¢sareode’ of the lower Animals, oil-
particles and vacxoles (or void spaces) are often mterspersed ;
and present, at first sight, so very striking a resemblance, that
the inexperienced observer may well be pardoned for mistaking
the ¢vacuoles® for larger globules of a material more refractive
than the gelatinous substance around them. But the differ-
ence in the cffects of altcrations of focus on the two scts of
appearances, at once serves to make cvident the difference of
their causes ; and this, morcover, is made obvious by the elfect
of oblique light, which will cause the strongest shadow to
exhibit itself on opposite sides, in the two cases respeetively —
It will be obvious that minute elevations and depressions of
the sarface of the object will exert an influence upon the
course of the rays wiu'ch it transmits, very similar to that
which procceds from the presence of globular spaces, filled
with transparent substances of greater or less refracting power,
in its interior ; and that the diserimmation between the two
may be made by thc same means. For if the dots appear
more lumimous as the object-glass is raised, and darker as 1t is
depressed, they may be interpreted as being due to conreridies
upoun the surface ; {ut if the contrary is the case, they may be
referred to concavities.

100. Among the sources of fallacy by which the young
Microscopist 1s liable to be wisled, one of the most curious
is the Molecular Movement which is exhibited by the particles
of nearly all bodies that arc sufficiently finely divided, when
suspend)(':d in water or other fluids.  This movement was first
observed in the fine granular particles, which exist in great
abundance in the contents of the pollen-grains of plants (some-
times terined the foville), and which are sct-free by crushing
these grains; and it was imagined that they indicated the
possession of some special vital endowment by these particles,
analogous to that of the spermatozoa o animals.  In the year
1827, however, it was aunounced by Dr. Robert Brown, that
numerous other substances, organic and inorganie, when
reduced to a state of cqually-minute division, exhibit a like
movement, so that it cannot be regarded as indicative of
any endowment peculiar to the fovilla-granules; andsuhscquent
rescarches have, shown. that there is no known exeeption to
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the rule, that such motion takes place in the particles of a//
substances, though some require to be more fincly divided
than others, before they will exhibit it. Nothing is better
adapted to show it, than a minute portion of gamboge, indigo,
or carminc, rubbed-up with water; for the particles of these
substances, which arc not dissolved, but only suspended, are
of sufficiently large size to be easily distinguisflcd with a
magnifyigg power of 250 diameters, and are scen to be in
perpetual locomotion.  Their movement is chicfly of an
oscillatory kind ; but they also rotate backwards and forwards
upon their axes, and they gradually change their places in the
ficld of view. It may be observed that the movement of t]d:
smallest particles is the most energetic, and that the largest
are quitc motionless, whilst thosc of intermediate size move,
but with comparative inertness. The movement is not due
(as some have ima.gincdf to evaporation of the liquid; for 1t
continues, without the least abatement of encrgy, in a drop
of aqucous fluid that is completely surrounded ﬁy oil, and is
therefore cul-off from all possibility of vaporization; and it has
heen known to continue for many years,  a small quantity of
fluid enclosed between two glasses in an air-tight case. 1t is,
however, greatly accelerated, and rendered more cnergetic, by
Tcat ; :mf[’ this seems to show that it is due, either direetly to
some calorical changes continually taking-place in the fluid,
or to some obscurce chemical action between the solid particles
and the fluid, which is indivectly promoted by heat. It is
curious that the closer the conformity hetween the specific
gravity of the solid particles and that of the liquid, the less
minute need be that reduction in their size which is a neees-
sary condition of their movement ; and it is from this that the
substances just named are so favourable for the exhibition of it.
On the other hand, the particles of metals, which are from seven
to twelve tines as heavy as water, require to be reduced to a
minuteness many times greater than that of the particles of
carmine or gamboge, hefore they become snbject 1o this
curious action.—In any case in which the motions of very
minute particles, of whatever ki!_ld, are in (}ucstion, it is neees-
sary to make allowance for this ‘molecular movement ; and
the young Microscopist will therefore do well to familiarize
himself with its ordinary characters, by the careful obscrvation
of it in such cases as those just namcd, and in any others in
which he may meet with it.

101. Comparative Values of Olject-Glasses ; Test Objects.—
lu cstimating the comparative values of different: ohject-
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glasses, regard must always be had to the purpose for which cach
1s designed ; since it is impossible to construct a combination,
which shall be equally serviceable for ecery requirement. It
is commonly assumed, that an Objective which will show
certain Zest-ofeels, must be very superior, for cverything else,
to a glass which will not show these; but this is known to
every practical Microscopist to he a great mistake,—the very
qualitics which enable it to resolve the more diffieult ©tests’
being incompatible with those which make it most useful in
all the ordinary purposes of scientific investigation. Four
distinet_atiributes have to he specially considered, in judging
of the character of an ohject-glass ; viz. (1) its defining power,
or power of giving a clear and distinet image of all well-
marked features of an objeet, espeeially of its bonndaries ; (2)
its penctrating potcer, or power of enabling the observer to
look into the structure of objects ;¥ (3) its revoleing power, by
which it enables closcly-approximated markings to be distin-
guished; and (8) the flatness of the field which it gives.

1. The ¢Delining power’ of an objective mamly depends
upon the pegfection of ils correclions, both for Spherical and
for Chromatic aberration (§§ 9-15); aud it is an attribute
essential to the satisfactory performance of wwy objective,
whatever be its other qualities.  Good definition may he more
casily obtained with lenses of smell or moderate, than with
lenses of lurye angular aperture; and in the aim to extend
the aperture, the perfeetion of the definition is not unfre-
qucnt\y impaired. — An experieneed Microscopist will judge
of the defining power of a lens hy the quality of the nnage
which il gives of almost any objeet with which he may be
familiar; but there are certain “tests,” to he presently
deseribed, which are particularly appropriate for the deter-
mination of it. Any imperfeetion i definmg power is ex-
aggeraled, as already pointed-out, (§§ 22, S0), by the use of
“deep’ cyepicees; so that, in determining the value of an

* The Author is aware that he is here employing the term ¢ Penetration’ m
a sense very different from that which it was mtended to convey by Dr Gonng,
who first apphied at to designate a certam quality of Microscopie objectives.
But he conniders that what was termed “per hation’” by Dr Gormg may be
far more appropriately designated as sesolenes pouer; this term having been
long 1 use to express the parallel attwibute of Telescopes, as regagds the
separation of the diffused luminosity of Nebulie mto distinet pomts of light.
The term Penctration, having been thus set-fice, may well be apphied (as
above) in what scems ats wafural meanmg, and the Author (who has long
been m the habit of employmg it i this sense) may refer to the Report of
the Jury of the “ Great Exhibition” of 1851, as giving an authoritative
sanction to the above use of it.
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objeetive, it is by no means sufficient to cstimate its per-
formance under a low eyepicee, an image which appears
tolerably clear when moderately m:ygnifi('dﬂ)chng often found
exceedingly deficient in sharpness when more highly amplificd.
The use of the draw-tube (§ 43) affords an additional wmeans
of {esting the defining power: but this cannot be fairly had
recdwrse to, unless an alteration be made in the adjustment
for the shickness of the glass that covers the objeet (§ 84), in
proportion to the lengthening of the body, and the nearer
approximation of the objeet to the objeelive which this
involves.

11. The ¢Penetrating power’ of an objeet-glass (good dcﬁlni-
tion heing of course presupposed) mainly depends upon the
degree of distinetuess with which parts of the objeet that are
a little out of focus can be disecrned ; and this will be found
to vary greatly in different objectives, heing, within eeriain
limits, in an /uresse proportion to the extent of the angle of
aperture.  This is very casily understood eu optical prineiples.
The ecentral rays of any penell undergo the /lews/ refraction
or change m theiv course; the perepheral vays, the most.
The greater the change, the greater is the differenee between
the amounts of refraction respeetively undergone by rays
coming-off from points at slightly-different distances ; and
the greater, when the focal adjustinent is eorrect for one of
these points, will be the indistinetuess of the image of the
other.” Hence an objeetive of comparatively-limited aperfure
may cnable the observer 1o gain a view of e whole of an
ohject, the several parts of whose structure lie at different
distanees from it, sufliciently good {o aflord an adequate idea
of the relatiow of those parts to cach other; whilst il the
same object be looked-at with an objective of very wide angle
of aperture, which only enables what is preeisely in focus to he
seen ab all, each part can only be separafely discerned, and the
mutual relations of the whole cannot be brought into view.
The waut of this ¢ penctrating power’ is a serious drawhack
in the performance of many objeetives, which are distingwished
by the possession of olher admivable qualities.  The posses-
ston of a high measure of it 15 so esscutial, in the Author’s
opinion, to the satistactory performance of those objectives
which are to be cmployed for the general wurposes of scient fic
investigation, that he cannot consider ifs deficieney to be com-
pensafed by the possession of uny degree of the resolving
power, whose use is comparatively limited.

111, The ¢ Resolving power,’ hy which very minute markings,

0
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—whether lincs, striw, or dots,—arc discerned and clearly
separated from cach other, may be said to stand in direct relation
(a perfect definition heing pre-supposed) to the extent of its
angle of aperture, and consequently to the obliquity of tic
rays which it can receive from the several pomts of the
surface of the object. This is not so much the case, where
the markings depend upou the interposition of opaque or semi-
opaque particles in the midst of a transparent substance,
so that the lights and shadows of the image represent
the absolute degrees of greater or less transparenecy in its
scveral parts; as it is where, the whole substance being
cqually transparent, the markings are due to the refracting
influence which incqualitics of the surface cexert upon the
course of the rays that pass through it. 1t may be readily per-
ceived, on a little reflection, that the information given about
such incqualitics by rays of light transmitted axially through
the object, must be very inferior to that which can be gained
from rays of light transmitted obliquely ; and thus it happeus
that, as already explained, many such markings arc seen b

oblique illumination (as, for iustance, by the use of the eentral
stop in the condenscr, § 56), which could not be scen, under
the same objeet-glass, by light transmitted more nearly in the
axis of the microscope.  When an objeet, however, is seen by
transmitled light, no degree of obliqnity in the illuminating
rays can be uscful, which exceeds thal at which the object-
glass can reccive them : but the illumination of objects which
are seen by radiated light (§ 62), depends upon these very
rays; and thus it is that the ¢black-ground” illumination by
the paraboloid or by any other effective contrivance (§ 61),
will often bring surface-markings into view, which cannot be
seen by transmitted light. An objecl-glass of very wide
aperture, however, will receive, even with ordinary illumina-
tion, so many rays of great obliquity, that the same kind of
effect will be produced, as by oblique illumination with an
objective of smaller aperture ; but when, with such an objee-
tive, oblique illumination is used, a greatcr resolving power is
obtained, thyn any combination of smz.mllcr angular aperture
can possess.—In comparing the rcs'ul\'mg power of different
object-glasses, it is obviously esseutial to a correct judgment,
that the illumination should be the same; for it wilF often
happen that an observer who knows the ‘ points® of his own
instrunicud, will ¢ bring-out” tests, which another, with object-
glasses of niuch greater capability, does not resolve, simply for
want of proper management. Moreover it must be borue in
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mind that great resolving power may cxist, even though the
definition may be far from exact; since the former depends
more upon angle of aperture, than upon the perfection of the
corrections : and yet there cannot be the slightest question,
that, of two objectives of the same focal length, one perfeetl
corrccted up to a moderate angle of aperture, the other with
a wider aperture but less perfectly corrected, the former will
be the one most suitable to the geweral purposes of the
Microscopist.

1v. The “Flatness of the ficld” afforded by the object-glass,
is a condition of great importance to the advantageous use of
the Microscope; since the rcal extent of the ficld of view
practically depends upon it.  Many objectives arc so con-
structed, that, cven with a perfectly-flat object, the foci of the
central and of the pcripherzH parts of the ficld are so different,
that when the adjustment is made for one, the other is entirely
indistinet. Henee, when the central portion is being looked-
at, no more information is gained respeeting the peripheral,
than if it had been altogether ¢ stopped-out.”  With a really-
good object-glass, not only should the image be distinet even
to the margin of the field, but the marginal portion should
be as free from chromatic fringes or from indistineiness of
outline, as the eentral portion. In many mieroscopes of
inferior construetion, the imperfection of the objeetives in
this respect, is masked by the contraction of the aperfure of
the diaphragm in the eyepicee (§ 21), which limits the dimen-
sions of the field; and the performance of one objeetive
within this limit may scarcely be distinguishable from that of
another, although, if the two were compared under an cye-
iece of larger aperture, their difference of excellence would
{)c at once made apparent, by the perfeet corrcetness of one
to the margin of tHe ficld, and by the entire failure of the
other in cvery part save its centre. In estimating the rela-
tive wmcerits of {wo lenses, thercfore, as regards this condition,
the comparison should of course be made under the same
Eyepicee.

v. It may be safely affirmed, that the most perfect Object-
glass is that which combines all the preceding attributes, in the
ﬁighcst degree in which they are compatible one with another.
But, as has just been shown, two of thc most important,
—namely, penctrating power and resolving power,—stand
in such opposite rclations to the angular aperture, that
the highest degree of Which each is in itsclf capable, can only
be attained by some sacrifice of the other; and thercfore of

02
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two_objectives which are respectively characterized by the
predominance of these opposite qualities, one or the other
will be preferred by the Microscopist, according lo the
particular class of rescarches which he may be carrying-on;
ust as & man who is about to purchase ahorse, will he guided
m his choice hy the kind of work for which he destines
the animal.  IIence it shows, in the Author’s estimation, just
as limited an appreciation of the practical a{)plications of the
instrument, to estimate the merits of an object-glass hy its
capability of showing certain lined or dotted * tests,” without
any reference to its penctrating or defining power ; as it would
be if a man should estimate the merits of a horse werely by
the number of seconds within which lie could run amile, or by
the number of pounds he could draw; without any reference,
in the first casc, cither fo the weight he could carry, or to the
Iength of time during which he could maintain Lis speed, aud
in the sccond case, cither to the rate of his draught, or to his
power of countinuing the exertion. The greatest capacity for
speedd alone, the power of sustaining it not being required, and
burthen heing reduced almost to mothing, is that which is
sought, in the Racer; the greatest power of steady dranght,
the rate of movement being of comparatively little importance,
is that which 1s most valued in the Cart-horse; but for the
ordinary carriage-horse or roadster, the highest merit Lies in
such a combination of sll)ccd and power with endurance, as
cannot co-caist with the greatest perfection of cither of
the two first.—The Author feels it the morc iwportant
that he should express himsclf clearly and strongly on this
subject, as there is a great tendeney at present, hoth amnong
amatenr Microscopists and among Opticians, to look at
the attainment of that ‘resolving power’ which is given
by angular aperture, as the onc thing needful; thosc other
attributes which are of far more importance in almost cvery
kind of scientific investigation, being comparatively little
thought of; and he thercfore ventures here to repeal the
remarks, he made upon this subjeet, in his recent Presidential
Address tosthe Microscopical Society, of the correciness of
which he has been since assured, by ihe approval of many of
those who have most successfully cmployctll the Microscope in
Physiological investigations.—“The superiority in rcso{ving
ower possessed by object-glasses of large angular aperture,
1s obtained at the cxpense of other advantages. For even
granting that there is no sacrifice of that most important
element defining power (which can only be securcd, with a
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very wide angle, by the utmost perfection in all {he correc-
tions), yet the adequate performance of such a lens can only
be secured by the greatest exactness in the adjustments.
Only that portion of the object which is precisely in focus,
can he secu with an approach to distinetness, everything that
is in the least degree out of it being imbedded (so to speak)
in a thick fog; it is requisite, too, that the adjustment for
the thitkness of the glass that covers the object, should exactly
neutralize the effeet of its refraction; and the arraugement of
the mirror and condenser must be such as to give to the
object the best possible illumination. 1f there be any fajture
in these conditions, the performanee of a lens of very dvide
angular aperture is very much inferior to that of a lens of
moderate aperlure; and exeept n very experieneed hands,
this is likely to be generally the case.  Now to the working
Microscopist, unless he be studying the particular classes of
objects which expressly require this condition, it is a souree
of great inconvenience and loss of time {o be obliged to he con-
tinually making these adjustments ; and o lens, which, when
adjusted for a thickness of glass of 1-1007, will perform with-
out, much sensible deferioration with a thickness either of
1-80" or of 1-120”, is practically the best for all ordinary
purposes.  Moreover, a lens of moderate u?('rt ure has this
very great advantage, that the parts of the objeet which are
less perfeetly in foens, can be mueh hetter seen; and therefore
that the relation of that which is most distinetly discerned, to
all the rest of the object, is renacred far more apparent.  Let
me remind you, further, that almost all the great achicvements
of Microscopie research have been made ri)y the instrumen-
tality of such objectives as I am recommending.  There can
be no question about the large proportion of the results
which continental microscopists may claim, in nearly all
departments of minute anatowmical, physiologieal, hotanieal, or
zoological investigation, sinee the introduction of this invalu-
able auniliwy; and it is well known that the great majority
of their instruments are of extremely simple construction,
and that their objectives are generally of very moderate
angular aperture. ~ Morcover, il we look ab the date of some
of the principal contributions which this country has furnished
to the common stock, such as the “ Odontography” of Pro-
fessor Owen, the “ Rescarches into the Structure of Shell”
carried-out by Mr. Bowerhauk and myself, the ¢ Physiological
Anatomy’” of Messes. Todd and Bowman, the first volume of
the ““Histological Catalogue,” by Professor Quekett, and the
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“British Desmide®” of Mr. Ralfs, we find sure reason to
conclude that these researches mest have been made with the
instramentality of lenses, which would in the present day be
regarded as of very limited capacity.—I hope that, in these
remarks, I shall not be understood as in any way desirous to
damp the zcal of those, who are applying themselves to the
erfectionizing of achromatic ohjectives. I regard it as a
ortunate thing for the progress of science, that there are
individuals whose tastes lead them to the adoption of this
pursuit ; who stimulate our instrument-makers to go on from
one range to another, until they have conquered the diffi-
culties which previously baffled them ; and then apply them-
selves to find oul some new tests, which shall offer a fresh
difficulty to be overcome. Bul it is not the ondy, nor can I
regard it as the chief work of the Microscope, to resolve
the markings upon the Diatomaces, or tests of the like
difficulty ; and although I showld consider this as the highest
objeet of ambition to our makers, if the performances of such
lenses with test-objects were any fair measurc of their general
utility, yet as L think that T have demonstrated that the very
conditions of their construction render them inferior in this
respeet for the purposes of ordinary mieroscopic rescarch, T
would much rather hold-out the reward of high appreciation
(we have no other to give) to him who should produce the
best working mcroscope, adapted to all ordinary requirements,
al the lowest cost. It does not scem to me an wnapt simile,
to compare the devotees of large angular apertwres to the
gentlemen of the “twf’ It is, 1 believe, generally admitted,
that the breeding a class of horses distingwished by speed and
“blood,” which is kept-up by the devotion of a certain class of
our countrymen to tﬁle noble sport of racing, is an advantage
to almost every breed of horses throughout the country;
tending, as it docs, to develope and maintain a high standard
in these particulars.  But no one would ever think of using a
race-horse for a roadster or a carriage-horsc; knowing weil
that the very qualities which most distinguish him as a racer,
arc incompatible with his suitablencss for ordinary work.
And so 1 think that the ¢ breeders’ of first-class Microscopes
(if I may so designatec them) are doing great scrvice, by
showing to what a pitch of perfection certain kinds of
execllence may be earried, and by thus improving the standard
of ordinary instruments ; notwitﬁbtanding that, for nearly all
working purposes, the latter may be practically superior.”
102. Zest Objects.—It is usual to judge of the optical per-
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fection of a Microscope, by its capacity for cxhibiting certain
objects, which arc regarded as fesfs of the merits of its object-
glasses ; these tests being of various degrees of difficulty ; and
that heing accounted the best instrument, which shows the
most difficult of such tests. Now it must be horne in mind,
that only ##0 out of the four qualities which have been just
enumcrated,—namely, defining power, and resolving power,—
can betestimated by any of these tests; and the grcater num-
ber of them, being objects whose surface is marked by lines,
striee, or dots, are tests of resolring power, and thus of angular
aperturc only. Henee, as already shown, an objective may
show very difficult /est-ohjerts, and yet may be very unfit for
ordinary use. Morcover, these tesi-objects are ouly suitable
to object-glusses of very short foeus and high magnifying
ower; whereas the greater part of the real work of the
l\licr()scop(‘ is done with objeetives of comparatively low
power; and the enlargement of the angular aperture, which
enables even these fo resolve (under (Tv('p eyepicees) many
objeets which were formerly considered adequate tests for
higher powers, is by no means an unmixed gom‘. In estimat-
ing the value of an objeet-glass, it should always be considered
for what purpose it 1s intended; and its merits should be
judged-of according to the degree in whicl it fulfils that pur-
pose.  We shall therefore consider, what are the attributes
proper to the several < powers” of objeet-glasses,—/luen, medinm,
and Argh ;—and what, ave the ohjeets by its mode of exhibiting
which, it may be fairly judged.

1 By objeet-glasses of fvw power, we may understand any
whose focal leugth is grewter thaw half-au-ineh. "The < powers’
usually made in this commiry are of 2in. or 1} in. focus (these
being somctimes made to divide, so as to leave a power of
ahout 8 in. focus), 1 in, and §-10ths or 2-3rds iu.; and they
give a range of amplifieation of from 12 to 60 diameters wit
the shallower eyc-picee, and of from 18 1o 90 diamefers with
the decper.  These are the objectives which are most used in
the examination of opaque objects, und of transparent objects
of large size and of compwratively comrse texture; and
the qualitics most desirable in th(-n.l, are a sufliciently-large
aperture to give a bright image, combined with such accurate
definition as to give a elear image, with penctrating power
sufficient to prevent any moderate inequalities of surface from
scriously interfering with the distinetness of the entire picture,
and with perfect flatness of the image when the object itself is
flat. For the 2 in. or 1} in. objective, no ground of judgment




200 MANAGEMENT OF THE MICROSCOPE.

is better, than the manner in which it shows such an
“injeeted’ prepuration as the interior of a Frog’s lung (Fig. 331)
or a portion of the villous coat of the Monkey’s intestifie
(Fig. 328); for the aperture ought to he suflicient to give a
bright image of such objects, by ordinary daylight, without
the usc of a condensing-lens; the border of every vesscl
should be elearly defined, without any thickness or blackness
of edge; every part of such an ohject that comes within the
ficld, should De capable of being made-out when the focal
adjustient is adapted for any other part; whilst, by making
that adjustment a medium one, the whole should be secn
without any marked indistinetness.  1f the aperture he too
small, the image will be dark; if it be 100 large, details
arc hrought into view (such as the scparateness of the
particles of the vermilion-injeetion) whieh it is of no ad-
vimtage to sce, whilst, through the sacrifice of penctiation,
those parts of the ohyeet which are brought exactly into focus
being seen with over-minuteness, the remainder are cuveloped
in a thick fog, through which cven their general contour can
searcely be seen to loom 5 and if the correetions be imperfeetly
made, no line or edge will be seen with perfect sharpness.
Yor defining power, the Author has found the pollen-grams of
theHollyhock, or any otherflower of Hm]l[ﬂ//mr-lkind (Iig.189),
viewed as an opaque object, a very good test; the minute
spines with which 1t is besed, being hut dimly scen with any
save a goord ohjeet-glass of these long foci, and heing really-
well exhibited only hy adding such power to the eyepicee, as
will exaggerate any want of definition on the part of an inferior
Iens.  For {latness of field, no test is better than a seetion of
Wood (Fig 165) or a large Echinus-spine (Lig. 237), under an
eye-picee that will give a tield of the diameter of from Y to 12
inches. Such objeets ought to he very well shown by the divided
lens of 2 in. or 3in. focus; but, as its correetions are rendered
imperfeet by the removal of the frout pair, its defining power
is necessarily impaired, and cannot be made even tolerable,
save by such a ewrtailment of the aperture as detracts from
the Dbrightnegs of the image.—The general performance of
object-glasses of Lin. and 8-10ths i focus, may be partly
judged-of by the mamner in which they show such injections
as those of the Gill of the liel (Fig. 330) or of the Bird’s
Lung (Fig. 332), which require a higher magnify ing power for
their resolution than those previously named; sf ijll better,
perhaps, by the mode in which they exhibit a portion of the
wing of some Lepidopterous inseet, having well-marked
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scales; the same qualities should here be looked-for, as in the
casc of {he lowest powers; and a want of cither of them is to
be distinguished in a similar manner.  The inerease of angular
aperture which these lenses may advantageously reccive,
should render them capable of vesolving all the casier ¢ test’
scales of Lepidoptera, such as those of the Morpho menelans
(Fig. 279), in which, with the deeper eyepiece, they should
show tle transverse as well as the longitudinal markings. The
tongue of the common Fly (Fig. 287) is ouc of the best {rans-
parent objects for cnabling a practised eye to estimate the
general performance of object-glasses of these powers; sipce
1t is ouly under a really good lens, that all the details of its
stracture can be clearly made-out; and an objective which
shows ¢his well, may be trusted-to for any other objeet of its
kind. For flatuess of field, scetions of small Eehinus-spines
are very good tests. The exactness of the correetions in
lenses of these foet, may be judged-of by the examination of
objects which are almost sure to exhibit colour, if the corrce-
tion be otherwise than perfeet ; this is the ease, for exanple,
with the glandulie of Comiferous wood (Fig. 161), the centres of
which ought to be elearly detined under such objectives, and
ought to be quite free from colour; and also with the trachew
of Inscets (Fig. 291), the spires of which ought to be dis-
tinetly separated from cach other, without any appearance of
intervening chivomatic fringes.

1. We may consider as objeci-glasses of medium power,
those which range from half to one-ifth of an inch focus;
whose magnifying power is from about 100 to 250 diameters
under the shallower eye-picee, and from about 150 to 375
diameters with the deeper. These eannot he advantageous|
employed in the examination of opague objects, save of suc
as are of unusual minnteness; but their great value lics in
the information they enable us 1o obtain, regarding the
details of organized structures and of living actions, by the
cxamination of properly-prepared frawsparent objeets by trans-
mitied light. It 1s to these lenses, that the remarks already
made respecting angular aperture (§ 101) especially apply ;
since it is in them that the greatest difference exists, hetween
the ordinary requirements of the scientifje investigator, and
the special needs of those who devote themselves to the par-
ticular classes of ohjects for which the greatest resolving
power is required. A mederate amount of such power is
cssential to the value of every objective within the above-named
range of foci; thus, cven a good half-inch should enable the
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markings of the lurger scales of the Polyommatus argus (azure-
blue buttertly) to be distinguished, these being of the same
kind with those of the Mcnclaus, but more delicate, and should
clearly scparate the dots of the small or ¢ hattledoor’ scales
(Fig. 280) of the same inscet, which, if unresolved, arc scen as
coarse longitudinal lines ; a good 4-10ths in. should resolve
the larger scales of the Podura (Fig. 281) without diffienlty ;
and a good 1-1th or 1-5th in. shonld bring-out the markings
on the smaller scales of the Podura, and should resolve the
markings on the Pleurosigma hippocampus into longitudinal
and transverse lines. Even the 4-10ths (a power for which
Messrs. Smith and Beek have atfained a deserved eclebrity)
may be made with an angle of aperture sufficiently wide to
resolve the objeets named as fair tests for the powers aboveit ;
and so the 1-dth inch way, by the cnlargement of its angular
aperture to 120° (which has been accomplished by Mr. Ross)
bemade to exhibit the more diflicult Distomaces.  But it will
be found that, in such object-glasses, the diffieulty of making
the most advantageous use of them, and the loss of pene-
trating power which necessarily attends the exeessive extension
of their angular aperture, are most serious drawbacks to their
l)rapticnl utility m the hands of the Anatomical or Physio-
ogicul investigator; for whose purposes, such a resolving
power as will show the casier tests first enumerated, combined
with perfect definition, with a [air amount of penctrating
rower, and with flatness of field, coustitute the hest com-
ination. For defining power, very good tests are found in
the complex hairs of many animals, such as the Indian Bet
(Fig. 310, ¢) and the Dermestes (Fig. 282, 8).  And for {hat
combination of the several attributes which the Author thinks
most important, he has found no test more valuable and
positive, as regards objectives of from 4-10ths to 1-5th inch
focus, than Mr. Lealand’s preparations of Muscular fibre
(Fig. 326). In every case, the objective should be tested with
the deeper, as well as with the shallower eye-picee; and the
effeet of this will be a fair test of its merits.  Where markings
arc indistingyishable under a ecrtain objeetive, merely hecause
of their minuteness or their oo close approximation, they may
he enlarged or separated by a_deeper cye-piece, provided that
the objective be well correeted.  Bub if, 1 such a casc, the
image be darkencd or blurred, so as to be rather {lctquorgtcd
than improved, it may be concluded that the O‘E)Bectlvc is of
inferior quality, having cither an insufficient angular aperture,
or being imperfectly corrected, or both.
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ur. All object-glasses of less than 1-5th of an inch foeus,
may he classed as Aigh powers; the focal lengths to which
they arc ordiuarily constructed are 1-6th, 1-8th, 1-12th, and
1-16th of an inch respectively; and the magnifying powers
they are fitted to afford, range from about 320 to 850
diameters with the shallower cyepiece, and from 480 to 1300
diameters with the decper. By the use of still deeper eye-
pieees, apower of 2000 or more may he casily obtained ; but
nothing scems to be really gained by such high amplification.
Morcover, as the 1-12th inch object-glass may have its
angular aperture extended to the utmost Limits compatible
with the rceeption of rays from any object, it. does not seem
that anything can be gained by a reduction of the focal
distance to the 1-16th inch; and the latter being a more
diflienlt combination, as well fo construct as to use, both
Opticians and Microscopists have of late ycars found it
advantageous to limit themselves to the 1-12th, which gives
an amplification of ahout 650 diameters with the shallower
eye-picee, and of about 1000 with the deeper,—The use of
this elass of objeetives is mneh more restricfed than that of
the preceding. They are not employed for the ordinary
l)urposvs of scientific investigation; and their value chiefly
ies in the power which they afford, of {racing-out certain
points of mimute structure, which the objectives of medium
power may ouly doubtfully indieate, and of exhibiting certain
classes of very difticult striated or dotted ohyeets, which they
cannot resolve, Henee it is obvious that, with regard to
object-glasses of Zhus class, ‘resolving power’ (coupled with
“delining power’) is the higlest requisite, ‘penctration’ and
‘flatness of field’ being of sceondary account; and that
the value of an objective wmay 4ere be fairly estimated by its
angular aperture, provided that its aberrations be exactly
correeted.  Of angular aperture and definition, very good
tests are afforded by the lines artificially ruled by M. Nobert,
and by the more * difficult’ species of Dintomacex. What is
known as ‘Nobert’s Test’ is a plate of glass, on a small space
of which, not exceeding a fifticth of an inch in breadth, are
ruled ten or more series of lines, forming as many separate
bands of cqual breadth ; in each of these bands, the lines are
ruled at a certain known distance; and the distances arc
so adjusted in the successive bands, as to form a regularly-
diminishing series, and thus fo present a succession of tests
of progressively-increasing difficulty. The distances of the
lines differ on different plates; all the bands in some serics
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being resolvable under a good objective of 1-4th inch focus,
whilst the closest hands in others defy the resolving power
of a 1-12th inch objective of large aperture. Thus a “test-
plate’ whose widest lines arc at a distance from each other
of 1-1000th of a Paris line, or of 1-11,200th of an English
inch, and whose closes? lines arc at 1-5000th of a line, or
1-56,000th of an inch, from cach other, will serve as a very
fair test for the angular aperture and defining power of object-
glasses below 1-4th in. focus ;5 the superiority of cach in these
particulars, beg judged-of by the nunber of hands which it
will resolve into well-defined l)im':s, and by the sharpness and
clearness of these lines ; while the performance of a 1-th in.
objective may be accounted very satisfactory, if it will enable
them all to bhe clearly distinguished.  But if the first of the
bands should have an interval of only 1-£000th of a Paxis line,
or 1-45,000th of an Knglish inch, between its lines, and the
last should have its lines approximated to 1-10,000th of a
Paris lme, or 1-112,000th of an English inch, then only a few
of the easier bands will he resolved by the 1-4th in, a few
more by the 1-8th in., and even the 1-13th in. will probubly
not enable any band to be distinetly vesolved, whose }incs arc
closer than 1-7000th of a Paris linc, or 1-79,000th of an
Fnglish inch. At present, therefore, the existence of scparate
lines at a narrower interval than this, is a matter of fieith
rather than of sighé ; but there can he no reasonable doubt
that the lines do exist; and the resolution of them would
evinee the extraordmary superiority of any objective, or of
any sysiem of illumination, which should enable them to be
distinguished.  The mathematical certainty with which the
degree of approximation of these lines may he aseertained, and
the gradation of the serics which they present, gives to M.
Nobert's test-plate a very high value for the determination of
the rclative merits of different objectives, of that class, at
least, in which angular apertwre uu({ definition arc of the first
importance; whilst it also serves to test the degree in which
these capabilities arc possessed by objeet-glasses of medium
power, in which other atiributes also have to e considered.—
The value of the minuter Diwtomace. . as furnishing, i their
surface-markings, admirable test-obyects for the highest powers
of the Microscope, was first made-known by Messrs. Harrison
and Sollitt of 1lull in 1841 ; and it cannot he questioned that
this discovery has largely contributed to the suceess of the
endeavours which have since been so cffectually made, to



TEST-OBJECTS FOR HIGIT POWERS. 205

perfeet this class of ohjectives, and to find out new methods
of using them to the hest advantage. The nature of these
markings will be described hereafter; and it will be suflicient
in this place to give a table of the avernge distances of the
lincation of diflerent speeies,® which will serve to indicate
their respective degrees of diflieulty as “tests”  The greater
part of those which are now in use for this purpose, are
compreMended in the genus Plewrosigma of Prof. W. Swith,
which includes those Narrewle whose ¢ frustules” are distin-
guished by their sigmoid (8-like) curvature (§ 184).
Linesin 1-10(:1:/1; of annck, 4

1. Pleurosigma hittorale . . . .
2. Pleurosigma Hippocampus . . . J0long., W trans,

3. Pleurosigma strile . . . . 36
4. Pleuromigma stigosum . . . . i
6. Plemmosigma clongatum . .. R}
6 Pleurosigma angulatum . . . . b2
7. Pleurosigma Spencert . . . . 65 long, 60 trans,
8. Pleutosigma faseroli . . . . 6t
9, Pleurosizma obscwium . . . . 7
10, Plemosigima macrnm . . . . 85
11. Nirzechia sigmordea . . . . . 83
12 Naveula rhombodes . . . . 85

The first seven of the foregoing may be resolved, with
Judicious management, by good 1-klcor -5t in objectives;
the remainder require the 1-8th or 1-12th in., for {he satis-
factory exlubition of their markings —Several very difficult

* This table 1s tahen fiom Prof W Snnth's admirable Monogiaph on the
Diatomacew 3 and 1t meludes most of the species usually employed as tests,
These shonld alwiays be mounted between two preces of thin gliss, aceording
to the method hereafter to be deseribed (3 122), m order to avoud, as much as
possible, the production of aberations m the illummatmg penal. The
number of lineations must be constdered a9 an average, the exticies some-
times varying to a considerable mmount on either sade - -A much Ingher esti-
mate 15 gven by Messrs, Harson and Sollitt m the “Quart Journ of
Microse. Seience,” vol 11 p 62, the Pleuromgma Sfascola bemg reckoned hy
them to contmm 90 hines m 1-1000th of an inch, the Nefzxchi mqmordca 100
lines, and a speetes eited as NVurie ula arens (Whieh can searceiy be the one ro
named by Ehrenbery, and termed by Prof W Smiuth Zunotia arens) no less
than 130.  The last they speah-of as “so extremely difhealt, that, m order
even to cateh a ghmpse of its delicate markings, the obrerser must be
possession of glasses of a very fmge angle of aperture and the finest defi-
mition, have the most careful management of oblique hght, and m addition
he possessed of a large share of patience” =The Author canmnot but heheve
that there is some error m these measurements, sinee, as the well-defined
hines upon Nobert’s test-plate have not yet been resolved, when they have
approxnnated more closely than the hichest numbers mentioned - Prof, W.
Smuth’s table, it can scarcely be imagmed possible that the deheate markings
of a Navicula should even be ‘ghmpsed,’ 1t they be as much closer than
those of the species previously accounted most diflicult, as those of the latter
are than those of the easiest.
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tests of this descrilztion have been furnished by Prof. Bailey
of West Point (U.8.), among them the very beautiful Gram-
matophora subtilissime and the Hyalodiscus subtilis; the latter,
being of discoid form, and having markings which radiate in
all dircetions, very much likc those of an engine-turned watch,
is a useful test for observers who have not facilities for obtain-
ing oblique light in any direction; since, whatever may be
azimuth from which the oblique pencil may proceed, some
rortion of the disk will always be in the best possible position
1 regard to the light, whercas, in the case of other finely-lined
tests, it is only when the most favourable position has been
attained, perhaps after tedious and troublesome trials, that the
markings arc displayed.*

103. " Determination of Magnifying Power.—The last subject
to be herc adverted-to, 1s the mo(ﬂ:of cstimating the magnifying
power of Microscopes, or, in other words, the number of times
that any object is magmfied. This will of course depend upon a
comparison of the rew! size of the ohject, with the apparent size
of the image ; but our cstimate of the latter will depend upon
the distance at which we assume it to be scen, since, if it be
projecied at different distances from the eye, it will present
very different dimensions.  Opticians generally, however, have
agreed to consider fen inches as the standard of comparison;
and when, therefore, an object is said to be maguified 100
diameters, it is meant that its visual image, projected at 10
inches from the eye (as when thrown-down by the Camera
Lucida, § 49) upon a surface at that distance beneath, has
100 times the actual dimensions of the objeet.  The measure-
ment of the magnifying power of Simple or Compound Micro-
scopes by this standard is attended with no difficulty. Al
that is required is a stage-micrometer accurately divided to a
small fraction of an inch (the 1-100th will answer very well
for low powers, the 1-1000th for high), and a eommon foot-
rule divided to tenths of an inch. The micrometer being
adjusted to the focus of the objeetive, the rule is held purall(li
with it, at the distance of ten inches from the eve. If the
second eye be then opened, whilst the other is looking at the
objecet, the circle of light included within the (ield of view, and
the objeet itsclf, will be scen faiutly projected upon the rule:
and it will be very casy to mark upon the latter the apparcnt
distances of the divisions on the micrometer, and thenee to

* Sce Prof. Bailey’s interesting memoirs in vols. 11 and vir of the
““Smuthsonian Contributions to Knowledge.”
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ascerfain the magnifying power. Thus, supposing each of
the divisions of 1-100th of an inch to correspond with 1% inch
upon the rule, the linear magnifying power is 150 diameters;
i it correspond with half an Inch, the magnifying power
would be 50 diameters.  1f; again, each of the divisions of the
1-1000th inch micrometer correspond to 6-10ths of an inch
upon the rule, the magnifying power is 600 diameters; and
if it correspond to 1.%; inch, the magnifying power is 1200
diameters.  In this mode of measurement, the estimate of
parts of tenths on the rule can only be made by guess; but
greater accuracy may be obtained by projecting the micro-
meter-scale with the Camera Lucida at the distance of Ten
inches from the eye, marking the intervals on paper, taking an
average ol these, aud repeating this with the compasses ten
times along the incll-sca&c. "Thus, if the space given by one
ot the divisions of the 1-1000th-inch micrometer, repeated ten
times along the rule, gave 6 inches and 2% tenths, the value
of cach*division would he "625 of an inch, and the magnifying
power 625.—The swperficrel magnifying power is of course
estimated by sgrariny the linear; but this is a mode of state-
ment never adopted by seientifie observers, although often
employed to exeite popular admiration, or fo attract cus-
tomers, by those whose inferest is coneerned in doing so.*

* An ingenious method has heen devised by Prof Hartmg, of Utrecht, for
determming * the utmost hnuts of penetrating and separating power possessed
by a Micvoscope,” by using as fest-objects the very reduced mages of
various bodies formed by an-bubbles i gum-mueiage. The mode of obtaming «

and employmg these mages for the above purpose, will be found m the
s Quarterly Journal of Microscopreal Scienee,” vol, 1, p. 202



CHATPTER V.,
PREPARATION, MOUNTING, AND COLLECTION OF OBJECTS.

Uxper this head it is intended Lo give such general diree-
tions respecting the preparation, mounting, and collection of
Ohjects, as will supersede the necessity of frequent vepetition
when cach particular class is deseribed ; and also 1o enumerate
the materials and appliances, which will be required or found
advantageous.

Scetion L.—2PLreparation of Oljects.

104. Mieroscopie Disseclion.~The separation of the different
parts of an Animal or Vegetable structure by dissection, so as
to prepare any portion for heing minutely exammed wnder the
Microscope, should he accomplished, so far as may be found
practical)ic, with the nuked eye; but the best maode of doing
this, will depend in great degree upou the size and character
of the object.  Generally speaking, it will be found advan-
tageous to carry-on the disscetion under waier, with which
alcohol should be mingled where the substance has heen long
immersed in spirit.  The size and depth of the vessel should
be proportioned 1o the dimensions of the ohjeet to be dis-
sceted ; sinee, for the ready aceess of the hands and disseeting-
instruments, it is convenient that the objeet should neither be
far from ifs walls, nor lie under any great, ({(‘pi hof water. Where
there is no occasion that the bottom of the vessel should be
transparent, no kind of dissceting-trough is more convenient,
than that which every one may readily make for himself, of any
dimeusions he may desire, by {aking a picee of sheet gutta
pereha of adequate size and stoutness, warming it sufliciently
to render # (lexible, and then turning-up its four sides, draw-
ing-out each coruer into a sort of s} out, which serves to pour-
away its contents when it needs emplying.  The dark-colour
of this substance enables it to furnish a back-ground, which
assists the observer in distinguishing delicate membranes,
fibres, &c., especially when magnifying lenses are employed;
and it is hard enough, without being too hard, to aﬁow of
pins being fixed into it, both for securing the object, and for
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keeping-apart such portions as it is useful to put on the
stretch. When glass or carthenware troughs are employed, a
picee of sheet-cork, loaded with lead, must be provided, to
answer the same purposes. In carrying-on dissections in such
a trougly, it is frequently desirable to concentrate additional
light upou the part which is being opcrated-on, by means of
the smaller condensing lens (Fig. 45); and when magni-
fying power is wanted, it may he supplied cither by a single
lens, mounted after the mumer of Ross’s Simple Miero-
scope (Fig. 11, 8), or by a Compound hody mounted as in
one of Mr. Warington’s arrangements (Fig. 24). Portions of
the body under disseetion, being floated-off when detachdd,
may he conveniently tahen-up from the trough by placing a
slip of glass beneath them (which is often the only mode in
which delicate membranes can be satisfactorily spread-ont) ;
and may be then placed under the microseope for minute
cxamination, heing first covered with thin glass, beneath the
cdges of which is to be introduced o Little of the liquid
wherein the disseetion is being carvied-on.  Where the body
under disseetion Is so transparent, that more advantage 1s
gained by transmifting light through if, than by looking at it
as an opaque objeet, the trough should have a glass bottom:
and for this purpose, unless the hody be of wnusual size, some
of the glass ‘eells’ to be hereafter deseribed (§§ 156, 137) will
usually inswer very well.  The fiuest disscetions may often be
hest made upon ordinary shps of glass 5 eare being taken to
keep the objeet sufficiently surrounded by fluid.  For work of
this kind, no simple instrument is more generally servieeable
thau Mr. Quekett's Disseeling Microscope (Fig. 17) 5 but if
higher magnifying powers be needed than {his will econve-
nicntly afford, recourse may be had to Smith and Beek’s
Dissceting Microscope (Fig 29), which for this purpose
should always he furnished with the Ereetor (Fig. 32).—A
yarticular arrangement of the ight, devised many years sinee
{)y the Author, will enable an expert dissector to proseeute his
work with the naked eye, to an extent for which a lens would
otherwise he required. This consists in giving to the objeet the
same kind of black-ground illumination, as is now in common
use for a very different purpose; and nothing more is neces-
sary to afford i, than to atiach to the under side of the stage
a sort of “well,” composed of & tube blackencd in its interior,
ahout 1} inch long, of the same diameter as the opening of
the stage-platc, into the lower extremity of which a diaphragm
or a ground-glass may be fitted, for the purposc of diminishing
1)
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or of softening the light. The slide being laid upon the stage,
and the mirror heing so turned as to illuminate the object, the
eye is to he so placed (the arm carrying the maguifiers heing
turned to one side) that the object is seen against the dark
background afforded by the side of the well.  In this manner,
fibres of extreme minufencss, or other particles of extra-
ordinary delicacy, can he clearly distinguished, such as could
otherwise he searecly discerned at all without the assistance
of a magnilicr. And the further the dissection can he carried
in this mode, the less difficulty will he found in completing if,
when the simple or compoun([y Microscope is brought to bear
upon it.—Whenever a disseetion is being made upon the stage
0}' a microscope, it is desivable that support should be ])rovidcd
for the hands on cither side.  This may be given by hooks or
blocks of wood piled-up to the requisite height; but in place
of flut “vests,” it is much more convenient {o provide a pair of
inelined planes, sloping-away from the stage at an angle of
about 30° helow the horvizon.  These may be either solid
blocks of wood, or (which is much less cumbrous) they may
be made of {wo hoards hinged-together, one giving the in-
elined plane, which rests ab one end upon the table, while the
other, standung vertically, affords the requisite elevation to the
extremity which abuts against the stage.

105. The instruments used in Microscopic dissection, ave
for the most part of the same kind as those which are needed
in ordinary mmule Anatomical rescarch, such as sealpels,
scissors, foreeps, &e. 5 the fine instruments wsed in operations
upon the (‘.vv,]lm\\ ever, will commonly be found most suitable.
A pair of delicate seiwors curved to one side, is extremely
couvenient for cutting open tubular patts 5 these should have
their points blunted; but other scissors should have fine
points. A pair of finc-pointed scissors (Fig 56), onc leg of

Sprimg-Scissors.

which is ixed in a light handle, and the other kept-apart from
1t by a spring, so as to close hy the pressare of the finger and
to open of itself, will be found (if the blades be well sharpened
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on a hone) much superior to any kind of knives, for cutting
through dclicate tissues with as little disturbanee of them as
vossible : Swammerdam is said to have made great usc of this
mstrument in his claborate insect-dissections.  Another cuttin,
instrument much used by some disseetors, may be designate
as a miniature of the shears used in shearing sheep, or as a
cutting-forceps; the blades of such an instrument may be
prevent®d from springing too far asunder, by means of a
regulating-serew (as in the ¢microtome’ of M  Strauss-
Durckheim) or by some other kind of cheek ; aund the cutting
action, being executed by the opposed pressure of the finger
and thumb, may be performed with great precision. A pair
of small straight forceps, with fine points, and another pair of
curved foreeps, will be found useful in addition to the ordinary
dissecting-forceps. — Of all  the instruments contrived for
dclieate disscetions, however, none are more servieeable than
those which the Mieroscopist may make for himsell out of
ordinary needles. These should be fixed in light wooden
handles * (the eedar sticks used for camel-hair peucils, or the
handles of steel-pen-holders, will answer extremely well), in
such a manner that, their points should not projeet far,J since
they will otherwise have too mueh “spring.” much may be
done by their mere fewring action; but if it he desired to use
them as exlting instruments, all that is necessary is {o give
them an edge upon a hone It will sometimes be desirable to
aive a finer pomnt to such needles, than they originally possess;
this also way he done upon a hone. A needle with its point
bent to a vight angle, or nearly so, is often useful sm(l this
may he shaped by suuply heativg the pomt jualamp or candle,
giving to it the required turn with a pair of plicrs, and then
hardening the powt again by re-heating it and plunging it into
cold water or tallow.

* Special needle-holders (ke mimature port-erayons) have heen made for
this purpose, and although they afford the tacility of lengthening or shorten-
mg the acting punt of the needle at will, and also of carrymg a 1esenve

store of ncedles at the other end, yet the Author would decidedly recom-
mend the use of the wooden handles, of which a large stock may be obtamed
tor a trifle.

+ The following is the mode in which the Author has found 1t convement
to monnt hus necdles for thus and other purposes —the needle being held
tirmly .m a pair of phers uru,s]lmd by the right hand, its pomt may be foreed
mto the end of a cedar or other stick held in the Ieft, until 1t has entered to
the depth of half an mch or more; the needle 15 then cut-off to the desired
Tength (the eye-end bemg thus got-rid-of), and being then drawn-out, the
truncated end 18 loreed into the hile previously made hi' the point, until 1t
eannot be made to penetrate turther, when it will be found to be very securely
fived,  The end or the handle which embraces 1t, may then be bevelled away

roand its pomt of msertion,
r 2
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106. Cutting Sections of Soft Svbstances—Most important
information respecting the structure of many substances, both
Animal and Vegctable, may be obtained by cutting scetions of
them, thin enough to be viewed as transparent objeets. Where
the substances arc sofl, no other instrument is nceessary for
this purpose, than a sharp knife, which may he best made with
a thin two-edged blade like that of a laneet; considerable
practice is needed, however, to make cffectual usc of it; and
some individuals acquire a degree of dexterity, which others
never succced in atlaining. In cutting scefions of Animal
tissucs, which, owing to the quantity of water they contain,
do not present a sufficiently firm resistance, it is often desir-
able tolhalf-dry these, by exposing small picees freely to the
air, with the aid of a gentle warmth if re-
quired; when this desiceating process has
been carried sufliciently far, thinuer seetions
can_be cut, than could possibly have heen
made in the original slate of the tissuc; and
the texture, afler a short maceration in
water, almost entirely recovers its pristine
characters.  There are cerlain tissues, how-
ever, which will 1ot Lear to be thus treated,
and of which it is sufficient to examine an
extremely minute portion; and for making
sections of these, sueh a pair of seissors
as is represented in Fig. 57 will often he
found very uscful; since, owing to the
curvature of the hlades,® the {wo extre-
mitics of a section taken from a flat sur-
face will generally be found {o thin-away,
although the middle of it may he {oo thick
to exlubit any structure.—Where only a mo-

Curved Seissors derate degree of thinness is required, either
g‘r t}‘utlmx Th in consequence of the transparence of the
ections. tissue, or hecause it is not desired o

exhibit its minutest details, the two-bladed

Fre

* It 18 difficult to convey by a drawimg the idea of the real eurvature of
this instrument, the blades of which, whan 1t is held in front view, curve—
not to either side—but towards the observer; these scissors being, as the
French instrument-makers say, courbés sur le plat. As an example of the
utility of such an instrument to the Microscopist, the Author may cite the
curious demonstration given a few years since, b{l Dr. Aug. Walles, of the
structure of the gustative papillie, by smipping-off the papille from the hiving
human tongue, which may be done with no wore pain than the prick of a
pin would oceasion,
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knife contrived by Prof. Valentin (Fig. 58) may be em loyed
with advantage. The blades are attached to each ot{;cr at

F1c. 58.

Valentin’s Kwfe,

their lower end by a screw, in such a manner that their
“spring” tends to keep them apart; and their distance/ is
regulated by pushing the httle rivet backwards or forwards in
the slit through which it works. The kuife should be dipped
in water before using, or, still hetter, the section should be
made under water, as the mstrument works much better when
wet; after use, it should be earefully washed and dried, a
picee ol soft leather being passed bhetween the blades. 1 any
water have found its way into the part through which the
rivet works, the moveable blade shou‘d be defached by taking
out its serew, and cach blade should he eleaned separately.*
107. Cutting Svctewns of Harder Substunces—There is a large
class of substances, hoth Animal and Vegetable, which are too
hard to admit of scetions heing made in the manner just
deseribed, but of which extremely thin slices ean be made Ly .
sharp cut{ing instrument, it only they he properly held and sup-
yorted,—more especially when the thickness of The seetion can
{)c regulated by a mechanical contrivance; such are, in parti-
cular, the Stems and Roots of Plants, and the Horns, lloofs,
Cartilages, and similarly-firm structures of Animals.  Various
costly machines have heen devised for this purpose, some of
them characterized by great ingenuity of confrivauce and
beauty of workmauship; but every purpose to which these are
adapted, will be found to be unswered by a very simple and
unexpensive little instrument, which may cither be held in the
hand, ovr (which is preferable) may he fiemly attached by
means of a T-shaped picee of wood (as in Fig. 59), 1o the end
of a table or work-heneh.  This instrument essentially consists
of an upright hollow eylinder of brass, with a kind of piston
which is pushed from below upwards by a fine-threaded serew,
* An improved form of this instrument is constructed by Mr. Matthews of
Portugal-street, the blades beng made with a convex instead of a straight

edge, therr distanee from ]Fm-h other bemg regulated by a milled-head screw,
und their separation for cleaning bewy more casily accomphshed.
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turned by a large milled-head ; at the upper end, the eylinder
terminates in a brass table, which is made to present a per-
fectly flat surface. At one side is scen a small milled-head,
which acts upon a ¢ binding-serew,” whosc extremity projects

Section Instrument.

into the cavity of the cylinder, and serves to eompress and
steady anything that it holds. A cylindrical stem of wood, a

iece of horn, whalebone, cartilage, &e., is 1o be fitted to the
mterior of the cylinder, so as to project a litlle ahove its top,
and is to be steadied hy the ‘binding-screw;’ it is then to he cut
to a level by means of a sharp knife or razor, laid flat, upon
the tabic. The milled-head is next to he moved through such
a portion of a turn, as may very slightly clevate the substanee
to be cut, so as to make it é)ro'(:ct; in an almost inscnsible
degree above the table; and this projecting part is to be
sliced-off with a knife, previously dipped in water.  The hest
kuife for this purpose is a razor, %n‘und flat (insicad of
concave) on one side, but having still a concave surface on
the other; the flat side is to be laid downwards upon the
table ; and the motion given to the edge should be a com-
bination of drawing and pressing. (It will be generally found
that better scctions arc made, by working the knife from the
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operator, than Zowaerds him.) When one slice has been thus
luken-off, it should be removed from the blade by dipping it
into water, or by the usc of a camel-hair brush; the willed-
head should be again advanced, and another scction taken;
and so on.  Different substances will he found both to dear
and to require different degrees of thickness; and the amount
that suits cach can only be found by trial. It is advantageous
to have the large milled-head graduated, and furnished with a
fixed index ; so that this amount having been once determined,
the serew shall be so turned as to always produce the exact
clevation required.—Where the substance of which it is desirgd
to obtain scetions by this instrument, is of too small a size or
of too soft a texture to he held firmly in the mumer just
described, it may be placed hetween the two vertical halves of
a cork of sunitable size to be pressed into the eylinder; and
the cork, with the object it grasps, is then to be sliced in the
manner already deseribed, the small seetion of the Iatier being
carcfully taken-oll the knife, or floated-away from it, on cach
oceasion, to prevent it from being lost among the lamellie of
cork which are removed at the same {ime.—The special
methods of preparation which are requived in the case of the
rarious substances, of which scetions may be conveniently cut
by this instrument, will be deseribed under their several
heads. ’

108. Grinding and Polishing of Sections.—Substances which
are too hard to he sliced with a eulting instrument in the
manner last deseribed,—such as bones, teeth, shells, corals,
fossils of all kinds, and cven some recent vegetable tissues,—
can ouly he reduced to the requisite thinness for Micro-
scopical examination, by grinding-down thick scetions, until
thiey hecome so thin as o be transparent. The gencral method
of making such preparations will be here deseribed ;* hut
those speeial details of management which particular sub-
stances may require, will he given when these substances are
respeetively described.—The first. thing to be done, will usually
be to procure a section of the substance, as thin as it can be
safely cut. Most substances not siliccous may be divided by
the fine saws used by artisans for cutting brass; but there
arc some bodies (such as the enamel of t('ctTl, and porcellanous
shells), which, though merely calearcous, have their mineral

* The following directions do not apply to Siliceous substances ; as sections

of these can only be prepared by hose who possess a regular Lapidary’s
apparatus, and who have betn specially instructed m the use of1t.
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particles arranged in such a peculiar state of agaregation, as
to make it very difficult and tedious to divide them in this
mode ; and it is much the quicker opcration to s/if them with
a disk of soft iron (resembling that used by the lapidary)
charged at its edge with diamond-dust, which may be driven
in an ordinary lathe. Where waste of material is of no
account, a very expeditious method of obtaining pieces fit to
grind-down, is to detach them from the mass with a stronvi;
pair of ¢ cutting-pincers,’ or, if it be of small dimensions, with
* cutting-pliers;’ and a flat surface must then he given to it,
cither by holding it to the side of an ordinary grindstone, or
by rubbing it on a plate of lead (cast or planed to a perfeet
level) charged with emery, or by a strong-toothed file, the
former being the most suitable for the Ausdest substances, the
latter for the foughest. There arc certain substances, espe-
clally calcarcous fossils of wood, boue, and teeth, m which the
greatest carc is required in the performance of these pre-
liminary operations, on account of their extreme friability;
the vibration produced by the working of the saw or the filc,
or by grinding on a rough surface, lf)cing sufficient to dis-
integrate even a thick mass, so that it falls to picees under
the hand; such specimens, therefore, il is requisite to treat
with great caution, dividing them by the smooth action of the
wheel, and then rubbing them down wpon nothing rougher
than a very fine “grit.” Where (as often happens) sueh speci-
mens are sufficiently porous to admit of the penctration of
Cunada Balsam, it will be desirable, after soaking them in
turpentine for a while, to lay some liquid balsam upon the
parts through which the scction is to pass, and then fo place
the specimen before the fire or in an oven for some little time,
s0 as first to cause the balsam to run-in, and then to barden
it; by this means the specimen will be rendered much
more fit for the processes it has aflerwards to umudergo.—
1t not unfrequently happens, that the small size, awkward
shape, or cxtreme hardness of the hody, occasions a diflicult

in holding it either for cutting or grinding; in such a case, it
is much hetter to attach it fo the glass in the first instance,
by any side that happens to be flatics; and then to rub it
down by means of the ‘hold’ of the glass upon it, until the
projecting portion has been brought to a plane, and has been
prepared for permanent atlachment to the glass. This is the
method wlich it is generally most convenient to pursue with
regard o small bodies; and there are many which can scarcely
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be treated in any other way, than by attaching a number of
them to the glass at once, in such a mamner as to make
them mutually support onc another.*

109. The mode in which the operation is then to he pro-
ceeded-with, depends upon whether the section is to be ulti-
matcly set-up in Canada balsam (§ 125), or is to be mounted
dry (§ 122), or in fluid (§ 132). In the former case, the fol-
lowing 1 the plan to be pursued. The flattened surfuce is
to be polished, by rubbing 1t with water on a ¢ Water-of-Ayr’
stone, on a hone or ‘Turkey’-stone, or on a new stone recently
introduced under the name of the ¢ Arkansas’-stone; the ficgt
of the three is the best for all ordinary purposes ; but the to
latter, being mueh harder, may be employed for substances
which resist it.} When this has been sufficiently accom-
plished, the section is to be attached with Canada balsam to a
slip of thick well-anucaled glass; and, as the success of the
final result will often depend upon the completeness of its
adhesion to this, the means of most cffectually sccuring that
adhesion will now be deseribed in detail.  Some Canada
halsan, previously rendered somewhat stiff by the evaporation
of part of its turpentine, is to he melied on the glass slip, so
as o form a thick drop, covering a space somewhat larger
than the area of the scetion; and it should then be set aside
to cool, during which process, the bubbles that ‘may. have
formed in it will usually burst.  When cold, its hardness
should be tested, which is hest done by the cdge of the thumb-
nail; for it should be with difficulty indented by its pressure,
and yet should not he so resinous as to he hrittle. 1f it be
too soft, as indicated by its too-ready yielding to the thumb-
nail, it should he hoiled a little more ;" if too hard, which will
be shown by its chipping, it should be re-melted and diluted
with more-fluid balsam, and then set aside to eool as hefore.
Wlen it is found to be of the right consistenee, the scetion
should be laid upon its surface, with the polished side down-

* Thus, in making horizontal and vertieal scctions of Foraminifera, as it
would be unpossible to cut them through, they must be laid close together
in a bed of hardened Canada-balsam on a ship of glass, i such positions, that,
when rubbed down, the plane of section shall traverse them in the desired
directions; and one flat surface having been thus obtained for each, this
must be turned downwards, and the other side ground away,

+ As the flatness of the polished surface 1s a matter of the first importance,
that of the stones themselves should be tested from time to time; and when-
cever they are found to have been rubhed-down on any one part more than on
another, they should be flattened 1 a paving-sione with fine sand, or on the
lead-plate with cery. '
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wards ; the slip of glass is next to be gradually warmed until
the balsam is softened, special care bemg taken to avoid the
formation of bubbles; and the section is then to be gently
pressed-down upon the liquefied balsam, the pressure being at
first applicd rather on one side than over its whole arca, so as
to drive the supeifluous balsam in a sort of wave towards the
other side, zm(} an_equable pressure heing finally made over
the whole. If this be carcful]ly done, even a very large section
may be attached to glass, without the intervention of any air-
bubbles; if, howevcr, they should present themselves, and
they cannot be eapelled by increasing the pressure over the
part hencath which they are, or by slightly sfuifl ing the seetion
from side to side, it is better to take the seetion cutirely off,
to melt a little fresh halsam upon the glass, and then to lay
the seetion upon it as before.

110. When the section has been thus secured 10 the glass,
and the attached part thoroughly saturated (if it he porous)
with hard Cnnada-{))ulsnm, it may {m readily reduced iu thick-
ness, either by grinding or liling as before, or, if the thickness
be excessive, by taking-off the chief part of it at once hy the
slitting-wheel. ~ So soon, however, as it approaches the thin-
ness of a picce of ordinary card, it shou{ be rubbed-down
with water on one of the smooth stones previously named, the
glass slip being held beneath the fingers with its face down-
wards, and the pressure being applied with such cquality, that
the thickness of the section s?mll be (as nearly as can be
discerned) equal over its entire surfuce.  As soon as it begins
to be translucent, it should be placed under the Microscope
(particular regard heing had to the precaution specificd m
§ 86), and note tuken of any incquality; and then, when it is
again laid upon the stone, such incquality may be hrought-
down, by making special pressure with the fore-finger upon the

art of the slide above it.  When the thinness of® the scetion
15 such as to cause the water to spread around it hetween
the glass and the stone, an excess of thickness : n either side
may often he deteeted, by noticing the smaller distance to
which the liquid extends. Tn proportion as the substance
attuched to the'glass is ground-away, the superfluous balsam
which may have exuded around it will be brought into contact
with the stone; and this should be removed with a knife, care
being 1aken, however, that a margin be still left round the
cdge of the scetion.  As the scetion approaches the degree of
thinuess which is most suitable for the display of its organi-
zation, great care must be taken that the grinding process be
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not carricd too far; and frequent recourse should he had to
the Microscope, which it is convenient {o have always at
hand, when work of this kind is being carried-on. There are
many substances whose intimate structurc can only be dis-
played in its highest perfection, when a very little more
reduction would destroy the scetion altogether; and cvery
Mieroscopist who has occupied himself in making such pre-
parations, can tell of the number which he has sacrificed in
order to attain this perfection. Hence if the amount of
material be limited, it is a good rule to stop-short as soon as
- a good scetion has been made, and to lay it aside—‘letting
well alone”—whilst the attempt is being made to procurf a
better one; if thus should fail, another attempt may be made,
and so on, until either success has been attained, or the whole
of the material has been consumed,—the firs? section, how-
cver, still remaining: whereas, if the first, like cvery sue-
cessive seetion, be sacrificed in the attempt to obtain perfee-
tion, no trace will be left to “show what has been.”-~In judging
of the appearance of sections In this stage wnder the Micro-
scope, it 15 to be remembered that its transparcuce will sub-
sequently be considerably inercased by mounting in Canada
balsan (§ 125) ¢ this is particularly The ease with fossils, to
which a deep hue has been given by the infiltration of some
colowring watter; and with any substances whose particles
have a molecular aggregation, 1hat is rather amorphous than
crystalline.—When a sullicicut thinmess has been attained, the
scetion may generally be “mounted” in Canada balsam ; and
the mode m which this must be managed, will be detailed
hereafter (§ 129).

111. As there are cerlain substances, however, the view of
whose stracture is impaired by mounting in Canada balsam,
and wlich should therefore be mounted either dry or in fluid,
different method of procedure must be adopted with them.
If tolerably thin scetions of them can be cut in the first
instance, or if they are of a size and shape to be held in the
haund whilst they are being roughly ground-down, there will be
no occasion 1o attach them to glass at all; it is frequently con-
venient to do this at first, however, for the purpose of ohtaining
a “hold’ upon the specimen ; hut the surface which has been
thus attuciwd, must afterwards be completely rubbed-away,
in order to bring into view a stratum which the Canada
balsam shall not haye penctrated.  As none but substances
possessing considerable toughness, such as bones and teeth,
can be treated in this manner, and as these arc the substances
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which are most quickly reduced by a coarse file, and are lcast
lable to be injured by its action, it will he gencrally found
possible 1o bring the sections to a considerable thinness, by
aying them upon a picec of cork or soft wood held in a vice, and
gl)cratin upon them first with a coarser and then with a finer

c. When this cannot safely be carried further, the scetion
must be rubbed-down upon that one of the fine stones already
mentioned (§ 109), which is found best to suit it ; as long as
the scetion is tolerably thick, the finger may be used to press
and move it ; but as soon as the finger itself begins to come
into contact with the stone, it must be grarded hy a flat slice
of cork, or by a picce of gutta-percha, a little larger than the
object. Under cither of these, the scetion may be rubbed-
down until it has been reduced to the requisite degree of
tenuity; but even the most carcful working, on the fincst-
grained stone, will leave its surface covered with seratches,
which not only detract from its appearance, but prevent the
details of its internal structure from being as readily made-
out, as they can be in a polished scetion. This polish may
be imparted, by rubbing the section with putty-powder
(peroxide of tin) and water, upon a leather strap, made by
covering the surface of a board with buff-leather, Laving three
or four thicknessces of cloth, flanuel, or soft-leather heneath it
this operation must be performed on both sides of the section,
until all the marks of the seratches left by the stone shall
have been rubbed-out; when the specimen will be fit for
mounting, after Daving been carcfully cleansed from any
adhering particles of putty-powder.

112. Clemical Aetions—One important part of the pre-
paration of Mieroscopic objects, is olltcn effected by the use of
Chemical Re-agents.  These may be employed, erther for the
sake of removuny substances of which it is desired to get-rid,
in order to bring something clse into view ; or for the sake of
detecting the presence of particular substances in the objeet
under cxamination.—Thus, in order to obtain the anmmal
basis of Shell, Bone, Tooth, &c., it is necessary to dissolve
away the calcgreous porlion of these tissuces by the use of
acids; a mixture of mitric and muriatic acids is preferable ;
and this should be added, little by little, to a considerable bulk
of water, until a disengagement of gas be perceived to com-
menee from the surface of the specimen.  Cire should always
be taken not to hurry the process by adding too much acid,
since, when the animal membrane is of very delicate con-
sistence, it is liable to be dissolved ; and in some cases it is
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better to allow the action to go on for many weeks, adding
only a drvop or two of acid at a time. When siliceons par-
ticles are to be removed (such as those which form the loriee
of the Diatomacee), for the sake of leaving the organic mem-
brane in a state adapted tosseparate examination, hydrofluorie
acid must be employed as the menstruum. 1t is ‘sometimes
ueeessary, on tﬁe other hand, to get rid of the organic
matter, for the sake of obtaining the mineral particles in a
scparate stale, as in the case of the spicules of Sponges,
Gorgonire, &c., this may be donce cither by incineration, or
(which is gencrally preferable) by boiling or macerating fof a
long time in a solution of caustic potash.” In separating from
Guano, again, the siliceous skeletons of Diafomacen, &e.,
which it may contain, muriatic and nitric acids are largely
used, to dissolve-away every part of the mass on which ﬁu:y
will act ; the mieroscopic organisms for which scarch is made,
being contained in the few grains of sediment which arc
left. when a pound of pure guano is thus treated.

113. In applying Chemical Re-agents to Microscopic ohjects
for the purpose of festing, it is necessary to use great care not
1o add too much at once ; and f is hetter that the test-bottle
ifsell should afford the meaas of regulating the quantity, than
that an additional rod or tube should be rcqlm'(-(ll. Two wodes
have heen devised for this purpose.—One cousists in drawing
{he neek of the test-botile to a eapillary orifiee, and covering
it with a cap which fits arouud it; and the fluid is caused to
flow from this, drop by drop, by the warmth of the hand
applied to the hottle, which eauses an expansion of the air it
way contain.®  When these hottles arc cmﬂ)ticd, they must he
re-lilled by expelling the air by heat, and placing the capillary
orificc under the swrface of 1he fluid to be introduced, which
will then be forced-in as the bottle cools; this process may
need to he repeated two or three times (eare being taken that
the heat n])pllivd be not so great as to erack the hottle) ; hut
it is betfer not to fill the bottle more than half-full, in order
that air cnough may he left for the warnnth of the hand to
act-upon.—The other arrangement for applying minute quan-
tities of test-liquids, consists in the clongation of the stopper,
which is drawn to a fusiform point, so as to serve as the test-
rod for its own bottle.} This enables either a mere trace, ot

¥ A set of 12 test-bottles on thix plan, packed in a box, is supplied by Mr,
Highley of Fleet-street. 5 )

T Bottles of this pattern, which was devised by Dr. Griffith, are sold hy
Mr. Ferguson of Giltspur-street.
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scveral ordinary drops, of the re-agent to he applied at once ;
for the elongated stopper will take-up a considerable quantity,
a larger or smaller proportion of w{)ich (as desired), may be
left-hehind, by bringing the lower pat of the stopper into
contact with the inside of the neck of the bottle, as it is being
withdrawn.—Whicliever plan is made use of, great carc should
be taken to avoid carrying-away from the shide to which the
test-liquid is applied, any loose particles which may be upon
it, and which may be thus transterred to some other object,
1o the great perplexity of the Microscopist. It is hetier, in-
deed, not Lo deposit the drop of test-liquid on the slide in
immediate contact with the substance to which it is to he
applied ; but to bring the two into contact after the test-hottle
has been withdrawn.

114. The following are the Test-Liguids most frequently
needed.

1. Solution of Jodize in water (1 gr. of iodine, 3 grs. of
iodide of potassium, 1 oz. of distilled water) tarns starel blue,
and cellulose hrown ; it also gives an intense brown o albu-
minous substances.

9. Dilute Sulphurie Aeid (onc of acid to two or three parts
of water) gives to cellulose that has been previously dyed
with iodne, a blue or purple hue; also, when mixed with a
solution of sugar, it gives a rose-red hue, wmote or less deep,
with nitrogenous substanees and with bile (Pet{enkofer’s test).

3. Solution of chloride of zine, iodwe, and 10dide of potas-
sium, made in the following way.—Zine is dissolved in hydro-
chloric acid, and the solution is permatted to evaporate, in
contact with metallie zine, wutil it atiains the thickness of a
syrup; this syrup is then saturated with iodide of potassuum,
and jodine is last added. This solution (which is known
as Schultz’s test) serves, like the preceding, to deteel the
presence of cellulose, and has the advantage over sulphurie
acid of being less destructive to the tissuces. Jﬂ;u-’ll will
sometimes succced where the other fails; consequently, in
doubtful cases, both should be employed.

4. Concentrated Nifrie Aeid gives to albuminous substances
an intense yellow; when dilufed with about two or three
parts of waler, it is very uscful m separating the clementary

varls of many Animal and Vegetable tissucs, when these are
{milcd i it.

5. Acetic Acid (diluted with from three to five parts of
water) is a most uscful test-liquid to the Animal Histologist,
frow 1ts power of dissolving, or at least of reducing to a state
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of such transparcney that they can no longer be distinguished,
certain mcmf))raues, fibres, &c.; whilst others arc brought
strongly into view.

6. dcid Nitrate of Mercury (Millon’s test) colours albu-
minous substances red.

7. Solution of caustic Pofush or Sode (the latter being
generally preferable) has a remarkable solvent effect upon
many organic substances, both Animal and Vegetable.

8. Aleohol dissolves resinous substances and many vege-
table colouring-matters, and renders most vegetable prepapa-
tions more transparcnt; on the other hand, by its coagulating
action, it renders many animal tissues (as nerve-fibres) more
opadque, and thus brings them into greater distinetness.

9. Ether dissolves not only resins, but oils and fats.

Scction 2. Mounting of Objects.

115. The Microscopist not merely desires to prepare objects
for examination, hut, where possible, 1o preserve them in such
a manucr that they may bhe inspeeted at any future {ime.
This may he so eflectually accomplished in regard to many
substances, that they undergo no kind of change, however long
they may be retaned ; and even delicate structures whose
composition renders them peeuliarly liable to decay, may
often be kept, by complete scelusion from the air, and by
immersion i a preservative fluid, in a stale so nearly
resembling that in which they were at first prepared, that
they will continue, during an indelinite length of time, to
exhihit their original characters with scarcely any deteriora-
tion.—The method of ¢ mounting” objects to be thus preserved,
will duler, of course. both according to iheir respeetive
natures, and also according 1o the mode in which they are to
be viewed, whether as Zransparent oras opugue objeets.  Thus
they may be set-up dry, or in Canada balsam, or in some
preservative li(tui(l; they may need to be simply covered with
thin glass, or they may require to he surrounded by a ecll 5’
if they are to he viewed by transmitted light, they must
always have glass below them ; but if they are to be scen by
the light reflected from their surfaces, they may often he
preferably mouuted on wood, card, or some other material
which ivsclf affords a black back-ground. [ alnost all cases
in which transparent ohjects are to be mounied, use will have
to be made of the sljps of glass technically called stides or
sliders, and of covers of thin glass, and it will thercfore be
desirable to treal of these in the first instance.
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116. Glass Slides.—The kind of glass usually employed for
mounting objects, is that which is known as ‘flatted crown;’
and it is now almost juvatiably cut, by the common consent
of Microseopists in this country, into slips measuring 3 in. by
1 in.; for objects too large to be mounted on these, the size
of 8in by 1} in. may be adopted. Such slips may be
purchased, accurately cut to size, and ground at the cdges,
for so little more thuu the cost of the glass, that few persons
to whom time is an objeet would trouble themselves to prepare
them; it being ouly when glass slides of some unusual dimen-
sions are required, or when it is desired to construct ¢ built-
up cells’ (§§ 136, 137), that a facility of cutting glass with
the glazier’s diamond hecomes useful —The glass shdes pre-
pared for use, should be free from veins, air-bubbles, or other
flaws, at least in the cenfral part on which the objeet is
placed; and any whose defeets render them uusuitui])lc for
ordinary purposcs, should be scleeted and Taid-aside for uses
to which the working Microscopist will find no ditfieulty
in putting them. As the shps vary considerably in thickness,
it will be advantageous 1o separate the ek from the tiin,
and both fiom those of medirm substance: the last may
be employed for mounting ordinary objeets; the sccond for
mounting delicate ohjeets to he viewed by the high powers,
with which 1he achromatic condenser is to be used, so as 1o
avoid any wunecessary refraction of the illuminating peneil hy
the thichuess of the plate which it has to traverse heneath the
object ; whilst the first should be set-aside for the attachment
of objeets which are to he ground-down, and for which, there-
fore, a stronger monuting than usual is desivable.  Where
very hard substances have to be thus operated-on, it is
advantageous to attach them in the fiest instance to picces of
very thick plate-glass 5 only transferring them to the ordinary
slides, when they have been reduced to nearly the requisite
thinness (§ 129).

117. Zhin-Gless—The older Microscopists were obliged to
employ thin lamiuw of /ale, for covering objeets 1o be viewed
with lensest of short fociy but this material, which was in
many respeels objectionable, is now entirely superseded by
the thinglass manufactured for this express purpose by
Messrs. Chanee of Birmingham, which may be obtained of
varions degrees of thickness, from 1-20th to 1-250th of an
inch,  This glass, being unannealed, is very hard and brittle ;
and much care and some dexterity are required in cutting it.
This should be done with the writing diamond; and 1t is
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advantageous to lay the thin-glass upon a picce of wetted

late-glass, as its tendency to crack and ‘star’ is thercby

iminished.  For cutting square or other reclungular covers,
nothing but a flat rule is required. Tor cutting rownds or
ovals, on the othier hand, it is necessary to have ‘guides’ of
some kind. The simplest, which arc as cflective as any,
consist of picces of flat brass-plate, perforated with holes of
the vartbus sizes desired; or curtain-rings, with a picce of
wire soldercd on cither side : these being held firmly down on
the {hin-glass with two fingers of the left hand, the writing-
diamond is carried round the inuer margin of the apertyre
with the right; care heing taken that, in so doing, {he
diamond be made to revolve on its own axis, which is needful
both that it may mark the glass, and also that the beginning
and the end of the cut may join.*  Where a number of such
* rounds’ are being cut at once, it saves mach trouble, as well
as risk of loss by breakage in separating them, to cut the
glass first into strips, whose breadih shall cqual the diameter
of the rounds.  But it is very convenient to usc-up for this
purpose any odd pieces of glass, whose shape may render them
unsuitable for being cut into ¢ squares’ without much waste
—The picces of thin glass thus prepared for use, should be
sorted, not only according to size nu({ shape, but also accord-
ing to thickness. The thnest glass is of course most difticult
to handle safely, aud is most liable to fracture from accidents
of various kinds; aud hence it should ouly be employed for
the purposc for which it is absolutcly 1}00(1('(1,——mumaly, the
mounting of ()bf'(‘cts which are to be viewed by the highest
powers.  The thickest picces, again, may be most advan-
tageously employed as covers for lurge cells in which objeets
arc mounted 1 fluid (§§ 136, 137), to be viewed by the low
powers, whose performance is not semsibly afleeted by the
aberration thus produced. And the picces of medium thin-
ness will be found those most serviceable for all ordinary

* A very clegant httle instrument, for the purpose of cutting thin-glass-
rounds, contrived by Mr, Shadbolt, and aunother, of o more substantial cha-
racter, invented by ‘Mr. Darker, will be fonnd deseribed 1n Mr. Quekett’s
« Practical Treatise.” These instruments, however, me rather adapted for
ihe use of those who have occasson to prepare l‘ut“)Al'()lllNlh m large quan-
tities, than for the ordmary working Microscopist, who will find the method
above described answer s requirements sufficently well.  Indeed 1t 18 in
some respects superior; smee a firm pressure made by the ring or plate on
the glass around, tends to prevent the crack from speadmg into it.—To
every one to whom the saving of ture s a greater object than the expenditure
of u few shillings, it is strangly recommended that these ‘rounds’ should be
purchased ready-cat; as they may be obtained of any required size and thin-
ness, at a very moderate cost.

Q
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purposes ; neither heing, on the one hand, difficult to handle;
nor, on the other, interfering with the clearness of the image
formed by medium powers of moderate aperture, even when
no special adjustment is made for the aberration they produce
101).
@ 118." The exact thickness of any picee of glass may he deter-
mined without difliculty, by placing it edgeways on the stage of
the microscope (holding it in the stage-foreeps), and measuring
its edge by the eye-picee micrometer (§ £6). A mich more ready
means is afforded, however, by the Lever of Conluct (Kig. 60)

Fra. 60.

Lever of Contact,

devised by Mr. Ross for this cxpress purpose.  This instru-
ment. consists of a small horizontal table of brass, mounted
upon a stand, and having at one end an are eraduated into 20
divisions, cach of which yepresents 1-1000th of an inch, so
that the entire are measures 1-501h of an ineli; at the other
end is a pivol, on which moves a long and delicate lever of
stecl, whose extremity points to the graduated are, whilst it
has very near its pivot a surt of projecting 1ooth, which bears
at % agumst a vertieal plate of steel that is serewed to the
horizomal table. The picce of thin glass to he measurad,
being inserted between the vertical plate and the projeeting
tooth of the lever, its thickuess in thousandths of an wmeh 1s
given by the number on the graduated are, 1o which the
extremity of {he lever points. Thus, if the number he 8, the
thickness of the glass is 008, or 11250, of an inch—A very
clegant little iustrument, wlich is used by watchmakers for
measurmg the thickness of thin plates aud wires, may be
obtained at a much less cost [rom the dealevs in Swiss tools ;
this answers the purpose equally well; but the “value” of its
scale must be determined by gauging the thickness of a picee
of glass, or the. diameter of a fine wire, and comparing the
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number of divisions which it indieates, with the micrometrieal
measurement of the same body obtained by the microscope.—
When the glass covers have been sorted according to their
thickness, it will be found couvenient to employ those of ouce
particular thickness for cach particular class of objeets ; sinee,
when one object is being examined after another, no re-adjust-
ment ofr the objective will then be required for each. 'This
will be found a great saving of time and trouble, when high
powers are in use.—It is undesirable to employ glass covers
of greater thickuess than 1-110th ( 007) of an ineh, with any
ohject-glass whosc aperture exceeds 75°; aud for objdet-
glasses of 120° and uwpwards, the glass cover should not
exceed 1-250th (*004) of an inch,

119. On account of the extreme brittleness of the thin
glass, it is desirable to keep the picees, when cut and sorfed,
i some fine and soft powder, sueh as starch.  Before using
it, however, the Microscopist should he carelul to elean it
thoroughly 5 not merely for the sake of removing foulnesses
which would inderfere with the view of the objeci, but, also for
the sake of getting rud of adherent stareh-grains, the presence
of which might lead to wrong conclusions, and also of frecing
the surface trom that slight greasiness, which, by preventing
it from being readily wetted by water, frequently occasions
greal imeonvenicnce 1 the mounting of objeets in fluid.  The
thicker preees may he washed and wiped without much
danger of fracture, if due care be employed 5 but the thinner
require much precaution; and m eleansing these, the simple
method devised by Mr. Spencer will he found very useful.
This consists in the use of a pair of round (lat disks, about 1}
ineh in diameter, made of wood or metal covered with chamois
leather, and furnished with handles; for when a piece even of
the thmnest glass is laid upon one of these, it may be rubbed
clean with the other, and any amount of pressure may be used,
without the least risk of breaking it Previously to doing this,
however, it will be advantageous to soak the picees for atime
in strong sulpharie acud, and then to wash them in two or
three waters; if greasiness, however, e their ehief fault, they
should he soaked in a strong infusion of nut-galls ; with which
it will he also advantageons to cleanse the surface of glss
slides that are to be used for mounting objeets in liquid.

120. Jurnishes and Cemenls.—There ave three very distinet
purposes, for which eqments that possess the power of holding
firmly to glass, and of resisting, not merely water, but other
preservative liquids, are rcquire‘sl by the Microscopist ; these

Q
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being (1) the attachment of the glass covers to the slides or
cells containing the object, (2) the formation of thin cells of
cement only, and (3) the attachment of the glass-plate or
tube-cells to the slides. The two former of these purposes
are answered by liquid cements or varnishes, which may be
applicd without heat; the last requires a solid cement of
greater tenacity, which can only be uscd in the melted state.
—The Varnishes used for mounting objects in liquid, should
always be such as contain wo mizture of solid particles. This
is a principle on which the Author, {from an expcrience of
many years, is disposed to lay great stress; having often made
trial, at the recommendation of friends, of varnishes which
were said to have been greatly improved by thickening with
litharge or lamp-black; aud having always found that,
although they might stand well for a few wecks or months,
they became porous after a greater lapse of time, allowing the
cvaporation of the liquid and the admission of air. He has
himself found none more durable than that known as japanner’s
Gold-size, which may be obtained at almost every co{our-shop ;
for although this, when newly made, is apt to be somcwhat
too thin, so as 1o tend to run-iz bencath the glass-cover, it
may be casily thickened to any required (i(]i{,rree, by kecping for
some time in an open hotile.  If it be allowed to become so
thick, however, as nol to be casily worked by the brush, it is
quite unfit for use. There are few preservative liquids with
which gold-size may not he cmployed ; sinee it is not acted-on
by any aqueous solution, and resists moderately-diluted spirit ;
oll of turpentine being its only true solvent.*—Many Micro-
scopists prefer the solution of shelllac in naphtha, which is
sold under the name of Liguid Glue ; this drics more quickl

than gold-size, but is more hrittle when completely hardcn(xg
and docs not, in the Author’s opinion, adhere so firmly and
enduringly to glass ; and it is, morcover, more casily acted-on
by diluted alcohol than the preceding.—Of late, a solution of
Asphalte in drying-oil or turpentine, sometimes known under
the name of “Brunswick-black,” has come much into use. It
is extremely Sasy and pleasant to work-with, and dries quickly ;
but it is brittle when dry, and is disposed to crack, not merely
when subject to any ¢jar,’ but also (after some time) spon-
tancously. This cvil may be corrected, according to Mr.
Brooke, by adding to it a little solution of Caoutchouc in

* The Author has preparations mounted with gold-size as much as twelve
ignrs ago, which have remamed perfectly free frum leakage; the precaution
ving been taken, to lay on a thin coat of varnish cvery two or three years.
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mineral naphtha. Oil of turpentine is the solvent for this
varnish, as for gold-size; and brushes which have been used
with either, may be clcansed by that menstruum ; those which
have been used with liquid glue, may be cleansed with naphtha.
—For mounting objects diry (§ 122), or for giving a finished
appearance to mountings which have been made by one or
other gf the foregoing ccments, varnishes may be uscd, which,
from containing colouring particles, or from being acted-on
by the preservative liquids employed, could not be safely
laid-on in the first instance. Among the most convenicnt
of this kind, are varnishes made by dissolving red or black or
any other coloured Sealing-wax in strong alcohol; thesc are
more to be recommended for their appearance, however, than
for their tenacity, being very apt to lose their hold upon the
glass after a time; and the Author, having suffered much
wjury to his preparations from trusting to them, would
recommend that, even in mounting objeets dry, some other
cement should be first used, by which the glass cover should
be attached to the slide, the sealing-wax varnish being only
laid-on as a finish. If a black varmsh be desired for such a
purpose, it may be readily made by mixing gold-size with a small
quantity of lamp-black ; this dries quickly, and is free from
brittleness; but, for the reason alrcady mcntioned, it should
not be used in the first instance to mount objeets in fluid,
although it may be laid as a finish over gold-sizc or asphalte.
—For making cement-cells (§ 134), either asphalte, gofd-size,
or liquid glue may be employed, the first beig on the whole
preferable; the varnish termed Bleck Japan also makes very
good and durable cells, if the glasses to which it has been
applied he cxposed to the heat of an oven, not raised so high as
to cause them to blister.”

121. Although Canada balsam has been somctimes used as
a cement, and has the advantage of being worked with extreme
convenieuce, yct it is so apt to crack when hardenced by time,
that a slight “jar” will cause the cell to spring-away from the
glass to which it has heen atlached. Henee, if employed at
all for affixing cells 1o glass-slides, its use should he limited to
those plate-cells which afford a large surface of attachment
(§ 136), or tothose very thin tube-cells (§ 135), which cannot
be so conveniently attached with marine glue, and of whieh
the cover may be sccured to the slide by spreading the ring of
gold-size round the margin of the cell itsclf (§ 138). Care
should be taken, irl applying the Canada balsam, that it be
sufficiently hardened by heat, but that it be not so heated as
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to become brittle (§ 109): the general method of using it for
this purpose, is the same as that which must be practised in
the case of marine glue. The superfluous balsam left after
pressing-down the cell, is to be removed, first by seraping with
a heated knife, and then with a rag dipped in oil of turpentine,
after which it is desirable to give the glass surface a final
cleansing with aleohol.—For all kinds of cclls (§§ 135 137)
except those just mentioned, the proper cement is Marine
Glue, which is a mixture of shell-lae, eaoutehoue, and naphiha,
now extensively employed; being distinguished by its extra-
ordinary tenacity, and by its power of resisting solvents of
almost cvery kind.  Different qualities of this substance are
made for the several purposes to whieh it is applied; that
which is the most suitable to the wants of the Microscopist, is
known in connnerce as GK 4.  As this ecment can only be
applicd hot, and as it is a great saving of trouble to attach a
considerable munher of cells al, the same time, a Mounting-Plate
should be provided, whieh will furnish the requisite heat fo
several slides at once.  Such a surface may be afforded by the
top of a stove ; but it is better to have one which can be used
at all seasons, and the heat of which can be preeisely regulated
at pleasurc. A very simple apparatus much used for this
purpose, consists of aswall table of brass- or iron-plate, about
6 inches long and 2 broad, with legs ahout 4 inches high,
cither serewed into its four corners, or so jointed to them as
to fold-down; this is set over a small spirit-lamp, the (lame of
which is regulated to give the heat required.  The Author has
found it much prcfcm?)lu, however, to Jay the plate on one of
the rings of a swall ‘retort-stand > (used in CL('lni(-:ll opera-
tions), which adwits of bheing shifted to any height that may
be desired, so that the heat applied may be precisely graduated;
or, if & gasJamp be employed for the ordinary purposes of
illumination, its stem may be fitted with a sliding-ring, which
will carry cither a hot plate or a water-hath.* It is morc con-
venient, however, to have two such plates, laid on two rings ;
onc heing allowed to cool with the slides upon it, whilst the
other is heing heated.—The glass slides and cells which are to
be attached to cach other, must first be heated on {he
mounting-plate ; and some small cuttings of marinc-glue are
then to be placed, cither upon that surface of the cell which
is to be attached, or upon that portion of the slide on which
it, is 1o lic, the former heing perhaps preferable.  When they

* Both these fitlings are adapted to the Gas-lamp supplied for the use of
Microscopsts by Mr. S, Ihghley (§ 75).
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begin {o melt, they may be worked over the surface of attach-
ment hy means of a ncedle-point; and in this mauner, the
nelted glue may be uniformly spread, care being taken to
pick-out any of the small gritty particles which this ccment
sometimes contains.  When the surface of attachment, is thus
completely covered with liquelied glue, the cell is 1o be taken-
up with a puir of forceps, turned over and deposited in its
roper place on the slide; and it is then {o be firmly pressed-
own with a stick (such as the handle of the needle) or with
a picce of flal wood, so as to squeeze-out any superfluous
gluc from beucath.  1f any air-bubbles should be scen betwgen
the eell and the slide, these should if possible be got-rid-ogP by
pressure, or by slightly moving the cuﬁ from side to side; but
if their presence results, as is sometimes the case, from defi-
ciency of ccment at that point, the ecll must be lifted-off
again, and more glue applied at the required spof.  Some-
times, in spite of care, the glue becomes hardened and
blackened by overheating ; and as, in this ease, it will not
stick well to the glass, it is preferable not to attempt to
proceed, hut, to lift-off 1he ecll from the slide, to let it eool,
and then 1o repeat, the process.  When the cementing has
been satisfactorily accomplished, the slides should be allowed
to cool gradnally, in order to seeure the firm adhesion of the
gluc; and ths is readily accomplished, in the fivst instance,
by pushing cach, as it is finished, towards onc of the extre-
mities of the plate, which is of course eooler than the centre.
I two plates ave m use, the heated plate may then be readily
moved away upon the ring which supports it, the other heing
brought down in its place; and as the heated plate will be
some little time in cooling, the finm atiachment of the eells
will be secured. L, on the other hand, there be only « single
plate, and the operator desire to proceed at once in mounting
more cclls, the slides alecady completed should be carclully
removed from it, and laid upon a mwooden surface, the slow
conduction of which will prevent them from cooling too fast.
Before they are quite cold, the superfluous glue should be
scraped fron the gluss with a small chisel or awl; and the sur-
face should then be carefully eleansed with a solution of potash,
which may he rubbed upon it with a picee of rag covering a
stick shaped like a chisel.  The cells should next be washed
with a hard brush and soap-and-water, and may be finally
cleansed by rubbing with « little weak spirit and a soft cloth.
In eases in which appearance is not of much consequence, and
especially in those in which the cell is to be used for mounting
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large opaque objects, it is decidedly preferable not to serape-
off the glue too closely round the edges of attachment, as the
“hold” is much firmer, and the probahility of the penetration
of air or fluid much less, if the immediate margin of glue be
left, both outside and inside the cell. .
122. Mounting Objects Dry—There arc certain objects,
which, cven when they are to be viewed by Zransmitted light,
arc more advantageously seen when simply laid on glass, than
when they are immersed either in fluid or in balsam. This is
the case especially with sections of boues and teeth, much of
whose internal structure is obliterated by the penetration of
fluid ; and also with the scales of Lepidopterous and other
Insccts, whose minute surface-markings arc far more distinct
when thus examined, than when treated in auy other way.*
For preserving such objects, it is of course desirable that they
should be protected by a cover; and this must be so attached
to the glass slide, as to keep the object in place, besides being
itself sccured. T or this purpose, sealing-wax varnish is often
uscd, but is unsuitable on account of its brittleness when
dry; gold-size mixed with lamp-black is much to he preferred,
and, 1f carcfully laid-on, will not tend to run-in between the
cover and the slide. If the object have any tendency to
curl-up, or to keep-off the cover from the slide by its own
spring,” it will be useful, while applying the varnish, to
make use of pressure, such as that afforded by the little
implement represented in Fig. 62. This pressurc should not
be remitted, until the varnish is dry enough to hold-down
the cover by itsclf. For mounting dclicate objects, the
thinner slides should be selected (§ 116); and for very difficult
test-objects, it is advantagcous to employ thin-glass below as
well as above the specimens, for the sake of diminishing the
aberration which the illuminating peneil sustains in its passage
to the object, and for allowing the achromalic condenser to
approach the object as closcly as possible. For this purpose,
tfl)e simplest method is to take a slip of wood, of the ordmary
* It is affirmed by two high authorities on all that relates both to the
theoretical and pfactical action of Object-glasses of large aperture (namely,
Prof. Robinson and Mr, Wenham), that the effece of mounting delicate test-
objects 1n Canada-balsamn is practically to redu ¢ the aperture, smee no rays
can diverge after passing through a stratum of this substance, at a greater
angle than 85° or 90°. Hence they recommend that the * difficult’ Diafomacem
should nof be mounted 1n balsam, if they are to be viewed by objectives of
120° or 130°,  Their position is disputed, however, by Prof. Buley ('}I .8.), who
aflirms that bal ted speci are preferable as tesf-objects. —Those
who are interested in this question, will do well to consult the papers of

these gentlemen, in the 2nd and 3rd volumes of the “Quart, Journ, of
Microsc, Science.”” ~
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size of the glass slide (3 in. by 1 in.), with a central aperture
of from 3 to 5-8ths of an inch; to cover this aperture with a
‘square’ or ‘round’ of thin glass of sufficient size to project
considerably beyond it; to lay the object upon this glass, and
to protect it with a cover of rather smaller size, which should
be fastened-down all round by varnish, to prevent the entrance
of moistyre ; and finally to secure both glasses to the wooden
slide, by gumming-down over them a piece of paper, with a
perforation of the same size as that of the slide itself.

123. Tor dry-mounting opague objects, the method adopted
must vary with the mode m which the object is to {c
illuminated; since, if a side-condenser or reflector is to be
cmployed, the whole slide may be opaque; whereas if the
Licberkuhn is preferred, the object shoulr& be placed on a disk
of appropriatc size (§ 65), supported in such a mode as to
admit the light all around it.—For the former purpose, the
Aauthor has devised the following simple method, which he
has found to afford peculiar conveniences. Let there be pro-
vided a cedar-slide of the kind just deseribed, a piece of card
of the same dimensions, and a picce of dead-hlack paper,
rather larger than the aperture of the slide, if a dark mounting
be desired, which is preferable for most objects : this picee of
paper is to he gummed to the middle of the card, and then,
some stiff gum having hecn previously spread over one side of
the slide (care being taken tLat there is no superfluity of it
immediately around the aperture), this is to be laid-down
upon the card, and subjccted to pressure.* An cxtremely
neat € cell’” will thus be formed for the reception of the object,
the depth of which will be determined by the thickness of
the slide, and the diameter by the size of the perforation; and
it will be found convenient to use slides of various thicknesses
and having apertgres of different sizes. The ccll should always
be deep enough Tor its wall to rise above the objeet; but, on
the other ]mn%, if it be too deep, its wall will interfere with
the oblique incidence of the light upon any object that may be
near its periphery. The object, if flat or small, may be
attached by ordinary gum-mucilage; if, however, it be large,
and the part of it to be atlached have an irregular surface, it
is desirable to afford a *bed’ to this by gum thickened with
starch. The complete protection thus given to the object,
is the great rccommendation of this method; since, when

* 1t will be found a vety convement plan, to prepare a large number of

such slides at ouce - and this may be done in 2 marvellously short time, if the
slips of card have been previously cut to the exact size in a bookbinder's press,
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objects arc simply fastened on black paper gummed on a
slip of glass, their projection from its surface renders them
constantly liable to aceidents; as many know, to their cost,
who have used that mode of mounting. But this is by no
means its only couvenicnce. 1t is far cheaper than mounting
ohjects in glass cells, which is the only other mode of affording
them protection, save the use of pill-boxes in the manner to
be presently deseribed. It allows the slides, not only to
range in the ordinary cabinets, but also to be laid one against
another, and to be packed closcly in cases or sccured by clastic
bands ; and this last plan is extremely convenient, not mercly
for the saving of space, but also for prescrving the objects from
dust. Should any more speeial protection he required, a thin-
glass cover may be laid over the top of the cell, and secured
there by gummed paper; but this will, of course, occasion a
slight projection, wineh will expose the glass cover fo the risk
of fracturc when the slide is pressed against others; and the
Author’s experience leads him to conclude, that the mode of
packing just described affords a security from dust, that is
scarcely less effectual than a thin-glass cover. Further, the card
on the under surface affords a great convenience for writing on
the slide the name and other particulars of the object. 1f the
objeet be so large as to project above the surface, even when
the thickest slides arc used which it is convenient to employ,
an additional protection may he afforded, by gluing a couple of
strips of w(nog of adequate thickuess along the cdges of the
slide ;* or by gumming a sceond shde to the face of the first,
taking carc that its aperiurc be large enough to prevent
obstruction to oblique light.—Very delicate {lal_objects, on
the other hand, even when to be viewed by incident light,
should he mounted on glass and protected by a cover, in the
same manner as {rausparent objecis; a tﬁrk back-ground
being furnished to them, cither by the “dark well” (§ 65) or
by the closed diaphragm (§ 55). )

124. Objects which are to be viewed by the Licberkuhn,

* A very cohvenient kind of slide, for mounting large opagque objects, is
made by . Messrs Carpenter and Westley, 24, Begent-street, by ploughing-out
a groove in a strip of wood, so that its seetion presents this form L The
object may be mounted upon the bottom of the groove ; or upon a disk of card
fitted into an aperture n the slide, and so held there by a brass ring, that 16
may be taken-out and held between the stage-forceps, fo as to be viewed with
the Lieberkuhn. These slides are commonly made five inches Iqu;;, and are
fitted for the reception of four objects; for the wake of umformity, however,
as well as for preventing them from overbalancing on the stage, it might be
convenient that they should be made three inches long, and that cach should
only receive one or {at most) two objects.
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should he mounted cither on flat disks of card or cork, o, if
protection be desired, in culps of proper depth, resembling
very shallow pill-boxes, which may be made, with or without
covers,* of any size desired, and lined with black paper, by
any pill-box maker. The dishs or pill-box-cells may be
altached to glass slides by gum, so as to range in an ordinary
ohject-cabinet ; and this mode will be generally adopted by
such as lay stress upon uniformity, anﬁ prefer the casicst
methods of exhibiting their objects.  As there arc many
opaque objeets, however, which can only he well judged-of
when different sides are prescuted to the Microscope, there gs
a great advantage in mounting these in such a manner, as to
admit of their being twrned at various angles ; and this may be
done by attaching the disk with scaling-wax or some other
cement, to-a pin, which may he cither held between the blades
of the stage-foreeps, or passed into the cork-box at its other
extremity (§ 66). Il the Microscopist should be pursuing
the study of any class of objeets which renders it desirable
to mount a large number in this mode, the most convenient
plan is to glue two picees of cardhoard to the two sides of a
picee of rather thick chamois leather; one of the surfaces of
this sandwiclilike board should be covered with dead-black
paper; and disks of any desived diameter may then he cut-out
with a punch, and mounted upon a pin by simply passing it
through the stratwm of leather.  The pill-box mounting will
be less advantageous for this purpose, sinee, if the object be
completely buried in the eell, there will be less power of
sceing it on any hub its upper surface; a {)iu may he sccured
to the hottonr of such a hox, however, by gumming over it
a picee of stout paper.  Disks may casily be punched, also,
oul of sheet-gutta-percha of any convemwent thichness; or
short cylinders way be made, by cutting-up the thick cords
made for lathe-bauds; these ave all readily penetrated by a
heated pin, and no further trouble is necessary to attach them
to it. Protective wells may also be made by catting-off’ short
picees from a gutta-percha tube, and atfaching these to the
disks by a geatle heat.—Vor the reception of boxes or disks

* Round boxes with glass covers are now coming into very extensive use
for the preservation of Natwal-History specimens of vartous kinds, in such a
manner that the contents of each box whilst protected and kept-together,
are at the same time presented to the eye. The Author has found the smallest
and shallowest boxes of this kind that can be made, especially when hined
with black payer, extremgly uscful for keeping Forammifera and other
Mcroseopie orgausms m quantities, and also for mounting larger specimens
for the Microscope as above deseribed.
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thus mounted on pins, a drawer should be provided with a
thick cork bottom, into which the pin is to be inserted far
enough to prevent risk of displacement.

125. Mounting Objects in Canada Balsam.—This method of
mounting is suitable to a very large proportion of those objects,
which arc to be viewed by transmitted light, and whose
texture is not affected by the loss of the aqueous fluid they
may contain; and it has many advantages over the monnting
of the like objeets dry. Xor, in the first place, as it fills-up
the little inequalities of their surface, even where it does not
actually penctratc their substance, it increases their trans-

arence by doing-away-with irregular refractions of the light
m its way through them, and gives them the aspect of perfect
smoothness ; this is well seen in the case of sections of Shell,
&c , which, when thus mounted, do not require a high polish
(§ 110). But, secondly, where the structure, although itself
hard, is penctrated by internal vacuitics, the balsam, by
filling these, prevents that obscuration resulting from the
interposition of air-spaces, and from additional internal surfaces
of reflection, by which the transmitted rays are distorted, and
a large proportion of them lost : this is well scen in the case of
the Foraminifera, and of sections of the “test’ and ‘spines’ of
FHekinida, whose intimate structurc can be far better made-out,
when they are thus monnted, than when mounted dry, although
their substance is (for the most part at least) itsclf so densc,
that the balsam cannot be imagined to penctrate it ; and hke-
wise with dry Vegelable preparations, which are perhaps also
affected in the manner to be next deseribed.  Thirdly, there
are very many structures of great interest to the Microscopist,
whose appearance is cxtraordinarily improved by this method
of mounting, in conscquence of a specific effect which the
balsam has in combining (so to speak) with their component
clements, so as to render them far more transparcnt than
before : this cffect is scen in the case of all prepara-
tions of Iusect-structurc, especially of such as consist of their
hard cxternal tegument or of parts derived from this; also in
the various orzy tissues (hairs, hoof, horn, &e.) of the bigher
animals; and likewisc in many organised subsiances, bothrecent
-and fossil, which are penetrated by calcareous matter in an
amorphous condition.—Besides these advantages, the mounting
of objects in Canada balsam affords one of the casicst methods
of fixing and prescrving them; and conscquently, it is almost
always had recourse-to, in the case of such transparent objects
as do not need to be preserved in fluid; save where, in virtue
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of the action just deseribed, it impairs the distinetness of
surface-markings, or obliferates internal cavities or canals,
which constitute the most important featurcs of the object.
126. Canada Balsam, being nothing else than a tery pure
Turpentine, is a natural combination of resin with the essential
oil of turpentine. In its fresh state, it is a viscid liquid,
easily poured-oul, but capable of being drawn into fine
threads; aud this is the condition in which the Microscopist
will find it most desirable to usc it for the mounting of
objects generally.  The balsam may be conveniently kept in a
glass bottle or jar with a wide mouth, heing taken-up as
required by a small glass rod drawn to a blunt point, such as
is used by Chemists as a ‘stirrer;” and if, instead of a cork
or stopper, this bottle should be provided with a tall hollow
¢ cap,” the glass rod may always stand in the balsam, with its
upper end projecting into the cap. In taking-out the halsam,
care .~;]wuldl be taken not to drop it prematurcly from the rod;
and not to let it come into contact with the interior of the
neck or with the mouth of the jar. Both tlese mischances
may he avoided, by not attempting to take-up on the rod more
than it will properly carry; and by holding it in a horizoutal
position, after drawing it out from the hotﬁe, until the slip on
which it 1s to deposit the halsam, is just beneath its point.
The Author has himself been in the habit of employing,
instead of a hollow cap to his balsam-jar, a disk of light w 003,
simply lying on its mouth; the ceutre of this disk is perforated
Wit]ll a hole, just large enough to allow the glass rod to fit it
rather stiffly ; and the vod 1s {o be I:asscd into the jar, only
so far as to dip by its point into the balsam, being pushed
further down as the level of the balsam is lowered. i]l this
manner, a small quantity of balsam may be taken-up with far
less risk of mesving it, than when the rod dips into it for two
or three inches ; 1f due care he taken not to allow the balsam
to come into contact with the lip of the jar, the cover never
sticks to it, but is readily lifted-off upon the rod ; and although
it might scem an incumbrance in the use of the rod, yet it is
not, practically found to be so.—If the balsam be kept too
long, it beeomes, through the loss of part of its volatile oil, too
stiff for convenient use, and may be thiuned by mixing it at a
gentle heat with pure oil of turpentine ; this mixture, how-
cver, does not produce that thorough corporation of the
constituents which exists in the fresh balsam; and it is con-
scquently preferable to use in other ways the balsam which
has become somewhat too stiff, and to have recourse to a fresh

-
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su{)ply of liquid halsam for mounting-purposes.—When Canada
balsam is to be emplayed as a cement, as for attaching sections,
&e., to glass-slides (§ 109), it should be in a much stiffer con-
dition ; sinuce, if it be dropped on the slide in too liquid a state,
it will probably spread wuch wider, and will lic in a thinner
stratum, than is desirable. This hardening process may be
carried 1o any cxtent that may be desired, by exposing the
balsan in an uncorked jar (the mouth of which, however,
should be covered with paper, for the sake of keeping-ofl’ dust)
to a continual gentle heat, such as that of a water-bdth.

127. In mounting objeets in Canada balsam, it is convenient
to be provided with certain simple instruments, the use of
which will save much time and trouble.—Xor the heat required,
a Spirit-lamp is by far the hest source; hoth as admitting of
casy regulation, and as being perfectly free from smoke.—
Where a number of objects are heing mounted on the same
occasion, it will be found econveweni to employ cither a
water-bath covered with a flat plate of metal, or a similar
metal plate supported at such a distance above the lamp-flame
(§ 121), as not fo become more heated than it would he
through a water-bath.—For holding the slide, cither whilst it
is being heated over the flune, or whilst 1t is being subse-
quenily cooled, the Wooden Foreeps (Fig. 61) contrived for
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this purpose by Mr. Page, will he found extremely eonvenient;
this. by its elasticity, affords a sceure grasp 1o a slide of :m\;
ordinary thickness, the wooden blades heing separated by
{m:saurc upon the brass studs; and the lower stud, with the
bent picce of brass al the junction of the blades, allords a
level support to the foreeps, which thus, while resting upon
the table, keeps the healed glass from contact with its surfnee.
—Besides a pair of fine-pointed Metal-foreeps for holding the
ohjeet to be mounted, there should be another of o cmmf?oner
kind for taking-up the glass cover, the former heing liable to
be soiled with balsam.—A pair of stout ncedles mounted in
wooden handles (§ 105), will be found indispensuble, hoth for
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manipulating the objeet, and for breaking or removing air-
bubbfes; and if these handles be cut to o flat surface at the
other extremity, they will serve aiso to press-down the glass
covers, for which purpose, a pointed stick also is uscful.—For
holding-down these covers, whilst the balsam is cooling, if the
elasticity of the objects should tend to make them spring-up,
nothing is more simple or convenient than a compressor made
by a slight*alicration of the ¢ American clothes-peg,” which is
now in general usc in this country for a varicty of purposes;
all that 1s neeessary being to rub-down the o posc& surfaces
of the ‘clip’ with a flat-file, so that they shall be parallel to,
each other when an ordinary slide with its cover is inter-
posed between them (Kig. 62).—Great carc should be taken
to keep these imple-

meuts frec from soils Fia. 62.

of balsam; since the
slides and glass-co-
vers are certain to €
reccive them. The
readiest mode of
cleansing thencedles
(their ‘temper’ heing

a matter of no con- Spring-Press.

sequence for these

purposes) is to heat them red-hot in the Ianp, so as to burn-oft
the balsan; and then carcfully to wipe them.  The foreeps,
hoth of wood and of metal, should be eleanscd with oil of
turpentine or with rectified spirit.

128. Much of the success of mounting objects in this mode
will depend upon their previous preparation.  They should
have heen previously well cleansed with water, from which
they should be transferved into proof-spirit, as this will dry-
out much more readily than water. If they have any
aveasiness of surface or of substanee, this should be removed
hy maceration in cther or in oil of turpentine ; and maceration
in turpentine is also very uscful in preparing the way for the
penctration of the halsmn into substances which are un-
usually opaque. A long-continued maceration in turpentine,
morcover, assists in freeing the speeimen from aiv-hubbles ; as it
gradually ereeps into spaces which are otherwise unoccupied,
and, when the object is transferred to the balsam, the free
miscibility of the two substances causes its place to be partly
taken by the Iatter.—Ih mounting an ordinary objecet, a
suficient quantity of liquid balsam should be laid in the
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centre of the slide; this should be warmed, but not boiled ;
and any air-bubbles which may make their appearance,
should either be caused to burst by touching them with the
needle-point, or should be drawn to one side. The object, if
it can be held in the fine-pointed forceps, should then be
plunged into the drop of balsam; and, if it be not completely
covered, a littlc more balsam should be applied over it, carc
being taken as before to prevent over-heating, and to get-rid
of the bubbles as they rise. 1f, on the other hand, the object
be in a fincly-divided condition (such, for ecxample, as a
collection of fossil Infusoria, of Sponge-spicules, &c.), it is
better to place it first in the position it is to oceupy on the
slide, theu to place ncar it a drop of balsam, which 1s to be
warnied and freed from bubbles as before ; the slide is then to
be so inclined, as to cause the balsmn to run towards the
objeet, through and over which it will probably diffuse itsclf
without any air-bubbles ; but if any should arise, they may be
broken by a heated ncedle-point.—If the objeet contain
numerous large air-spaces with frec openings, and be one
whose texture is not injured by heat, as 1s the case with
Foraminifera, the air may often be got-rid-of by boiling it in
the balsam ; for the heat, causing the air to expand, drives-
out a large proportion of it ; this will be replaced, if it be
allowed partly to cool, by the entrance of balsan; aud then,
by a sccond heating, the balsam being boiled within the
cavities, ils vapour expels the rcmaiumg air, and, on the
condensation of the vapour, the liquid balsam runs-in and
takes its place. For this method to suceced, however, it is
essential that the balsam be prevented from hecoming hard
through boiling, by the addition of fresh liquid balsain from
time to tine; and it will often be found that, should vacuities
remain which boiling does not remove, these contract or
altogether disappear if the slide be kept for a few days at a
gentle heat, the semi-fluid balsamn being gradually forced into
their place by the pressure of the surrounding air. 'Therc are
many textures, however, which are extremely iujured by a
very slight excess of heat, having «a tendency to curl-up and
to bceome stiff and brittle; and ohjects containing these are
at ouce spoiled by boiling them in balsam. In such cases, il
is mueh better o have recourse to the assistance of the air-
pump; for by placing the slide, with the objeet immersed in
very liquid balsam, upon a tin or copper vessel filled with hot
water, under the receiver, and then exhausting this, the air-
bubbles will be drawn-forth, and, on the re-admission of the
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air, the balsam is forced by its pressure iuto the place which
they occupicd. Some objeets, however, retain the air with
such tenacity, as to require the repetition of the exhausting
process two or three times; and in this case it is preferable
to use camphine or oil of turpentine instcad of balsam, on
account of its greater fluidity, and to warm cven this to a
temperature of about 100°.—There are certain cases, on the
other haitd, in which it is desirable to retain, instead of
expelling, the air contained within the cavitics of the objeet.
Thus, if minute insects (such as Fleas) be displayed as trans-
parent objects to show the ramifications of the trachee, op
if it be wished that a section of Tooth or Bone should be so
mounted in balsamn, as to cxhibit its canaliculi, the previous
maccration in oil of turpentine should be never employed, and
the balsam employed should be some which has been pre-
viously hardened ; this being melted without the use of more
heat than is neeessary, the object should be surrounded by it,
and the cover put-on as quickly as possible; and the slide
should then be laid upon a surface of stoue or metal, the good
conducting power of which causes the balsam to cool rapidly,
and thus diminishes its tendeney to penetrate into the sug-
stance of the object.

129. When the object is already attached to the glass slide,
the mounting in Canada balsam is usually a matter of ver
little difficulty. If it be a soft tissue which has been spread-
out aud allowed to dry upon the glass for the purpose of
sccuring it in its place, all that is necessary in the first
instance is to dry it thoroughly, to shave or serape it with a
sharp knifc if it should scem too thick, and to moisten its
surface with oil of turpentine if it should not readily ‘take’
the balsam. The s{ldc »is then very gently warmed, a
sufficicnt quantity of balsam is spread over the surface of the
speeimen, carc being taken that 1t “lakes’ it in every point,
and the glass cover is put-on. If the preparation cover a large
arca, great carc should be taken in letting-down the cover
gradually from one side, so as to drive a wave of balsam before
1t which shall sweep-away air-bubbles ; raising it a little, and
introducing a small quantity of fresh balsam, if any vacuity
present itsclf as it deseends.—The preferable mode, however,
of mounting thin scetions of hard bodics, will depend in great
degree upon the size of the section and the tenacity of
its substance. Wlere its arca is grcat and its texture
brittle, its removal ftomn the glass on which it has been
ground-down, to another slip, cannot be accomplished, even

R
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by the most dexterous management, without considerable risk
of breaking it; and although, by the friction of the glass
upon the stone, the edges of this will probably have heen
scratched or roughened, yel this is a dis-sight about which
the scientific Microscopist will care but little, as it only affects
the saleable value of such objects. Nothing more will in this
casc be necessary, than to lay some liquid Canada balsam on
the surface of the scetion, to warm it gently, and then lo
place on it a thin-glass-cover of suitable dimeusions, gently
pressing this down wherever the balsam happens to be
thickest, and endeavouring to drive all air-bubbles before a
wave of liquid, until they are entirely expelled, or at any
ratc are driven beyond the margin of the section. Tf this
operation be not at onece successful,—cither a few large air-
bubbles, or a great number of smaller ones, which caunot be
got-rid-of by gentle pressure, heing visible hetween the surface
of the section and the covering-glass,—it is better al once to
remove the cover by gentle warmih, and to repeat the opera-
tion with an additional supply of balsam, rather than to attempt
to drive-ont the bubbles by any manipulation.  Whatever”
treatment, be adopted, special care should always be taken not
to apply so much heat as to welt the hard balsam bewcath the
seetion,® or to 4oil the 1hin halsam «boce ; in the former case,
the loosening of the scction from the glass is very apt to be
followed by the detachment of some portions of 1t from the
rest, whilst the glass cover is being pressed-down ; and in the
latter, the production of bubbles very seriously cmbarrasses
the operation.  JE he heat should unfortunately be curied so
far as to boil the cement beveath the scetion, there will he
little chance, if its arca be lmge, of getting-rid of the
hubbles thus produced, without removing it altogether from
the glass fo which it was attached, or, at any rate, without
pushing it along the glass, in such a way as to slide it away
from the bubbles ; in that case, the part towmds which it 1s
moved should always be well supplied with balsaun, and fhe
bubbles that remain should be drawn-away or broken with the
needle-point 3 after which, the sect:on being slid-hack 1o its
origina} position, it is %)robal)lc that no bubbles may he found
heneath 1t.—In cases, however, in which the eppearance of the

* 1t will often be found convenient to turn the slide with the face down-
wirds, and to apply a gentle heat diveetly to the thim-glass corer, and 1o the
balsam ahore the object, instead of heatmg this through the glass shde and
the balsam benenth it,
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preparations is an object of much consideration, and in which
the tenacity of the substance and the small size of the section
prevent much risk of its breaking in the transfer, it may be
looscucd from the glass to which it was first altached, cither
by leat, or by soaking in ether. The former, being the
simplest and readicst method, is the one most commonly
practised ; the only difficulty lies in lifting-off the specimen
without' breaking it; and this may best be done, by
means of a camel-hair brush dipped in oil of turpen-
tine. The glass to which the section is to be transferred,
should have a large spot of liquid balsam laid in the proper
placc; the object is to be laid on this, and its upper surface
covered with the like balsam ; and then, the thin-glass-cover
being placed upon it, this is 1o be gently pressed-down in the
manner alrcady deseribed.  If ether he had-recourse-to, the
slide should he placed in a wide-mouthed hottle of that liquid,
which should then be corked or stopped; and after a time,
the seetion will be found to he lying ({;tuchcd in it, whenee it
may he taken-up either hy the foreeps or camel-hair brush.—
Such a transfer will often be found advantageous, before the
final completion of the reducing-process; for it will occa-
sionally happen that we flind something in the structure of the
speeimen, which will be hest displayed by rubbing it down
afresh on the side first attached to {he glass; and, when a
number of small seetions are heing made at once (which it is
often very convenient to do, not only in the case already
meutioned, § 108, but in many others), 1t not only saves time,
but cusures the accurate flattening of the surface in grinding,
to fiv several upon the same slip, and to work them down
together, wutil the requisite thinness has heen nearly attained,
when they must be transferred to separate slips, and finished
one by one.  In cither ease, the re-attachment must of course
be made, like the original attachment, with balsam which has
been fivst hardened (§ 109).

130. When the Balsam employed in mounting has remained
i the liquid condition here recommended, the glass cover will
not he secure from displacement nutil the balsam has hecome
harder.  'This change it wil require a long time to undergo,
unless the aid of a gentle coutinuous warmth be afforded.
Nothing is more suitable for this purpose, than the warmth of
a chinmey-picee immediately above the fire-place; as it is
quite sufficient to produce the clfect in the course of a fow
({ays, whilst there is ho danger 31' its becoming excessive ; but
R
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in default of this convenience, an oven carefully regulated, or
(still better) a water-bath, may be employed. Whether either
of thesc means be adopted, or the slides be put aside for
the balsam to be hardened by time, they should always be
laid in the Zorizontal position, that their covers may not be
caused by gravitation to slip-down from their places.—It may
be better, before submittmg the slides to this hardening
process, to scrape from their surface any superfluous balsam
that does not immediately surround the glass-cover; but the
kuife should never be carried so near to the edge of this, as to
run any risk of displacing it; and it is much better to defer
the final cleaning of the shde, until the attachment of the
cover has become firm.  The remaining balsam may then be
scraped-away with a knife or small chiscf, the implement being
warmed if the balsim be very stiff; the slide s{:ould then be
rubbed with a rag dipped iu oil of turpentine, until every per-
ceptible soil of balsam is removed, cspecial carc heing taken
to cleanse the surface and edges of the glass-cover ; and as
this will itself leave a certain resinous film, it is hetter to
give the slide a final cleansing with Alcohol. If its surface
should have been considerably smeared with balsam, it is very
convenient, after seraping away all that can be removed in
that manner, to scrub 1t with a tooth-hrush or nail-brush, first
letting-fall on it a few drops of turpentine or spirit of wine;
and there is less risk of displacing the glass cover in this mode,
than in rubbing it in any other way.—The menstrua which
serve thus to cleanse the slides, of course answer equally well
for cleansing the hands. The most, rcady solvent for balsam
is Lther ; but the ordinary use of this being interdicted by its
costliness, and by the quickness with which it is dissipated by
uvapfratiou, Alcohol or Oil of Turpentine may be used i its
stead.

181. Preservative Fluids.—Objects which would lose their
characters in drying, can of coursc only be preserved in any-
thing like their original condition, by mouuting in fluid ; and
the choice of the fluid to be employed in each case, will depend
upon the character of the object, and the purpose aimed-at in
its preservation. As specific directions will be given here-
after in regard to most of the principal classes of Microscopic
preparations, little more will be required in this place, than an
emuncration of the preservative fluids, with a notice of their
respective qualitics.—For very mitute and delicate Vegetable
objeets, espegially those belonging to the orders Desmidinces
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and Diatomacese, nothing seems to produce less alteration in
the disposition of the endochrome, or serves better to preserve
their colour, than Distilled Water; yprovided that, by the
complete exclusion of air, the vital processes and decomposing
changes can be alike suspended. This method of mounting,
however, is liable to thc objection that confervoid growths
sometines make their appearance in the preparation; and it
is preferable to make some addition to the water, which shall
be unfavourable to their development. Saturation with
camphor, or shaking-up with a few drops of creasofe, will
somelimes answer ; but if the preservation of colour be &ot
an object, nothing is better than the addition of about a tenth
part of aleokol ; and where the loss of colour would be objec-
tionable, the solution of a grain of bay-salt and a grain of
alum in an ounce of water wil? give it the requisite qualities.—
For larger preparations of Alge, &c., what is called Zhwaites's
Fluid may be cmployed; this is prepared by addiug to one
part of rectified spirit as many drops of creasote as will
saturate it, and then gradually mixing up with it in a pestle
and mortar some prepared chalk with 16 parts of water; an
cqual quantity of water saturated with camphor is then to be
a(ided, and the mixture, after standing for a few days, is to
be carcfully filtered. A liquid of this kind also serves well
for the prescrvation of many animal preparations; but it is
said by Dr. Beale o beeome turbid when thus employed in
large quantity; and he recommends the following modifica-
tion. Mix 3 drachms of crcasote with 6 ounces of wood
naphtha, and add in a mortar as much prepared chalk as may
he necessary to form a smooth thick paste; water must be
gradually added to the cextent of 64 ounces, a few lumps of
camphor thrown-in, and the mixture allowed to stand for two
or three weeks in a lightly-covered vesscl, with occasional
stirring ; after which it should be filtered, and preserved in
wellstopped bottles.—Of late years, Glycerine has becn much
cmploymr as a preservative fluid; it allows the colours of
vegetable substauces to be retained, but, unless much diluted,
it alters the disposition of the endochrome; and confervoid
growths arc apt to make iheir appearance in it. The best
proportion scems o be onc part of glycerine to two parts of
camphor-water.—The preparation known as Deane’s Gelutine
is one of the most convenient media for prescrving the larger
forms of Coufervee and other Microscopic Algm, as well as
sections of such as are still more bulky. ~This is prepared by
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soaking 1 oz. of gelatine in 4 oz. of water until the gelatine is
quite soft, and then adding 5 oz. of honey previously raised to
boiling heat in another vessel; the whole 1s then to be made
boiling hLot, and when it has somewhat cooled, but is still
perfectly fluid, G drops of crcasote and § oz. of spirit of wine,
previously mixcd together, are to be added, and the whole is
to be filtered through fine flanncl. This composition, when
cold, forms a very stifl jelly; but it becomes perfeetly fluid on
the application of a very shight warmth, and may then be used
like any other preservative liquid, care being taken, however,
that the slide and the glass-cover are themselves gently
warmed before it comes into contact with them. A mixture
of gelatine and %lyceriue has been cmployed for the same
purposc.—Some Vegetable Anatomists make great use of a
solution of Chloride of Culcium %nuriatc of lime) in three parts
of water; its chicf advantage being, that, owing to its deli-
quescent property, it does not dry-up, cven when the cell is not
perfectly closcd-n. It has, however, the disadvantages of not
preservul%) colours, and of altering the disposition of the cell-
contents by its endosmotic power.—For the prescrvation of
microscopic preparations of Awrimal tissues, a mixture of one
part of Aleohol and five of water will geuncrally answer very
well, save in regard to the removal of their colours. Where
the preservation of these is aimed-at, the best medium will
usua{ly be Goadly’s Solution, which is made by dissolving 4 oz.
of hay salt, 2 oz. of alum, and 4 grains of corrosive sublimate,
in 4 pints of hoiling water; this should be carcfully filtered
before it is used; and for all delicate preparations it may be
diluted with an cqual bulk, or even with twice its bulk, of
water.  This solution must not be used where any calearcous
texture, such as shell or bone, forms part of the preparation ;
and one of Mr. Goadby’s other solutions (8 oz. of bay salt and
2 ers. of corrosive subﬁ"ma.tc, to a quart of water,—or, in cases
where the coagulating action of corrosive sublimate on albu-
minous matters woqu be an objection, the substitution of
90 graits of arsenious acid,) may be uscd in its stead; or
Thwaitcs’s fluid, or Dr. Beale’s modification of it, or Decane’s
Gelatine may be tricd.—It is often quite impossible to pre-
dicate beforchand what preservative fluid will answer best for
4 particular kind of preparation; and it is conscquently
desirable, where there is no lack of material, always to mount
the same object in two or three different ways, marking on
cach slide the method employed, and comparing the specimens
from time to time, so as to judge how each is aﬁ'cctcg.
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132. Of Mounting Objects in Fluid—As a general rule, it is
desirable that ohjects which are to be mounted in fluid, should
be soaked in the partienlar fluid to be employed, for some
little time before mounting; sinee, if this precaution be not
taken, air-hubbles are very apt to present themselves. It is
somctimes necessary, in order to sceure the displacement of
air confapined in the specimen, o employ the air-pump in the
mode alrcady dirceted (§ 128); but it will sometimes be found
sufficient to immerse the specimen for a few minutes in
aleohol (provided that this does not do any detriment to irs
tissucs), which will often penctrate where water will ot
make ils way; and when the spirit has driven-out the air, the
spceimen may be removed-back to water, which will gradually
displace the spirit.  When Deane’s gelating is used, however,
all that can be done, will be to drain the object of its super-
fluous water before applying the liquetied medium; but as
air-hubbles are extremely apt to arise, they must he removed
by means of the air-pump, the gelatine being kept in a liquid
state by the use of a vessel of hot-water, as in the case of
Canada balsam. In dealing with the small quantitics of
fluid required in mounting microscopic objects, it is essen-
tial for the operator to be provided with the means of trans-
ferring very small quantitics from the vessel containing it, to
the slide, as well as of taking-np from the slide what may he
lying superfluous upon it. The strajght and curved-pointed
“dipping-tubes’ (Fig. 51, A, 8) may be made fo answer this

urpose ; but it is mueh better that tubes for this purpose be
furnished with a bulb, like that of the Chemist’s * pipette,’
and that their orilices he drawn to a fine point. The fluid
is drawn info the tubes by suction, and (-x?cll(:d by the
pressure of the breath; the ewrved-pointed tube will gene-
rally be the best for introducing fluid hencath the glass-cover,
and the straight-poiuted for simply filling cclls or for taking-
up superfluous fluid. The Author has of late found very
great convenience in the use of a small glass syringe, the
orifice of which is slightly curved aud drawn to a fine capillary
oint; for as the syringe works independently of the mouth,
its orificc may be applicd in auy way that way be found con-
venicnt ; and when the mouth is freed from the cfiorts of
suction and ejection, the cyes can be belter employed in
watching the operation.—Besides the pipettes and the syringe,
some blotting-paper, of the most bibulous kind that can be
procured, will })e foudd vcr{) useful. )

133. There are certain objects of cxtreme thinness, which
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require no other provision for mounting them in fluid, than an
ordinary glass slide, a thin-glass cover, and some gold-size or
asphalte (§ 120). The object having been laid in its place,
and a drop of the fluid laid upon it (care being taken that no
air-space remains heneath the under side of the object and the
surface of the slide), the glass cover is then to be laid upon
it, one side heing first brought info contact with the shide,
and the other being gradnally lowered, in such a manner
that the air shall be all displaced before the fluid. If any
air-hubbles remain in the central part of the space between
the cover and the slide, the former must he raised again,
and more fluid should be introduced ; but if the bubbles be
near the edge, a slight pressure on that part of the cover will
often suffice to expel them, or the cover may be a little shifted
so as to bring them to its cdge. There are some ohjeets,
however, whose parts are liable to be displaced hy the slightest
shifting of this kiud; and it is more casy to avoid making air-
hubbles, by watching the extension of the fluid as the cover is
lowered, and by introducing an additional supply when and
where it may be needed, than it is to gt rid of them afterwards
without injury to the object. When this end has been satis-
factorily accomplished, all that is nceded is, first to remove all
superfluous fiuid from the surface of the slide, and from arownd
the edge of the cover, with a piece of blotting-paper, taking
cave not to draw-away any of the fluid from deweath the cover,
or (if any have been removed accidentally) to replace what
may be deficient ; and then to make a circle of asphalte or
gold-size around the cover, taking care that it < wets’ 1s edges,
and advances a little way upon 1ts upper swface.  When this
first coat is dry, another should be applied, particular care
being taken that the cement shall fill the angular furrow at
the margin of the cover.  Tnlaying-on the second coat, it will
be conveuicnt, if the cover he round, to make use of the
whirling-table (Fig. 63); and if the slide be so carcfully laid
upon it, that the glass-cover is exactly concentric with its
axis, the whirling-tahle may he used even for the first applica-
tion of the varnish; a slight erro: in this respect, however,
may oceasion the displacement of the cover.—By far the
greater nunber of preparations which arc to he preserved in
liquid, however, shonld be mounted in a < Cell” of some kind,
w]l\ich forms a well of suitable depth, whercin the preservative
liquid may be retained. This is absolulely necessary in the case
of all objects, whose thickness is such as to prevent the glass
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cover from coming into close approximation with the slide;
and it is desirable, wherever that approximation is not such
as to cause the cover to be drawn to the glass slide by capil-
lary attraction, or wherever the cover is seusibly kept apart
from the slide by the thickness of any portion of the object.
Hence it is only in the case of objects of the most extreme
tenuity, that the ¢cell* can be advantageously dispensed-with;
—the danger of zof cinploying it, in many cases in which there
is no difficulty in mounting the object without it, being that
after a time the cement is apt to run-in bencath the cover,
which process is pretty sure to continue, when it may hage
once commenced.

134. Cement-Cells, — When the Cells are required for
mounting very thinobjects, they may be advantagcously made
of varnish only, by the use of the ingenious little instrument
(Fig. 63) contrived by Mr. Shadbolt. ~This consists of asmall

F1a. 63.

Shadbolt’s Turn-table for making Cement-Cells,

slah of mahogany, into one end of which is fixed  pivot,
whercon a circular turn-tuble of brass, about three inches in
dianeter, is made 1o rotate casily, a rapid motion being given
to it by the applieation of the forc-finger to the milled-head
scen beneath. The glass slide being laid upon the turn-fable,
in such a manner that its iwo edges shall be equidistant from
the centre (2 guide to which is afforded by a eircle of an inch
in diameter, traced upou the brass), and being held by the
springs with which it 1s furnished, a camel-hair peneil dipped
in the varnish to be used (Brunswick-black or Asphalte is the
best) is held in the right hand, so that its point comes into
contaci with the glass, a little within the guiding circle just
named. The turn-table being then put into rotation with the
left hand, a ving of varnish of a suitable breadth is made upon
the glass ; and if the slide be set-uside in a horizontal position,
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this ring will be found, when dry, to have lost the little
Inequalitics it may have at first prescnted, and to present a
very level surface. If a greater thickness be desired than a
single application will couvenicntly make, a sccond layer may
be laid-on after the first is dry. 1t is convenicnt to prepare a
number of thesc cells at once, since, when ¢the hand is in,’
they will be made more dexterously than when the operation
is performed only oncc; and it will be advantagcous to
subject them to the warmth of a slightly-heated oven,
whereby the flattening of their surface will be more completely
assured. The Microscopist will find it a matier of great
convenience to have a stock of these cells always by him,
ready prepared for use.

135. Zhin-Glass Cells.—For the reception of objects too
thick for varnish-cells, bul not thicker than ordinary thin
glass, it is advautageous to construct cells of glass ; and these
may be made in onc of two ways, cither by grinding-down the
cross scctions of glass-lubes (§ 137) wuntil they Tave been
reduced to the desired thinmess, or by perforating a plate of
thin glass with an aperture of the ()i,csircd size; and then
cementing the ring or the plate to the glass slide with marine
glue. The former plan is liable to the objection, that in
reducing the glass rings to the desired thinness, they are
extremely liable to crack or break, aud that their attamable
forms are limited. The latter will gencrally answer very
well, if care be taken in the sclection of a flef picce of thin
glass; and the perforation, if due precaution he cn:lploycd,
may be made of any size or form that may be desired.  For
making round cells, the perforated picces that sometimes
remain cntire after the cutting of disks (§ 117) may be em-
ployed, the disks often falling-out of themsclves when the
glass is laid aside for a few days; and thus the same piece
of thin glass may afford a plate, which, when cemented to a
glass slide formsa cell, and a disk suitable as the cover to a
cell of somewhat smaller size. There is great danger, however,
of the cracking of the surrounding glass, espceially when the
disk is of largg sizc; and it will gencrally be found a saving of
trouble, to employ the method recommended by Dr. L. Beale.
This consists in attaching a piecc of thin glass to one of the
glass rings of which the l(’leepcr cclls are made (§ 137), of any
form that may be desired, by means of marine-glue, first laid
upon the latter, and melted upon the hot-plate; when the glue
is quite cold, the point of a round or semicircular file is sharply
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thrust through the centre of the thin glass, which is carcfully
filed to the size of the interior of the ring ; and the ring being
then heated a second time on the hot plate, the thin-glass-
plate may be readily detached from it, and at once cemented
upon the glass slide. The success of this simple process
depends upon the very firm and intimate adhesion of the thin
glass to the ring, which prevents any crack from running into
the part of the thin-glass that is attached to it, however
roughly the file may be used. By haviug many of the rings
on the hot-plate at once, and operating with them in turn, a
ereat number of cells can he made in a short time; and suc]jl
furgc thin cells may be made in this mode, as could scarcely
be tabricated (on account of the cxtreme brittleness of this
glass) by any other. A press, consisting of two plates of brass
serewed together, lolding the thin glass between them, has
been devised by Mr. C. Brooke for the same purpose ; but the
forcgoing method has the advantage, not only of requiring no
sPccial apparabus, bul also of cnabling the form and size of
the perforation o be readily varicd.—After the thin-glass has
heen cemented to the slide, it is desirable o roughen its upper
surface, by rubbing it upon a leaden or pewler plate (§ 108)
with fine emery ; since the gold-size or other varnish adheres
much more firmly to a € ground’ than to a polished surface.—
Although the thin-glass eell requires much more trouble in its
preparation than the ccment-cell, yet it is decidedly to be
preferred for any very choice objeets; since, if any air should
find admission, it is more readily detected ; and the remounting
of the object may be accomplished in the same cell, with very
little disturbance of its position.

136. Plate-Glass and Shallow Cells—Yor mounting objects
of somewhat greater thickness than can be included within thin-
ﬁlass cells, shallow cells may be made by drilling apertures of the

esired size in picees of plate-glass of the requisite thickness,
and by attaching these with marine glue to i{luss slides (Fig. 64).
Such holes may be made not merely cireular (a) but oval (c);
and a very clongated perforation may he wmade, by drilling
two holes at the required distance and then connecting them
hy cutting-out the intermediate space (3).—These operations,
however, can scarcely be performed by any but regular glass-
cutters, and, being troublesome, are expensive; hence the
plate-glass cells have been generally superseded, either by
tube-cells (§ 137) or by built up cells. Although the former
muy be reduced to any degrec of shallowness that may be
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desired, and are made of most of the sizes and forms that can
be ordinarily necded, yet for cxtra-sizes or peculiar forms,

Fic. 64,

=

Plate-Glass Cells,

shallow cells may be casily built-up after the following very
simple and_clfective method. A picce of plate-glass, of a
thickness that shall give the desired depth to the cell, is to
be cut to the dimensions of its outside wall; and a strip is
then fo he cut-off with the diamond from cach of its cdges,
of such hreadth as shall leave the interior picce equal in its
dimensions to the cavity of the ccll that is desired. This
piece heing rejected, the four strips arc then to be cemented
upon the glass slide in their original position, so that the
diamond-cuts shall fit-together with 1he most exact precision;
and the upper surfuce is thento be giound-flat with emery upon
the pewter plate, and left rough as before. This plan answers
admirably for constructing such large shallow cells as arc
required for the mounting of Zoophytes and similar objects.
137. Deep and Built-up Cells—The deep cclls which are
required for mounting Injections and other microscopic pre-
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Harations of considerable size and thickness, may be made by
rilling through a piece of thick plate-glass (Fig. 64, p); but
for the reason alrcady given, the drilled cclls are now seldom
used, their placc having becn taken, either by tube-cells, or
by the deep built-up cells to he presently deseribed.—The
tube-cells are made {))y cutting transverse scctions of thick-
walled glass tubes of the required size, grinding the surfaces
of these rings to the desired thinness, and then cementing them
to_the glass slides with marine glue. Not only may round
cells (Fig. 65, a, B), of any diameter and any depth that the
Microscopist can possibly requirc, be made by this simplg

F1a. 65.

JU—
Tube-Cells, Round and Quadrangular.

method, but oval, square-shaped, or oblong cells (¢, ) are
now made, of the forms and sizes that he is most likely to
wani, by flattening the round glass-tube whilst hot, or b
blowing it within a mould—The facilty with which suc
cells may be made, and the sceurity they afford, have caused
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the deep cells duilt-ap of separate strips of glass (Fig. 66) to
be comparatively little employed, except in cases where some

Fia. 66.

Built-up Cells.

very wnusual size or shape (a) may be required, or where it
is neeessary that not merely the top and hottom, but also the
sides of the object, should he elearly scen (). The perfect
construction of these requires a nicety of workmanship which
few amateurs possess, and the expenditure of more time than
Microseopists generally have to spare ; and as it is 0(>llst-(111(-qtly
preferable to obtain them ready-made, direetions for making
them need not here be given, A new plan of nuking deep
cclls, however, has heen riu't(-l.y infroduced hy Dr. L. Beale
which, though it does not give them side walls possessing the
samc {latness with those of the built-up cells, adapts them {o
serve most of the purposes for which these are vequired, and
makes them more seewre against leakage; whilst, 1t has {he
advantage of being so easy and simple, that any one way pub
it info practice. A long strip of plate-glass 1s to he tuken,
whose l])rcadth is cqual to the desired depth of 1he ccll, and
whose length must be equal to the sum of that of all its sides.
This strip is 1o be earefully bent to a vight angle in the blow-
pipe flame, at three romis previously indicated hy marks so
placed as to show where the augl(:s shondd fall; and the two
ends, wluch will thus be brought into contact at 1ight angles,
are to be fustd together. Thus a large square well, slightly
rounded at the angles, will be formed; and this, heing ver

brittle, should be allowed to cool very gradually, or, still
better, should be anncaled in an oven. It must then be
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round quitc true on its upper and lower edges, cither on the
ﬁead-platc with emery, or on a flat stone with fine sand; and
it may then he cemented to a glass slide in the usual way.

138. Mounting Objects in Cells.—In mounting an objeet
in a cell, the Girst attention will of course be given to ‘the
cleanness of the interior of the cell, and of the glass cover
which is to be placed on it; this having been secured, the
cell is to he ﬁl{cd with fluid by the pipettc or syringe;
and any minute air-bubbles which may be scen adhering
to its hottom or sides, must be removed by the ncedle:
the objcct, previously soaked in fluid resembling that wit
which the cell is filled, is then to be placed m the cell,
and should be carcfully examined for “air-bubbles on all
sides, and also by looking-up from below. Wlhen every pre-
caution has heen taken to free it from these troublesome
intruders, the cover may be placed on the ccll, one side
being first hrought-down upon its edge and then the other;
and if the cell have been previousl brimming-over with fluid
(as it ought to be), it 1s not likely that any air-space will
remain.  If, however, any bubbles should present themselves
beneath the cover, the slide should be inelined, so as to cause
them o rise towards the highest part of its circumference,
and the cover slipped-away from that part, so as to admit of
the introduction of a little additional fluid by the pipette or
syringe; and when this has taken the ]l)lucc of the air-bubbles,
the eover may he slipped-back into its place.*  All superfluous
fluid is then to he taken-up with blotting-paper; and par-
ticular carc should be taken thoroughly to dry the surface of
the cell and the edge of the cover, since the varnish will not
hold to them if they be in the least damp with water.  Care
must also be taken, however, that the fluid he not drawn-
away from between the cover and the edge of the cell on
which it rests; since any delicicney here is sure to he filled-
up by varnish, the running-in of which is particularly objée-
tionable. These minutice having been attended-to, the closure
of the ccll may be at onee cllected, by carrying a thin layer of
gold-size or asphalte around and upon the edge of the glass-

* Mr. Quekett and some other practised manipulators recommend that the
edges of the cell and that of the disk of glass be smeared with the gold-size
or other varnish eployed, before the cell s filled with fluid ; but the Author
has found thus practice objectionable, for two reasons,—first, hecause it pre-
vents the cover from Dbeing slipped to one side (which is often desirable),
without 1ts bemg soiled by the varnish,—and second, heeause when the edge -
of the cell has been thus made to ‘take’ the varnish, that which 1s after-

wards applied for the closure of the cells more hkely to run-m, thyn if the
whole of the surface covered by the glass 15 moistened with water,
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cover, taking care that it touches every point of it, and fills
the angular channel which is left around its margin.—If the
wall of the cell be very thin, it will be advantageous to
include it in the ring of varnish; so that this shall hold-down
the cover, not only on the cell, but on the slide beneath.—
The Author has found it advantagcous, however, to delay
closing the cell for some little time after the superfluous
fluid gllas been drawn-off; for as soon as evaporation
bencath the edges of the cover begins to diminish the

uantity of ﬂuidg in the cell, air-bubbles often begin to make
their appearance, which were previously hidden in the recesses
of the object; and in the course of half an hour, a con-
siderable number are often collected.  The cover should then
be slipped-aside, fresh fluid bhe introduced, the air-bubbles
removed, and the cover pui-on again; and this operation
should be repeated, until it fails to draw-forth any more air-
bubbles. Tt will, of course, he observed, that, if the evapora-
tion of fluid should proceed far, air-bubbles will exfer bencath
the cover; butl these will show themselves on the susface of
the fluid ; whereas those which arise from the object itself,
are found in the deeper parts of the cell.  Much time may be
saved, however, and the freedom of the preparation from air-
bubbles may be most cffectually securcd, by placing the ccll,
after it has been filled in the first instance, in the vacuum of
an air-pump; and if scveral objects arc being mounted at
once, they may all be subjected to the exhausting process at
the same time.—The application of the varnish should be
repeated after the lapsc of a few hours, and may be again
rencwed with advanlage several times in the coursc of a
week or two; carc being taken that cach layer covers the
cdges, as well as the whole surface, of that which preceded it.

139. The presence of air-bubbles, in any preparation mounted
in fluid, is to be particularly avoided, not merely on account of
its interference with the view of the object, but also beeause,
when air-spaces, however small, once exist, they are almost
certain to incrcase, until at last they take the place of the
entire fluid, and the objcet remains dry.  Even with the most
experienced manipulators, however, this misfortune not un-
frequently occurs; being somctimes duc to the obstinate
entanglement of air-bubbles in the object, when it was
originally mounted ; and sometimes to the perviousness of some
part of the ccment, which has allowed a portion of the
contained fluid to cscape, and air to find admission. In either
case, S0 soon as an air-bubble is seen in such a preparation,
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the attempt should be made to prevent its increase, by laying-
on an additional coat of varmsh; but if this should not be
successful, the cover should be taken-off, and the specimen
remounted, so soon as the fluid has escaped to such a degree
as 1o leave any considerable portion of it uncovered.

140 Zwportance of Cleanliness.—The success of the result of
any of the foregoing operations is greatly detracted-from, if, in
conscquence of the adhesion of foreign substances to the
glasses whereon the objects are mounted, or to the imple-
ments used in the manipulations, any extrancous particles are
brought into view \\'it}l the objeet itself.  Some sueh wijl
occasionally present themsclves, cven under carcful manage-
ment; espeetally fibres of silk, wool, cotton, or linen, from
the handkerchiefs, &e., with which the glass slides may have
been wiped, and grains of starch, which often vemain obsti-
nately adherent, to the thin-glass covers kept in it.  But a
carcless and uncleanly manipulator will allow his objects to
contract many ot her impurities than these; and especially Lo
be contaminated by particles of dust floating through the air,
the access of which may he readily prevented by proper pre-
cautions. 1t is desirable to lave at hand & well-closed enp-
hoard fwmished with shelves, or a cabiet of well-fitfed
drawers, or a number of bell-glasses upon a flat table, for the
purpose of sceuring owr glasses, objeets, &c., from-this con-
tamination, in the tervals of the work of preparation; and
the more readily aceessible these reeeplacles arve, the more
use will the Microscopist he likely fo make of them.  Great
carc ought, of course, to be taken, that the liquids employed
for mounting should he freed, by cffeetnal filtvation, from all
flonfing particles ; and both these and the Canada Dbalsam
should be kept in well-closed hottles.

1A, Labelling and Preseriing of Ohjects—Whenever {he
mounting of an objeet has heen completed, its name ought to be
at once marked ou it, and the shde should be put-away in its
appropriate place.  Some iuseribe the name on the glass
itself, with a writing diamond ; whilst others prefer to gum o
label* on the slide; and others, again, cover onc or both
surfaces of the slide with coloured paper, wnd aflach the
label 1o it.  In the case of ohjects monnted dry or in halsam,
tie latter method has the advantage of rendering the glass
cover more sccure from displacenent by a slight blow or jar,’

* Very neat gummed labels, of van.ons sizes and patterns suitable to the
wants of the Microscopist, ard sold by the ¢ Drapers’ Stationers’ in the City,



258 PRESERVATION OF OBJECTS.

when the varnish or balsam may have become brittle by the
lapse of ycars. Imstead, however, of attaching the white label
on which the name of the object is written, outside the coloured
paper with which the slide is covered, it is better to attach
the label to'the glass, and to punch a hole out of the coloured
paper, sufficiently lur;ic to show the name, in the part cor-
responding to it; in this manner the label is prevented from
falling-off, which it frequently does when attached to the glass
without protection, or to the oulside of the paper-cover.
When objeets arc mounted in fluid, cither with or without
cells, paper coverings to the slides had better be dispensed-
with; aud hesides the name of the object, it is desirable to
inseribe on the glass that of the fluid m which it is mounted.
—VFor the preservation of objects, the pastcboard hoxes now
made at a very reasonable cost, with wooden racks, to contain
6,12, or 21 slides, will be found extremely useful.  In thesc,
however, the slides must always stand upon their edges; a
position which, besides interfering with that ready view of
them which is required for the immediate selcetion of any par-
ticular specimen, is unfavourable to the continued sounduess
of preparations mounted in fluid.  Although such boxes are
most, uscful, indecd almost indispensable, to the Microscopist,
for holding shdes which he desires (for whatever purposc) to
keep for a while constantly at hand, yet his rogulariy-c assified
serics is mueh more couveniently stored in a Cabinet contain-
ing numerous very shallow drawers, in which they lie flat and
exposed {o view. Such cabinets are now prepared for sale
under the direction of owr principal Opticians, with all the
improvements that eaperience has suggested. In order to
prevent the warping of the thin wood of which the hotioms of
the drawers arc usually made, wherehy their sliding action
is obstructed, it has been found advantageous to substituic
strained canvas or papicr miché. Agaim, in ouder to
antagonize the disposition of the slides to slip onc over another
in the o ening or shutting of the drawers, it has been
found preferable to arrange them in such & manner, that they
lic wit.ﬁ thgir cnds (instead of their long sides) towards the
front of the drawer, and to interpcse a cross-strip of wood,
lying parallel to the front of the drawer, between cach row.
t is very convenicnt, moreover, for the front of the drawer to
he furnished with a little tablet of poreelain, on which the
name of the group of objects it may coutain can be writien in
pencil, so as to {:e readily rubbed-out ; or a small frame may
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he attached to it, into which a slip of card may be inserted for
the same purpose.

Section 3.—~Collection of Objects.

142. A large proportion of the objects with which the
Microscopist 1s concerned, ar¢ derived from the minute parts
of those larger organisms, whether Vegetable or Animal, the
collectioh of which does not require any other mecthods than
those pursued by the ordinary Naturalist. With regard to
such, therefore, no special directions are required. But there
are several most interesting and im{)ortaut groups, both af
Plants and Animals, which are themsclves, on account of their
minuteness, cssentially microscopic; and the collection of
these requires peculiar methods and implements, which are,
however, very simple,—the chicf element of success lying in
the knowledge w#ere to look, and what to look-for. "In the
present place, gereral dircctions only will be given; the
particular details relating to the several groups, being reserved
for the acconnt to be hercafter given of each.

143. All the Microscopic organisms in question, being
aquatic, must be sought-for in pools, ditches, strcams, or other
colleetions of water ; through which some of them freely move,
whilst others attach themselves to the stems and leaves of
aquatic plants, or even to picces of stick or decaying leaves,
&e. that may be floating on the surface or submerged beneath
it, while others, again, are to be sought-for in the muddy
sediments at the bottom. Of those which have the power of
free motion, some keep near the surface, whilst others swim
in the deeper waters; but the situation of many depends
entirely upon the light, since they rise to the surface in sun-
shine, and subside again aflerwards. 'The Collector will
therefore require a means of obtaining samples of water at
different depths, and of drawing to himself portions of the larger
bodics to w]hich the microscopic organisms may be attached.
For these purposes, nothing is so convenient as a rod about
five fect long, which may he divided into two pieces jointed-
{ogether; and the farther cxtremity of this rod should be
siereed with a hole, passing for some distance into its length.*

nto this hole, as a sockef, may be fitled either of the three

* Cheap fishing-rods are now sold at the toy-shops, which answer this

purpose extremely well, the Jast or slenderest joint being laid on one side ;
its socket in the last joint but one, brmng well adapted to reccive the fittings

ahove deseribed. v
52
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implements which the Collector may happen to require.—If
he desires to take-up samples of the water, he will need a
wide-mouthed botle, contaming about ¢ oz, This may be
attached to the cxiremity of the rod, by simply passing round
its neck a strap of thin whalchone or sheet gutta-percha, the
two ends of which are to be brought-together, and inserted
into the socket, in which they may be secured by a plug of
soft wood or cork. The holtle being held sideways with its
mouth partly helow ihe water, the surface may be skimmed ;
or, if it he desired to bring-up a sample of the liquid from
below, or to draw into the bottle any bodies that may he
looscly attached to the submerged plants, 1he bottle is fo be
plunged into the water with its mouth downwards, carried into
the situation in which it is desired that it should be filled, and
then suddenly turned with its mouth upwards.—1f, agam, the
orgamsms which it may be desired to colleet, are of suflicieut
size 10 he strained-out of the water by a picee of fine muslin,
a ring-net should he fitted into the socket of the vod. This
may be made by sewing the wuslin bag to a ring of stout
wire, furnished with a projecting stem which may he inserted
hy means of a cork into the socket of the rod.  But it is more
convenient that the musliv should he made removable; and
this may be provided-for (as suggested in the “ Micrographic
Dictionary,” Introduction, p. xxiv.) by the substitution of a
wooden-ring, grooved on its ouiside, for the wire-ring ; the
muslin being strained upon it by a ring of vuleanized Iudia
rubber, which lies in the groove, and which may he readily
slipped ofl-and-on, so as 1o allow a fresh picee of muslin to be
it in the place of thal which has heen last used.—For
{)ringing-up portions of larger Plants, either for the sake of
examining their own structure, or for obtaining the growths
whieh may be pacasitic upon them, a cutbing-hook, shaped
somewhat like a sickle, may be fitted into the socket of the
rod.

144. The Collector should also be furnished with a number
of hottles, into which he may fransfer the samples thus
oblained. "These it will be convenient to have of two kinds ;
one set wide-mouthed, and capabl. of Leing closcly corked,
for minule Plants; the other sct with narrower mouths,
having short picees of tube passed through the corks, for the
purpose of containing Animaleules without depriving them of
air.  The former kind, however, may he safely employed for
Animaleules, if they be not above two-thirds filled (so as to
leave an-adcquate air-spacc), and be not kept long closed.
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Such bottles should be fitted into cases, in which several
may be carried at once without risk of breakage.*—Whilst
engaged in the scarch for Microseopic objects, it is desirable for
the collcctor to possess a means of at once recognizing the forms
which he may gather, where this is possible, in order that he may
decide whether the ‘gathering’ is, or is not, worth prescrving ;
for this purposc either a powerful “ Coddington’ or ¢ Stanhope ?
lens S§ 19), or a Gairdner’s Simple Microscope (§ 28), will be
found’ most uscful, according to the class of objects of which
the collector is in search. The first will answer very well for
Zoophytes and the larger Diatomacer ; but the sccond @r
third will be nceded for Desmidiacem, the smaller Diatomacea,
and Animalcules.

* The bottles in which smelling-salts are now commonly sold, having the
corks fitted 1nto dishs of turned wood, are very couvenient, hoth 1 size and
shape, for the purposes of the Microscopist; cases contammg 3, &, 6, or 8 such
Dbottles, are made by Mr. Ferguson of Giltspur-strect. 'The wide-mouthed
bottles with screw caps, made by the York Glass Company, arc also extremely
convement,
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CHAPTER VL
MICROSCOPIC FORMS OF VEGETABLE LIFE.—PROTOPIIYTES.

145. IN commencing our survey of these wonders and
beauties of Life and Organization, which are revealed to us by
the assistance of the Microscope, it scems on every account
the most appropriate to turn our attention in the first instance
to the chctab{e Kingdom ; and to begin with those hnmblest
members of that kingdom, whose form and siructure, and
whose very existence, in many cases, are only known to us
through its use. For thosc who desire to make themselves
faniliar with microscopic appearances, and to acquire dexterity
in microscopic manipulation, cannot do hetter than cducate
themselves ‘)y the study of those com})arutivcly simple forms
of organization, which the Vegetable fabric presents; since a
facility in minnte dissection and in microscopic analysis may
he thus acquired, which will save much expenditure of time
and labour, that might be unprofitably applicd, without such
apprenticeship, to the attempt to unravel the complexitics of
Animal organization. But further, the scientific Histologist
(p- 20) looks to the careful study of the structure of the
simplest forms of Vegetation, as furnishing the key (so to
spcak) that opens the right entrance to the study of the
elementary Organization, not merely of the higher Plants, but
of the highest Auimals. And in like mauner, the scientific
Physiologist looks to the complete knowledge of their life-
history, as furnishing the surest basis for those gencral notions
of the naturc of Vital Action, which the advance of scicnee
has shown to be really well-founded, only when they prove
cqually applicable to both kingdoms.—But further, & peculiar
interest attdches itself at the present time, to everything which
throws light upon the debated question of the boundary
hetween the two kingdoms ; a question which is not less keenly
debated among Naturalists, ghan that of many a disputed
frontier has been between adjacent Nations.  For many parts
of this horder-country have becn taken and retaken several
times; their inhabitants (so to speak) having first becn con-
sidered, on account of their gencral appearance, to belong to
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the Vegetable Kingdom,—then, in consequence of some move-
ments being obscerved in them, being claimed by the Zoologists,
—then, on the ground of their evidently-plant-like mode of
growth, being transferred-back to the Botanical side,—then,
owing to the supposed detection of some new feature in their
structurc or physiology, being again claimed as members of
the Animal Kingdom,—and lastly, on the discovery of a
fallacy in‘these arguments, heing once more laid-hold-of by the
Botanist, with whom, for the most part, they now remain.
Tor the attention which has been given of late years to the
study of the humblest forms of Vegetation, has led to the
knowledge of so many phenomena, among what must he
undoubtedly regarded as Plants, which would formerly have
been considered unquestionable marks of animality, that the
discovery of the like phenomena among the doubtful beings in
question, so far from heing any cvidence of fieir animality,
really affords a probability of the opposite kind.

146, In the present state of Secicnee, it would he very
difficult, and is perhaps impossible, to lay down any definite
line of demarcation hetween the two Kingdoms ; sinee there is
no single character by which the Animal or Vegetable nature
of any organism can be tested.  Probably the one which is
most generally applicable, among those lowest organisms
which most cfosoly approximate to one another, 1Is—not, as
formerly supposed, the presence or absenee of spontancous
motion, bul tﬁe dependence ol the heing for nutriment upon
orgunic componnds already formed, which it takes (in some
way or other) into the inferivr of its body, or its possession of
the power of obtaining its own alimentary matter by absorp-
tion, from the inorganic elements on ils eaxterior.  The former
is the characteristic of the Awimel Kingdom as a whole; the
latter is the attribute of the Peyetudle ; and although certain
apparently-cxceptional cases way exist, yel these do not seem
to occur among the group in which such a means of distinction
is most useful to us.” For we shall find that those Profocon,
or simplest Animals, which seem to be composed of nothinsr
clse than a mass of living jelly (Chaps. ix., x.), are supporte
as cxelusively, cither upon other Protozoa, or upon Protoplyta
which are humble Plants of equal simplicity, as the highest
Animals are upon the flesh of other Animals, or upon the
products of the Vegetable Kingdom; whilst these Protophytes,
m common with the highest Plants, draw their nourishinent
{rom water, carbonie acid, and ammonia, and are distinguished
by their power of libcrating oxygen, through the decomposi-
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tion of carbonic acid, under the influence of sun-light. And
we shall morcover find, that even such Profozva as have neither
stomach nor mouth, rceeive their alimentary matter direct
into the very substance of their bodics, in which it undergoes
akind of digestion; whilst the Jlrofophyta absorb through
their external surface only, and take-in no solid particles of
any description.  With regard to motion, which was formerly
considered the distinetive attribute of animality, we now
know, not, merely that many Protophyles (perhaps all, at some
period or other of their lives) possess a power of spontancous
movement, but also that the instruments of motion, when
these ean be discovered, arc of the very same cluracter in the
Plant as in the Animal ; being little hair-like filaments termed
ciline (from the Latin cilium, an eye-lash), by whose rhythmical
vibration the body of which they form part is propelled in
definite dircetions.  The pecnliar contractility of these cilia
catmot, be accounted-for in cither case, any belter than in the
other; all we can say is, that it scems to depend upon the
continucd vital activity of the living substance of \VhiC‘l these
filaments arc prolongations; and that this contractile sub-
stance bas a composition cssentially the same in the Plant as
in the Animal.

117. The plan of organization throughout the Vegetable
kingdom prescuts this remarkable feature of uniformity,—
that the fn]bric of the highest and most complicated Plants,
consists of nothing clse than an aggregation of the hodics
termed cefls, cvery one of which, among the lowest and
simplest. forms of Vegetation, may mainfain an independent
existenee, aud may multiply itself almost indefinitely, so as
to form vast assemblages of similar bodies.  And the essential
difference between the plans of structure in the two cases lies
in this,—that the cells produccd by the sclf-multiplication of the
primordial ccll of the Protophyte, are all mere repetitions of it
and of one another, cach living 4y and for itsclf,—whilst those

roduced by the like self-multiplication of the primordial eell
in the Qak or Palm, not only remain in mutual connection,
but underge a progressive ‘diflerentiation,” w fabric being
thereby developed, which is com|l)osvd of a number of distinet
organs (stem, leaves, roots, [lowers, &c.), each of them
characterized by specialities not merely of eaternal form but of
intimate structure (the ordinary type of the ccll undergeing
various modifications, to be deseribed in their proper place,
Chap. viii.), and performing actions peeuliar to itsclf, which
contribute to the lifc of the Plant as ¢ whole. Hence, as was
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firs{ definitcly stated by Schlciden (sce Introduetion, p. 12),
it is in the life-history of the individual cell, that we find the
true basis of the study of Vegetable Life in gencral. And we
shall now cnquire, therefore, what information on this point
we derive from Microscopic rescarch.—In its most completely-
devcloped form, the Vegetable Cell may be cousidered as a
closed membranous bag or vesicle, containing a fluid cell-
sap ; antkthus we have to consider scparately the cedl-teatl and
the cell-contents.  The “ cell-wall” is composed of two layers, of
very different composition and properties. The iuner of these,
which has received the name of primordial uiricle, appears to
be the one first formed, and most essential to the cxistence 6f
the cell; it is exiremely thin and delicate, so that it escapes
attention so long as it remains in contact with the external
layer; and it is only brought into view when scparated from
this, cither by developmental changes (Fig. 107), or by the
influcnee of re-agents which eause it to contract by drawing-
forth part of its contents (Iig. 175). Its composition is indi-
cated, by the effcets of re-agents, to be albuminous ; that is, it
agrecs with the formative substance of the Animal tissues, not
only in the proportions of oxygen, hydrogen, carbon, and
nitrogen which it contains, hut also in the nature of the com-
Fou.n( formed by the union of these elements.  The external
ayer, on the other hand, though connnonly regarded as the
proper € eell-wall,” is generated on the surfuce of the primordial
utricle, after the latter has completely enclosed the cavity and
its coutents, so that it takes no essential part in the formation
of the cell. 1t is usually thick and strong in comparison with
the other, and may often be shown to consist of several layers.
In its chemical mature it is altogether dissimilar to the
primordial utricle; for it is cssentiaﬁy composed of eellulose,
a substance containing no nitrogen, and nearly identical with
starch. The relative offices of these two membrancs are very
different ; for whilst there are many indications that the
primordial utricle continues to participate actively in the vital
operations of the cell, it scems certain that the cellulose-wall
takes no concern in them, but is only their product; its
function being simply protective—The contents of the
vegetable-cell, being usually more or less deeply coloured,
have received the collective designation of endockrome (or
internal colouring-substance); aud they cssentially consist of
a layer of colonrless  protoplasm * (or organizable fluid, con-
taining albuminous matter in combination with dextrine or
starch-gum) in immediate contacl with the primordial utricle,
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within which is the morc watery ccll-sap, particles of chloro-
phyll or colouring-substance being diffused through both, or
through the former only.

148. But although these component parts may be made-out
without any difficulty in a large proportion of Vegetable cells,
yet they canuot be’ distinguished in some of those humble
organisms, which are ncarcst to the border-ground between
the two kingdoms. For in them we find the ‘ cell-wall” very
imperfectly dilferentiated from the ¢ cell-contents;’ the former
not having by any means the firmness of a perfect membrane,
and the latter not posscssing the liquidity which elsewhere cha-
racterizes them.  And in some instances, the ecll appears to
he represented only by a mass of endochrome, so viscid as to
retain its external form withont any limitary membrane, thongh
the superficial layer scems to have a firmer cousistence than the
interior substance ; and this may or may not be surrounded by
a gelatinous-looking envclope, which is equally far from pos-
scssing a membranous firmness, and yet is the only represen-
tative of the ccllulose-wall.  This viscid endochrome consists,
as elsewhere, of a colourless protoplasm, through which
colouring particles arc diffused, sometimes uniformly, some-
times in local aggregations, leaving parts of the protoplasm
uncoloured. The superf(icial layer, iu particular, is frequeutly
destitute of colour; and the ‘primordial utricle’ appears to
be formed by its solidification. Tu the interior of the viscid
mass, are commonly found vacuoles, which are distinguished
from the surrounding substance by their difference in refract-
ing power ; these, however, are not usually void spaces, but
arc cavities in the protoplasm occupicd by fluid of a more
watery consistence; and this € vacuolation’ of the' interior,
which incrcases until the cell-contcuts have alnost entirely
lost their original viscidity and are of a more watery character,
seems to take place pare passwe with the consolidation of the
exterior into distinet membranous walls; so that the develop-
ment of a perfect cell out of a rudimentary mass of endo-
chrome, may be stated to consist essentially in the gradual
differentiation of its substance, which was at first a nearly
homogencous viseid mass, into the solid ccll-wall and the
liquid " ccll-contents.—It is interesting to observe, at the very
outset of our enquiry into the naturc of Organisation and Vital
action, so characteristic an illustration of the great law of
Von Bar alrcady referred-to (pp. 23, 27).

149. Now among the Profophytes or simplest Plants, on the
cxamination of which we are about to enter, therc are many, of
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which cvery single ccll is not only capable of living in a statc
of isolation from the rest, but cven normally does so; and
thus, in the ordinary phraseology, every cell is to be accounted
a ‘distinct individual.’” There are others, again, of which
shapeless masses are made-up by the aggregation of contiguous
cells, which, though quitc capable o?rliving independently,
remain attached to each other by the mutual fusion (so to
speak) of their gelatinous investments. And there are others,
moreover, in which a definite adhesion exists between the
cells, and in which regular plant-like structures arc ihus
formed, notwithstanding that cvery cell is still but a re Ctk
tion of every other, and is capable of living independent
detached, so as to answer to tIl)w designation of a * unicellular’
or single-celled plant. These different conditions we shall
find to arisc out of the mode in which cach particalar species
multiﬁlics by binary subdivision (§ 150): for where the pair
of cells that is produced by the segmentation of the previous
cell, undergo a complete separation from oune another, they will
henceforth live quite separately; but if, instead of undergoing
this complete fusion, they should be held-logether by the
intervening gelatinous envelope, a shapeless mass results from
repeated subdivisions not {aking place on any delerminate
plan; and if, morcover, the binary subdivision should always
take-place in a determinate dircetion, a long narrow filament
(Fig. 10k p),0r a broad flat leaf-like expansion (Fig. L0 1, ), may
be generated. To such extended fabries, the term € unicellular
plauts’ ean scarcely be applied with propricty, since they may
he built-up of many thousands or millions of distinet cells,
which have no disposition to separate from cach other spon-
tancously. Still they correspond with those which are strictly
uniccllular, in the absence of any differcutiation, cither in
struetwee or in actious, between their component cells; each
one of these heing  repetition of the vest, and no relation of
mutual dependence existing among them.—All such organisms
may well be included under the gencral term of Lrofophytes,
by which it is convenicut to designate the priwitive or ele-
mentary forms of Vegetation; and we shall now enter, in such
detail as the nature of the present Trealise allows, into the
history of those forms of the group, which present most of
interest to the Microscopist, or whicI})L best serve to illustrate
the gencral doctrines of %llysiology.

150. The lifc-history of one of these Unicellular Plants,
in its most simple form, can scarcely be better exemplified
than in the Palmoglea macrococca (Kutzing); one of those
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bumble kinds of vegetation which spreads itself as a green
slime over damp stoncs, walls, &c. When this slime is
examined with the microscope, it is found to consist of a
multitude of green cells (Kig. 67, 4), cach surrounded by

Fic. 67.

Various phases of development of Palumoglea wacerococca; A, full-
grown cell, », ¢, b, E, successive stages of hiary subdivision; w row
of cells, produced by suceession of subdivisions, 6, 1, 1, cells treated
by iodine, x, L, v, eells in conjugation.

a gelatinous envelope; the cell, which does not scem to have
any distinet membranous wall, is filled with granular particles
of ‘a green colour; and a ‘nucleus’ may sometimes be distin-
guished through the midst of {hese. When treated with
tineture of jodine, however, the green contents of the cell are
turned to a brownish hue,and a dark-hrown nucleus is distinetly
shown (). Other cells are seen (1), which are considerably
clongated, some of them beginning to present a sort of
hour-glass contraction across the middle; in these is com-
meneing that curious mwltiplication by duplicative subdivision,
which is the mode in which inercase ncarly always takes-place
throughout the Vegetable kingdom; and when cells in this
condition are treated with tincture of iodine, the nuclcus is
seen to be undergoing the like elongation and constriction
(n). A more advanced state of the process of subdivision is
seen at C, in which the constriction has proceeded to the
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extent of completely cutting-off the two halves of the ccll, as
well as of the nucleus (1), from each other, though they still
remain in mutual contact; but i a yet later stage, they are
found detached from cach other (p), though still included
within the same gelatinous cnvelope. Each new cell then
begins to secrete its own gelatinous envelope; so that, by its
intervention, the two are usually soon scparated from one
another (%). Somctimes, however, this is not the case; the
process of subdivision being quickly repeated, before there is
time for the production of the gelatinous envelope, so that a
series of cells (¥), hanging-on one to another, 1s produce
There appears to be no definite limit {o this kind of multipli-
cation ; and cxtensive areas may be quickly covered, in ecir-
cumstances favourable to the growth of the plant, by the
products of the duplicative subdivision of one primordial cell.
This, however, is simply an act of Groweth, precisely analogous
to that by which any one of the higher forms of Vegetation
extends ilsclf, and dilfering only in this, that the cells pro-
dueed by each act of cell-subdivision in the present case exactly
rescmble that from which they sprang; \Vllli]bt in the case of
more highly organized Pluts, they gradually become differen-
tiated o a greater ov less degree, so that special ‘organs’ are
evolved, which take upon themselves dissimilar yet mutually-
dependent parts, in the cconomy of the eatie organisin,

151, The process which vepresents the Geueralion of the
higher Plants, is here performed in a manner so simple, that
it would not he recoguized as such, il we were not able to
trace it up (hrough a succession of modes of gradually-
increasing complexity, until we arive at the clahorate opeva-
tions which are concerned in the production and fertilization
of the seeds of Flowering Plants. For it consists in nothing
else than the reunion ov fusion together of any pair of cells
(K),—a process which is terned Comprgation ; and it is cha-
racteristic of this hwuble plant, and shows how imperfeet
must be the consistence of 1ts eell-membrane, that this seems
to enter into the fusion, no less completely than the cell-
contents. The communication is ab first usually made by a
narrow neck or bridge (k); but before long it extends through
a large part of the contiguous houndaries (L); and at last the
two cells are scen to be completely fused into one mass () ;
which is termed the spore.  Each “spore’ thus formed is the
< primordial ccll’ of a wew generalion, into which it cvolves
itself by successive repetitions of the process of hinary sub-
division.-~1t is curious to obscrve, that during the conjugating
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process, a production of oil-particles takes-place in the cells ;
these at first arc small and distant, but gradually become
larger and approximate more closely to each other, and at last
coxﬁcsce 50 as to form oil-drops of various sizes, the green
granular matter disappcaring; and the colour of the con-
Jugated body changes, with the advance of this process, from
green to a light yellowish-brown. When the spore hegins to
vegetate, on the other hand, producing a pair of new cells b
binary subdivision, a converse change takes-place; the oil-
globules disappear, and green granular matter takes their
place. Now this is precisely what occurs in the formation of
sced among the higher Plants; for starchy substances are
transformed into oil, which is stored-up in the sced for the
nutrition of the embryo, and is app]imi, during germination,
to the purposes which are at other times answered by starch
or chloro L)’].l.—‘l‘]m growth of this little plant appears to he
favoured If:y cold and damp; its generation, on the other hand,
is promoted by heat and dryness; and it is obvions that the
spore-cell must be endowed with a greater power of vesistin
this, than the vegetating plant has, sinee the species woulﬁ
otherwise be destroyed ﬁy every drought.

152. If the preceding sketeh really comprehends the whole
life-history of the Tumble plant to which it relates, this Instory
is much more simple than that of other forms of vegeta-
tion, which, without appearing to possess an essentially-higher
structure, present themsclves under a much greater varicty
of forms and conditions. One of the most remarkable of
these varieties is the mofile condition, which scems to be
common, in some stage or other of their existence, to a very
large proportion of the lower forms of aquatic vegetation;
and which usually depends upon the cxtension of the
primordial utricle into onc or two thread-like filaments
(Fig. 08, u—1), cndowed with the power of eveeuting
rhythmical contractions, wherchy the cell is impelled througﬁ
the water.—As an illustration of this p(:cuﬁinr mode  of
activity, which was formerly supposed to hetoken Animal life,
a sketeh wibl be given of the history of a plant, the Profococens
pluvialis, which is not uncommon in collections of rain-watcr,*

* The Author had under his own observation, about eight years ago, an
cxtraordinary abundance of what he now feels satisfied must have been this
plant, in a rain-water cistern, which had been newly cleancd-out. ITis notice
was attracted to it, by scemng the surface of the water covered with a green
froth, whenever the sun shone upon it.  On examining a portion of this froth
under the Microscope, he found that the water war crowded with green cells
in active motion; and although the ouly bodies at all resembling them, of
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and which, in its motile condition, has been very commonly
regarded as an Animaleule, its different states having been
described under several different names.

153. In the first place, the colour of these cells varies con-
sidcrably ; since, although they arc usually greer at the
period of their most active life, they are sometimes red ; and
their red form has reccived the distinguishing appellation of
Henatocdecus.  Very commonly the red colouring-matter
forms only a central mass of greater or less size, having the
appearance of a nucleus (as shown in Fig. 68, ) ; and some-
times it is reduced to a single granular point, which has bec
crroneously represented by Prof. Ehreuberg as the eye of these
so-called Animaleules. It is quite certain that the red
colouring-substance is very ncarly related in its chemical
character to the green, and that the onc may be couverted
into the other; though the conditions under which this
conversion may take place arc not preciscly known. In the
sféll form of the ceh, with which we may commence the
history of its life, we find a mass of endochrome, consisting of
a colourless protoplasm, through which red or green-coloured
granules arc more or less untformly diffused ; on the surface
of this endochrome, the coiourless protoplasm is condensed

which he could find any deseription, were the so-called Amimateules, consti-
tuttug the genus Chlamydomonas of Prof. Ehrenberg, and very httle was
known at that time of the “‘motile’ conditions of Plants of this deseription,
yet of' the vegetable nature of these budies hie could not entertamn the smallest
doubt. They appeared m fieshly collected rain-water, and could not, there-
fore, be derving therr support from organic matter, under the mfluence of
hght, they weee obviously decomposimg carbome acd and hberating oaygen,
and this miucnee he tound to be essential to the contmuance of their growth
and development, which ook place entirely upon the Vegetative plan Not
nany days after the Protophyte fivst appeared m the water, a few Wheel-
Ammalcules presented themselves, these fed greedily upon at, and mcreased
so rapidly (the weather bemg very warm) that” they soon berame almost as
crowded as the cells of the Protococeus had been; and it was probably due m
part to therr voruety, that the plunt soon becarue less abundant, and before
Tong disappeared altogether.  Had the Author been then aware of its assump-
fion of the “still’ condition, he might huve found 1t at the bottom of the
cistern, after 1t had ceased to present itself at the surface,—The account of this
Plant given above, s derved from that of Dr. Cohn, m the “Nova Acta
Acad. Nat, Curios.,” (Bonn, 1550), tom. axi.; of wlich an abstract by Mr. George
Bush is contained m the “ Botanical and Physiologieal Memoirs,” pubhshed
by the Ray Society for 1853, Tlus excellent observer states that he kept his
pfants for observation m little glass vessels, having the form of a truncated
¢ne, about two nches decp, and one inch and a ¢quarter m diameter, with a
flat bottom polished on both sides, and filled with water to the depth of from
two to three lines. “ [t was only m vessels of this kind,” he says, “that he was
able to follow the devel t of a ber of various cells throughout its
whole course,”  Probably he would ha ¢ found the glass-tube cells represented
i Fig. 65, 1 he had been acquanted with them, to answer his purpose just
as well as these specially constructed vessels. .
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into a more consistent layer, forming an imperfeet, ‘primordial
utricle;” and this is surrounded by a tolerably firm- luyer,
which scems to consist of ccllulose or of some modification of
it.  Outside this (as shown in Fig. 68, 4), when the € still’

Fia. 68.

Various phases of developmont of Profococcus pli alis - -A, an
eneysted eell, which has passed mto the “stdl” conditn 13 b, division
of ¢ still” cell into two, ¢, another mode of division mt two, cach
prnordial vesicle having developed a eellnlose envelope ¢ andatself,
whilst yet withm the origmal cell; n, diviston of an ¢ vated cell
into four; ¥, division of an eneysted el mto eight, v, d ison of an
eneysted cell info thirty-two segment 6, mohile gonidia  zoospores)
after their eseape from the oryzmal ee 5 2 primore 1icle, with-
out, ce Tnloge envelope, furnished witl two etha, 1, & s lar primor-
dal utriele, with distimet cellulose er lope, and threads of protoplasm
extending towards 1t; k, an eneyst  pranordia] utvicle, pomted at
both ends, and furmished with tw  1ha, §, an encysted primordial
utiicle, of which nearly half is <« posed of a coloutless granular
substance, enclosing a red body rese  blhing a nucleus.,

cell is formed by a change in the condition of a cell that has
heen previously “motile,” we find another envelope, which seems
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to be of the same nature, but which is separated by the
interposition of aqueous fluid; this, however, may be alto-
gether wanting. zMlThe multiplication of the ‘still’ cclls by
self-division, takes-place as in the previous instance; the
endochrome, cnclosed in its primordial utricle, first under-
going separation into two halves (as seen at 1), and each of
these halves subscquently developing a cellulose envelope
around it¥elf, and undergoing the same division in its turn.
Thus 2, 4, 8, 16 new cells are successively produced; and
these are sometimes sct-free by the complete dissolution of
the envelope of the original cell; but they are more commonly
held-together by its transformation into a gclatinous invest-
ment, in which they remain imbedded. = Somctimes the
contents of the primordial utricle subdivide at once into_four
scgments (as at »), of which every onc forthwith acquircs the
characters of an independent cell; but this, n]tlmugh an
ordinary mcthod of multiplication among the “motile” cells,
is comparatively rarc in the ‘still’ condition. Somectimes,
again, the ccll-contents of the “still” form subdivide at onece
into cight portions, which, being of small size, and endowed
with motile power, may be considered as € zoospores ; it is
not quite clear what becomes of these; but there is reason to
belicve that some of them retain their motile powers, and,
after increasing in size, develope an investing eyst; like the
free primordial utricles to he presently deseribed ; that others
produce a firm cellulose envelope, and become “still” cells ;
and that others (perhaps the majority) perish without any
further change.

154. When the ordinary sclf-division of the ¢still’ eclls
into two scgments has been repeated four times, so as to
produce 16 cells—and somctimes at an earlier period,—the
new cells thus produced assume the ‘motile’ condition ; being
liberated before the development of the cellulose envelope,
and heecoming furnished with two long vibratile filaments,
which appear to be cxtensions of the primordial utricle (ir).
In this condition, it scems obvious that the colourless proto-
plasm is more developed relatively to the colouring-matter,
than it is in the ¢still’ cells; it gencrally accumulates in the
part from which the vibratile filaments or cilia procced, so as
to form u sort of transparent beak (1, k,1); and it usuall
contains ‘vacuoles,” occupicd only by clear aqueous fluid,
which are somctimes so numrerous as to take-in a large part
of the cavity of the cell, so that the colonrced contents seem
ouly like a deposit on its walls. Before long, this ¢ motile’
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primordial utricle acquircs a peculiar saccular investment,
which secms to correspond with the cellulose envelope of the
¢ still’ cells, but which is not so firm in its consistence (1, K, 1).
Thread-like extensions of the protoplasm, sometimes containing
coloured globules, arc not unfrequently scen to radiate from
the primordial utricle towards the cxterior of this enveloping
bag (1); these are rendered more distinet by iodine, and can
be made to retract by means of reagents ; and their existence
seems to show, on the onc hand, that the transparent space
through which they exiend themselves is only occupied by a
watery liquid, and on the other, that the layer of protoplasm
which constitutes the primordial utricle, is far from possessing
the tenacity of a compfctelyformcd membrane.—The vibratile
filaments pass through the cellulosc envelope, which invests
them with a sort of sheath; and in the portion that is within
this sheath, no movement is seen. During the active life of
the “motile’ cells, the vibration of these cilia is so rapid, that
it can be recognised only by the currents it produces in the
water, through which the cells arc rapidly propelled ; but
when the motion becomes slacker, the filaments themsclves
arc readily distinguishable; and ihey may be made -more
obvious by the addition of iodine.—The multiplication of these
motile cells may take-place in various modes, giving rise to a
great variety of appearances. Sometimes they undergo a
regular binary subdivision, wherchy a pair of motile cells is
produced (¢), each resembling its single predecessor in pos-
sessing the cellulose investment, the transparent beak, and the
vibratile filaments, before the solution of the original invest-
ment. Somectimes, again, the contents of the primordial cell
undergo a segmentation in the first instance into four divisions
(p); which may cither become isolated by the dissolution of
their envelope, and may separate from cach other i the
coudition of free primordial utricles (ir), developing their
cellulose investments at a future time; or may acquire their
cellulose investments (as in the preceding case) *)cforc the
solution of that of the original cell; an(? sonictimes, even
after the disappearance of this, and the formation of their own
independeut investments, they remain attached to each other
at t\wir beaked extremitics, the primordial utricles bein

connected with each other by peduncular prolongations, ang
the whole compound body having the form of a cross +.
This quaternary scgmentation appears to he a more frequent
mode of multiplication among the ‘ motile’ cells, than the sub-
division into two; although as we have seen, it 1s less common
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in the *still’ condition. 8o, also, a Primury segmentation of
the cntire endochrome of the ¢ motile’ eclls, into 8, 16, or even
32 parts, may take-place (E, ¥), thus giving-rise to as many
minute primordial cells. These, when they arc set-free, and
possess active powers of movement, rank as ‘zoospores’ (c)
which may either develope a loose cellulose investment or eyst,
so as to agtain the full dimensions of the ordinary motile cells
(1, X), or may become clothed with a dense cnvelope, and
losc their vibratile cilia, thus passing into the ¢ still’ condition
(a) ; and this last transformation may even take-place, before
they arc sct-frec from the envelope within which they weré

roducced, so that they constitute a mulberry-like mass, which
ills the whole cavity of the original cell, and is kept in motion
by its cilia.

155. All these varielies, whosc relation to cach other has
been clearly proved by watching the successional changes that
make-up the history of this once Plant, have been regarded as
coustituting, not merely distinet species, but distinct gerera
of Animalcules; such as Chlumydomonas, Euglewe, Trachelo-
monas, (yges, Goniwn, Pandoriia, Botryocystis, Orella, Syn-
crypla, Monas, Astasia, Bodo, and ]l)ro wably many others.*
Certain forms, such as the ‘nwtile’ cells (1, x, 1), appear in a
given infusion, at first exclusively and then principally; they
gradually diminish, become more and more rare, and finally
aisappc:n' altogether, being replaced by the € still’ form. After
some {ime, the number of the ‘motile’ eclls again inercases,
and reaches, as before, an extraordinary amount; and 1his
alternation may be repeated several times in the course of a
fow weeks. The process of segmentation is often accom-
plished with great rapidity. If a number of molile cells be

* In the ahove sketch, the Author has presented the facts described by Dr.
Cohn, under the relation which they seemed to him naturally to bear ; for the
membrane which immediately surrounds the primordial utricle of the *stil®
cells, appears to him to be essentially the same with the sacculated mnvest.
went of the “moule form, since it differs only in 1ts greater density, and in
the ahsence of the mterposed fhud. It is distmetly stated by Cohn, towards
the conclusion of his Memoir, that the one like the other consists of cellulose,
since both alike give the characterstic blue colour with a very dilute solu-
tion of iodine, snd with moderately-diluted sulphuric acid; yet he speaks
of what he terms the ¢ encysted zoospore’ (1, X, L), us being formed by one
cell within unother, the outer cell having a true cell g brane and aq
contents, but bemg destitute of primordial utricle; whilst the mmer cell has
denser, coloured contents, but 18 without the true cell-membrane.—Havin,
enjoyed, since the above was written, the opportunity of personally communi-
cating with Dr, Cohn with regard to he question to which it refers, the
Author is glad to be ahle to staté, that Dr. Coln's later observations havo led
Iim to adopt a view of the relationship of the ‘still’ and ‘motile * forms,
which is 1n essential accordance with his own,

T
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trausferred from a larger glass into a small capsule, it will be
found, after the lapse of a fcw hours, that most of them
have subsided to the bottom; in the course of the day, they
will all be observed to he upon the point of subdivision; on
the following morning, the Xivisionu brood will have become
uite free; and on the next, the hottom of the vessel will be
ound covered with a new brood of self-dividing cells, which
ain proceed to the formation of a new brood, and so on.
The activity of motion and the activity of multiplication, seem
to stand, in some_degree, in a relation of reciprocity to each
other ; for the self-dividing process takes-place with greater
rapidity in the still’ cells, than in the motile.’

156. What are the precise conditions which determine the
transition from one state to the other, cannot yet he preeisely
stated ; but the influence of certain agencies can he predicted
with tolerable ccrtainty. Thus it is only nceessary to pour
the water containing thesc organisms, from a smaller and
deeper into a larger and shallower vessel, at once to determine
scgmentation in numerous cells,—a phenomenon which is
ohscrvable also in many other Protophyles. The “motile’
cells seem to e favourably affected by light, for they colleet
themsclves at the surface of the water and at the cdges of the
vessel; but when they are about to undergo segmentation, or
to pass into the ‘still’ condition, they sink 4o the bottom of
the vessel, or retreat to that part of it in which they arc least
subjected to light. When kept in the dark, the ¢ motile’ cells
undergo a great diminution of their chlorophyll, which hecomes
very pale, and is diffused, iustead of forming definite granules;
they continue their movement, however, uninterruptedly,
without either sinking to the bottom, or passing into the still
form, or undergoing scgmentation. A moderate warmth, par-
ticularly that of the vernal sun, is favourable to the d('vclop-
ment of the ‘motile’ cells; but a temperature of cxeessive
elevation prevents it. Rapid evaporation of the waler in
which the <motile’ forms of Profococens may he contained,
kills them at once ; but a more gradual loss, such as takes-place
in deep glasses, causes them merely to pass into the “still?
form; and in this condition,—ecspeeially when they have
assumed a red hue,—they may be completely dried-up, and
may remain in a state of dormant vitality for many years. It
is 1n this statc that they are wafted-about in atmospheric
currents, and that, being brought-down by the rain into poois,
cisterns, &c.,, they may present themselves where none had
been previously known to exist; and there, under favourable
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circumstances, they may undergo a very rapid multiplication,
and may maintain themselves until the water is dried-up, or
some other change occurs which is incompatible with the
continuance of their vital activity. They then very commonly
become red throughout, the red colouring-substance extending
itself from the centre towards the circamference, and assum-
ing an appearance like that of oil-drops; and these red cells,
acquiring thick cell-walls and a mucous envelope, float in
flocculent aggregations on the surface of the water. This
state seems to correspond with the € winter sporcs’ of other
Protophytes; and it may continuc until warmth, air, an
moisture, cause the development of the red cclls into the
ordinary ‘still’ cells, green maticr being gradually produced,
until the red substance forms only the central part of the
endochrome. After this ocenrs the cycle of changes which
has been already described ; and the Plant may pass through
a long serics of these, before it returns to the state of the red
, thick-walled cell, in which it may again remain dormant for
an unlimited period—Even this cycle, however, cannot be
regarded as complefing the history of the species before us;
since it does not include the performance of any true Gene-
rative act. There can be little doubt that, in some stage of
its cxistence, a € conjugation’ of two cells occurs, as in the
receding case; :mJ the attention of observers should be
gircctcd to its discovery, as well as to the detection of other
varicties in the condition of this interesting little Plant, which
will be probably found to present themsclves before and after
the perl‘ormzmcc of that act.
157. From the composite motile forms of the preceding
type, the transition is casy to
the group of Volvocinew,—uan Fia. 69.
assemblage of minuie Plants
of the greatest interest to the
Microscopist, on account hoth
of the Animaleule-like activity
of their movements, and of the
great beauty and regularity of
their forms. The most remark-
zble example of this group, is
the well-known Polvoz globa-
tor (¥ig. 69), or ‘globe-animal-
cule;’ which is not uncqmmon
in fresh-water pools, and which,
attaining a diumeter of 1-30th Folvoz Globator.
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of an inch, may be scen with the naked eye, when the drop
containing it is held-up to the light, swimming through the
water which it inhabits. Its onward motion is usually of a roll-
ing kind; but it sometimes glides smoothly along, without
turning on its axis; whilst somctimes, again, it rotates like a
top, without changing its position. When examined with a
sufficient magnifymg power, the Volrox is seen to consist of a
hollow sphere, composed of a very pellucid material, which is
studded at regular intervals with minute green spots, and which
is often (but not constantly)traversed by green threads connect-
ing these spots together. ~ From each of the spots proceed two
long cilia; so that the entire surfacc is besct with these vibra-
tile filaments, to whosc combined action its movements are due.
Within the external sphere, there may generally be scen from
two to twenty other globes, of a darker colour, and of varying
sizes; the smaller of these are attached to the inner surface
of the investing sphere, and project into its cavity; but the
larger lie freely within the cavity, and may often he observed,
to revolve hy the agency of their own ciliary filaments.  After
a time, the original sphere bursts, the contained sphericles
swim-forth and speedily develope themselves into the likeness
of that within which they have been evolved ; their component
particles, which are at first closcly agaregated-together, being
separated from each other by the interposition of the trans-
parent pellicle.—It was long supposed that the Volvoz was a
single Animal; and it was first shown to be a composite fabric,
made-up of a repetition of organisms in all respects similar to
each other, by Prof. Ehrenberg; who, however, considered
these organisws as Monads, and deseribed them as each pos-
sessing a mouth, scveral stomachs, and an cye!  Our present
knowlcdge of their nature, however, leaves no doubt of their
Vegetable character; and the peculiarity of their history
renders it desirable to deseribe it in some detail.

158. Xach of the so-called ‘Monads’ is in reality a some-
what flask-shaped mass of endochrome, about 1-3000th of an
inch in diameter ; consisting, as in the previous instances, of
chlorophyll-granules, diffused through a eolourless protoplasm
(Fig. 70, 1, ) ; and bounded by a luger of condensed proto-

lasm, which represents a primordial utricle, hut is obviously
Emr from having attained a membranous consistence. It is
prolonged outwardly (or towards the circumference of the
sphere) into a sort of colourless peak or proboscis, from which
proceed two long vibratile cilia (L); and it is invested by a
pellucid or “hyaline’ envelope (1, ) of considerable thickness,
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the borders of which are flattened against those of other
similar envclopes (&, ¢ ¢), but which does not appear to have
the tenacity of a true membrane. It is impossible not to
recognize the precise similarity between the structure of this
body, and that of the motile ©encysted’ cell of Profococcus
Dpluvialis (Fig. 68, K); there is not, in fact, any perceptible
differenge between them, save that which arises from the
regular aggregation, in Volvor, of the cells which normally
detach themsclves from one another in Profococcus. The
resence of cellulose in the hyaline substance is not indicated,
m the ordinary condition of Polvor, by the iodine ahd
sulphuric acid test, though the use of ©Schulz’s solution’
gives to it a faint blue tinge ; there can be no doubt of its
existence, however, in the hyaline envelope of what has becn
termed Folvoxr awrews, which is in rc:tfity nothing but the
 winter spore ’ of Polvox globator. 'The cilia and endochrome,
as in the motile forms of Protococcus, are tinged of a deep
brown by iodine, with the exception of one or two particles in
cach cell, which, heing turnedp blue, may be inferred to be
starch ; and when the contents of the cell are liberated, bluish
flocculy, apparently indicative of the presence of cellulose, are
brought into view by the aciion of sulphuric acid and iodine.
All these re-actions arce strictly vegefable in their nature.—
‘When the cell is approaching maturity, its endochrome always
exhibits one or more € vacuoles’ (Fig. 70, 1, 2 a), of a spherical
form, and usually about one-third of its own diameter; and
these ‘vacuoles’ (which are ihe so-called ¢stomachs’ of Prof.
Ehrenberg) have been observed by Mr. G. Busk to undergo a
very curious rhythmical contraction and dilatuion at intervals
of about 40 seconds ; the contraction (which secms to amount
to complete obliteration of the cavity of the vacuole) taking-
place rapidly or suddenly, whilst the dilatation is slow and
gradual. This curious action ceascs, however, us the cell
arrives at its full maturity; a condition which secns fo be
marked by the greater consolidation of the primordial utricle,
by the removal or transformation of some of the chlorophyll
(the greater part of the colouring-matter contracting into a
small irrcgular mass, which adheres to the bottom or side of
the ccll, leaving the rest of the cavity clear and transparent),
and the formation of the red spot (&), which obviously consists,
as in Protococeus, of a peeuliar modification of chlorophyll.
159. Each mass of cndochrome normally communicates
with those in nearest proximity with it, by extensions of its
own substance, which are sometimes single and sometimes
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double (2, 54); and these comnecting processcs necessarily
cross the lines of division betwcen their respective hyaline
ivesiments. The thickness of these processes varies very
considerably ; for sometimes they are broad bands, and in
other cases mere threads ; whilst they are occasionally wanting
altogether. This difference seems partly to depend upon the
age of the specimen, and partly upon the abundance of nutri-
ment which it obtains ; for, as we shull prescutly see, the con-
nection is most intimale at an carly period, before the hyaline
investments of the cells have increased so much as to separate
the massesof endochrome toadistance from one another (8, ¢, b);
whilst in a maturc individual, in which this scparation has
tuken-place to its fnll extent, and the nutritive processes have
hecome less active, the masses of endochrome very commonly
assume an angular form, and the connccting processes are
drawn-out into threads (as scen at ), or they retain tlicir
globular form, and the connceting processes altogether dis-
appear. The iufluence of re-ageuts, or the infiliration of
water into the interior of the hyaline investment, will some-
times cause the counecting processes (as in Protococeus, § 154),
to be drawn-back iuto thecentral mass of endochrome; and they
will also retreat on the mere rupture of the hyaline investment:
from these circumstances it may be inferred, that they are not
cnclosed in any definite membrane.  On the other hand, the
connceting threads arc sowetimes seen as double lines, which
scem like tubular prolongations of a consistent membranc,
without any protoplasmic granules in their interior. It is
obvious, then, that an cxamination of a considerable number
of specimens, cxhibiting various phases of conformation, is
necessary to demonstrate the nature of these communications;
but this may be best made-out by attending to the history of
their development, which we shall now describe.

160. The spherical body of the young Volvoxr (Fig. 78, a)
is composed of an aggregalion of somewhat angular masses of
cendochrome (4), scparated by the interposition of hyaline
substance ;,and the whole scems to be enclosed in a distietly
membranous cnvelope, which is probubly the distended hyaline
investment of the primordial cell, within which, as WiH re-
sently appear, the entire aggregation originated. In the midst
of the polygonal masses of endochrome, onc mass (), rather
larger than the rest, is seen to present a circular form; and
this, as will prescntly appear, is the originating cell of what is
hereafter to become a new sphere. 'I%e growing Volvox at
first incrcases in size, not only by the interposition of new
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Various stages in the Development of Volvox Globator.
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h[y"-raline substance between its component masses of endo-
chrome, but also by an incrcasc in these masses themselves
(B, @), which come into continuous connection with cach other
by the coalescence of processes (4) which they severally put-
forth; at the samc time, an incrcasc is obscrved in the size of
the globular ccll (¢), which is preliminary to its binary sub-
division. A morc advanced stage of the same developmental
process is secn at ¢; in which the connccting processes (@ a)
are s0 much increased in size, as to establish a most intimate
union between the masses of endochrome, although the increasc
of the intervening hyaline substance carrics thesc masses
apart from onc another; whilst the endochrome of the central
globular cell has undergone scgmentation into two halves. In
the stage represented at v, the masses of endochrome have
been still more widely separated by the interposition of hyaline
substance; each has become furnished with its pair of ciliary
filaments; and the globular cell has undergone a second
scgmentation. Finaﬁy at E, which rcpresents a portion of
the spherical wall of a maturc Volvox, the endochrome-
masscs arc obscrved to present a morc seattered aspect, partl
on account of their own reduction in size, and partly through
the interposition of a greatly-incrcased amount of hyaline
substance, which is scereted from the surface of cach mass;
and that portion which belongs to each ccll, standing to the
endochrome-mass in the relation of the cellulose coat of ordi-
nary cells to their primordial utricle, is frequently seen to be
marked-out from the rest by delicate lines of hexagonal
areolation (e, ¢), which indicate the boundarics of each. Of
thesc it is often difficult to obtain a sight, a nicc management
of the light being usually requisite wiiﬁl fresh specimens; but
the prolonged action of water (cspecially when it contains a
trace of iodinc), or of glycerine, will often hring them into
clear view. The prolonged action of glycerine, morcover, will
often show that the boundary lincs are double, being formed
by the coalescence of two contiguous cell-walls; and they
somctimes retreat from cach other so far, that the hexagonal
areol become rounded.

161. As the primary spherc approachcs maturity, the
secondary germ, whose origin has been traced from the
beginning, also advanccs in development ; its contents under-

ing multiplication by successive scgmentations, so that we
ﬁ(nd it to consist of 8, 16, 32, 64, and still morc numerous
divisions, as shown in Fig. 70, F, ¢, H. Up to this stage, at



DEVELOPMENT AND VARIETIES OF VOLVOX GLOBATOR. 283

which first the sphere appears to become hollow, it is retained
within the hyaline envelope of the celly within which it has
been produced ; a similar envelope can be casily distinguished,
as shown at x, just when the segmentation has been com-
pleted, and at that stage the cilia pass into it, but do not
extend beyond it ; and even in the mature Volvox, it continues
to forin qu investment around the hyaline envelopes of the
scparate cells, as shown at 1. It seems to be by the adhesion
of the hyaline investment of the new sphere to that of the old,
that the secondary sphere remains for a time attached to the
interior wall of the primary ; at what exact period, or in what

recise manner, the separation between the two takes-place,
has not yet been determined. At the time of the separation,
the developmental process has generally advanced as far as
the stage represented at A; the foundation of one or more
tertiary spheres being usually distinguishable in the enlarge-
ment of certain of its cells.—And thus the cycle of develop-
ment is completed, in so far as regards the increasc of cells by
subdivision. But, as already pointed out, the life-history of no
organism can he considered as complete, unless it includes an
act of ¢ conjugation,” or some other form of the true Generative
process ; aud as none such has yet been observed in Polvor,
there is stroug ground to suspect that we are not acquainted
with its whole life, but that conjugation may occur in some
condition not yet known to us, which may only present itself
after a long succession of repetitions of that process of gem-
mation, by which the Volvox-spheres are multiplied and
reproduced,

162. Certain curious varicties, however, occasionally pre-
sent themsclves i the preceding cycle. Thus, the young
Volvox-globe which has attaiued the size and has undergone
the degrec of segmentation indicated at 6 or i, sometimes
becomes at first deep-green and then yellow; its hyaline
envelope acquires an unusual firmness, and a second coat is
formcdp within the firsl, the coloured contents undergoing some
retraction ; and eventually a considcrable S{)acc tervenes
between the two coats, which is occupied by a clear fluid.
The protoplasmic contents of the imncr envelope consist
chiefly of starch-grains, mixed with a bright-ycllow and appa-
rently-oily fluid. In this and other respects, the body in
question corresponds so closely with the ¢still’ or ¢ winter’
spore of other Protophytes, which is adapled to resist
influences that are fatal to the more actively-vegetating forms
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of these orﬁanisms, that it seems most probably (as was first
suggested by Mr. GgBusk) to stand in this relation to Polvox
globator, although the ultimate mode of its development is not
known ; and thus the Polvox anreus, as the kind that produces
these golden-yellow spheres has been designated, is nothing
else than an ordinary Volvox preparing its brood for the
winter-state of inactivity. The Volrox stellutus of Ehrenberg,
again, secms to be nothing more than a varicty of the same
specific 1ype; its peculiarity consisting in the presence of
numerous conical eminences, formed of the hyaline substance
only, on the secondary globules, giving them a stellate aspect
The endochrome-segments resemble those of the globules of
Volvor aurens, both In colour and composition; and these two
forms of secondary globules, the stellate and the smooth,
baving hecn observed by Mr. Busk to cocxist in the very
same sphere, are certainly to be regarded as varictics of one
and the same type.*—The same excellent obscrver has also
pointed-out the probability, that the body designated by Prof.
Ehrenberg Spheerosire volvox, is an ordinary Volvox in a
different phase of development.  For it does not present any
marked feature of dissimilarity, except that a large proportion
of the green cells, instead of being single (as iu the ordinary
form of Volvox) save wherc they arc devcloping themselves
into young spheres, are very commonly double, quadruple, or
multiple ; aud the groups of ciliated cells thus produced,
iustead of constituting a hollow sphere, form by their aggre-
gation discoid bodies, of which the separate fusiform cells arc
connected at onc end, whilst at the other they are free, cach
being furnished with a single cilimm. Thesc clusters separate
themsclves from the primary sphere, and swim forth freely,
under the forms which have been designated as Uvelle and
Syncrypta hy Prof. Ehrenberg. The further history of these
* “In the month of August last,” says Mr. Busk (Op. cit,, p. 41), “ when, in
a certain pond on Blackheath, there was the most meredible abundance of
Volvox, 80 great, in fact, as to render the water at the lec-side of the pond in
certain spots of a deep green-colour, and to cause 1t to afford, when collected,
a very stromg herbaccous or confervoid smell, the majority of the plants exhi-
bited the séellate form of spores, or rapidlv acquired spores of that character,
and very many were 1, or soon assumed, the form of V. aureus. They scemed,
in fact, to be cntering on their hybernating state. Many among them, how-
ever, though all small and starved-looking, were of the common kind; in all
these, Prof. Williamson’s hexagonal arcolation was very distinct. 1n the
month of October, however, upon returning to the same pond, I was able to
find very few Volvoces at all, and all of the usual kind; in none of these could
I detect the least app of the same arr t.” Prof. Williamson has

noticed analogous variations, in the specimens taken at difterent seasons from
one locahty (Op. cit., p. 56).
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has not been traced; and it does not seem improbable that
more than one intermediate stage may be passed-through,
before a return is made to the type of Polvox globator.*

163. Desmidiace—Among the simplest tribes of Proto-
phytes, there are two which arc of such peculiar interest to
the Microscopist, as to need a special notice; thesc are the
Desmidieg, (or more properly Desmidiacee), and the Dia-
tomacee. ~ Both of them have been ranked by Ehrenberg,
and by many other Naturalists, as Animalcules ; but the fuller
knowledge of their life-history, and the more extcnded ac-
quaintance with the parallel histories of other simple forms of
Vegetation, which have been gained during the last ten years,
can scarcely be considered by judges who are at once com-
petent and unprejudiced, as otherwise than deeisive in regard
to their vegetable naturc.—The Desmidiacee arc minute plants
of a green colour, growing in fresh water ; gencrally speaking,
the cells are independent of cach other (Figs. 71, 75, 70);
but sometimes those which have been formed by duplicative
subdivision from a single primordial cell, remain adherent one to
another in linear series, so as to form a filament (Fig. 77);
whilst in other instances, they constitute beautiful star-like
grou{)s (Figs. 73, 74).  This tribe is distinguished by two
peculiar features ; one of these heing the semblance of a sub-
division into two symmecirical halves, which is seen in the
cells of most speeies, and which is sometimes so decided as to
have led to the belief that the eellis really double (Fig. 75, A),
though in other cases it is merely indicated by a s igﬁt noteh
ou one side (as in the marginal cells of Fig. 73, A, E); whilst
the other is the frequency of projections from their surface,
which are somctimes short and inconspicuous (Iig. 75), but
are often elongated into spines, presenting a very symmetrical

* The doctrine of the vegetable nature of the Volvox, which had heen suf-
gested by Siebold, Braun, and other German Naturalists, was first distinetly
cnunciated by Prof. Wilhiamson, on the basis of the history of its development,
in the “Transactions of the Phlosoplucal Society of Manchester,” vol. ix.

Q hvn cernedlee Ma 40 D 1 whaldd addiaine additianal ovidanan af +ha Ve

“Further Elucidations” m the same Transactions.—The Author has endea-
voured to state the fucts in which both these excellent observers agree (and
which he has himself had the opportumty of verifymg), with the tnlerpreta-
tion that seems to him most accordant with the phenomena presented by other
Protophytes ; and he believes that this interpretation harmonizes with what is
most essential in the doctrines qf both, their differences having been to a certain
degree r iled by their 1 ad R
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arrangement (Fig. 71). Thesc projections are generally
formed by the outer coat alomc, which possesses an almost

Fia. 71,

Various species of Stawrastrum :—A, 8. vestitum ; n, §. aculeatum;
¢, 8. paradorum; v, 8, 8. brackiatum.

horny consistence, so as to retain its form after the discharge
of its conteuts (Figs. 74,8, 75,8), but which does not include
any mincral ingredient, cither calcarcous or siliccous, in its
composition. This outer coat is surrounded by a very trans-
parent sheath of gelatinous substance, which is sometimes
very distinct (as shown in Fig. 77), whilst in other cases
its existence is ouly indicated by its preventing the contact of
the cells. The outer coat encloses an inner membrane, which
is not always, however, closely adherent to it ; and this imme-
diately surrounds the coloured substance which occupies the
whole interior of the cell. Tt is quite certain that the Desmi-
diacew, like the Confervoid Plants in general, grow at the ex-

ense of the inorganic clements which surround them, instead of
sepcnding upon other living bcinﬁs for their subsistence ; and
that they decompose carbonic acid, and give-off oxygen, under
the influence of sun-light. They have the power of gencrating
from thesc materials the organic compounds which they
require fot their own devclopment ; and these are such as are
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formed by other undoubted Protophytes, asis proved by the ap-

plication of the appropriate tests. Thus the outer coat is

coloured blue by sulphuric acid and iodine, and is therefore com-
posed of cellulose. The ‘endochrome’ derives its colour from
the same green substance, ¢chlorophyll,” as that which imparts
it to Plants generally ; and this is mingled with a protoplasmie
fluid, in which ‘ vacuoles’ are frequently to be seen. At certain
stages in the growth of these plants, as in other Alge, starch is
produced; the presence of which is made obvious by the applica-
tion of iodine. There is no one cssential point, therefore, in
which the Desmidiacee differ from other Protophytes, or really
approach the Animal kingdom. Some of the arguments that
have been advanced in support of their Animzﬁ affinities,—
such as their multiplication by transverse subdivision, and
their gencration by a process of conjugation,—are really, now
that the physiology of the uniccllular plants is better under-
stood, much more strongly indicative of their Vegetable

alliances. The assertion of Prof. Ehrenberg, that Closterium

possesses organs which it protrudes throung aperfures in its

extremitics, and keeps in continual motion, is (like too many of

his statements) simply untrue.  And althongh many of these

plants have a power of slowly changing their {)lacc, so that

they approach the light side of the vessel in which they are

kept, and will cven traverse the ficld of the microscope

under the eye of the observer, yet this faculty is in no respect

different, from that which many undoubted Protophytes (such

as Oscillutoria, § 196) possess.

164 A very peculiar feature which has recently attracted
much altention, is the cirenlation of fluid which may be
seen to take-place in the Closterum, both belween its
‘ccllulose’ coat and its ‘primordial utricle,” and within the
latter; and the ciliury action by which, according to the
testimony of some good obscrvers, this circalation 1s main-
tained. It is not ditficult to distinguish this movement along
the convex and councave cdges of the cell of any vigorous
specimen of Closterium, if it be examined under a magnifying
power of 250 or 300 diameters; and a f)ccuhar whirlin
movement may also be distinguished, in the large rounde
space which is left at each cnd of the cell by the retreat of
tEe endochrome from the primordial utricle (Fig. 72, a, B).
According to Mr. S. G. Osborne, howcver, hy using the
¢ Rainey moderator’ (§ 74) with direct sunlight and an
achromatic condenser, arid by increasing the power to about
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500 diamelers (Mr. Ross’s objective of 1-Gth in., with a deep
eye-picec, being the combination employed), a very distinet
action of cilia may be discerncd, both along the inner edge of

Fi6.72.

Economy of Closterium lunula :—4, frond showing central separa-
tion at «, 1 which large globules, , are not seen ;—s, one extremity
cularged, showing at @ the double row of cilia, at & the internal cur-
rent, and at e the external current;—c, external jet produced by
pressure on the frond ;—n, frond in a state of self-division,

the primordial utricle, between this membrane and the endo-
chrome, and along its outer edge, beneath the cellulose coat ;
the action being in oppositc dircetions in these two situations,
and producing two opposite currents. By caveful focussing,
the circulation may be scen in broad streams over the whole
surface of the cndochrome ; and these strcams detach and
carry with them, from time to time, little oval or globular
bodies (A, &), which are put-forth from it, and which are
carried by the coursc of the flow to the chambers at the
extremitics, where they join a crowd of similar bodies (B).
In cach of these chambers, a current may be seen from the
somewhat abrupt termination of the endochrome, towards the
obtusc end of the cell (as indicated by the interior arrows);
and the globules it contains are kept in a sort of twisting
movement by the action of the cilia oun the éuxer side of the
primordial utricle, which can here be distinctly scen as at 4.
Other currents are seen externally to it, which seem to be
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kept-up by the owufer set of cilia; these form three or four dis-
tinct courses of globules, passing towards and away-from ¢
(as indicated by the outer arrows), where they seem to
encounter a flud jetted towards them through an aperture in
the primordial utricle at the apex of the chamber; and here
some communication between the inner and the outer currents
takes-place. A correspouding aperture seems also to exist in
the outerecellulose coat ; for if the endochrome be forced by
pressure into closer proximity than usual to the obtuse
termination of the cell, the current from its cxtremity may be
secn to spread into the surrounding fluid.—This circuly-
tion is by no means peculiar to Closterium; having becn
seen by Mr. Oshorne in many other Desmidiacew, in several
of which he has also detected what he belicves to be ciliary
action.*

165. When the single ccll has come to its full maturity, it
commonly multiplies itself by duplicative subdivision ; but the
plan on which tllis takes-place is often peculiarly modified, in
order to muintain the symmetry characteristic of the tribe. Ina
cell of the simple cylindrical form of those of Didymoprium
(Tig. 77), little more is nceessary than the separation of the
two halves, and the formation of a partition between them by
the infolding of 1he primordial utricle, according to the plan
already described (§ 150); and in this manner, out of the
lowest cell of the filament A, a double cell » is produced.
But it will be ohscrved that cach of the simple eclls has a
bifid wart-like projection of the cellulose coat on cither side,
and that the hall’ of this projection, which has been appro-
priated by cach of the two new cells, is itsclf becoming bifid,
though not symmctrically; in process of time, however, the
inereased development of the sides of the cells which remain
in contiguily with cach other, brings-up the smaller projee-
tions to the dimensions of the larger, and the symmetry of
the cell is restored.—In Closterium (Fig. 72, v), the two
halves of the endochrome first retreat from one another at the
middle line, and a constriction takes-place round the cellulose
coat; this constriction decpens until it becomes an hour-glass
contraction, which procceds until the ecllulose coat entirely

* Sce Mr. S. G. Oshorne’s communications to the “Quarterly Journal of
Microseopical Science,” vol. ii. p. 234, and vol. iii. p. 54.—Although the Circu-
lation is an unquestionable fact, it may be doubted whether the appearance of
Ciliary action is not an optical illusion, due to the play of the peculiar light
employed, among the moving particles of the fluid. See Mr. Wenham’s paper
on the Circulation in the Léaf-Cells of Anackaris, in the same, Journal,
vol. 1ii. p. 278,

u
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closes-round the primordial utricle of the two segments; in
this state, onc Ealf commonly remains passive, whilst the
other has a motion from side to side, which gradually becomes
more active ; and at Jast one segment quits the other with a
sort of jerk. At this time, a constriction is seen across the
middle of the primordial utricle of each segment ; but there is
still only a single chamber, which is that belonging to one of
the extremities of the original entire frond. The globular
circulation, for some hours previously to subdivision, and for a
few hours afterwards, runs quite round the obtuse end « of
the endochrome ; but gradually a chamber is formed, like that
at the opposite extremity, by a scparation between the cellu-
lose coat and the primordial utricle ; whilst at the same time,
the obtuse form li)ecomcs changed to a more elongated and
contracted shape. Thus, in five or six hours after the separa-
tion, the aspeet of each cxtremity becomes the same, and cach
half resembles the perfect frond in whose self-division it
originated ; and the globular circulation within the newly
formed chamber comes into connection with the general cir-
culation, some of the frce particles which are moving over the
surface of the primordial utricle, being drawn into its vortex
and tossed-about in its eddics.—The process is seen to be per-
formed after nearly the sume method in Stawrastrum
(¥ig. 71, b, E); the division taking-place across the central
coustriction, and each half gradually acquiring the symmetry
of the origmal.—In such forms as Cosmarium, howcver, in
which the cell consists of two lobes united together by a narrow
isthmus (Fig. 75), the division takes-place after a different
method; for the central region of the isthmus expands, and dis-

lays two globular enlargements, separated from each other and
rom the two halves of the original cell (which their interposition
carries apart) by a narrow neck ; and thesc enlargements in-
creasc, until they assume the appearance of the half-segments of
the original cell.  In this state, therefore, the plant consists of
a row of four scgments, lying end to end, the two old ones
forming the extremes, and the two new ones (which do not
usually acquire the full size or the characteristic markings of
the ongin;ll, before the division oceurs) occupying the inter-
mediate place. At last the central fusion becomes complete,
and two bipartite fronds arc formed, each having one 015 and
one young scgment; the young segment, however, soon
acquires the full size and characteristic aspect of the old one;
and the same process, the whole of which may take-place
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within twenty-four hours,* is repeated ere long. In Sphero-
cosma, the cclls thus produced remain connected in
rows within a gelatinous sheath, like those of Didymoprium
(Fig. 77); and different staécs of the process may com-
monly be observed in the different parts of any one of the
filaments thus formed. In any such filament, 1t is obvious
that the two oldest segments arc found at its opposite
extremitics, and that each subdivision of the intermediate
cells must carry them further and further from cach other.
This is a very different mode of increase from that of the
Confervacee, in which the terminal cell alonc undergoes gub-
division (§ 198), and is conscquently the last-formed.

166. Many of the Desmidiacee multiply after another
method ; namely, by the subdivision of their endoclirome into
a multitude of granular particles, termed gowidia; which are
set-frecc by the rupture of the cell-wall, and of which every
onc may develope itsclf into a new eell. Thesc ¢ gonidia’ may
be endowed with cilia, and may possess an active power of
locomotion, in which case they arc known as ‘zoospores;” or
they may be destitute of any such power, and may become
cenclosed in a firm eyst or envelope that scems destined for
their long-continued preservation, in which case they are
designated as ‘resting spores’—The movement of the
zoospores, first within the cavity of the cell that gives origin
to them, and afterwards externally to it, has frequently been
observed in the various species of Cosmarium ; and has been
described under the title of ‘the swarming of the granules,’
from the extraordinary rescmblance which the mass of moving
particles bears to a swarm of bees. The subsequent histo
of their development, however, has not been fully traced-out ;
and this is a point to which the attention of Microscop-
ists shonld be specially directed.—In Pediwstrum, a plant
whose frond normally consists of a cluster of cclls, the
zoospores arc not emitted separately, but those formed by the
subdivision of the endochrome of one cell, which may be 4, 8,
16, 32, or 64 in number, escape from the parent-frond still
encloscd in the inner tunic of the ccll; and it is within this
that they develope themselves into & cluster, resembling that in
which they originated. This is well shown in the accompany-

* See the observations of Mrs. Herbert Thomas on Cosmarium margariti-
ferum, m * Microscopical Transactions,” Second Series, vol. iii. pp. 33-36,
Several varieties m the mode of su™division are described in this short record
of long-continued obscrvations, as of occgusionnl occurrence,

U
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ing series of illustrations of the developmental history of
Pediastrum granulatum (Fig. 73, a-¥), a species whose frond

F1e. 73.
¢
6@‘)
(s
b V@-é’m ,
~— //
P

Al s
e RS
BiL ) %?%@%%3%
P DRENERAC |

/ 59 i l:' : N (

Various phases of development of Pediastrum granulatum.

normally consists of 16 cells, but may he composed of either
of the just-mentioned multiples or sub-multiples of that
number. At A is scen an old disk, of irrcgular sha‘m, nearly
empticd by the cmission of its gonidia, which had heen scen
to take-place, within a few hours previously, from the cclls
@, b, ¢, d, e; most of the empty cclls exhibit the cross slit
through which their contents had heen discharged ; and where
this docs not present itself on the side next the observer, it
occurs on the other. Three of the cells still possess their
colourcd contents, but in different conditions. One of them
exhibits an carly stage of the subdivisica of the endochrome,
namely into two halves, onc of which ulrcady appears halved
again. Two others are filled by sixtecn very closely-crowded
gonidia, only half of which arc visible, as they form a double
layer. DBesides these, one cell is in the very act of discharging
its gonidia ; nine of which have passed-forth from its cavity,
though still cnveloped in a vesicle formed by the extension of
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its innermost membranc; whilst seven yet remain in its
interior. The new-born faily, as it appears immediately ‘on
its complete emersion, is shown at 3; the gonidia are actively
moving within the vesicle; and they do not as yet show any
indication cither of symmetrical arrangement, or of the
peculiar form which they are subscquently to assume.  Within
a quarter of an hour, however, the gonidia arc obscrved to
settle-down into onc plane, and to assume some kind of regular
arrangement, most commonly that seen at ¢, in which there is
a single central body, surrounded by a circle of five, and this
again by a circle of ten; they do not, however, as yet adhcre
firmly together. The gonidia now begin to develope thém-
selves into new cells, increase in size, and come into closer
approximation (p); and the edge of cach, espccially in the
marginal row, presents a noteh, which foreshadows the pro-
duction of its characteristic ‘horns.” Within about four or
five hours after the escape of the gonidia, the cluster has
come to assume much more of the distinctive aspeet of the
speeies, the marginal cells haviug grown-out into horns (&) ;
still, however, they are not very closely conneeted with cach
other; and between the cells of the iuner row, considerable
spaces yet intervenc. 1t is in the course of the sceond day,
that the eells become closcly applied to each other, and that
the growth of the horns is completed, so as to constitute a
perfeet disk, like that seen at ¥, in which, however, the
uxl-rangcment of the interior cells does not follow the typical
lan.

! 167. The varicties which present themselves, indeed, both
as to the number of cells in cach cluster, and the plan on
which they arc disposed, arc such as to baflle all attempts to
base specific distinctions on such grounds; and the more
attentively the life-history of any one of these plants is
studicd, the more cvident does it appear that many reputed
species have no real existence.  Some of these, indeed, arc
nothing clsc than mere transitory forms; thus it can scarcely
be doubted that the specimen represented in Fig. 74, b, under
the name of Pediustruem pertusum, is in reality nothing else
thau a young frond of P. granulatum, in the stage represented
in Tig. 78, €, but consisting of 32 cclls. ~ On the other hand, in
Fig. 74, B, we sec an emptied frond of P. granulatum, cxhibitin
the pecuh'ar surface-marking from which the name of the
specics is derived, but composed of no more than 8 cells. And
instances every now and then oceur, in which the frond
consists of only 4 cclls, each of them presenting the two-



294 MICROSCOPIC FORMS OF VEGETABLE LIFE.

horned shape. So, agm:n, in Fig. 74, B and ¢, are shown two
varieties of Pediastrum biradiatum, whose frond is normall
composed of sixteen cells ; whilst at 4 is figured a form which

Fia. 74.
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Various specics (P) of Pediastrum:—a, P, letras; B, ¢, P.bira-
diatum ; D, P, pertusum ; &, empty frond of P, granulatum.

is designated as P. fefras, but which may be strongly suspected
to be mercly a 4-celled variety of 8 and c.

168. Many similar cases might be cited; and the Author
would strongly urge those Microscopists who have the
requisite time and opportunities, to apply themselves to the
determination of the real specios of this group, by studying the
entire life-history of whatever forms may happen to lie within
their reach, noting all the varieties which present themselves
among the offscts from any one stock. 1t must not be for-
gotten that this process of maltiplicationis analogous to the pro-
pagation of the hiigher Plants by budding, 1nd to the subsequent
separation of the buds, cither spontaneously, or by the artificial
operations of grafting, layering, &c.; and just as in all these
cases, the particular variefy 1s propagated, whilst only the
characters of the species are transmitted by the true generative
operation to the descendants raised from seed, so docs it come
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to pass that the characters of any particular varicty which may
arise among thesc unicellular Plants, are diffused by the
process of duplicative subdivision, amongst vast multitudes of
so-called individuals. Thus it happens that, as Mr. Ralfs has
remarked, “onc pool may abound with individuals of Stauras-
trum dejectum or Arthrodesmus incus, having the mucro curved
outwards; in a neighbouring pool, cvery specimen may have
it curved inwards; and in another, it may be straight. The
cause of the similarity in each pool no doubt is, that all its
plants are offscts from a few primary fronds.” Henee the
universality of any particular character, in all the plants of
one gathering, is by no means sufficient to entitle thesé to
take rank as a distinct species; since they are, properly
speaking, but repetitions of the same form by a process of
simple multiplication, really representing, in their cutire
ag%regate, the one plant or tree that grows from a single seed.*
—In the genus Crelastrum, the frond of whieh, like that of
Pediastrum, is composed of clusters of cells, the endochrome
subdivides into segments, as if for the formation of zoospores;
but no motion takes place. These segments acquire cellulose
coats, and arrange thewselves within the parent-cells according
to the t}yical pattern ; and then the wall of the parent-cell
splits and pecls-off, leaving them as the foundation of a new
cluster (Pringsheim).—A somewhat parallel phenomenon has
been observed and figured in Closterium by Focke; the entire
endochrome being retracted from the walls, and breaking-up
into a number of globules, every one of which acquires a very
firm envelope, resembling that of the resting-spores’ or
¢ winter-spores’ of many other Protophytes. Probably the
following observation of Mr. Jenner’s vefers {o a more limited
production of these ‘resting-spores:®—*“In all the Desmidiaces,
but es ccially in Closterium and Micrasterias, small, compact,
seed-like bodics of a blackish colour are at times to be met-
with. Their situation is uncertain, and their number varies
from one to four. In their immediate neighbourhood the
endochrome is wanting, as if it had been required to form
them ; but in the rest of the frond it retains its usual colour
and appearance.” It scems likely that, when thus enclosed in
a firm cyst, the gonidia are more capable of preserving their
vitality, than they arc when destitute of such a protection;

* For a discussion of the question what really constitutes individuality in
this and similar cases, sce the Luthor’s “ Principles of Comparative Physi-
ology,” Chap. xr., Section'2
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and that in this condition they may be taken-up and wafted
through the air, so as to convey the species into new localitics.

169. The proper Generative process in the Desmidiacee is
always accomplished by the act of ‘conjugation’; and this takes-
place after a manner very different from that which we have scen
to occur in Palmoglwa.
For each cell here pos-
sesses, it will be recol-
lected, a firm external
cuvelopc, which cannot
enter mtfo coalescence
with that of any other ;
and this membrane de-
hisces morcor less com-
pletely, so as to sepa-
rate cach of the conju-
gating cells fnto two
valves (Fig. 75, ¢, p;
Fig. 76, ¢). The con-
tents of each eell, being
thus set-free, without
(as it appcars) any dis-
tinet investment, blend
with those of the
other; and a mass is
formed by their union,
Cosmarium hotrytis :—a, mature frond; which soon acquires

B, empty frond ; ¢, transverse view; v, spo- & Lruly mem‘bg*unous
rangium with empty fronds. cnvelope.*  This  en-

velope is at first very
delicate, and is filled with green and granular contents;
by degrecs the cnvelope acquires inereased thickness, and
the contents of the spore-cell become brown or red. The
surface of the sporanmgium, as this body is now termed, is
sometimes smooth, as in Closterium and 1ts allies (Fig. 76),
and in the Desmidie proper (Fig. 77); but in the Cosmariea,
it acquires a granular, tubercu ut.(-d, or _cven spinous surface
}Fig. 75), the spines being sometimes simple and sometimes
orked at their extremitics.t

* In Closterium lineatum, as in many of the Diatomacee (§ 178), the act of
eonjugation gives origin to two sporangial cells,

+ Bodies preciscly resembling these, and almost certainly to be regarded as
of this kind, are often found fossihzed in flint, and have been described by
Ehrenberg under the name of Xunthidia,
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170. The mode in which conjugation takes-placc in the
filamentous spccies constituting the Desmidiee proper, is, how-

Fie. 76,
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Closteruum struatolion -—a, ordinary frond; n, empty frond ;
¢, two fronds m conjugation,

ever, in many respeets dilferent.  The filaments first separate
into their component joints; and when two cells approach in
conjugation, the outer cell-wall of each splits or gapes at that
part which adjoins the other cell, and a new growth takes-
place, which forms a sort of counccting tube, uniting the
cavities of the two cells (¥ig. 77, v, u).  Through this tube
the entire endochrome of one cell passcs-over into the cavity
of the other (v), and the two are commingled so as to form a
single mass (1), as is the casc in wany of the Conjugatea
(§ 199). The joint which conlains the sporangium can scarcely
be distinguished at frst (after the separation of the empty
cell), save by the greater demsity of its contents; but the
proper coats of the sporangium gradually become more distinet,
and the enveloping ccll-wall disappears.—The subscquent
history of the sporangia is still obscure; since, although it
cannot be doubted that they give origin to new plants resem-
bling thosc by whose conjugation they arc formed, it is not
known whether cach sporangium in the first instance developes
a single cell, or a brood of cells. The latter secms, from the
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obs_ervations of Jenner and Focke, to he the case with Clos-
terium; whilst those of Mrs. H. Thomas (loc. cit.) indicate

FiG. 77.

Didymoprium Grerillii -—a, portion of filament, surrounded by
gelatinous envelope, m, dividing joint; ¢, single joint viewed trans-
versely ; D, two cells in conjugation; x, formation of sporangium.

that it is likewise in Cosmarium, whose sporangium has been
scen by her to emit large numbers of bodies resembling
zoospores. This part of the history of the group is yet
involved in much mystery ; more espeeially since, according
to the observations of Mr. Ralfs, there are several Desmidiaces
which never make their appearance in the same pools for two
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years successively, although their sporangia arc abundantly
produced,—a circumstance which would seem to indicate that
their sporangia give origin to some different forms. It is a
subject, therefore, to which the attention of Microscopists
cannot be too scdulously dirceted.

171. The Desmidiaccse are not found in running streams,
unless the motion of the water be very slow; but are to be
looked-for in standing, but not stagnant waters. Small
shallow pools that do not dry up in summer, especially in
open exposed situations, such as boggy moors, are most pro-
ductive. The larger and heavier species commonly lie at the
bottom of the pools, cither spread-out as a thin gelatinous
stratum, or collected into finger-like tufts. By gent?y passing
the fingers beneath these, they may be caused to rise towards
the surface of the water, and may then he lifted-out by a tin
box or secoop. Other species form a greenish or dirty cloud
upon the stems and leaves of other aquatic plants; and these
also are best detached by passing the hand beneath them, and
“stripping”’ the plant between the fingers, so as to carry-off
upon them what adhered to it. If, on the other hand, the
bodics of which we are in scarch should he much diffused
through the water, there is no other course than to take it up
in large quantities by the box or scoop, and to separate themn
by straining through a picce of linen. ~ At first uot{ling appears
on the linen but a mere stain or a little dint; but hy the
straining of rcl»catcd quantitics, a considerable accumulation
may be gradually made. This should he then seraped-off with
a knife, and tiransferred into hottles with fresh water. If
what has been brought up by hand be viehly charged with
these forms, it should be at once deposited in a bottle; this at
first scems only to contain foul water; but by allowing it to
remain undisturhed for a little time, the Desmidiacer will sink
to the bottom, und most of the water may then be poured-off,
to be replaced by a fresh supply. If the hottles he freely
exposed to solar light, these little plants will flourish,
apparently as well as in their uative pools; and their various
)ﬁascs of multiplication and reproduction may be ohserved
hurino successive months or cven years.—If the pools be too
decp for the use of the hand and the scoo, a collecting-hottle
attached to a stick (§ 143) may be employed in its stead.
The ‘ring-net’ may also be advantageously employed, espe-
cially if it be so constructed as to allow of the ready substitu-
tion of one picce of muslin for another (§ 143).  For by using
several picces of previously-welted muslin in sucecssion, a
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large number of these minute organisms may be separated
from the water; the pieces of muﬁin may be brought home,
folded-up in wide-mouthed bottles, scparatcly, or several in one,
according as the organisms are obtained from onc or from
several waters ; and they arc then to be opened-out in jars of
filtered river-water, and cxposcd to the light, when the
Desmidiacese will detach themselves from it.

172. Diatomacec.—Notwithstanding the very close affinity,
which, as will be presently shown, exists between this group
and the preceding, many Naturalists who do not hesilate in
regarding the Desmidiacem as Plants, persist in referring the
Diatomacew to the Animal kingdom. For this separation, no
valid reason can be assigned; the eurious movements which
the Diatomaces cxhibit, being certainly not of a nature to
indicate the possession of any truly-animal endowment ; and
all their other characters being unmistakeably vegetable. Like
the Desmidiacewr, they arc simple cells, having a {firm external
coating, within which is included a mass of endochrome whose
superficial layer seems to be comsolidated into a sort of
primordial utricle. The external coat, however, though it
scems to have a basis of organic membrane,* is consolidated
by silex ; the presence of wlich in this situation is one of the
most distinctive characters of the group. The endochrome,
instead of being bright-green, is of a ycllowish-brown ; and its
peculiar colour scems to be in some degree dependent upon
the presence of Zrox, which is assimilated by the plants of
this group, and which may be deteeted cvenin their colourless
silicified envelopes. The colouring substance appears to be a
modification of ordinary chlorophyll; it takes a green or
rrecnish-blue tint with sulplurie acid ; and often assumes this

ue in drying. The cndocﬁlromc consists, as in other Plants,
of a viscid protoplasm, in which float the granules of colouring
matter. In the ordinary condition of the cell, these granules
are diffused through it with tolerable uniformity, exeept in
the central spot which is occupied by a mucleus ; round this
nucleus they commonly form a ring, from which radiating

*A membranc‘hcm'ing all the markings of the siliccous envelope has been
found by Prof. Bailey to remain, after the removal of the slex by hydrofluoric
ncid ; and this membrane seems to have been presumed by him, as also by
Prof. W. Smith, to lic bencath the siliceous envelope, and to secrete this on its
surface as a sort of epidermis. The Author agrees, however, with the authors
of the “ Micrographic Dictionary” (p. 200), in considering 1t much more likaly
that thin membrane is the proper ¢ cellulose coat’ interpenetrated by silex;
especially since it hus been found by Schmidt, that after removing the proto-

lasm of Frustulia salina by potash, and the oil by ether, a substance remained
dentical in composition with the cellulose of Lichens.
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lines of granules may be seen to diverge into the cell-cavity.
At certain times, oil-globules are observable in the protoplasm;
these seem to represent the starch-granules of the Des.
midiacee (§ 163) and the oil-globules of other Protophytes
(§ 151). A distinet movement of the granular particles of
the endgehrome, closely rescnibling the cireulation of the cell-
contents of the Desmidiacem (§ 1G4), has been noticed by
Prof. WxSmith in some of the larger species of Diatomacer,
such as Surirella biseriata, Nitzschia scalaris, and Campy-
lodiscus spiralis ; and although this movement has not the
regularity so remarkable in the preceding group, yet ijs
cxistence is important, as confirming the conclusion that each
Diatom is a single cell (the endochrome moving freely from
one part of its interior to another), and that it does not
contain in its interior the aggregation of separale organs
which have been imagiued to exist in it.

173. The Diatomacewe seem to have received their name
from the readiness with which those forms that grow in
cohercnt masses (which were those with which Naturalists
first became acquainted) may be cuf or broken-through ; hence
they have been also designated by the vernacular term
brittle-worts.”  Of this we have an example in the common
Diatoma (Fig. 91), whose component cells (which in this tribe
arec usually designated as frustules) are sometimes found
adhierent side by side (as at 4) so as to form filaments, but are
more conunonly met-with in a state of partialseparation, remain-
ing conneeted at their angles only (usnally the elternate angles
of the contiguous frustules) so as to form a zig-zag chain. A
similar cohesion at the angles is scen in the allicd genus
Grammatophora (Fig. 95), in Isthmia (Fig. 96), and in many
other Diatoms ; in Biddulphia (Fig. 81), there even scems to
be a special organ of attachment at these points.  In some
Diatoms, however, the cells produced by successive acts
of binary subdivision, habitually remain adherent one to
another ;' and thus are produccd filaments or clusters of
various shapes. Thus it is obvious that, when cach cell is a
short cylinder, an aggregation of such cylinders, end to end,
must form a roundc(ia filament, as in Meloseire (Kigs. 97, 98) ;
and whatever may be the form of the sides of the cells, if
they be parallel one to the other, a straiyht filament will still be
produccd, as in Acknanthes (Iig. 33).  But if, nstead of being
parallel, the sides be somewhat inclined towards cach other, a
curved band will be the result ; this may not continue entire,
hut may so divide itself as to form fan-shaped expansions,
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as those of Lickmophore flabellata (Fig. 91); or the cohesion
may be sufficient to occasion the band to wind itself (as it
were) round a central axis, and thus, not mercly to form
a complete circle, but a spiral of several turns, as in Meridion
circuture (Fig. 92, ). Many Diatoms, again, possess a sfipes or
stalk-like appendage, by which they arc attached o other
plants or to stoncs, pieccs of wood, &c., and this may be a
simple foot-like appendage, as in Acknanthes longipes (Fig. 93),
or it way be a composite plant-like structure, as in Lickmo-
phora (Fig. 91), Gomphonema (¥ig. 89), and Maestogloia
(Fig. 99). Little is known respeeting the nature of this
stipes; it is, however, quite flexible; and may be conceived to
be an cxtension of the ccllulose coat wnconsolidated by
silex, analogous to the prolongations which have heen scen in
the Desmidiaceee (§ 163), and to the filameuts which sometimes
conncet the cells of the Palmellucee (§ 194).  Some Diatowms,
again, have a mucous or gelatinous investment, which may
cven be so substantial that they lie as it were in a bed of it,
as in Mustogloiu (Figs. 99, 100), or which may form a sort of
tubular sheath, as in Sckiconema. Inalarge proportion of the
froup, however, ihe frusiules are always met-with entirely
ree ; neither remaining in the least degrec coherent one to
another, after the process of duplicative subdivision has once
been completed ; nor being in any way connected, either by a
stipes, or by a gelatinous investment. This 1s the case,
for example, with Zricerativm (Yig. 79), Plewrosigme (Fig. 80),
Actinocyelas  (Figs. 84, 101, 4b), Ileliopeite (Yig. 85),
Arachuoidiscus (Fig. 86), Campylodiscus (Yig. 87), Surirelle
(Fig. 88), Coscinodiscus (Fig. 101, a, a, «), and many others.
The discoid forms, however, when obtained in their living state,
are commonly found cohering to the surface of scaweeds.

174. We have now to examine more minutely into the
curious structure of the siliceous envelope, which constitutes
the characteristic feature of the Diatomaceer, and the pre-
sence of which imparts a peculiar interest to the group, not
merely on account of the elaborately-marked pattern which
it often exhikits, but also through the perpetuation of the
minutest details of that pattern, in the specimens obtained
from fossilized deposits (Xigs. 101, 102). The siliceous
envelope of every Diatomaceous ¢ frustule’ or ccll, consists of
twe valves or plates, usually of the most perfect symmetry,
closely applicd to each other, like ihe two valves of a Mussel
or other [l;lvalvc shell, along a line of function or swfwre; and
each valve being. more or less concavo-conves, a cavity is left
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between the two, which is occupied by the cell-contents.
The form of this cavity, however, differs very greatly; for
sometimes each valve 1s hemispherical, so that the cavity is
globular ; sometimes it is a smaller scgment of a sphere,
resembling a watch-glass, so that the cavity is lenticular;
sometimes the central portion is completely flatiened, and the
sides abruptly turned-up, so that the valve resembles the
cover of w pill-box, in which case the cavity will be cylindrical ;
and these and other varieties may coexist with any modifica-
tions of the contour of the valves, which may be square,
triangular (Iig. 79), heart-shaped (Fig. §7), boat-s ape'!i
(Fig. 88, A), or very much elongated (Fi% 80, 4), aud may Be
furnished (though this is rare among the Diatomacex) with
projecting out-growihs (Fig. 81). In all instances, the
frustule 1s considered to present its ‘front’ view, when its
suture is turned towards the eye, as in Fig. 88, 8, ¢ ; whilst its
“side’ view is seen, when the centre of either valve is dircetly
beneath the cye (a). Although the two valves meet along
the suturc, in those newly-formed frustules which have been
just produced by binary subdivision (as shown in Fig. 81, a,¢),
yet as soon as they begin to undergo any increase, the valves
scparate from one another, and the cell-membrane which is
thus left exposed, immediately becomes consolidated by silex,
and thus forms a sort of Aeop that intervenes between the
valves (as scen at 8) ; this hoop becomes broader and broader
with the increase of the cell in Jength; and it sometimes
attaius a very considerable width (Fig. 81, 4, 4). As growth
and sclf-division arc continually going-on when the frustules
are in a healthy vigorous condition, it is rare to find a
speeimen in which the valves are not in some degree sepu-
rated by the interposition of the ¢ hoop.’—The impermeability
of the siliceous envelope renders necessary some special
aperture, through which the surrounding water may com-
municate with the contents of the cell.  Such apertures arc
found along the whole line of suture in disk-like frustules ;
but when the Diatom 1s of an clongated form, they arc found
at the extremitics of the frustules only. They do not appear
to be absolute perforations in the cuvelope, but are mercly
points ab whic]ll its siliccous im rcgnation is wanting ; and
these are usually indicated by slight depressions of its surface.
In some Diatoms, as Surirelle (Fig. 88) and Cempylodiscus
(Fig. 87), these interruptions are connected with what seem
to be minute canals hollowed-out between the siliceous
envelope and the membrane investing the cndochrome. In
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many genera, the surface of cach valve is distinguished bg the
presence of a longitudinal band, on which the usual markings
are deficient ; and this is widened into small expansions at
the extremities, and sometimes at the centre also, as we see in
Pleurosigma (Fig. 80) and Gomphoneme (Fig. 89). This band
seems to be mercly a portion in which the siliccous envelope
is thicker than it is clsewhere, forming a sort of rib that
scems designed to give firmness to the valve; and its expan-
sions arc solid nodules of the same substance.*

175. The nature of the delicate and regular markings, with
which probably every Diatomaceous valve is besct, has been
of late years a subjlcct of much discussion among Micro-
scopists, and cannot be said to he even yet scttled, although
(in the Anthor’s opinion) the weight of evidenee now decidedly
preponderates on one side. In the first place it way be

Fie. 73.
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Portion of Cell of Isthmia nervosa, highly magnitied.

remarked, that therc is a much greater uniformity in tho
genceral character of these markings, than was supposed when
attention was first directed to them ; for what were at first
supposcd to be Zines, arc now resolved by objectives of large

* These nodules were mistaken })(v Prof. Emenberg for aperfures; and in
this error he has been followed by Kutzing. Lhere cannot any longer, how-
ever, be a doubt as to their real nature. As Prof. W. Smith hus justly
remarked :—“ The internal contents of the frustule mever eseape at these
points when the frustule 18 subjected to pressure, but invariably at the suture
or at the extremities, where the foramina alrcady deseribed exist. Nor does
the valve, when fractured, show any disposition to break at the expansions of
the central line, as would necessarily be the case werc such points perforations
and not nodules, -



NATURE OF SURFACE-MARKINGS OF DIATOMACEE. 305

anﬁxlar aperture into rows of dofs; and these dots, when
sufficiently magnificd, are found to bear a close resemblance
to the coarser marki on the larger specics. It is to
the latter, therefore,u&it we should have recourse for the
determination of the nature of these markings; and we
cannot resort to better illustrations, than those which are
afforded by JIsthmie (¥ig. 78), Triceratinm (Fig. 79), and
Biddulphia (Fig. 81), in all of which the struclure of the
valve can be distinctly seen under a low magnifying power
and with ordinary light. Tn each of these instances, we

sce a number of «reolee, ’
rounded, oval, or hexa- Fre 70

gonal, with intervening

spaces,  symmctrically ‘:/

disposed ; and the idea
at once suggests itself,
that thesc arcole arc

portions of the surface / N
cither elevated-above or /3 N
depressed-below the rest. / \
That the latter is their AU YRR AIA TR

true condition, is sug- B OCOCORARAIIENS \

P vy A ) o800 e 9 o9t ar
gested by the appear- o EAAANBAKEIAN
ances they present when 4 AROODOIOE AN
the light 1s obliquely di- = R DRI =

reeted; and it may also
be inferred from the as-
peet presented by these
ohjeets when viewed by
the black-ground illum-
nation (§ 61), since the
arcole are then less
bright than the inter-
vening spaces, less light
heing stopped hy their
thinner substance. More-
%Y:;{’(.l:v?]‘ii} . {:l(,v:[!vj(':-n(‘: Trceratium fuvita :v_ic:\,r.smc view ; n, front
ture  corresponds  to

what, on this supposition, is its weakest portion; sinee it
passes through the arcolse, instead of through the intervening
spaces, which last would be the weaker portions if the arcole
were prominences.  But the most satisfactory proof. that the
areola arc depressions, is perhaps that which is afforded by a

X
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side-view of them, such as may be obtained by examining the
curved edges of the valves in Is¢hmia; this, 1t may be safely
affirmed, can leave no doubt in the mind of any competent and
unprejudiced observer, as to the nature of the markings in
that genus ; and analogy would scem to justify the extension
of the same vicw to the other cases in which the microscopic
appearances correspond.* Now it would not be difficult to
bring-together a connected scries of Diatomaces, in which the
markings, still exhibiting the samec general aspect, become
more and more minute, requiring for their resolution the use
of oblique light or of stops with a central diaphragm, and of
objectives o[f’ larger and larger angular aperture; until we
come to those speeics which present the greatest difficulty,
and the nature of whose markings seems most obscure. The
more perfectly these markings can be defined, however, in
any casc, the more decidedly are they found to correspond
with what has been alrem]};y scen. Thus, if we cxamine
Pleurosigma angulatum, onc of the easier tests (§102), with an
objective of 1-4th inch focus and 75° aperture, we shall see
very much what is represented in Fig. 80, o; namely, a double
serics of somewbat interrupted lines, crossing each other at
an angle of 60 degrees, so as to have between them im-
perfe;t%y-dcﬁncd lozenge-shaped spaccs.t When, however,
the valve is cxamined with an objective of 1-12th inch focus,
having an angular aperture of 130° and is illuminated by
oblique rays, its hexagonal areolation becomes very distinet,
as shown at B. Andifa [)hotographic representation obtained
by such a power be itself enlarged by photography, as has
been accomplished by Mr. Wenham, the appearance repre-
sented at ¢ 1s obtained ; which is in all respeets comparable
with that prescnted under a low power by the valve of Z'ri-
ceratium or Isthmia. At the upper part of this figure, which
represcats a portion of the object that was accurately in focus,

* Tt is considered by Prof. W. Smith, that this areolation is indicative of a
cellular structure in the siliccous envelope. But when 1t is borne in mind
that the entire frustule constitutes a single cell, such a hypothesis secms alto-
gether inadmissikle, The Author would rather consider the markings
question as analogous to those which are presented by the surface of many
pollen-gramns (Fig. 189), of whose single-celled nature no doubt can exist;
and in his researches on the Foraminifera, he has met with several instances,
m which the caleareous investments of those segments of sarcode which must
be considered as the representatives of single cells, are marked with a hike are-
olation, the areol® being hcre tionably depressions, formed by the
thinming-away of the envelope at those parts.

1 This representation is taken from a l’hotograph by Mr. Delves, which is
mitated as closely as Wood-engraving car imitale on a scale of such
minuteness, but with-a reversal of the lights and shades.
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the hexagonal arew arc seen to be light, and the intervening
spaces dark ; the reverse is the case with the lower portion,
which was out of focus; and a curious transition from one
condition to the other is seen in the intermediate part.*

F1e. 80,
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Pleurosigma angulatum:—Aa, entire frus-
tule, as scen under a power of 500 diam;;
B, hexagonal arcolation, as secn under a
power of 1300 diam.; c, the same, as seen
under a power of 15,000 diam,

* The Author does not tHink it necessary to go more in full into the dis-
cussion of the nature of these markmgs, which some have represented to be
due to henspherieal elevations on the Vétlvcs; as he thinks that no argument

X
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176. The process of multiplication by self-division takes-
place among the Diatomacem on the same general plan as in
the Desmidiacea, but with some modifications incident to the
peculiarities of the structure of the former group.—The first
stage consists in the elongation of the cell, and the increasc in
the breadth of the ‘hoop,” which is well scen in Fig. 81; for

&

Fra. 81.

Biddulphia pulchella :—A, chain of cells in different states; «, full
size; , cl onfating preparatory to subdivision; ¢, formation of two
new cells; d, e, young cells;—n, cnd-view ;—c, side-view of a cell
more highly magnified.

in the ncwly‘-formed cell ¢, the two valves are in immediate
apposition, 1n & a hoop intervencs, in « this hoop has become

is likely to convince those, whose minds arc prepossessed with a conception
which influences their interpretation of what they see. To those who come
fresh to the question, he would strongly recommend the educafion of thewr
Judgment upon the larger and more ~coarscly-marked Diatoms, as ahove
described, hefore they commit themselves to an opmion on erther side.—A
fuller statement of the question will be found in the “Mlcrogrnphic Dictionary,”
¢ Introduction,’ p. xxxiii,, and 4rts, ‘ Angular Aperture’ and ¢ Diatomaceze.’
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much wider, and in 4 the increase has gone-on until the
original form of the cell is completely changed. At the same
time, the endochrome separaes into two halves, so that its
Fanules form two layers, ap%lied to the opposite sides of the
rustule; the nucleus also subdivides, in the manner formerly
shown (Fig. 67, 6, 1,1); and (although the process has not
been clearly made-out in this group) it may be pretty certainly
concluded that the primordial utricle folds-in, first forming a
mere constriction, then an hour-glass contraction, and finally
a complete double partition, as in other instances (§ 165).
From each of these two surfaces a new siliceous valvg 1s
formed, as shown at Fig. 81, a, ¢, just as a ncw ccllulose-wall
is gencrated in the subdivision of other cells; and this valve
is usually the exact counterpart of the onc to which it is
opposcd, and forms with it a comfletc cell, so that the original
frustule is replaced by two frustules. Somctimes, however, the
new valves scem to be a little larger than their predecessors ;
so that, in the filamentous species, there may be an increase
sufficient to occasion a gradual widening of the filament,
although not perceptible when two contiguous frustules are
compared; whilst, in the free forms, frustules of different
sizes may be met-with, of which the larger arc more numerous
than the smaller, the increase in number having taken-place in
geomelrical progression, whilst that of sizc was uniform. It
1s not always clear what hecomes of the “hoop.”  In Bidduiphia
and Isthmie (Fig. 96) the two young cells slip out of it, and
the hoop at last becomes completely detached ; and the same
thing happens with many other Diatoms ; so that the <hoops’
are to be found in large numbers, in the settlings of water in
which they have been growing for some time.  In Meloseira
(Figs. 97, 98), and perhaps in the filamentous species
generally, on the other hand, the “hoops’ appear to keep the
new frustules united together for some time. Bul in some
other cases, all trace of it is lost; and it may be questioned
whether it has cver been properly silicified, and whether it docs
not become fused (as it were) into the gelatinous envelope.—
During the healthy life of the Diatom, the process of self-
division is continually being repeated ; and a very rapid multi-
plication of frustules thus takes place, all of which (as in the
cases already cited, §§ 150,165) must be considered to be repe-
titions of one and the same individual. Hence it may happen
(as among the Desmidiaces, § 168) that m'yn'm.ls of frustules
may be found in one Jocality, uniformly distinguished by some
peculiarity of form, sizc, or marking; which may yet have
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had the same remote origin as another collection of frustules,
found in some differcnt locality, and alike distinguished by
some peculiarity of its own. For there is strong rcason to
believe, that such differences spring-up among the progeny of
any true generative act (§ 178); and, when that progeny is
dispersed by currents into different localities, each will con-
tinue to multiply its own special type, so long as the process
of self-division goes on.

177. 1t is uncertain whether the Diatomacea also multiply
by the breaking-up of their endochrome into  gonidia,” and by
tl{e liberation of these, either in the acfive condition of
¢ zoospores,’ or in the state of ‘still” or ‘resting’ spores.
Certamn rccent observations by Focke,* however, taken in
connection with the analogy of other Protophytes, and with
the fact that the sporangial frustules undoubtedly thus
multiply by gonidia (§ 178), seem to justify the conclusion
that such a method of multiplication does obtain in this group.
And it is not at all improbable, that very considerable differ-
ences in the size, form, and markings of the frustules, such as
many consider sufficient to establish a diversity of species,
have their origin in this mode of propagation. 1t is probable
that, so long as the vegetating processes are in full activity,
multiplication takes-place in preference by self-division; and
that it is when deficiency of warmth, of moisture, or of some
other condition, gives a check to these, that the formation of
encysted gonidia, having a greater power of resisting unfavour-
ablc influences, will take-place; whereby the species is main-
tained in a dormant state, until the external conditions are
favourable to a rencwal of active vegetation (§ 156).

178. The process of ‘ conjugation,’ er truc Generation, has
been observed to take-place among the ordinary Diatomacez,
almost exactly as among the Desmidiacese. Thus in Surirella
gé‘lg 88), the valves of two free and adjacent frustules scparate

om each other at the sutures, and the two endochromes
(probably included in their primordial utricle) arc discharged ;
tﬁesc coalesce, and form a single sporangial mass, which
becomes inclesed in a gelatinous envelope ; and in duc time this
mass shapes itself into a frustule resenibling that of its parent,
but of larger size. In Epithemia (Fig. 82, A, B), however,—the
first Diatom in which the conjugating process was observed,
by Mr. Thwaites,—the endochrome of each of the conjugating
frustules (c, D) appears to divide at the time of its discharge,

* “Physiologisch, Studien,” Heft ii, 1853 ; quoted in “ Micrographical Dic-
tionary,” p. 201. -
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into two halves; each half coalesces with half of the other
cndochrome ; and thus two sporangial frustules (g, ¥) are

Fia. 82.

Conjugation of Epithemia furgida :—A, front view of single frustule;
B, side view of the same; ¢, two frustules with their concave surfaces
in close apposition; b, front view of one of the frustules, showing the
geparation of its valves along the suture; E, ¥, side and front views
after the formation of the sporangia.

formed (as in Closterium lineatum, § 169, note), which, as in the
preceding case, become invested with a ﬁclatinous envclope,
and gradually assume the form and markings of the parent-
frustules, but grow to a very much larger size, the sporangial
masses having obviously a power of self-increase up to the
time when their envelopes are consolidated. This double
conjugation seems to be the ordinary type of the process
amons the Diatoms. A curious departurc from the usual
plan is observed in some of the filamentous specics ; for their
component cells, instead of conjugating with those of
anot%er filament (as is the case with the filamentous Desmi-
duacee, § 170, and usually but not invariably with the Zygne-
macee, §§ 199), conjugate with each other; and this may take
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place cven before they have been completely separated by
self-division, Thus in Meloseira (§ 188) and its allies, the
endochrome of particular frustules, after separating as if for
the formation of a pair of new cells, moves-back from the
extremities towards the centre, rapidly increasing in quantity
and aggregating into a sporangial mass (¥ig. 83, 2, «, 4, ¢), and

Fia. 83,

Self-Conjugation of Aulacosewra crenulata.—1, simple filament;
2, filament developing sporangia; e, b, ¢, successive stages in the
formation of sporangia; 3, embryonic frustules, in successive stages,
a, b, ¢, of multiplication.

around this a new cnvelope is developed, which may or may not
resemble that of the ordmary frustules, but which remams in
continuity with them, giving risc to a strange incquality in the
size of the different parts of the filaments (Figs.97,98).—Of the
subsequent history of the sporangial frustule, much remains
to be lcarned; and it is probably not the same in all cascs.
It has becn alrcady shown that the sporangial frustule, even
where it preciscly resembles its pavent in form and marking,
greatl exceeds it in size; and this excess seems {o render it
improbable that it should reproduce the race by ordinary self-
division. Appearances have been scen, which make it probable
that the contents of each sporangial frustule break-up into
¢gonidia;’ and that it is from these that the new gencration
originates. These gonidia, if each be surrounded (as in many
other cascs) by a distinct c{lst, may remain undeveloped for a
considerable period; and thcy must augment considerably in
size, before they attain the dimensions of the parent frustule.
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It is in this stage of the process, that the modifying influence
of external agencies is most likely to exert its effects; and it
may be casily conceived that (as in higher Plants and Animals)
this influence may give rise to various diversities among the
respective individuals of the same brodd; which diversities (as
we have seen) arc transmitfed to all the repetitions of each,
that are produced hy the self-dividing process. Ilence a very
considerable latitude is to be allowed to the limits of species,
when the different forms of Diatomaces are compared ; and
here, as in many other cases, a most important question arises
as to what are those limits,—a question which can only, be
answered by such a carcful study of the entire life-histor{ of
every single type, as may advantagcously oceupy the atiention
of many a Microscopist, who is at present devoting himself to
the mere detection of differences, and to the multiplication of
reputed species.*

179.  Most of the Diatoms which arc not fixed by a stipcs,
possess some power of spontancous movement; and this is
especially scen in those, whose frustules arc of a long narrow
form, such as that of the Nawicule generally.  The motion is
of a peculiar kind, being nusually a serics of jerks, which
carry forward the frustule in the direction of its length, and
then carry it back through nearly the same path.  Sometimes,
however, the motion is smooth and equable; and this is
especially the case with the curious Bacillarie paradora
(Fig. 92, 8), whose frustules slide over each other in onc
direction, until they arc all-but detached, and then slide
as far in the opposite dircction, repealing this alternate
movement at very regular intervals.f In cither case, the
motion is obviously quite of a different nature from that of
beings possessed of a power of sclf-direction. “An obstacle in
the patE,” says Prof. W. Smith, “is not avoided, but pushed-
aside ; or, if 1t be sufficient to avert the onward course of the
frustule, the latter is detained for a time equal to that which
it would have occupicd in its forward progression, and then
retires from the impediment as if it had accomplished its full
course.”” The character of the movement is obviously similar
to that of those motile forms of Protophyta which have been

* See on this subject a valuable Paper by Prof. W, Smith ‘On the Determi-
nation of Species in the Dt e, in the “ Quart. Journ. of Microse,
Science,” vol, iii. p. 130: a Memor by Prof. W. Gregory  On shape of Outline
a8 a specitic character of Diafomacee,” m “ Trans. of Microse. Soc.,” 2nd Series,
vol. iii.; and the Author’s Presidential Address in the same volume, pp. 44-60.

+ This curious phenomenbn, the Author has himself more than once had the
opportunity of witnessing.
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already described ; but it has not yet been definitcly traced to
any organ of impulsion ; and the cause of it is still obscure.*
By Prof. W. Smith itis referred to forces operating within the
frustule, and originating in the vital operations of growth, &e.,
which ma{y causc the sdtroundin ﬂuig to be drawn-in through
one set of apertures, and expelled through the other.f “I1,”
as he remarks, “the motion be produced by the exosmose
taking-place alternately at onc and the other extremity, while
endosmose is proceeding at the otlicr, an alternating movement
would be the result in frustules of a linear form; whilst
in others of an clliptical or orbicular outline, in which
foramina exist along the cntire line of suture, the movements,
if any, must be irregular or slowly lateral. Such is precisely
the case. The backward and forward movements of the
Navicule have heen alrcady deseribed ; in Surirella (Fig. 88)
and Campylodiscus (Fig. 87), the motion never procceds
further than a languid roll from one side to the other; and in
Gomphonema (Fig.89), in which a foramen, fulfilling the nutri-
tive office, is found at the larger extremity only, the movement
(which is only secn when the frustule s scparated from its
stipes) is a hardly perceptible advance in intermitted jerks in
the direction of the narrow ¢nd.”

180. The principles upon which this interesting group
should be classiﬁed[, cannot be properly determined, until the
history of the Generative process,—of which nothing whatever
is yet known in a large proportion of Diatoms, and very little

* Prof, Smith says:—" Among the hundreds of species which T have
examined in every stage of growth and ]plmsc of movement, aided by glasses
which have never been surpassed for elearness and definition, I have never
been able to detect any semblance of a motile organ; nor have I, by colouring
the fluid with carminé or indigo, been able to detect in the coloured particles
surrounding the Diatom, those rotatory ts, which indicate, in the
various species of true Infusorial animalcules, the presence of cilia,” (Synopsis
of British Diatomaces, Introduction, p. xxiv.)—Mr. Jabez IHogg, however,
has recently stated (“ Quart. Journ, of Microsc. Science,” vol. iii, p. 235) that,
by the employment of the same mode of illumination as that by which the
ciliary action may be discerned in Closteruum, &c. (§ 18%), a ciliary movement
may be detected at the orifices which have already been described as existing
in the siliceous envelope of the Diatomaceous frustule (§ 174). 1t may be
questioned, howaver, whether this be anything clse than an optical illusion,
arising from the existence of currents at these cnfices, produced by the vital
actions going-on within the cell, as noticed above.

+ It has been objected to this view, by the authors of the * Micrographic
Dictionary,” that, if such were the casc, the like movements would be fre-
quently met-with in other minut iccllular organi They secm to have
forgotten, however, that there are no other such organisms, in which the cell
is almost entirely enclosed in an impermeable enve! oﬁpe, which limits the im-
hibition and expulsion of fluid to a small ber of definite points, i d
of allowing it to take place equally (as in other unicellular organisms) over the
entire surface. -
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in any of them,—shall have been thoroughly followed-out. As
already stated, there is a strong probability that many of the
forms which arc at present considered as distinct from each
other, would prove to be but different states of the same, if
their whole history were ascertained. On the other hand, it is
by no means impossible that some which appear to be nearly
related in the structure of their frustules and in their mode of
growthimay prove to have quite different modes of reproduc-
tion. At prescnt, therefore, any classification must be merely
provisional ; and in the notice now to be taken of some of the
most interesting forms of the Diatomacee, the method of Prof.
'W. Smith, which is based upon the degree of connection that
remains between the several frustules after seclf-division, will
be adopted, since it possesses the advantage of being in accor-
dance with the general ‘ physiognomics’ of thesc organisms,
as it brings-together those forms which correspond most
closcly in Iﬁan of growth ; but it cannot be regarded as a truly
natural classification, since it often separates gencra which are
closely allicd in the structure of the individual frustules, as,
for example, Coscinodiscus and Meloseire.—The whole Order is
thus grouped, in the first instanee, under two Tribes; the firs¢
including those which have the frustules naked, that is,
neither imbedded in gelatine, nor enclosed in a membrana-
ceous tube; whilst the second is composed of those forms, whose
frustules have a gelatinous or mcm[:ranaccous cenvelope. The
frustules of the Diatoms helonging to the first tribe, Il)lowcvcr,
may have various degrees of connection; for whilst, in some,
(@) the union is dissolved almost immediately upon the com-
pletion of self-division, there are others (4) in which a
gelatinous cushion or a stipes, to which the frustules arc
attached by a small portion of their surface, maintains a
partial connection between the divided frustules, and others
(¢), again, in which the frustules remain in more or less com-

lete cohesion, and form filaments, which, if the cohesion be
imifed to the angles of the frustules, are mere zig-zag chains,
but, if the cohesion extend to the entire surfaces of their sides,
are continuous filaments, cither flattened or cylindrical.

181. That section of the first tribe, in which the frustules
are entircly disconnected from each other after the completion
of their self-division, includes a number of beautiful discoidal
forms, which seem to constitute a natural group, and may
thercfore be appropriately noticed in connection with eac
other. The genus Coscinodiscus is one of great interest, from
the vast abundance of its valves in certain fossil deposits
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(Fig. 101, 2 @ @), especially the Infusorial earth of Richmond
in Virginia, of Bermuda, and of Oran, as also in Guano. Each
frustule is of discoidal shape, being composcd of two nearly
flattened valves, united by a hoop; so that, if the frustules
remained in adhesion, they would form a filament resembli
that of Meloscira (Fig. 97). The regularity of the hexago
divisions on the valves, renders them beautiful microscopic
objects; in some species, the areolee are smallest near the
centre, and gradually incrcasc in size towards the margin; in
others, a few of the central arcole are the largest, and the rest
arc of nearly uniform size. Most of the spccies are either
marine, or are inhabitants of brackish watcr; when living,
they arc most commonly found adherent to sca-weeds or
zoophytes ; but when dead, the valves fall as a sediment to
the bottom of the water. In both these conditions, they were
found by Prof. J. Quekett in connection with Zoophytes which
had been brought home from Meclville island by Sir E. Parry;
and the specics scemed to be identical with those of the
Richmond carth.—Nearly allied to the preceding is the
beautiful genus Aetinocyclus (Fig. 84), of which also the
frustules are discoi-
Fa. 84. dal in form, but of
which each valve,
instead of being flat,
has an undulating
surface, as isseen in
front view (B); giv-
ing to the side view
(a) the appearance
of being marked
by radiating bands.
Actinoeyelus undulatus :—a, side view ; (.)W.mg to this peeu-
B, front view. liarity of shape, the
whole surface can-
not be brought into focus at once, except with a low power;
and the difference of aspect which the different radial divisions
present in Fig. 84, is simply duc to the fact, that one set is
out of focus, whilst the otheris in it, since the appearances are
reversed by merely altering the focal adjustment. The zumber of
radial divisions has been considered a character of sufficient im-
Rortance toscrve for the distinction of speeies; but this is pro-
ably subject to variation; since we not unfrequently meet with
disks, of which onc has (say) 8 and another 10 such divisions,
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but which are so preciscly alike in every other particular, that
they can scarcely be accounted as specifically gifferent. The
valves of this genus are very abundant in the infusorial earths
of Richmond, Bermuda, and Oran (Fig. 101, 4, 4, 4); and
many of the same specics have been found recent in guano,
and in the seas of various parts of the world. The frustules
in their living state appear to be generally attached to sea-
weeds of zoophytes. .

182. The Bermuda earth also contains the very beautiful
form (Fig. 85), which, though scarcely separable fro’m

Fia. 385,

Ilelwpelta,

Actinocyclus except by its marginal spines, has received from
Prof. Ehrenberg the distinetive appellation of Heliopelta (sun-
shicld). In the represcntation here given, the object is deli-
neated as seen by the parabolic illuminator (§ 61), which
brings into view certain features that can scarcely be-seen by
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ordinary transmitted light. Four of the radial divisions are
seen to be marked-out into circular areolec; but in the four
* which alternate with them, a minute granular structure is
observable. This may be shown by careful adjustment of the
focus, to exist over thc whole of the valve, cven on the divi-
sions in which the circular areolation is here displayed; and it
hence appears that this marking is superficial, and that the
circular areolation exists in a degper layer of the siliceous
lorica. In the alternating divisions whose surface is here dis-
layed, the subjacent arcolation, when brought into view by
focussing down to it, is seen to be formed of equilateral
triangles; it is not, however, nearly so well marked as the
circular arcolation of the first-mentioned divisions. The dark
spots seen at the ends of the rays, like the dark centre, appear
to be solid tubercles of silex, not traverscd by markings, as
in many other Diatoms; most assuredly they are zof ortfices,
as supposed by Prof. Ehréuberg. Of this type, again, speci-
mens are found presenting 6, 8, or 10 radial divisions, but in
other respects exactly similar; on the other hand, two speci-
mens agreeing in their number of divisions, may exhibit minute
differences of other kinds; in fact, it is rarc to find two that
are precisely alike. It seems probable, then, that we must
allow a considerable latitude of variation in these forms, before
attempting to scparate any of them as distinct specics.—
Another very beautiful discoidal Diatom, which occurs in
guano, and is also found attached to sea-weeds from different
arts of the world (cspecially to a species employed by the
gapanesc in making soup), is the drachnoidiscus (Fig 86), so
named from the resemblance which the beautiful markings on
its disk cause it to bear to a spider’s web. According to Mr.
Shadbolt,* who has carefully cxamined its structure, cach valve
consists of two laycrs; the outer one, a thin flexible horny
membrane, indestructible by boiling nitric acid ; the inner one,
siliceous. It is the former which las upon it the peculiar
spider’s-wcb-like markings; whilst it is the latter that forms
the supporting framework, which bears a very strong resem-
blance to that of a circular Gothic window. The two can
occasionally be separatcd entire, by first boiling the disks for
a considerable time in nitric acid, and then carcfully washing
them in distilled water. Even without such separation, how-
ever, the distinctness of the two layers can be made-out by
focussing for cach separately under a 1-4th or 1-5th in. objec-

* “Tr tions.of Mierc ical Society,” 1st Series, vol. iii. p, 49,

13



DIATOMACEZX :—ARACHNOIDISCUS, TRICERATIOM. 319

tive; or by looking at a valve as an opaque object (either by
the Parabolic illuminator, or by the Lieberkiihn, or by a side
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Arachnowdiscus Ehrenbergti.

light) with a 4-10ths in. objective, first from onc side, and
then from the other.

183. Nearly allied to the preceding in genceral characters,
but differing in the triangular shape of its valves, is the
Triceratium ; of which striking form a considerable number of
species are met-with in the Bermuda and other Infusorial
carths, while others arc inhabitants of the existing ocean and
of tidal rivers. The 7. fuvus (¥ig. 79), which is one of the
largest and most regularly-marked of any of these, occurs in
the mud of the Thames and in various other estuaries on
our own coast; it has ‘been found, also, on the surface of
lgrge sea-shells from various parts of the world, such as those
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of Hippopus and Haliotis, before they have been cleaned; and
itUpresents itself likewise in the infusorial earth of Petersburg
(U.8.). Although the ¢riangyulnr form, when the frustule is
looked-at sideways, is that which is characteristic of the genus,
yet in some of the species there scems a tendeney to produce
quadrangular and cven pentagonal forms; these being marked
as varieties, by their exact correspondence in sculpture, colour,
&c., with the normal triangular forms.* This departure is ex-
tremely remarkable, since it breaks-down what secms at first
to be the most distinctive character of the genus; and its
occurrence is an indication of the degree of latitude which we
ought to allow in other cases.—The genus Cumpylodiscus
(Fig. 87) is distinguished by its saddle-shaped curvature, and

Fre 87,

Campylodiscus costutus :—A, front view; B, side view.

by its ribbed markings, which scem to indicate the presence of
canals excavated in or bencath the valves, for the passage of
fluid between the orifices in the siliceous envelope and the sofl,
cell-membranc beneath.  The form of the valves, in most of the
species, is cirqular, or nearly so; some arc nearly flat, whilst
in others the twist is greater than in the speeies here repre-
sented.  Some of the species are marine, whilst others occur
in fresh water; a very beautiful form, the €. elypeus, exists in
such abundance in the Infusorial stratwm discovered hy Prof.
Ehrenberg at Soos near Ezer in Bolemia, that the carth scems

* See Mr Brightwell's exccllent memoir ‘On the genus Triceralium, in
* Quart, Microse., Journ,,” vol, i. p, 245, )
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almost entircly composcd of it.—Some of the forms of the last
genus lead towards Surirella (Fig. 83), which, like it, presents

Fic. 88,

Surirvella constricta ;—a, side view ; B, front view, c¢. bmary subdivision,

the appearance of possessing a canalicular sysiem, though
this is by no mecans equally conspicuous in all the speeics.
The distinctive character of the genus, in addition to the
resence of the canaliculi, is derived from the longitudinal
inc down the centre of cach valve (a), and the prolongation
of the niargins into ‘alee.” Numerous species arc known, which
are mostly of a somewhat ovate form, some being broader and
others narrower than 8. constricta; the greater part of them
arc inhabitants of fresh or brackish water, though some few
are marine; and several oceur in those infusorial earths, which
seem to have been deposited at the bottoms of lakes, such as
that of the Mourne mountains in Ircland (Fig. 102, 6, ¢, £).
184. We now come to that interesting series of forms,
which has been ranked under the genus Navicw/a, vntil its
recent subdivision by Prof. W, Smitgi] into the threc genera
Navicula, Pinnularia, and Plexrosigma, each of which still com-
prehends a very Iarge number of specics. They are all dis-
tingnished by the oblong or lanceolate form of their valves, by
the convexity of their surfaces, by the presence of a longi.
tudinal line along the middle line of each valve, dilating into
nodules at the centre and cxtremities, and by the more or less
conspicuous marking of the valves with transverse or oblique
striee, which, under a sufficient magnifying power, arc resolvable
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into a regular areolation, resembling, though on a very minute
scale, that of the more coarsely-marked Diatoms (§ 175).
The genus Navicula, as now constituted, is distinguished by
these strix, and by the appearance of rows of circular dots
which they present, when sufficiently maguified. In Piunu-
larie (Fig. 102, %), the strie are not resolvable into dots,
and ave so strongly marked as almost to resemble the ribs’
of Surirella. The genus Pleurosigma is at once distinguished
by the pcenliar curvature of its valves (Fig. 80); and it is
further remarkable for the extreme closeness of their striation,
and for the consequent * difficulty’ which attends its resolution
into a regular areolation.—The species of the first two of these
geucra arc for the most part inhabitants of fresh water; and
they constitute a large part of most of the Infusorial Tarths
which were deposited at the bottoms of lakes. Among the
most remarkable of such deposits, are the substances largely
used in the arts for the polishing of metals, under the names
of Tripoli and rotten-stone; these consist in great part of the
fmstn]lcs of Navicule and Pinnulariwe.  The Polierschiefer or
rolishing-slate of Bilin in Bohemia, the powder of which is
im‘gclv used in Germany for the same purpose, and which also
furnishes the fine sand used for the most delicate castings in
iron, occurs in a series of beds averaging fourteen fect n
thickness; and these present appearances which indicate that
they have been at some time exposed to a high temperature.
The well-known Turkey-stone, so generally employc(ll for the
sharpening of edge-tools, scems to be essentially composcd of
a similar aggregation of frustules of Naviculw, &e., which has
been consolidated by heat.  The species of Plearosigina, on
the other hand, are for the most part either wmarine, or are
inhabitants of brackish water; and they comparatively seldomn
present themselves in a fossilized state —The genus Stwaroneis,
which belongs to the same group, differs from all the preced-
ing forms, in having the central nodule of each valve dilated
laterally into a band free from strige, which forms a cross with
the Jougitudinal band ; of this very beautiful form, some species
are fresh-watery others marine; and the former present them-
sclves frequently in certain infusorial carths.*

185. The group we have next to notice, consists of those
genera which have the frustules, after self-division, attached
?)y a gelatinous cushion, or by a dichotomous stipes, (Fig. $9).

* For some very curious cxamples of the extent to which variation in form,
size, and distance of strie, may take-place in this group, among individunls

which must be accounted as of the same species, see the memoirs of Profrs.,
W. Smith and W. Gregoy already referred-to (p. 313, nofe),
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Many of these present a strong resemblance to some of the
preceding, so far as the structure of their frustules is itself

Fra. 89,

i \
{ v

Gomphonena gemnatum ; 1ts frustules connected by stipes

concerned ; so that when, as frequently happens, they are
found unattached, the difference is not apparent.  In Syredra
(Iig. 102, 7), which is not unlike a long narrow Navicula (an
imperfect longitudinal line, with central and terminal dila.
tations, being often, but not always, apparent), the frustules
are at first invariably attached to larger Algwm, or other
aquatic plants, by a cushion-like gelatinous basis ; and when
they remain adherent to this after repcated subdivision, they
somctimes form a fan-like band of frustules, not unlike that of
Y2
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Lichmophora (Fig. 91), or even a stellate cluster, the appear-
ance ot‘p which is extremely characteristic. Sq again, the
frustules of Gomphonema (Fig. 90) in a side view, are not

Gomphonema genunatum .—a, side view of frustule more highly magnified;
B, frunt view; ¢, frustule in the act ot self-division,

unlike those of Navicula; but they are distinguished in front
view hy their cuncate (wedge-like) form, which arises chiefly
from the unequal development of the membrane connecting
the valves, at the upper and lower ends.  The stipes seems to
be formed by an cxudation from the frustule, which is secrcted
only during the process of sclf-division; hence when this
process has been completed, the extension of the single fila-
ment below the frustule ccases; but when it recommences, a
sort of joint or articulation is formed, from which a uew
filament begins to sprout for cach of the half-frustules; and
when these separate, they carry-apart the peduncles which
support them, as far as their divergence can take place ; and
it 15 in this manner that the dichotomous character is given to
the entire stipes (Fig. 89). The species of Gomphonema arc,
with scarcely an exception, inhabitants of fresh-water ; and are
among the commonest forms of Diatomacce.—In Licmoplorae
(Fig. 91) we meet with a different mo le of growth; for the
newly-formed part of the stipes, instead of itself becoming
double with each act of scll-division of the frustule, increases
in breadth, while the frustules themselves remain colerent ;
so that a beautiful fan-like arrangement is produced. A split-
ting-away of a few frustules seems occasionally to take-place,
from onc side or the other, before the clongation of the stipes;
so that the entire plant presents us with a more or less com-
plete flabella or fan upon the summit of the branches, with
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imperfeet flabelle or single frustules irregularly scattered
throughout the entire length of the footstalk. This beautiful
plant is marine, and is parasitic upon sea-weeds and zoophytes.

186. In the group at which we now arrive, there is more or
less of permancnt connection between the frustules them-
selves ; and this may depend merely upon the cohesion of

A F1a. 91,

Licmophora flabellata,

their surfaces, or may be occasioned by the persistence of the
connecting membrane of the valves, after the completion of
the self-division of the frustules. To the former division
belong several genera, the form of whose frustules is more or
less eTongated, so that the filament formed by their cohesion
is a flattened band. If the two extremities of the frustule be
of equal breadth, as in Baci’lariz, the band will be straight ;
but ?f one be broader'than the other, so that the frustule in
front view has a cuneate or wedge-like form, the filament will
be curved, as in the beautiful Meridion circulare (Fig. 92, a).
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Although these, when gathered and placed under the micro-
scope, present the appearance of circles overlying one another,
they really grow in a helical (screw-like) form, making several
continuous furns. This Diatom abounds in many localities in
this country; but therc is noue in which it presents itself in

Fia. 92

A, Meridion circulare-—3, Baeillaria paradoxa,

such rich luxuriance, as in the mountain-brooks about West
Point in the United States, the bottoms of which, according
to Prof. Bailey, “ are literally covered in the first warm days
of spring with a ferruginous-coloured mucous matter, ahout a
quarter of an inch thick, which, on examination by the micro-
scope, proves to be filled with millions and millions of these
exquisitely-beautiful siliceous bodies. Every submerged stone,
twig, and spear of grass is envcloped by them ; and the wavin,

plume-like appearance of a filamentous body covered in this
way is often very clegant.”—The genus Bacillaria, so named
from the staff-like form of its frustules, is now limited to the
species B. paradoxa (Fig. 92,8), whose remarkable movements
have been already deseribed (§ 179). Owing {o this displace-
ment of the frustules, its filaments seldom present themselves
with straight parallel sides, but nearly always in forms more
or less oblique, such as those represcnted above. This curious
object is an inhabitant of salt or of brackish water. Many
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of the species formerly ranked under this genus are now
referred to the genus Diafoma (§ 187); to which also the
enus Lroyillaria is nearly allicd, the difference between them
ying chiefly in the mode of adhesion of the frustules. These,
in i‘ragilluria form long straight filaments with parallel
sides; the filaments, however, as the name of the genus im-
plies, very readily break-up into their component frustules,

often “separating at the slightest
touch. Its various species are very
common in pools and ditches.—
Among the numcrous genera be-
longing to this group, we may stop
to notice Achnanthes ; some of the
species of which, particularly 4. lon-
gipes (Kig. 93), arc furnished with
a single ncarly-straight stipes, al-
tached to one end of the lower
margin of the first frustule of the
filament. There is a curious dif-
ference in the markings of the
valves of the upper and lower frus-
tules ; for while both are traversed
by strize, which are resolvable under
a suflicient power into rows of dots,
as well as hy a longitudinal line,
which sometimes has a nodule at
cach end (as 1 Navicula), the lower
valve (@) has also a transverse line,
forming a séawros or cross, which is
wanting m the upper valve (¢). A
crsistence of the connecting mem-
hranc may sometimes be observed
in this genus, so as to form an ad-
ditioual conncction hetween  the
cells 5 thus, in Fig 93, it not ouly
holds-together the two new frus-
tules resulting from the subdivision
of the lowest cell, «, which ure not
yet completely separated the one
from the other, but it may he ob-
scrved to invest the two frustules
4 and ¢, which have not merely
separated, Lut are tllemselves be-
giuning to undergo binary subdi-

Fia. 93.

Achnanthes longipes:—a, b, e,
d, e, successive frustules in dif-
ferent stages of self-division,



398 MICROSCOPIC ,FORMS OF VEGETABLE LIFE.

vision; and it may also be observed to invest the frustule d,
from which the frustule ¢, being the terminal one, has more
oomsplete]y freed itself.

187. 1t is by the persistence of the connecting membrane,
notwithstanding the dissolution of the adhesion between the
surfaces of the valves, that the frustules are so held-together
after self-division as to form zig-zag chains, in the next group;
of which the genus Distoma (Fig. 94), that gives the name
(* cutling-through®) to the wholc order, is a typical example.

Fie. 94 F16. 95.

Fig. 94. Diatoma vulgare: side view of frustule; &, frustule
undergoing solf-division

Fig. 95.—Gr tophora serpentina :—a, (ront and side views of
single frustule; &, 5, front and end views of divided frustule; ¢, a
t&riugaulg about to undergo sclf-division; d, a frustule completely

vided.

Its valves, when turned side-ways, are seen to be strongly
marked by transverse striee, which extend into the front view.
The proportion between the length and the breadth of each
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valve is found to vary so considerably, that, if the extreme forms
only were compared, there would seem adequate ground for
regarding them as helonging to different species. This genus
inhabits fresh water, preferring gently-running streams, in which
it is sometimes very abundant. The genus Grammatophora
(Fig. 95) is nearly allied to the preceding; but its transverse
strie age extremely faint and difficult of detection, so that its
valves serve as ‘ test-objects’ (§ 102, nur); and the frustules,
when scen in front view, are marked b{‘ peculiar bands,
usually sinuous, which are termed vit/e. The curious Bid-
dulphia, whose sclf-division has already been described (§ 176),
belongs to this group; its frustules have a very peculiar
external form (Fig. 81), and they are belicved to be divided
internally by partitions which correspond to the external
ribbings. So far as is yet known, it is exolusively marinc.
Nearly allied to it, is the beautiful genus fsthmia (¥ig. 96),
which is also marine, and which
grows attached to larger sea-
weeds, the basal frustule being
very commonly attached by a
stipes. In this, as in the pre-
ceding genus, the areolated
structure of the surface is very
conspicuous (Fig. 78), both in
the valves and in the connect-
ing ‘hoop;’ and this hoop, being
silicificd, not only connects the
two new frustules (as at &),
until they have scparated from
cach other, but, after such
separation, remains for a time
round onc of the frustules, so
as to give it a truncated ap-
pearance (a, ¢).

188. 1t is by the complete
crsistence of the siliccous
oop, that the frustules are

hel&-togcther in that curious
group of Diatomacce, which
cousists of a few genera whose
cylindrical filaments bear a
close external rescmblance to
thosc of Confervacee. The most .
important of these is Melo- Tothmia nervosa.
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seira (F(iigs. 97, 98), long since characterized as a plant by
the Swedish algologist Agardh, but taken from the Vegetable

F1a. 97, Fra. 98,

:<'&=é.g_“'|€_',

Melosevra subflexiles. Meloserra va

Lingdom with other Diatoms by Prof. Ehreuberg, who in-
cluded its species in his genus Gallionella.  Some of its
species are marine, others fresh-water ; one of the latter, the
B ochracen, seems to grow best in boggy pools containing a
ferruginous impregnation; and it is stated by Prof, Ehrenherg
to take-up from the water, and to incorporate with its own
substance, a considerable quantity of iron. 'The filaments of
Meloseira very commonly fall-apart at the slightest touch;
and in the infusorial earths, in which some species abound,
the frustules are always found detached (Fig. 102, ¢ e, d d).
The meaning of the remarkable differcnce i the sizes and
forms of the frustules of the same filaments (Kig. 97, 98) has
not yet been fully ascertained ; but it scems to be related to
the curious process of- self-conjugation already described
(§178). The sides of the valves are often marked with
radiating strie (Fig. 102, 4 4); and in some species they
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have toothed or serrated margins, by which the frustules lock-
together.

189, The Sccond tribe of Diatomaces, in which the frustules
are completely enveloped by a gelatinous or membranaceous
cuvelope, does not contain many forms so intcresting as those
which have been alrcady described ; and it will not be requisite
to dwell long upon it. This envelope forms a frond, that
holds-thgether all the frustules which have originated in the
self-division of one individual ; and it may either consist of an
indefinite gelatinous mass, or rather aggregation of masses, in
which the frustules are imbedded (Fig. 100), or of an indefisite

Fig. 99, Fia. 100,

"Qo'"éili?',).'.—_j e
a5}
\'ﬁ?:';‘\( A )
radiet -

Fig. 99. Mastogloia Smithui;--A, entire stipes; v, frustule in its
gelatinous envelope; c—F, different forms of frustule as seen m front
view, @, side view, u, frustule undergomg subdivision,

Fig. 100, Mastogloia lanceolata.
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cluster of such masses, supported by a stipes (Fig. 99), as in
the genus Masfogloiz ; or it may have a definite shape, either
globular, compresscd, or filamentous, within which the frustules
either lie scattered, as in Dickieiz and Berkeleyia, or in rows,
as in Schizonema, or in bundles, as in Homwocladia. These
are all, or nearly all, marine forms; and many of them
present so strong a resemblance to the smaller {ilamentous
Algw, that they might easily be mistaken for such. Their
frustules, however, when taken out of their containing tubes,
frequently present so near an approximation, both in struc-
ture and markings, to members of the preceding groups of
Diatomacea, that their close relationship to them cannot be
questioned.  Very strongly-marked varieties sometimes pre-
sent themselves within the limits of a single species; thus
the valves ¢, , 1, ¥ (Fig. 99), would scarcc%y have been sup-
})osed to belong to the same sPcciﬁc type, were they not
ound upon the same stipcs.—The carcful study of these
varieties, in cvery instance in which any disposition to varia-
tion shows itsclf, so as to reduce the enormous number of
species with which our systematic treatises are loaded, is a
pursuit of far greater rcal value, than the multiplication of
species by the ﬁ:etection of such minute differences as may
be prescnted by forms discovered in newly-explored localitics;
such differences, as already pointed-out, being u-{nrobably, in a
large proportion of cases, the result of the multiplication of
some one form, which, under modifying influences that we do
not yet understand, has departed from the ordinary type.
The more faithfully and comprehensively this study is carried-
out, in eny department of Natural History, the more does it
rove that the range of variation is far more extensive than
ad been previously imagined ; and this is especially-likely to
be the case with suchmiumble organisms as those we have
been considering; since they are obviously morc influenced
than are those of higher types, by the conditions under which
they are developed ; whilst, from the very wide geographical
range through which the same forms are diffused, they are
subject to very great diversities of such conditions.

190. The gencral habits of this most intercsting group
cannot be better stated than in the words of Prof. W. Smith,
from whose admirable Monograph the Author has drawn the
greater part of his materials for the foregoing account of it.*

* The Author has great pleasure in here acknowledging the liberality of
Mesars, Smith and Beci: who have allowed him, not only to make free use of
this volume, but also’ to copy as many as he desired of the admirable series
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“The Diatomaces inhabit the sea, or fresh water; but the
species peculiar to the one, are never found in a living state
in any other locality; though there arc some which prefer a
medium of a mixed nature, and arc only to be met-with in
water more or less brackish. "The latter are often found in
great abundance and varicty in districts occasionally subject
to maxjne influences, such as marshes in the neighbourhoocjl of
the sea, or the deltas of rivers, where, on the occurrence of
bigh tides, the freshness of the water is affected by per-
co%ation from the adjoining stream, or more dircctly by the
occasional overflow of its banks. Other favourite habitaté of
the Diatomacese arc stones of mountain streams or water-falls,
and the shallow pools left by the retiring tide at the mouths
of our larger rivers. They arc not, however, confined to the
localities T have mentioned,—they are, in fact, most ubi-
quitous, and there is hardly a roadside difch, water-trough,
or cistern, which will not reward a scarch, and furnish spc-
cimens of the tribe.” Such is their abundance in some rivers
and cstuaries, that their multiplication is affirmed by Prof.
Ehrenberg to have excreised an important influence in” block-
ing-up harbours and diminishing the depth of channels !—Of
their extraordinary abundance In certain parts of the ocean,
the best evidence is aftorded by the obscrvations of Dr. W. J.
Hooker upon the Diatomacewe of the southern scas; for within
the Antarctic Circle, they are rendered peeuliarly conspicuous
by becoming enclosed in the newly-formed ice, and by being
washed-up n myriads by the sea on to the ‘ pack’ and €bergs,”
cverywhere staming the white ice and snow of a pale ochreous
brown. A deposit of mud, chicfly consisting of the siliccous
loricae of Diatomacew, not less than 400 miles long and 120
miles broad, was found at a depth of hetween 200 and 400
fect, on the flanks of Victoria Land in 78° South latitude ; of
the thickness of this deposit no conjecture conld be formed;
but that it must be continually increasing is evident, the silex
of which it is in a great measure composed being indestruc-
tible. A fact of peculiar interest in conneetion with this
deposit, is its extension over the submarine flanks of Mount
Erebus, an active voleano of 12,400 feet clevation; since a
communication hetwecn the occan-waters and the bowels of a
volcano, such as there arc other rcasons for believing to be

of illustrations which have been executed for it by Mr, Tuffen West, many of
them still unpublished. AW the figures of Diatomacew, given in this Manual,
except Figs. 80 and 85, which are drawn from nature, and Figs. 101, 102, which
are copied from Prof. Ehrenberg, are as exact copics of Mr. West’s lithographs
as the best Wood-engraving can produce.
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occasionally formed, would account for the presence of Dia-
tomacem in volcanic ashes and pumice, which was discovered
by Prof. Ehrenberg. It is remarked by Dr. Hooker, that the
universal presence of this invisible vegetation throughout the
South Polar Ocean, is a most important feature; since therc
is a marked deficiency, in this region, of higher forms of

F1a. 101

Fossil Diatomacee, &c. from Oran:—a, o, ¢, Coscinodiscus ; 4, 4, &,
Actinocyclus; ¢, Dictyochya fibula; d, Lithasteriscus radiatus; e,
Spongolithis acicularis; f,/, Gr tophora parallela (side view);
9, g, Grammatophora angulosa (front view)

vegetation; and were it not for them, there would neither he
food for aquatic animals, nor (if it were possible for thesc to
maiutain themselves by preying on one another) could the
occan-waters be purified of the carbonic acid which animal
respiration and decomposition would be continually imparting
to it.—lt is intcresting to obscrve, that some specics of
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marine Diatomacee are found through cvelxr degree of lati-
tude between Spitzhergen and Vietoria Land; whilst others
seem Hmited to particul%,r regions.—One of the most singular
instances of the prescrvation of Diatomaceous forms, is their
existence in Guano; into which they must have passed from
the intestinal canals of the birds of whose accumulated excre-
ment that substance is composed, those birds having reccived
them, ittis probable, from shellfish, to which these minute
organisms serve as ordinary food (§ 192).

191. The indestructible nature of the epiderms of Diato-
mauceee has also served to perpetuate their presence in nurge-
rous localitics, from which their living forms have long
since disappeared ; for the accumulation of sediment formed
by their successive production and death, either on the
bed of the occan, or on the bottoms of fresh-water lakes,
gives-rise to deposits which may attain considerable thickness,
and which, by subscquent changes of level, may come to form
part of the dry land. Thus very extensive siliccous strata,
consisting almost entirely of marine Déutomacee, ave found to
alternate, in the neighbourhood of the Mediterrancan, with
calcarcous strata, chiefly formed of Foraminifera (Chap. x.);
the whole scries heing the representative of the Chalk for-
mation of Northern Europe, in which the silex that was
probably deposited at first in this form, has undergone con-
version iuto finf, by agencies hereafter to be considered
(Chaps. x., x1x.). Ot the Diatomaccous composition of these
strata, we have a characteristic example in [L‘ig. 101, which
represents the fossil Diatomacew of Oran in Algeria.  The
so-called ¢ infusorial carth’ of Richmond i Virginia, and that
of Bermuda, also marme deposits, are very celebrated among
Microscopists for the number and beauty of the forms they
have yielded ; the former constitutes a stratwm of 18 feet in
thickness, underlying the whole city, and cxtending over an
arca whose limits arc not kunown. Several deposits of more
limited extent, and apparently of fresh-waler origin, have
been found iu our own wslands; as for instance at Dolgelly in
North Wales, at Lough Mourne in Ircland (Fig. 102), and
in the island of Mull in Scotlwd. Similar deposits in Sweden
and Norway arc known under the name of besg-mehl or
mountain-flour; and in times of scarcity, the inhabitants of
thosc countries arc accustomed to mix these substances with
their dough in making bread. This has been surposcd merely
to have the cffect of giting increased bulk to their loaves, so
as to render the really-nutritive portion more satisfying.
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But as,the berg-mell has been found to lose from a quarter to
a third of its weight by exposure to a red-heat, there seems a

F16G. 102,

Fossil Diatomacee, &c. from Mourne mountain, Ireland :—a, a, a,
Gaillonella (Meloseira) procera, and G. granulata; d, d, d, G. bise-
riata (side view); &, b, Surirclla plicata; ¢, S. craticula; %, S. cale-
donica; e, Gomphonema gracile; f, Cocconema fusidium; g, Tabel-
luria vulgaris ; A, Pinnularia dactylus; 2, . nobilis ; Z, Synedra ulna.

strong probability that it contains organic matier, which
renders it nutritious in itsclf. —When thus occurring in strata
of a fossil' or sub-fossil character, the Diatomaccous deposits
are generally distinguishable as while or cream-coloured
powders of extreme fineness.

192. For collecting fresh Diatomaces,three general methods
are to be had-recourse-to, which have been alrcady described
(§§ 143, 171). “ Their living masses,” says Prof. W. Smith,
“present themselves as coloured fringes attached to larger
plants, or forming a covering to stones or rocks in cushion-
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like tufts—or spread over their surfacc as delicate velvet—or
depositing themselves as a filmy stratum on the mud, or inter-
mixed with the scum of living or decayed vegetation floatin
on the surface of the water. Their colour is usually a yel-
lowish-brown of a greater or less intensity, varying from a
light chesnut, in individual specimens, to a shade ost ap-
proachipg black in the aggregated masses. Their presence
may often be detected without the aid of a microscope, by the
absence, in many species, of the fibrous tenacity which dis-
tinguishes other plants; when removed from their natural
position, they become distributed through the water, #nd
arc held in suspension by it, only subsiding after some little
time has clapsed.” Notwithstanding every care, the collected
specimens are liable to be mixed with much foreign matter,
this may be partly got-rid-of by repeated washings in pure
water, and, by taking advantage, at the same time, of the dif-
ferent specific gravities of the Diatoms and of the intermixed
substances, lo sccure their scparation. Sand, heing the
heaviest, will subside first ; fine particles of mud, on the other
hand, will float after the j’)iatoms have subsided. The ten-
dency which the Diatomacee have, to make their way towards
the light, will afford much assistance in procuring the frec
forms in a tolerably clean state; for if the gathering which
contains them be left undisturbed for a sufficient length of
time, in a shallow vesscl exposed to the sunlight, they may be
skimmed from the surface. The marine forms must-be looked
for upon sea-weeds, and in the fine mud or sand of soundin
or dredgings; they are frequently found also, in considerable
numbers, in the stomachs of the oyster, scallop, whelk, and
other Mollusks, especially the ¢ bivalves,” in those of the crab
and lohster, and cven in those of the sole, turbot, and other
< flat-fish.” “Several specics,” says Prof. W. Smith, “ rarely or
never oceurring in rlrlnjy usual haunts, have been supplied in abun-
dance by the careful dissection of the above microphagists.”
The separation of theDiatoms from the other contents of these
stomachs, must be accomplished by the same process as that
by which they are obtained from Guano or the calcareous In-
fusorial Earths; of this, the following are the most esscntial
particulars. The guano or earth is first to be washed several
times in pure water, which should be well stirred, and the sedi-
ment then allowed to subside for some hours before the water
is poured-off, since, if it be decanted too soon, it may carry the
lighter forms away with it. Some kinds of earth have so
liftle impurity, that one washing suffices; but in any case it
z
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is to be conlinued so long as the water remains coloured.
The deposit is then to be treated, in a flask or test tube, with
hydrochlorie (muriatic) acid; and after the first effervescence
is over, a gentle heat may be applied. As soon as the action
has ceased, and time has been given for the sediment to sub-
side, the acid should be poured-off, and another portion
added ; and this should be rcpeated as often as any effect is
produced. When hydrochloric acid ccases to act, strong
nitric acid should be substituted; and after the first effer-
vescence is over, a continucd heat of about 200° should be
applied for some hours. When sufficient time has been given
for subsidence, the acid may be pourcd-off, and the sediment
treated with another portion; and this is to be repeated, until
no further action takes place. The scdiment is then to be
washed, until all trace of the acid is removed; and if there
have been no admixture of siliceous sand in the carth or
guano, this sedimeni will consist almost entirely of Diato-
maceee, with the addition, scrha ps, of Sponge-spicules. The
separation of siliccous sand, and the subdivision of the entire
aggregate of Diatoms into the larger and the finer kinds, may
be accomplished by stirring the sediment in a tall jar of
water, and then, while it is still in motion, pouring-oft the
supernatant fluid as soon as the coarser particles have sub-
sided ; this fluid should be set aside, and, as soon as a finer
sediment has subsided, it should again be poured-off; and
this process may be repeated three or four times at incrcasing
intervals, until no further sediment subsides after the lapse of
half an hour. The first sediment will probably contain all the
sandy particles, with, perhaps, some of the largest Diatoms,
which may be picked-out from among themn; and the sub-
scquent sediments will consisi almost exclusively of Diatoms,
the sizes of which will be so graduated, that the carliest
scdiments may be examined with the lower powers, the next
with the medium powers, while the latest will require the
higher powers,—a separation which is attended with great
convenicuee.*

193. The mode of mounting specimens of Diatomacce, will
depend upon the purpose which they arc intended to serve.
If they can be obtained quite fresh, and it be desived that
they should exhibit, as closely as possible, the appearance

* A somewhat more complicated method of npplﬂnn the same principle, is
deseribed by Mr, Okeden in the “Quart. Journ. of Microse. Science,” vol. iii.
p. 168.—The Author believes, however, that the method above described will
BNBWeET CVCTy purpose,
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presented by the living plants, they should be put-up in dis-
tilled water within cement-cells (§ 134); but if they are not
thus mounted within a short time after they have been
gathered, about a sixth part of alcohol should be added to the
water. If it be desired to exhibit the stipitate forms in their
natural parasitism u{))on other aquatic plants, the cutire mass
may be mounted in Deane’s gelatine (§ 131), in a deeper cell ;
and such a preparation is a very beautiful object for the
black-ground illumination. If, on the other hand, the minute
structure of the siliccous cnvelopes is the featurc to be
brought into view, the fresh Diatoms must be boiled in nitfe
or hydrochloric acid, which must then be poured-off (sufficient
time being allowed for the deposit of the residuc), and the
sediment, after repeated washings, is to be either mounted in
balsam in the ordinary manner (§ 128), or, if the specics have
markings that are peculiarly ditlicult of resolution, is to be
set-up dry between two picces of thin-glass (§ 122). In
order to obtain a satisfactory view of these markings, object-
glasses of very wide angle of aperturc are required, and all
the refinements which have reeenily been introduced into
the methods of Illumination, nced to he put in practice.
(Chaps. 1r., 1v.)—It will often be convenient to mount
certain particalar forms of Diatomacea separately from the
gencral aggregate; but, on account of their minuteness, they
cannot be selected and removed by the usual means. The
larger forms, which may be rcadily distinguished under a
simple microscope, may be taken-up by a camel-hair peneil,
which has been so trimmed as to leave two or three hairs pro-
jeeting beyond the rest.  But the smaller can only be dealt-
with by a single fine bristle or stout sable-hair, which may be
inserted into the cleft-end of a slender wooden handle; and if
the bristle or hair should be split at its extremity in a brush-
like manner, it will be particularly useful. Such split hairs
(as Dr. Redfern first notjced) may always be found in a
shaving-brush which has been for some time in use. Those
should he selected, which have thin splil portions so closel

in contact, that they appear single until touched at their
cnds. ‘When the split cxtrcmilfy of such a hair touches the
glass slide, its parts scparatc from cach other to an amount
proportionate to the pressure; and, on heing brought-up to
the object, first pushed to the cdge of the fluid on the slide,
may gfrencmlly be made to sci.e it.  Supposing that we wish
to scleet certain particllar forms, from a Diatomaceous sedi-
ment which has been obtained gy the preceding processes ;—

zZ
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either of the two following modes may be put in practice. A
small portion of the sediment being taken-up in the dipping-
tuhe, and allowed to escape upon the slide, so as to form a long
narrow line upon it, this is to he examined with the lowest
power with which the ohject we are in-search-of can be dis-
tinguished (the ercetor and draw-tube, §§ 43, 44, will here be
very uscful) ; and when one of the speeimens has been found,
it may be taken-up, if possible, on the point of the hair, and
transferred to a new shde, to which it may be made to adhere
byfirst breathing on its surface. But if it be found impracticable
thus to remove the specimens, on account of iheir minuteness,
they may be pushed to onc side of the slide on which they
are lying; all the remainder of the sediment which it is not
desired to preserve, may be washed-off; and the objcets may
then be pushed-back into the middle of the slide, and mounted
in any way that may be desired.

194. Palmellacee~To the little group of Plants which is
ranked under this designation, thosc two gonera belong, which
have heen already cited as illustrations of the huwmblest types
of vegetation (§§ 150, 152); and the other forms which are
associated with these, are scarcely less simple in their essential
characters, though sometimes atlaining cousiderable dimen-
sions. They all grow either on damp surfaces, or in fresh or
salt water; and they may cither form (1) a mere powdery layer,
of which the component particles have little or no adhesion to
cach other, or they may present themselves (2) in the condi-
tion of an indefinite slimy film, or (3) in that of a tolcrably
firm and definitely-hounded membranous  frond.’—7The first
of these states we have scen to be characteristic of Palwogleea
and Protococcus : the new cells which are originated hy the
process of duplicative subdivision, usually scparating from cach
other after a short time; and even where they remain in
cohesion, nothing like a frond or membranous expansion being
formed. The ‘red snow,” which semetimes colours extensive
tracts in Arctic or Alpine regions, penetrating cven to the
depth of several fect, and vegetating actively at a temperature
which reduces smost plants to a state of torpor, is generally
considercd to be a speeies of Protococeus, but as its cells are
connceted by a tolerably-firm gelatinous investment, it would
rather seem to be a Palmella.—The second is the condition of
the genus Palmells ; of which one species, the 2. cruenta,
usuafly known under the name of ‘gory dew,” is common
on damp walls and shady places, sometimes extending itself
over a considerable arca as a tough gelatinous mass, of the
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colour and general appearance of coagulated blood. A cha-
racteristic illustration of it is also afforded by the Hemato-
coccus sanguineus (¥ig. 103), which chiefly differs from Pal-

Fi1e. 103,

Hematocoecus sanguineus, in various stages of development -—a,
single cells, enclosed m their mucous envelope; b, ¢, clusters formed
by subdiviston of parent-cell ; «, more numerous cluster, 1ts com-
ponent cells in varlous stages of division; e, large mass of young
cells, formed by the continuance of the same process, and enclosed
within a common mucous envelope.

mella in the partial persistence of the walls of the parent-cells,
so that the whole mass is subdivided by partitions, which
inclose a larger or smaller number of cells originating in the
subdivision of their conteuts. Besides inercasing in the
ordinary mode of binary multiplication, the Palmella-cclls seem
occasionally to rupture and diffuse their granular contents
through the gelatinous stratum, and thus to give origin to a
whole cluster al once, as scen at e; after the manner of other
simple Plants to be presently described (il 195), save that
these mirute segments of the endochrome, having no power
of spontancous motion, cannot be ranked as Zoospores. The
gelatinous masses of the Palriellee are frequently found to
contain parasitic growtls, formed by the extension of other
plants through their substance; but numerous branched fila-
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ments sometimes prescnt themselves, which, being traceable
into absolute continuity with the cells, must be considercd as
properly appertaining to them. Sometimes these filaments
atc in various directions from a single central ccll, and
must at first be considered as merc extensions of this; their
extremities dilate, however, inlo new cells ; and, when these
are fully formed, the tubular connections close-up, and the
cells become detached from cach other.*  This is obviously an
additional mode of increasc by gemmation ; analogous to that
which we shall mect-with among the Confervacee (§ 198).—
Of the #kird condition, we have an example in the curious
Pulmodictyon described by Kutzing; the frond of which
appears 10 the naked eye fike a delicale network consisting
of anastomosing branches, cach composed of a smgle or double
row of large vesicles, within every onc of which is produced a
pair of clliptical cellules that ultimatcly escape as “zoospores.”
—The alternation between the ‘motile’ form and the still?
or resting form, which has been deseribed as occurring in
Protococeus (§§ 153—155), has been observed in several other
forms of this gronp; and 1t seems obviously intended, like the
production of ‘zoospores,” to sccure the dispersion of the
plant, and to prevent it from choking itself by overgrowth
in any one locality.—No other form of the true Generative
process, than the ‘ conjugation’ of two cells, and the formation
of a sporc by the reunion of their contents, has yet been
observed among the members of this family; and as this has
only been witnessed in a few of them, it is probable that we do
not yct know by any mcans the whole of their lifc-history.
And from the close rescmblance which many reputed Lalmel-
lacece bear to the early stages of higher Plants (Fig. 104,4,3,¢),
there is considcrable douﬁt whether they ought to be regarded
in the Light of distinet and complete organisms, or whether
they are anything clsc than cmbryonic forms of more clevated
types. Here again, thercfore, therc is an ample ficld for
investigation to the Microscopist who_ desires to employ him-
self in extending the boundaries of Scicnce, and in perfeeting
our very impexfect acquaintance with these humble but most
interesting and instructive types of Vegetation.
195. Notwithstanding the very definite form and large size

* Although the Authors of the “Micrographic Dictionary” throw doubt
upon this fact (p. 447), yet the writer, having had the opportunity of verifying
the observations of that most accurate Algologist, Mr. Thwaites, can en-
terltlxign n(:\‘ 1go)ubt of their correctness. (Sce “ Ann. of Nat, Hist.” N, S.,
vol. ii,, p. 313, .
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altained by the fronds or leafy expansions of the Ulvacee, to
which group belong the %:-a,ss-green sea-weeds (or ‘ lavers *)
found on every coast, fyct; their essential structure differs but
very little from that of the preceding group ; and the principal
advance is shown in this, that the cells, when multiplied
binary subdivision, not only remain in firm connection wit{
cach other, but posscss a very regular arrangement (in virtue of
the determinate plan on which the subdivision takes-place), and
form a regular membranous stratum. The mode in which this
frond is produced, is best understood by studying the history
of its develop -
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species presenting variations in the history of their deve-
lopment), the filament increases in breadth as well as in
length (as scen at &), and finally becomes such a frond as is
shown at ¥, . In the simple membranous expansions thus
formed, there is no approach to a *differcntiation’ of parts,
by even the semblance of a formation of root, stem, an_d
leaf, such as the higher Algm present; every portion is
the exact counterpart of every other; and @very portion
seems to take an cqual share in the operations of growth
and rcproduction. Each cell is very commonly found to
exhibit an imperfect partitioning into four parts, preparatory
to multiplication by double subdivision; and the entire
frond usually shows the groups of cclls arranged in clusters
containing some multiple of }our.—Besidcs this continuous
increase of the individual frond, howcver, we find in most
species of Ulva a provision for extending the glant by the
£spersion of ‘zoospores;’ for the endochrome (Kig. 105, @)

Fi1e. 105,

N
P

&

Formation of Zoospores in Phycoseris gigantea (Ulva latissima) ;—
a, portion of the ordmary frond; &, cells in which the endochrome is
begiuning to break-up into segments; ¢, cells from the boundary
between tho coloured and colourless portion, some of them con-
taining zoospores, othors being empty ; d, ciliated zoospores, as in
active motion ; e, subsequent development of the
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subdivides into numerous segments (as at & and ¢), which at
first are seen to lic in close contact within the ccll that con-
tains them, then begin to exhibit a kind of restless motion, and
at last pass-forth through an aperture in the ccll-wall, acquire
four or more cilia (@), and swim freely through the water for
some time. At last, however, they come to rest, attach them-
selves to some fixed point, and begin to grow into clusters or
filaments (¢), in the manner already described. The walls of
the cclls which have thus dischar, eg their endochrome, remain
as colourless spots on the frond; sometimes these are inter-
mingled with the portions still vegetating in the usual mode;
but sometimes the whole endochrome of one portion of the
frond may thus escaﬁe in the form of zoospores, thus leaving
behind it nothing but a white flaceid membranc. If the
Microscopist who meets with a frond of an Ulva in this con-
dition, should examine the line of separation between its green
and its coloured portion, he may not improbably meet with cells
in the very act of discharging their zoospores, which ¢ swarm ’
around their points of exit, very much in the manner that Ani-
malcules are often scen to do around particular spots of the
ficld of view, and which miglt casily be taken for true Infu-
soria; but on carrying his (ﬁxscrvutions further, he would sec
that similar bodies are moving within cells a little morc remote
from the dividing line, and that, a little further still, they arc
obviously but masses of endochrome in the act of subdivision.®
—Of the true Gengrative process in the Ulvacea, nothing
whatever is known; and it is conscquently altogether un-
certain whether it takes-place by simple conjugation, or accord-
ing to that more truly sexual method whicfl will be presently
deseribed.  Here, again, thercfore, is an unsolved problem of
the greatest physiological interest, which probably requires
nothing more for its solution, than patient and discriminating
study.  And the Author would point out, that it is by no
means unlikely that the gencrative process may not be per-
formed in the complete plant, but, as in the Ferus, (§ 219) in
the early product of the development of the zoospore.—
Although the typical Ulcacee are marine, yet there are several
fresh-water specics; and there are some which can even
vegetatc on damp surfaces, such as thosc of rocks or garden-
walks kept moist by the pereolation of water.

* Such an observation the Author had the good fortune to make in tho

car 1842, when the emission pf zoospores from the Ulvacew, although 1t had

i)oeu described by the Swedish algologist Agardh, bad not been seen (he
Lelieves) by any British naturalist.
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196. The Oscillatoriacee constitute another tribe of simple
Plants, of great interest to the Microscopist, on account both
of the extreme simplicity of their structure, and of the peculiar
animal-like movements which they exhibit. They are con-
tinuous tubular filaments, formed by the clongation of their
primordial cells, usually lying together in bundles or in strata,
sometimes quite frec, and somctimes invested by a gelatinous
matrix. The endochrome which they contain usually exhibits
some degrec of transverse striation, as if breaking-up into
short segments by the division of the tube into cells; but
this division is never Fcrfected by the formation of complete
partitions ; and the filaments ultimately break-up into distinet
Joints, the fragments of endoclirome, which are to be regarded
as_gonidia, usually escaping from their sheaths, and giving
origin to new filaments. These plants are commonly of some
shade of green, often mingled, however, with bluc; but not
unfrequently they are of a purplish hue, and arc sometimes so
dark, as, when 1 mass, to scem nearly black. They occur
not only in fresh, stagnant, brackish, and salt waters (certain
species heing peculiar to cach), bul also in mud, on wet stones,
or ondamp ground. Their very curious movements constitute
the most remarkable featurc in their history. These are
described by Dr. Harvey* as of three kinds ; first, a pendulum-
like movement from side to side, performed by onc end, whilst
the other remains fixed so as to form a sort of pivot; sccond,
a movement of flexure of the filament itsclf, the oscillating
extremity bending-over first to one side and then to the other,
like the head of a worm or caterpillar secking something on
its line of march; and third, a simple onward movement
of progression.  “ The whole phenomenon,” continues Dr. IL.,
“may perhaps be resolved into a spiral onward movement of
the filament. 1f a picee of the stratum of an Oscillatvria be
placed in a vesscl of water, and allowed to remain there for
some hours, its edge will first become fringicd with filaments,
radiating as from a central point, with their tips oulwards.
These filaments, by their constant oscillatory movements, are
continually loogened from their hold on the stratum, cast into
the water, and at the same time propelled forward; and
as the oscillation continues after the filament has left its
nest, the little swimmer gradually moves along, till it not
only reaches the edge otgr the vesscl, but often, as if in
the attempt to escape confinement—continucs its voyage up
the sides, till it is stopped by dryness. Thns in a very short

* “Manual of British Marine Alge,” p. 220,
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time, a small picce of Oscillatoria will spread itsclf over a
large vessel of water.”  This rhythmical movement, impelling
the filaments in an undeviating onward course, is evidently of
a naturc altogether different from the truly spontancous
motions of Animals; and must be considered simply as the
expression of certain vital changes taking-place in the interior
of the cells. It is greatly influenced by temperature and
light, being much more active in warmth and sunshime than in
cold and shade; and it is checked by any strong chemical
agents. The true Generation of Oscillatoriacee 1s as yeb
completely unknown ; and it does not seem at all unlikely
that these plants may be the ‘motile’ forms of some others,
which, in their ¢ still> condition, present an aspect altogether
different.—Nearly allicd to the preceding, is the little tribe of
Nostochacee ; which consists of distinctly-beaded filaments,
lying in firmly-gelatinous fronds of definite outline. The
filaments are usually simple, though sometimes branched;
aud arc almost always curved or twisted, often taking a spiral
direction. The masses of jelly in which they arc imbedded
are sometimes globular or nearly so, and sometimes cxtend in
more or less regular branches ; they frequently attain a very
considerable size; and as they occasionally present them-
selves quite suddenly (especially in the later part of the
autumn, on damnp gm‘dcu-walks), they have received the name
of “fallen stars.” They are not always so suddenly produced,
however, as they appear to be; for they shrink-up into mere
films in dry weather, and expand again with the first shower.
These plants multiply themsclves, like the Oscillatoriee, by
the subdivision of their filaments, the portions of which escape
from the gelatinous mass wherein they were imbedded, and
move slowly through the water in the direction of their length ;
after a time they cease to move, and a new gelatinous cuve-
lope is formed around each picce, which then begins not anly
to incrcase in length by the transverse subdivision of its
scgments, but also to double itsclf by longitudinal fission, so
that cach filament splits lengthways (as it were) into two new
oncs. By the repetition of this process, a mass of new fila-
ments is produced, the parts of which arc at first confused, but
aftcr\var(}s become more distinetly scparated by the interposi-
tion of the gelatinous substancc devcloped belween them.
Besides the ordinary cells of the beaded filaments, two other
kinds are occasionally obser.able; namely ¢ vesicular cells’ of
largee size than the rést (sometimes occurring at one end of
the filaments, somectimes in their centre, and sometimes at
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intervals along their whole length), which arc destitute of
endochro‘nc, and are sometimes furnished with cilia; and
‘sg;)ranglal cells, which seem like enlarged forms of the
ordinary cells, and which are usually found in the ncighbour-
hood og the preceding. There is very strong cvidence from
analogy, that the ‘vesicular cells’ arc ¢ antheridia’ or sperm-
cells, and that the ‘sporangial cells’ contain germs, which
when fertilized by the antlicrozoids, and set frce, become
‘resting-spores,” as in certain members of the family to be
next noticed.

197. Although many of the plants belonging to the famnily
Siphonacee atiuin a considerable size, and resemble the higher
Sca-werds in their general mode of growth, yet they retain a
simplicity of structure so extrcme, that it apparently requires
them to be ranked among the Protophytes. They arc in-
habitants both of fresh-water and of the sca, and consist of
very large tubular cells, which commonly extend themsclves
into branches, so as to form an arborcscent frond. These
branches, however, arc seldom separated from the stem by
any intervening partition ; but the whole frond is composed
of a simple eontinuous tube, the entirc contents of which may
be readily pressed-out through an orifice made by wounding
any part of the wall. The Vawucherin, named after the
Genevese botanist whose admirable rescarches on the fresh-
water Confervee have been already referred-to (p. 7), may be
sclected as a particularly-good illustration of this family ; its
history having been pretty-completely made out.  Most of its
spccies arc inhabitants of fresh-water; but some are marine;
and they commonly present themsclves in the form of eushion-
like masses, composed of irregularly branching filaments,
which, although they remain distinet, are densely tufled
together, and variously interwoven. The formation of moving
gowidia or ¢ zoospores * may he readily observed in these plants,
the whole process usually occupying but a very short time.
The extremity of onc of the filaments usually swells-up in the
form of a club, and the endochrome accumulates in 1t, so as
to give it a darker hue than the rest: a scparation of this
part from the remainder of the filament, by the interposition of
a transparent space, is next scen; a new envclope is then
formed around the mass thus cut-off ; and at last the mem-
branous wall of the investing tube gives-way, and the “zoo-
SEorc > escapes, not, however, until it has undergone marked
changes of form, and exhibited curious movements. Its motions
continue for some time after its escape, and arc then plainly
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scen to be due to the action of the cilia with which its whole
surface is clothed. If it be placed in water in which some
carmine or indigo has been rubbed, the coloured granules are
seen to be driven in such a manner as to show that a powerful
current is produced by their propulsive action, and a long
track is left behind it.  When 1t meets with an obstacle, the
ciliary getion not being arrested, the zoospore is flattened
against the object; and it may thus be compressed, even to
the extent of causing its endochrome to be dll)sc]mrged. The
cilia are best seen, when their movements have been retardpd
or entirely arrested by means of opium, iodinc, or other
chemical rcagents. The motion of the spore continues for
about two hours; but after the lapse of that time it soon
comes to an end, and the spore begins to devclope itself into
a new plant. It has been observed by Unger, that the escape
of the zoospores gencrally takes-place towards 8 A.M.; to
watch this phenomenon, therefore, the plant should be
gathered the day before, and its tufts examined carly in the
morning. It is stated by Dr. Hassall, that he has secn the
same filament give-off two or three zoospores successively.
Their emission 1s obviously to be regarded as a mecthod of
inercasc hy gemmation, rather than as a generative act; and
recent discoveries have shown that there exists in this humble
plant a true process of Sexual Generation, as was, indeed, long
ago suspeeled by Vaucher, though upon no sufficient grounds.
The branching filamenis are often scen to bear st their
sides peculiar globular or oval capsular protuberances, some-
times separated by the interposition of a stalk, which are filled
with dark endochrome ; and these have heen observed to give
exit to large bodies covered with a firm envelope, from which,
after a time, new plants arise.  In the immediate neighbour-
hood of these €capsules’ arc always found certain other
projections, which, from being usually pointed and somewhat
curved, have heen named “horns’; and these were supposed
by Vaucher to fulfil the function of the anthers of flowering-
p{mts. The recent obscrvations of Pringsheim have shown
that such is really the case; for the ‘horns’ arc ¢ antheridia,’
which, like those of the Claracee (§ 202), produce anthero-
zoids in their interior ; whilst the capsules are ‘germ-cells,’
whose ageregate mass of endochrome is destined to become,
when fertilized, the primordial cell of a new gencration.
The antherozoids, whep sct-free from the antheridium, swarm
over the exterior of the capsule, and have actually heen secn
to penctrate its cavity, through an aperture which oppor-
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tunely forms in its wall, and to come into contact with the
surface of its endochrome-mass, over which they diffuse them-
selves; there they seem to undergo dissolution, their contents
mingling themselves with those of the germ-ccll; and the
endochrome-ass, which Lad previously no proper investment
of its own, soon begins to form an envelope, which increases
in thickness and strength, until it has acquired such a deusity
as cnables it to afford a {irm protection to its contents. This
body, possessing no power of spontaneous movement, is known
as a ‘resting-spore,” in contradistinction to the ¢zoospores’
already described ; and it answers the purpose of a sced, in
laying the foundation for a new generation, whilst the
¢zoospores * merely multiply the individual by a process
analogous to budding.—The {Jicroscopist who wishes to study
the development of zoospores, as well as several ether pheno-
mena of this low type of vegetation, may advantageously have
rccourse to the little plant termed /lcﬁllya prolyfera, which
grows parasitically upon the bodies of dead flics lyiug in the
water, ‘)ut also not unfrequently attaches itself to the gills of
fish, and is occasionally found on the bodics of frogs. Its
tufts arc distinguishable by the naked eye, as clusters of
minute colourless filaments; and these are found, when
examined by the microscope, to be long tubes devoid of all
partitions, extending themselves in various dircetions. The
tubes coutain a colourless slightly-granular protoplasm, the
particles of which are seen to move slowly in streums along
the walls, as in Chara, the currents occasionally anastomosing
with cach other (Fig. 106, ¢). Within about thirty-six hours
after the first appearance of the parasitc on any body, the
protoplasm begins to accumulate in the dilated cends of the
filaments, each of which is cut-off from the rcmainder b

the formation of a partition; and within this dilated ccll, the
movement of the protoplasm continues for a time to be dis-
tinguishable. Very speedily, however, its cndochrome shows
the appearance of being broken-up into a large number of
distinct masses, which arc at first 1n closc contact with cach
other and with'the walls of the ccll (Fig. 106, o), bul which
gradually become more isolated, each sceming to acquire a
proper cell-wall ; they then begin to move-about within the
parent-cell; and, when quite mature, they are sct-frec hy the
rupture of its wall (B), to go-forth and form new attach-
ments, and to devclope themselves into tubiform cells resem-
bling those from which they sprang. Each of these “motile
gonidia’ is possessed of only two cilia; their movements arc
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not so powerful as those of the zoospores of Vaucheria; and
they come to an cnd sooner. This plant forms ¢resting

F1ea. 106.
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Development of dchyla prolifera —a, dilated extremity of a fila-
ment b, separated from the rest by a partition «, and contannng
young cells i progress of formation;—n, conceptacle dischargmy
itsclf, and scttmg-tree young cells, a b, ¢,--¢, portion of hilament,
showing the course of the ewrculation of granular protoplasm,

spores’ also, like thosc of Vaucheria; and there is every pro-
bability that they are generaled by a like scxual process.
They may remain unchanged for a long time in watcr, when
no suitable nidus exists for them; Fi)ut will quickly ger-
minale, if a dead inscet or other suitable object be thrown-in,
—One of the most curious forms of this group, is the Hydro-
dictyon utriculatum, which is found in fresh-water pools in the
midland and southern colmtics of England. Its frond consists
of a green open network of filaments, acquiring, when full-
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grown, a length of from four to six inches, and composed of a
vast number of cylindrical tubular cclls, which attain the
length of four lines or more, and adhcre to each other by
their rounded extremities, the points of junction correspond-
ing to the knots or intersections of the nctwork. Each of
these cells may form within itself an cnormous multitude
(from 7000 to 20,000) of ‘gonidia’; which, at a certain stage
of their dcvclopmcnt, arc observed in active motion in 1ts
interior; but of which groups are afterwards formed by their
mutnal adhesion, that arc set-frce by the dissolution of their
envelopes, each group giving origin to a new plant-net.
Besides these bodies, however, certain cells produce from
30,000 {0 100,000 more minute bodics of longer shape, cach
furnished with four long cilia and a red spot, wInich are
termed by Braun ¢ microgonidia’: these escape from the cell
in a swarm, move {reely in the water for some time, and then
come to rest and sink to the bottom, where they rémain
heaped in green masses. What#is their future history, has not
yet been ascertained; buf there is evidence from analogy that
they are ‘antheridial’ cells, which have for their office to
fccundate the true germ-cells by contained antherozoids. No
development of ‘resting spores’, however, has yet been ob-
served.  The rapidity of the growth of this curtous plant, is
not one of the least remarkable parts of its history. The
individual cells of which the net is composed, at the time of
their emersion as gonidia, measure no more than 1-2500th of
an inch in length; but in the course of a few wecks, they
rrow to a leugth of from 1-12th 1o 1-3rd of an inch.

19S. Almost cvery pond and diteh contains some members
of the family Confervacee ; bul they are especially abundant
in moving water; and they comstitute the greater parl of
those green threads, which are to he scen attached to stones,
with their free ends floatihg in the direction of the currcnt, in
every running stream, and upon almost every part of the sea-
shore, and which arc commonly known under the name of
“silk-weeds” or ‘erow-silk.” Thetr form is usually very regular;
for each thread is a long cylinder, made-up by the union of a
single file of short cylindrical cclls united to cach other by
their flattened cxtremitics ; sometimes these threads give-off
lateral branches, which have the same structure. The endo-
chrome, though usually green, is_occasionally of a brown or
purple hue; it is sometimes distributed uniformly throughout
the cell (as in Fig. 107), whilst in other instances1t is arranged
in a pattern of -some kind, as a network or a spiral ; but this
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may be only a transilional stage in its development. The
plants of this order are extrcmﬁy favourable subjects for the
study of the method of cell-multiplication by binary sub-
division. This process usually takes place only in the lerminal
cell; and it may be almost always observed there, in some one
of its stages. The first step is seen to be the subdivision of
the e1§ochromc, and the inflexion of the primordial utricle
around it (Fig. 107 4, 2); and thus there is gradually formed
a sort of hour-glass con-
traction across the cavit Fra. 107. P
of the parent-cell,hy WhicK

it is divided into two equal
halves (8). The two sur-
faces of the infolded utricle
produce a double layer of
cellulosc-membrane  be-
tween them ; this is mot
confined, however, to the
contiguous surfaces of the
young cell, but takes-place
over the whole exterior of
the primordial utricle, so
that the new scptum is
continuous with new layers
that arc formed through-
out the interior of the cel-
lulosc wall of the original
cell (¢).—Sometimes, how-
ever, as in Conferva glo-
merate(a common specles),
new cells may originate as b . o
branches from any part of , Pruess of esbmuliplition b o
the surface, by a process ‘“with incomplete separation at a, and
of buddj_ng; whic! , not- complete partition at  ; 1, the separation
withstanding s diftrence  mSe o il prdi
of mode, agrees with that  tional layers of cellulosc wall ¢, beneath
just described in its essen- the mucous investment d, and around the

: ) primordial utricle ¢, which cneloses the
tial character, being the  endochrome .

result of the subdivision .

of the original ccll. A certain portion of the primordial
utricle scems to undergo increased nutrition, for 1t is seen
to project, carrying the ceilulose-envelope before it, so as
to form a little protubcrance; and this sometimes attains
a considerable length, before any separation of its cavity
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from that of the cell which gave origin to it, begins to take
place. This separation is gﬁdually effected, however, by
the infolding of the primordial utricle, just as in the pre-
ceding case; and thus the endochrome of the branch-cell is
completely scvered from that of the stock. The branch then
begins to elongate itself by the subdivision of its first-formed
coﬁ ; and this process may be repeated for a time in all the
cells of the filament, though it usually comes to be restricted
at last to the terminal ccll—The Cosfervacer multiply them-
selves by © zoospores,” which are produced within their cells,
and arc then sct-free, (f'ust as in the Ulvace (§ 195); in most
of the genera, the endochrome of each cell divides into nume-
rous zoospores, which are of course very minute; but in
Bdogonium,—a freshwater genus distinguished by the circular
markings which form rings round the extremities of many of
the cells, and by many interesting peculiarities of growth and
reproduction,*—only a single large zoospore is set-frce from
each ccll; and its liberation is accomplished by the almost
complete fission of the wall of the ccll through one of these
rings, a small part only rcmaining wuncleft, which serves as a
kind of hinge, whercby the two parts of the filament are
prevented from being altogether separated. Sometimes the
zoospore docs not completely extricate itself from the
parcnt-cell ; and it may begin to grow in this situation, the
root-like processes which it puts-forth, being extended into the
cavity.—A true sexual generation has been observed in several
Confervacee ; and is probably universal throughout the group.
Thus in Spheroplea annulina, according to the recent observa-
tions of Dr. Cohn,{ the ring-like masscs of endochrome, of
which several are found in each cell, resolve themselves in
certain of the cells into minute bodieg resembling the anther-
ozoids of Chara (Fig. 112, u), which, after moving freely
within these cells, escape through apertures in their walls,
and then penetrate apertures in the walls of certain other
cells, within each of w{:ich the endochrome has coalesced into
a globular mass; over this mass the antherozoids spread
themselves, and seem to dissolve-away upon its surface; and
after this process has taken-place, the mass of endochrome
acquires a firm envelope, and bceomes a ‘resting spore,’
which, when sct-frce by the rupture of the parent-ccll-wall,
germinates into a new plant.—A curious variation of this

'“ Seee the account of these processes in the “Micrographic Dictionary,”
p. 468,
+ Monatsberichte'der Konigl, Akad. der Wissenschaften,” Mai, 1855.
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process, is seen in GEdogonium ; for instead of the antherozoids
escaping freely from the ¢ sperm-cells’ which produced them,
they are discharged en masse, included within a capsule which
is furnished with cilia, and which so resembles a zoospore’
as to be easily mistaken for it; and it is only when this has
attached itself, and has set-free its contents by the falling-off
of a sort of lid, that the antherozoids are enabled to perform
their f%}tilizing office.—The same thing happens in some other
Confervaces ; in which, however, the antheridial capsules,
being smaller than the zoospores, are distinguished as” migro-
gonidia, whilst the latter are known as macrogonidia. The
offices of these different classes of reproductive bodies are
ouly now beginning to be understood; and the enquiry is
one so fraught with Physiological intercst, and, from the
facility of growing these plants in artificial Aquaria, may be
so_casily pursued, that it may be hoI)ed that Microscopists
will apply themselves to it so zcalously, as not long to leave
any part of it in obscurity.

199. The family Conjugater agrees with that of Confervacew
in its mode of growth, but differs from it in the plan m which
its generative process is performed; this being accomplished
by an act of € conjugation,” resembling that which has been
deseribed in the simplest Protophytes. These plants are not
found so much in running streams, as in waters that are per-
fectly still, such as those of ponds, reservoirs, ditches, or marshy
grounds ; and they arc for the most part unattached, floating
frecly at or near the surface, cspecially when buoyed-up by
the hubbles of gas which are liberated from the midst of them
under the influence of solar light and heat. In an early stage
of their growth, whilst as yet the cells are undergoing multi-
plication fy subdivisiongthe endochrome is commonly diffused
pretty uniformly through their cavities (Fig. 109, o); but as
they advance fowards the stage of conjugation, the endo-
chrome ordinarily arranges itself in regular spirals (8), but
occasionally in some other forms. The act of ¢ conjugation’
usually occurs between the cells of two distinct filaments,
that happen to lie in proximity to cach other; and all the
cells of each filament generally take-part in it at once. The
adjacert cclls put-forth little protubcrances, which come into
contact with cach other, and then coalesce by the breaking-
down of the intervening partitions, so as to establish a free
passage betwecn the cavitics of the conjugating cells. In
some genera of this family (such as Mesocarpus), the con-
jugating cells pour their endochr20mes into a dilatation of the

AA
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passage that has been established between them; and it is
there that they commingle, so as to form the spore or embryo-
cell. But in the Zyguema (¥ig. 108), which is among the
commonest and hest-known forms of Conjugatcw, the endo-
chrome of one cell passes-over cntirely into the cavity of
the other; and it-is within the lattcr that the spore is
formed (c), the two endochromes coalescing into a single

Various stages of the history of Zygnema quininum :—a, three cells,
a, b, ¢, of a young filament, of which b 18 undergomg subdivision; n,
two filaments 1 the first stage of conjugation, showing the spiral
disposition of their endochromes, and the protuberances from the
conjugating cells; ¢, completion of the act of conjugation, the endo-
chromens of the cells of the hlament ¢ having entirely passed-vver to
those of filament 4, n which the sporangia are formed.

mass, around which a firm envelope gradually makes its
appearance. Further, it may be generally obscrved, that «i/
the cells of one filament thus empty themsclves, whilst i/ the
cells of the other filaments become the recipients; here, there-
fore, we scent to have a foreshadowing of the scxual distine-
tion of the generative cclls into ‘sperm-cells’ and “germ-cells,
which we have just seen to exist in the Confervacea (§ 198).
And this transition will be still more complete, if (as Itzig-
sohn has affirmed) the cudochrome of certain filaments of
Spirogyra breaks-up beforc conjugation into little spherical
aggregations, which are gradually couverted into nearly-colour-
less spiral filaments, having an active spontancous motion, and
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therefore corresponding preciscly to the antherozoids of the
truly scxual Protophytes.*

200. The Chatophoracee constitute another beautiful and
interesting little group of Confervoid plants, of which some
specics inhabit the sca, whilst others arc found in fresh and
pure water, rather in that of gently-moving streams, however,
than ig strongly-flowing currents, Generally speaking, their
filaments put-forth
lateral  branches, Fie. 109.
and extend them- /
selves into arbo- 7
rescent  fronds; e
and onc of the dis- .
tinctive characters .7
of the group is
afforded by the
fact, that t}):c CX-
tremitics of these
branches are usu- Y\
allyprolonged into
bristle-shaped pro-
cesses (Fig. 109).
As in many pre-
ceding cascs, these
plants  multiply
themselves by the
conversion of the
endochromeof cer-
tain of their cells
into ¢ zoospores;’
and these, when
set-free, are scen to
be furnished with
f(il{ll‘ large cilia.
¢ Resting - spores’ .
havoalso beonsoen g ks SE.Chetepore s in the et o
Il many SpCCICS ;  motion, on the right.

* This groulilof plants scems to serve as the connecting link between those
simple Protophytes in which the sexes are not yet differentiated, and those
higher forms 10 which the distinction between the ‘sperm-cells’ and ‘germ-
cells’ is very apparent. For Iet it be ﬂ\lp{:oscd that in Spheroplea (§ 19?? acon-
jugation of two adjacent celly were to take place, at that stage n their develop-
ment in which the endochromte is uniformly arrangedin rings, no differentiation
of sexes yet showmgl.:tself,—the process would in all respects correspond
with that of the ordinary Conjugatew. Again, whilst in Mesocarpus, the
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and it is probable that these, as in Confervaces, are true
generative products of the fertilization of the contents of
“germ-cclls’ by ¢ antheroroids’ developed within ¢ sperm-celly’
(§ 198).—Nearly allied to the preceding are the Bafracko-
spermece, whosc name is indicative of the strong resemblance
which their beaded filaments bear to frog-spawn; these ex-
hibit a somewhat grcater complexity of structure, and afford
objects of extreme beauty to the Kﬁcroscopist. The plants
of this family arc all inhabitants of fresh water, and they are
chiefly found 1n that which is pure and gently-flowing. “They
are so cxtremely flexible,” says Dr. Hassall, “that they obey
the slightest motion of the fluid which surrounds them; and
nothing can surpass the case and grace of their movements.
When removed from the water, they lose all form, and appear
like pieces of jelly, without trace of organization; on immer-
sion, howcever, the branches quickly resume their former dis-
position.” Their colour is (}or the most part of a brownish-
greeu ; but sometimes they arc of a reddish or bluish purple.
The central axis of each plant is originally composed of a
single file of large eylindrical cells laid end-to-end ; but this is
subscquently invested by other cells, in the manner to be
presently described. It bears, at pretty regular intervals,
whorls of short radiating branches, cach of them composed of
rounded cells arranged in a bead-hke row (Fig. 110), and
somctimes subdividing again into two, or themselves giving-
off lateral branches. Each of the primary branches originates
in a little protuberance from the primitive cell of the central
axis, precisely after the manner of the lateral cells of Conferza
glomerata (§ 198); as this protubcerance inercases in size, its
cavity is cut-oll by a septum, so as to render it anindependent
cell ; and by the continual repetition of the process of dupli-

two conjugating cells appear to take (as in the Desmidew, § 169) a precisely
similar share in the formation of their product, the first stage of differentia-
tion into sperin-cells and germ-cells 18 ifested in Zyg by the

of the whole endochrome of those of one filament into the ecavities of the
other, and by the formation of the spores within the latter. 1In Spirogyra,
moreover, the endochrome of one¢ sct of cells becomes converted into anthe-
rozoids before cbnjugation, whilst that of the other aggregates into a spo-
rangial mass; thus exhibiting the second stage of diflerentiation, Further,
there are certain species which agree with the ordinary Conjugatew in their
general habit; and which form ‘resting-spores’ like theirs, but in which no
¢ uﬁion has been observed; and it seems not improbable that in these, as
in Spheeroplea, the antherozoids make their way out of the sperm-cell by
minute apertures in its wall, and swim freely about before findmg their way
mnto the germ-cell through the apertures in ifs wall ;—still, however, per-
forming by this means the very same act, as that which is accomplishedpf)y
the more direct Yroceas of conjugation,—viz., the introduction of the content
of the sperm-cell info the interior of the germ-cell,
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cative subdivision, this single ccll becomes converted into a
beaded filament. Certain of these branches, however, instead
of radiating from

the main axis, grow Fia. 110,

downwards upon it,
soastoformacll)oscly-
fitting, investment,
that seems properly
to helong to1t. Some
of the radiating ~ 730N
branches grow-oul *;

into long trauspa-
rent points, hpkc
those of Cheetopho-
racee ; and it does
not seem by any
means improbable,
that these, like the
“horns’ of Vaucheria
(§197),are reallyau-
theridia. For wathin
certain cclls of other
branches, °resting- X
SpOI‘eS’ are forme H Batrachospermum moniliforme,

by the agglomera-

tion of which arc produced the large dark bodies, that arc
scen in the midst o? the whorls of branches (Fig. 110).

201. This seems the most appropriate place to consider a
group of humble plants, having a peculiar interest for Micro-
scopists,~—that, namely, of Characes; in which we have a vege-
tative apparatus as simple as that of the Protophytes already
dcscribec},) whilst their reproductive apparatus is even morc
highly devcloped than that of the proper Algm. They are for
the most part inhabitants of fresh waters, and are found
rather in such as arc still, than in thosc which are in motion;
onc specics, however, may be met-with in ditches whose
waters are rendered salt by communication with the sea.
They may be easily grown for the purposcs of observation, in
large glass jars exposed to the light; all that is necessary
being to pour-off the water occasionally from the upper part
of the vessel (thus carrying away a film that is apt to form on
its surface), and to replace this by fresh water. Each t
is composed of an assemblage of long tubiform cells, placed
end to end; with a distinet central axis, around which the

7
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branches are disposed at intervals with great .
(Fig. 111, o). 1In one of the genera, Nifella, the stem and

Fia. 111,

Nitella flexilis :—a, stem and branches of the natural size; a, b,
¢, d, four verticils of branches issuing from the stem ; e, f; subdivision
of the branches;—s, portion of the stem and branches enlarged;
¢, b, joints of stem; ¢, @, verticils; e, f, new cells sprouting from the
sides of the branches: g, A, new cells sprouting at the extremities of
the brancheg.

branches are simple cells, which somctimes attain the length
of several inches; whilst in the truc Chare, cach central tube
is surrounded by an envelope of smaller ones, which is formed
as in Batrachospermes, save that the investing cells grow
upwards as well as downwards from cach joint, and meet
each other on the stem half-way between the joints. Some
species have the power of secreting carbonate of lime from
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the water in which they grow, if this be at all impregnated
with calcareous matter; and by the deposition of it beneath
their teguments, they have gained their popular name of
< stone-worts.’—These humble plants have attracted much
attention, in consequence of the facility with which the
‘rotation,” or movement of fluid in the interior of the indi-
vidual cglls, may be seen in them. Each cell, in the healthy
state, ':clined by a layer of green oval granulcs, which cover
every part, except two longitudinal lines that remain nea,rlg
colourless (Fig. 111, 8); and a constant stream of semi-fluj

matter, containing numerous jelly-like globules, is seen to fldw
over this green laycr, the current passing up onc side, chang-
ing its direction at the extremity, and flowing down the other
sidc, the ascending and descemfing spaces being bounded by
the transparent lines just mentioned. That the currents are
in some way directed by the lalcr of granules, appears from
the fact noticed by Mr. Varlcy,* that 1f accident damages or
removes them ncar the boundary between the ascending
and descending currents, a portion of the fluid of the
two cwrrents will intermingle by passing the boundary;
whilst, if the inju? be repaired by the development of
new granules on the part from which they had been de-
tached, the circulation resumes its regularity, no part of
either current passing the boundary. In the young cells,
howcver, the rotation may be seen, before their granular
lining is formed. The rate of the movement is affected by
anything which influences the vital activity of the plant;
thus, it is accelerated by moderate warmth, whilst it is
retarded by cold; and it may be at once checked by a slight
electric discharge through the plant. The moving globules,
which consist of starchy matter, are of various sizes; being
sometimes very small, and of definite figure, whilst in other
instances they arc scen as large irregular masscs, which appear
to be formed by the aggregation of the smaller particles.t The

* “Transactions of the Microscopical Society” (First Series), vol. ii. p. 99,

4 This interesting phenomenon may be readily observed, by taking a small
portion of the plant out of the water in which it is growing, and either

lacing it in a large aquatic box (§ 68) or in the zoophyte-trough (§ 69}, or
E;‘ying it on the glass stage-plate %67) and covering it with thin glass.
Tuc modification o‘; the stage-plate which is termed the ‘growing slide,” will
enable the Microscopist to keep a portion of Chara under observation for
many days together; and this is a much simpler and more convenient arrange-
ment than the method devised by Mr. Varley for growing Chara in bottles;
since the bottle requires a special ‘phial-holder’ for fixing it on the Micro-
scope-stage, and the convexity of its surthc:dproduoes some distortion of the
image. The latter method, however, has its advantages for those who wish to
make a special study or a frequent exhibition of the phenomenon in question ;
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Eroduction of new cells, for the extension of the stem or
ranches, or the origina,tion of new whorls, is not here accom-
Ehshed by the subdivision of the parent.cell, but takes-place
y the method of out-growth (Fig. 111, 3, ¢, /> 9> %), which, as

ready shown (§ 198), is nothing but a modification of the
usual process of cell-multiplication ; in this manner, the exten-
sion of the individual plant is effected with considerable
rapidity. When thesc plants arc well supplied with nutriment,
and are actively vegetafing under the influence of light, warmth,
&c., they not unfrequently develope “bulbels,” or gonidia of a
peculiar kind, which serve the same purpose in multiplying the
individual, as is answered by the zoospores of the simpler
Protophytes: these arc little clusters of cells, filled with
starch, which sprout from the sides of the ccutral axis, and
then, falling off, evolve the long tubiform cclls characteristic
of the plant from which they were produced.*—The Characee
may also be multiplied by artificial subdivision; the separated
parts continuing to grow, under favourable circumstances, and
developing themselves into the typical form.

202. ’Il‘%e geucrative apparatus of Claracee consists of two
sets of bodies, both of which grow at thc bases of the
branches (Fig. 112, A, 8); one set is known by the designa-
tion of ‘globules,” the other by that of ‘nucules’ The
globules are really antheridia; whilst the nucules contain the
germ-cells.—The globules,” which are nearly spherical, have
an cnvelope made-up of eight triangular valves (1, ©), often
curiously marked, wll|ic11 enclose a nucleus of a light reddish
colour; this nucleus is principally composed of a mass of
filaments rolled-up compuactly together; and each of these
filaments (c) consists, likc a Conferva, of a linear succession
of cells. In every one of these cells there is formed, by a
gradual change in 1ts contents (the successive stages of which
arc seen at I, &, ¥), a spiral thread of two or three coils, which,
at first motionless, after a time begins to move and revolve
within the cell; and at last the cell-wall gives way, and the
spiral thread makes its way out (@), partially straightens itsclf,
and moves actively through the water for some time (1), in a
tolerably detenmninate direction, by the lashing action of two

and such should consult Mr. Varley’s memoirs in the “ Trunsactions of the
Society of Arts,” vols. alviii, xlix., L; some parts of which are cited by
Mr. Quekett in his “ Practical Treatise on the Microscope,” Third Ed.,
pp. 166, 397, et seq.

* This multiplication by bulbels was described by Amici in 1927; but his
observations scem to have been forgotten by Botunists, until the rediscovery
of the fact by M. Montagne.
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long and very delicate filaments with which they are fur-
nished.—The exterior of the ‘nucule’ (4, B) is formed by five
spirally-twisted tubes, that give it a very peculiar aspect ;

Fi6. 112.

Antheridia of Chara fragilis :—a, antheridium or ¢ globule’ deve-
loped at the base of pistillidium or nucule’;—n, nucule enlarged,
globule laid-open by the scparation of its valves;—c, one of tho
valves, with its group of,antheridial filaments, cach composed of a
linear series of cells, wi thin every one of which an antherozoid is
formed ; —in D, §, and ¥, the successive stages of this formation are
seen ;—and at @ is shown the escape of the mature antherozoids, &
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and thesc enclose a central sac containini; protorlasm, oil,
and starch-globules. At a ccrtain period, the spirally-twisted
tubes, which form a kind of crown around the summit, sepa-
rate from cach other, leaving a canal that leads-down to the
central cell ; and it is probable that through this canal the
antherozoids make their way down, to perform the act of fer-
tilization. Ultimately the nucule falls-off like a seed, and
ives origin to a single new plant by a kind of germination.—
ﬁ‘llc complete specializotion of the Generative apparatus which
we here observe (the organs of which it is composed being
distinetly scparated from the ordinary vegetating structure of
the plant), as well as the complex structure of the organs
themsclves, mark-out this group, in spite of the simplicity of
the rest of its structure, as belonging to a grade very much
above that of the other familics that have heen treated-of in
this chapter; but as scarccly any two Botanists agree upon
the exaet place which ought to be assigned to it, the con-
venicnee of associating it with other forms of vegetation of
which the Microscopist especially takes cognizance, is a suffi-
cicnt reason for so arranging it in a work like the present.



CHAPTER VIL
MICROSCOPIC STRUCTURE OF HIGHER CRYPTOGAMIA.

203. From those simple Protophytes, whose minuterfcss
causcs their entire fabrics to be fitting objects for Microscopic
examination, we pass to those higher forins of Vegetable life,
whosc larger dimensions require that they should be analyzed
(so to speak) by the examination of their separate parts. And
in the present chapter, we shall bring under notice some of
the principal points of interest to the Microscopist, which are
presented by the Cryptugamic series; commencing with those
simpler Alga, which scarcely rank higher than some of
the Protophytes alrcady deseribed; and ending with the
Ferns and their allies, which closcly abut upon the Phanero-

amie or Flowering Plants.  In ascending this series, we shall

ave to notice a gradual differentiation of organs; those set-
apart for Reproduction bemg in the first place separated from
those appropriated to Nutrition (as we have already scen them
to be in the Charace) ; and the principal parts of the Nutri-
tive apparatus, which are at first so blended together that no
real distinetion exists between root, stem, and leaf, being pro-
gressively evolved on types more and more peculiar to cach re-
spectively, and having their functions more and more limited to
themselves alone. Hence we find a differentiation, not merely in
the external form, but also in the intimate structure of organs ;
its degree bearing a close correspondence to the degree in
which their functions are respectively specialized or limited to
particular actions. Thus in the simple (Zva (Fig. 101), what-
cver may be the extent of the frond, every part has ecxactly
the same structure, and performs the same actions, as cvery
other part ; living for and 4y itself alonc. In Batrachosper-
mum (Fig. 110), we have scen a definite arrangement of
branches upon an axis of growth ; and while the branches arc
formed of simple necklace-like rows of rounded cells, the cells
of the stem arc clongﬂied and adhere to onc another by flat-
tencd ends. This kind of differentiation is scen to be carried
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to a still greater extent in Mesogloie (Fig. 113); a plant which

may be considered as onc of the connecting links between

such Protophytes as Batracho-

Fre 113, spermese—which it resembles in

general plan of structure,—and

the Fucoid Algwm, which it re-
sembles in fructification.

204. When we pass to the
higher Sca-weeds, such as the
common Fucus and Laminario,
we obscrve a certain foreshadow-
ing of the distinction between
root, stem, and leaf; but this dis-
tinction is but very imperfectly
carricd-out, the root-like an
stem-like portions scrving for
little else than the mechanical
attachment of the leaflike part
of the plant, and each still ab-

Wewoglow vermeular sorbing and assimilating its own
nutriment, so that no transinis-

sion of fluid takes-place from one portion of the fabric to
another. Hence we find that therc is not yet any departure
from the simple cellular type of structure; the only modifi-
cation bheing, that the several layers of cells, where many
exist, are of different sizes and shapes, the texture being
usually closer on the exterior and looser within; and that the
texture of the stem and roots is denser than that of the
expanded fronds. This simple ccllular type of structure is
waintained through all but the highest Cryptogamia; for it is
not until we come to the Mosscs, that the differentiation of
stem, rool, and leaf is cstablished; and even in these it is
not se fully carried-out, as to requirc a provision for the
free transmission of fluid from one part to another; whilst the
scale of their fabrics is not such as to render it necessary that
their softer parts should be supported by a tissuc of peculiar
density. But in the group of Ferns, w hich, notwithstanding
their complete adhesion to the Cryptogamic tlypc of Repro-
duction, have the general form of t{w higher Il, ants, and cven
attain the size and bearing of trees, we find the leaves scparated
from the roots by the intervention of a stem ; and in this stem,
as also in the leaf-stalks prolonged from it, we find, interposed
in the midst of the cellus)ar tissue which forms their principal
substance, two new forms of structure,—namely, woody fibre
which serves to give strength and support to the stem and
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to the organs it bears, and ducés through which the liquid
absorbed by the roots may be readily conveyed to the leaves.

205. The group of Melanospermous or olive-green Sea-wecds,
which, in the family Fucacee, exhibits the highest type of
Algal structure, presents us with the lowest in the family
Eclocarpacee ; which, notwithstanding, contains some of the
most elegant and delicate structures that are anywhere to be
found im the group, the full beauty of which can only be dis-
ccrned by the microscope. Such is the case, for example,
with the Sphacelarin, a small

and delicate sea-wced, which is Fic. 114,
very commonly found parasitic

upon larger Algwm, either ncar "
low-water-mark, or altogcther sub- B
merged; its general form being 3
remarkably characterized by a sym-

metry that extends also to the in- 3‘3, A
dividual branches (Fig. 111), the sles

cuds of which, however, have a
decayed look, that scems to have
suggested the name of the genus
(from the Greck ogakelos, gan-
grene).—The study of the higher
and larger members of this group,
has recently come to present a
new and very attractive source
of interest to the Microscopist,
in eonsequence of the discovery
of the truly-sexual nature of their
fructification; and we shall take
that of a common specics of Fucus
as the type of that of the order
generally,  The ¢ receptacles’
which are borne at the extremi-
ties of the fronds, here contain
both ‘sperm-cells’ and ¢germ-
cells;’ in some other specics, how-  Terminal portion of branch of
ever, they arc disposed in different Sphacelara cirrhosa.
receptacles on the same plant;

whilst in the commoncst ,of all, F. vesiculosus (bladder-wrack),
they are limited to differcnt individuals.* When a section 1s

* 1t was at first stated by MM. Thuret and Decaisne, that this a8
sometimes diccious, sometimes hermaphrodite ; but they now consider the her-
maphrodite form to be a distinet species, the F. platycarpus described above,
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made through one of the flattened reccptacles of F. platycarpus,
its interior is seen to be a nearly glogular cavity (Fig. 115),

Fra. 116.

TN
7S SO
Q}D{Q“\ZJ%‘"

Vertical gection of receptacle of Fucus platycarpus, lined with fila-
ments, among which lie the antheridial ccils, and the sporangia con-
taining octospores,

lined with filamentous cells, some of which are grcatly
elongated, so as to project through the pore by which the
cavity opens on the surfacc. Among these are to be
distinguished, towards the period of their maturity, certain
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filaments (Fig. 116, o) whose granular contents acquire an
orange hue, and gradually shape themselves into oval bodies

Fie. 116.

/
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N

Antheridia and antherozoids of Fueus platyearpus :-—a, branching
articulated hairs, detached from the \vallz.: of the receptacle, hearing
anthendin in different stages of development; B, antherozowds, some
of them free, others still included in their anthendial eells,

(), cach with an orange-coloured spot, and two long thread-
like appendages, which, when discharged by the rupture of
the containing cell, have for atime a rapid undulatory motion,
wherehy these antherozoids are diffused through the surround-
ing liquid. Lying amidst the filamentous mass, ncar the walls of
the cavily, are seen (Fig. 115) numerous dark pear-shaped
bodies, which are the sporasgia, or parent-cells of the ¢ germ-
cells.”  Kach of these sporangia gives origin, by duplicative
subdivision, to a cluster of cight cells, which is thenee known
as an © octospore ;” and thesc arc liberated from their envelopes,
beforc the act of fertilization takes-place. This act consists
in the swarming of the antherozoids over the surface of the
germ-cells, to which they communicate a rotatory motion by
the vibration of their own filaments ; it takes-place within the
receptacles in the hermaphrodite Fuci, so that the spores do
not make their cxit from the cavity until aftcr they have been
fecundated ; but in the moncecious and dicecious specics, each
BB .
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kind of receptacle scparatcly discharges its contents, which
come into mutual contact on their exterior. The antheridial
cells are usually ejected cntire, but soon rupture, so as to give
exit to their filaments ; the sporangia of the female reeeptacles
discharge their globular octospores within the receptacle;
and these, soon after passing-forth, liberate their separate
spores, which speedily mect with antherozoids and are fecun-

ated by them,” The spores, when fertilized, soon acquire a
new and firmer envelope ; and under favourable circumstances
they specdily begin to develope themsclves into new plants.
The first change that is scen In them, is the projection and
narrowing of one end into a kind of footstalk, by which the
sporc attaches itsclf, its form passing from the globular to the
pear-shaped ; a partition is speedily observable in its intcrior,
its single cell being subdivided into two; and by a continua-
tion of a like process of duplication, first a (ilament, and then
a frondose expansion, is produced, which gradually evolves
itself into the likeness of the parent-plant.—The whole of
this process may be walched without (iiﬁlculty, by ohtaining
specimens of 7. vesiculosus at the period at which the [rue-
tification is shown to be mature, by the reeent discharge of
the contents of the coneeptacles in little gelatinous masses
on their orifices; for if some of the spores, which lhave
been sct-lrec from the olive-green (female) receptacles, he
placed in a drop of sca-water in a very shallow ccll, and
a small quantity of the mass of antherozoids set-free
from the orange-yellow (male) receptacles, be mingled with
the fluid, they will speedily be obscrved, with the aid of a
magnifying power of 200 or 250 diameters, to go through the
actions just deseribed; and the subsequent processes of ger-
mination may be watched by means of the © growing-slide.”*
The winter months, from December to Mareh, are the most
favourable for the obscrvation of these phenomena; hut
where the Tuci abound, some individuals willl wsually be found
in fructification at almost any period of the year.—Even in the
Fucacee, according to recent observations, a multiplication hy
zoospores, like that of the Ulvaceze (§ 195), still takes-place ;
these bodicsbeing produced within certain of the cells that
form the superficial layer of the frond, and swimming-about
frecly for a time after their emission, until they fix themselves
and begin to grow. That they arc to be considered gemme,

* If a cell be not employed, the drop should not be covered, unless some

precaution be taken to keep the pressure of the thin-glass from the minute
bodies beneath, whose movements it will otherwise uupede,
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and not as generative products, appears certain from the fact
that they will vegetate without the assistance of any other
bodies ; whereas the antherozoids of themselves never come
to anything, and the octospores undergo no further changes,
but decay away (as M. Thurct has experimentally ascertained),
if not fecundated by the untherozoids.

206. Among the Rihodospergee, or red Sea-weeds, also, we
find warious simple but most Beautiful forms, which connect
this group with the more clevated Protophytes, especially with
the family Chatophoracee; such delicate feathery or leaf-like
fronds belong, for the most part to the family Ceramiacea gome
members of which are found upon every part of our coasts,
attached cither to rocks or stones, or to larger Algwe, and often
themsclves affording an attachment to Zoophytes and Bryozoa.
They chietly live in deeper water than the other sca-weeds;
and their richest tints arc only exhibited, when they grow
under the shade of projeeting rocks or of larger dark-coloured
Algre.  Henee in growing them artificially in Aquaria, it is
requisite to proteet them from an excess of light ; sinee other-
wise they become unhealthy.—The nature of the fruetification
of 1he Rhodospermeee (ov Floridee) is less perfectly understood
than that of the Fucoid Algw. It is certain, however, that
antheridia  exist among  them; these being developed in
individuals that do not produce spores, and in pretty much the
same situations.  The products of these antheridia, however,
do not exhibit the spontancous motion of ordinary antherozoids.
Of the spores there are two kinds, of which one set are pro-
bably ¢gemmir,” whilst the other ave ¢ germ-cells;” but 1t is
not vet determined to which of the two these characters
respeetively belong,  The ¢ tetraspores,’—which are peculiarly
characteristic of the group, being found in every one of its
subdivisions,—are usually imbedded in the general substance
of the frond, though they sometimes cougregate in particular
parts, or arc restricted to a speeial branch.  Kach i;roup
(Kig. 117, 8) scems to be evolved within one of the ordinary
cells of the frond, which undergoes a duplicative subdivision ;
the four sccondary cells, however, remain enclosed within their
primary cell until the period of maturity, a new cnvelope, the
¢ perispore,’ being formed around them. In the Corallines,
which are sca-weeds whose tissue is consolidated by calcareous
deposit, the tetraspores arc imcluded within hollow coneep-
tacles; but gencrally spesking, it is the simple spores o
which are thus specially protected. These are never scattereg
through the frond, like the tet;aspores; and are commonly

BB
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developed within a ceramidinm, which is an urn-shaped case,
furnished with a pore at its summit, and containing a tuft of

F1e, 117.

Arrangement of tetraspores in Carpocaulon mediderraneum —a,
entire plant; ®, longitudinal section of branch —(N B, Where only
three tetraspores are seen, 1t 18 merely because the fourth did not
happen to be so placed as to be seen at the same view.)

pea.r-shaped spores arising from the base of its cavity. The
resemblance of these bodies in position to 1he ‘octospores ® of
Fuci, would scem to justify the conclusion that lhey are the
truc generative spores, whilst the tetra<pores are gemme, as
Harvey and Thwaites consider them; hut a different view is
taken by Decaisne, Agardh, and other eminent, Algologists,
who regard the tetraspores as the true generative spores, and
consider the simple spores to be gemmae. 1t is, therefore, a
point of much interest to determine by carcful observation
and experiment which is the right view; and Microscopists
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who have the opportunity of studying these plants, cither in
their native haunts, or in artificial Aquaria, can scarcely apply
themselves to a better subject of investigation.

207. The class of Lickens, which consists of p]ants that
closely correspond with Alge in simplicity of organisation, but
differ from them widely in habit, does not present so many
objects of attractive interest to the Microscopist; and the
peculidr density which usually characterizes their structure,
renders a minute cxamination of it more than ordinarily
difficult. Lichens are commonly found growing upon the
trunks or branches of trees, upon rocks or stones, upon hard
carth, or in other situations in which they arc sparingly
supplied with moisture, but are frecly exposed to light and
air. In the simpler forms of this group, the primordial cell
gives origin, by the ordinary process of subdivision, to a
single layer of cells, which may spread itself over the surface
to which it is attached, in a more or less cireular form ; and
onc or more additional layers being afterwards developed
upon its free surface, a tha/fus is formed, which has no very
defined limit, and which, in consequence of the very slight
adhesion of its component cells, is said to be ¢ pulverulent.’
Somctimes, however, the cells of the thallus are rather
arranged in the form of filaments, which penctrate the super-
ficial layers of the bark whercon such Lichens grow, and
which are somctimes also so huterwoven at the outer surface,
as to form a sort of cuticle. Interposed among the ordinary
cells of the thallus, we very commonly find certain green
globular cells, arranged in single bead-like filaments ; these,
which are termed gonidie, being found to be capable of
reproducing the })lant, when detached, must be considered as
emmee. In the higher tribes of Lichens, we fiud the inter-
acing filaments formiug a tough cortical envelope to both
surfaces; whilst in the interior of the firm €erustaccous’
thallus, the gonidial cells are found in regular layers.  Some-
times these inerease in purticulur spots, and make their way
through the upper cortical layer, so as to appear on the
surface as little masses of dust, which arc called soredic.—
Besides these, Lichens contain proper Generative organs, by
which a true scxual reprodnction seems to he effected.  In addi-
tion to the ¢ fructification’ which is commonly recognized by its

rojection from the surface of the thallus, the researches of
R’L Tulasne have defected 4 set of peculiar organs of much
smaller size, not unlike the male receptacles of Fuci (§ 205), to
which he has given the appellation of spermogouia.  From the
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exterior of the cellular filaments which line these cavities, a
vast number of minute oval bodies termed spermatia are
budded-off, which, when mature, escape in great numbers from
the orifices of the spermogonia. They differ from ordinary
antherozoids in being destitute of any power of spontancous
movement ; but in this respect they are paralleled by the
spermatoid bodics of the Floridee (§ 206).  As their parti-
cipation in the production of fertile spores has not yet been
demonstrated, we cannot yet indubitably assign to them the
character of ‘sperm-cclls;’ although various counsiderations
concur to render their possession of this attribute highly
probable. The female portion of the genevative apparatus,
though sometimes dispersed through the thallus, is usually
collected into special aggregations, which form piojections of
various shapes; these, although they have received a variety
of designations according to their particular conformation,
may all be ineluded under the gencral term apothecie.  When
divided by a vertical scction, these bodies at their maturity
are found to contain a number of @sci or spore-cases, arranged
vertically in the midst of straight clongated cells or filuments,
which arc termed paraphyses. Each of the asei contains a
definite number of spores (usually cight, but always a multiple
of two), which are projected from the apotheeia with some
foree, the emission being kept-up continuously for some time ;
this discharge scems to be duc to the dilferent clfect of
moisture upon the different layers of the apotheeiunt.  When
and how the act of fecundation is accomplished, is a matter
still hidden in obscurity ; and the problem is one which,
owing to the difficultics arising out of the dense structure of
the organs, will only be resolved by a combination of sagacity,
manipulative skill, and perseverance, on the part of Micro-
scopic obscrvers who may devote themsclves to the study.
208. In the simplest forms of Fungi, we again return to
the lowest type of Vegetable existence, namely, the single
cell ; and such, if perfect plants, would properly take rank
among the lowest Protophytes.  But there is good reason for
regarding many—perhaps all—ol those which seem most
simple, as the hnperfcctl'y-devclopcd states of other Plants,
which, if they attained their full evolution, would prescut a
much more complex structurc. This is the case, for example,
with the Zorule cerevisie or Yeast-plant, which so abounds in
Yeast, that this substance may be said to be almost entircly
made-up of it. When a small quantity of yeast is placed
under the Microscope, and is magnificd 300 or 400 diameters,
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it is found to be full of globules, which are clearly cells; and
these cells vegetate, when placed in a fermentible fluid
containing some form of albuminous matler in addition to
sugar, in the manner rcpresented in Fig. 118, Each cell puts-

Fie. 118,
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Torula Cerevisie, or Yeast-Plant, as developed during the process of
fermentation .—a, b, ¢, d, successive stages of Cell-multiplication,

forth one or {wo projeclions, which scem {o be young cells
developed as buds or offsets from their predecessors ; these, in
the course of a short time, become complete cells, and agaiu
perform {he same ]n'()(-c.ss; and in this manner the single
cells of yeast deve ope themselves, i the course of a few
hours, into rows of four, live, or six, which remain in con-
tinuity with cach other whilst the plant is still growing, but
whieh separate if the fermenting process he (:hcckcﬁ, and
return to the isolated condition of those which originally
constituted the yeast.  Thus it is, that the quantity of” yeast
first introduced into the fermentible fluid, 1s multiplied six
times or more, during the changes in which it takes part.
The full development of the Plant, however, and the evolution
of its apparatus of fructification, only ocenr, when the fer-
menting process is allowed to go-on without check; and it scems
capable of producing & considerable varicty of forms, whose
precise relationship to each of her has not yet been made clear.
In fact with regard to the Fungi generally, it has been made
apparent by rceent observatious, that different, individuals of
tEc very same species may not only develope {hemselves
according to a great number of very dissimilar modes of
growth, but that they may even bear very dissimilar types of
fructification ; and further, that even the same individual may
ywtforth, al different periods of its life, those two kinds of
{'ructiﬁcation,—-—thc basidio-sporons, in which the spores arc
developed by out-growth from {rec points (Yusidia), and the
theca-sporous, in which they are developed in the interior of
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cases (thecee or asei, Fig. 125),—which lad becn previously
considered as scparately characterizing the two principal
groups, into which the cl{tss is primarily divided. )

209. Many of the simpler forms of Fungi are inhabitants of
the interior of the bodies of other animals, and are only
known as living in these situations. Among thesc may first
be mentioned the Sercina ventricnti (Fig. 119), which is most
frequently found in the matiers vomited by persons sufferis
under disorder of the stomach, but has also heen met-wit;
in other discased
parts of the body.
'he plant has been
deteeted in the con-
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that its presence in

discase is rather to be considered as favoured by the
changed state of the fluids which the discase induces (either
an acid or a fermentible state of the contents of the stomach
having been gencerally found to exist in the cases in which the
plant has heen most abundant), than to be itself the oceasion
of the discase, as some have supposed.  The Swrcine presents
itself in the form of clusters of adherent cells arrunged in
squares, cach squarc containing from 4 to 64, and the number
0? cells being obviously multiplied by duplicative subdivision
in directions transverse to each other " I[n fact, ils general
mode of growth would indicate a near relationship to Gowium,
one of the Volvocinew, which presents itselt in similar qua-
dripartite aggregations ; and many Botanists, looking to this
circumstance, and to the residence of the plant in liquid,
regard it as belonging to the group of Algw. 1t agrees with
the Fungi, however, in not lLiving clsewhere than in liquids
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containing organic matter ; and there can be little doubt that,
as no fructification has yet been seen in it, only its earlicr and
simpler condition is yet known to us. Its true place can-
not be determined, until its whole life history shall have
been followed-out.—There is a form of Fungous vegetation
that is prone to develope itself within the living body, which
is of great cconomic importance, as well as of scientific
interes{ ; this is the Bolrylis bassiana (Fig. 120), a kind of
‘mould,” the growth of which is the real source of a discasce
termed Muscardine, that sometimes carries-off Silk-worms in
large numbers, just when they are about to enter the chrysalis
state, to the great injury of their brecders. The sporu cé‘ of
this fungus, floating in the air, enter the breathing-pores
which open into the trachcal system of the silk-worm
(Chap. xviv.); they first develope themselves within the air-
tubes, which are soon blocked-up by their growth ; and they
then extend themselves through the fatty mass beneath the
skin, occasioning the destruction of this tissue, which is very
important as a reservoir of nutriment to the animal, when it
is ahout to puss into a state of complele inuetivity. The
discase invariably oceasions the death of the silk-worm which
it attacks ; but it seldom shows itself externally until after-
wards, when it rapidly shoots-forth from beneath the skin,
especially at the junetion of the rings of the body.. Although
it spontancously attacks only the larva, yet it may be com-
municated by inoculation to the Chrysalis and the Moth, as
well as to the worm ; and it has been also observed to attack
other Lepidopterous Inscets. A careful investigation of the
circumstances which favour the development of this disease,
was made by Andouin, who first discovered its real nature ;
and he showed that its spread is favouwred by the overerowding
of the worms in the breeding establishinents, and particularly
by the practice of throwing the bodies of such as die, into a
heap in the immediate neighbourhood of the living worins ;
this heap speedily becomes covered with this kind of € mould,”
which finds upon it a most congenial soil; and it keeps-up a
continual supply of sporules, which, being diffused through the
atmosphere of the neighhourhood, are drawn into the breathing
pores of individuals previously healthy.  Wherever the precau-
tions obviously suggested hy the knowledge of the nature of the
disease thus afforded by the Microscopejmvc heen duly put in
force, its extension bas heen hept within comparatively limited
bounds. The plant presents itself (Fig. 120) under a cousider-
able variety of forms; all of which, however, arc of cxtremely
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simple structure, consisting of elongated or rounded cells, con-
nected in necklace-like filuments, very nearly as in the ordinary
“bead moulds.’

Fig. 120,

Botrylis basmana -—A, the fungus as it first appears at the orifices of
the stigmata ; B, tubular filaments bearing short branches, as seen
two days afterwards ; E, magmified view of the same ; ¢, b, appearance
of filaments on the fourth and sixth days; ¥, masses of matwe spores
falling-oft the branches, with filaments proceeding from them.
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210. Again, it is not at all uncommon in the West Indies to
see individuals of a specics of Polistes (the representative of
the Wasp of our own country) flying-about with plants of
their own length projecting from some part of their surface,
the gerns of which have been probably introduced (as in the
f)receding casc) through the hreathing-pores at their sides, and
have taken root in their substance, so as to produce a
luxuritnt vegetation. In  time, however, this fungous

rowth sprca(?b through the body, and destroys the life of the
msect ; 1t then seems to grow more rapidly, the decomposing
tissue of the dead body being still more adapted thanythe
living structure to afford it nutriment.—A similar growth of
different specics of the genus Spherie takes-place in the bodies
of certain caterpillars in New Zealand, Australia, and China ;
and being thus completely pervaded by a dense substance,
which, when dried, has almost the solidity of wood, these
Caterpillars come to present the appearance of twigs, with
loug slender stalks that wme ('nrm(‘(i by the projection of
the fungus itselt. The
Chinese speeies is valued
as a medieinal drug.—
The stomachs and intes
tines of many Worms
and Inscets are infested
with Entophytic Fuugi,
which grow there with
great luxurianee, In the
accompanying  illustra-
tions (Igs. 121, 122)
arc shown some of the
forms of the ZLatero-
bryus,® which has heen
found by Dr. Leidy to be
so constantly present in
the stomach of certam Growth of  Enterobryus ufnmlr'i from

specics of lulus (gil.]]y- mucous membrane of stomach of Jwlus —

" . e '._ a, epithehal-cells of mucous membrane; ),
\'H)I’Ill), that it is ex spiral thallus of Enterobryus; e, prun'ur;
tremely rare to meet  cells, d, secondary cell.

with individuals whose¢ o
stomachs do zof contain it. The Enterobryus originally

* This plant, also, has much affinity to Algwe in its general type of struc-
ture, and 18 referred to that group by many Botamsts, but the conditions of
its growth, as m the casq of Surcina, seem rather to indicate its affimty to
the Fungi; and until its proper fructification shall have been made-out, its
true place in the scale must be considered as undetermined.
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consists of a single long tubular ccll, which sometimes grows
In a spiral mode (Fig. 121), sometimes straight and tapering
(Fig. 122, A); inits young state, the cell contains a transparent
Erotpp!asma, with granules and globules of various sizes;

ut in its more advanced condition, the tube of the filament is
occupied by cells in various stages of devclopment; these
distend the terminal part of the cell (Fig. 122, B), and press

Fi6. 122,

Structure of Enterobryus:—a, growth of E. affenuatus, from
mucous membrane of stomach of Passulus; B, dilated extremty of
primary cell of E elegans, filled with secondary cells, which, near its
termination, become matrally flattened by pressure, c, lower por-
tion of the same filament, containing cells mingled with granules;
p, base of the same tilament, contaimng globules interspersed among
granules.

s0 much against each other that their walls become flattened ;
whilst ncarer the middle of the same filament (c), we find
them retaining their rounded form, and merely lying in
contact with cach other; and at the basc (), they lic detached
in the nidst of the granular protoplasma. In E. spiralis, the
primary cells YFig. 121, 4, ¢) very cowmounly have secondary
and cven ternary cells () developed at their extremities ; but
this is rarcly scen in Z. affenuatus (Fig. 122). 1t may be
considercd as next to certain that the tubular filaments rupture,
when the contained cells have arrived at maturity, and give
them cxit; and that these cells are developed, under favour-
able circumstances, into tubular filaments like those from
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which they sprang; but the process has mnot yet been
thoroughly made-out. This is obviously not the true Genera-
tion of the plant, bul is analogous to the development of
zoospores in Achlye (§197). It is not a little curious,
morcover, that the Entozoa or parasitic worms infesting the
alimentary canal of these animals, should be frequently clothed
externally with an abundant growih of such plants; in one
instancs Dr. Leidy found an Ascaris bearing twenty-three
filaments of Enferobryus  which appeared to cause no incon-
venience to the animal, as it moved and wriggled-about with
all the ordinary activity of the species.”  The presence of #his
kind of vegetation scems to be rclated to the peculiar food of
the animals in whose stomachs it is found; for Dr. Leidy
could not discover a trace of these or of any other parasitic
plants in the alimentary canal of the carwivorous Myriapods
which he examined ; whilst he met with a constant and most
extraordinary profusion of vegetation (Fig. 123) in the stomach

Fra. 123.

Fungoid Vegetation, clothing membrane of stomach of Passulus,
% ® lnu;rminglcd with brush-like hairs, '
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of a herbivorous hectle, the Passulus cornutus, which lives, like
the Tuli, in stumps of old trees, and feeds as they do on
decaying wood.  Of this vegetation, some parts present them-
selves in tolerably definite forins, which have been deseribed
under various names ; whilst other portions have the indefinite-
ness of imperfeetly-developed organisms, and can searcely be
characterized in the present state of our knowledge of them.
With regard to several forms, indeed, Dr. Leidy expresses a
doubt whether they are parasitic plants, or whether they are
outgrowths of the membrane itselfl—There arc various
discased conditions of the Human skin and mucous menbrancs,
in which there 1s a combination of fungoid vegetation and
morbid growth of the animal tissues; this is the case, for
example, with the Zvaea furosa, a disease of the scalp, in which
yellow erusts are formed, that consist, almost entirely of the
myeclium, receptacles, and sporules of a fungus ; and the like
is true also of those white patches (Aphtie) on the lining
membrane of the mouth of children, whieh are known as
Thrush.  In these and similar eases, two opinious are enter-
tained as to the relation of the fungi to the discases in which
they present  themselves;  some  maintaining  that heir
presence is the essential condition of these discases, which
originate in the introduction of the vegetable germs; and
others considering their presence to be secondary to some
morhid alteration of the parts wherein the fungi appear,
which alteration favours their development.  The first of these
doctrines derives a strong support from the faet, that the
discases in question may be communicaied to healthy indi-
viduals, through the introduction of the germs of the fungi b
inoculation ; whilst the sccond is vather consistent witfn
gencral analogy, and espeeially with what is known of the
conditions under which the various kinds of fungoid “blights’
develope themselves in or upon growmg Plants (§ 212.)

211. There arc searcely any Mieroscopie objeets more
beautiful, than some of those forms of ‘mowld’ or “mildew,’
which arc so commonly found growing upon the surface of
jams and other prescrves; ospvvi:&ly when they are viewed with
a low magnifying power, by reflected light  For they present
themselves as a forest of stems and branches, of extremely
varied and elegant forms (Fig.12+4),loaded with fruit of singular
delicacy of conformation, all glistening brightly on a dark
ground. In removing a portion of the ‘mould’ from the
surface whercon it grows, for the purpose of microscopic
cxamination, it is desirable to disturb it no more thau can be
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liclped, in order that it may be secn as nearly as possible in
its natural condition ; and 1t is therefore preferable to take-up
a portion of the membranc-like

substance whereon it usually Fra. 124,

rests, which is, in fact, a myce-
lowme composed  of  interlacing
filaments of the regetuative part
of tha plant, the stems and
branches being its reproductice
portion (§ 213). The univer-
sality of tilc appearance of these
simple forms of Fungi upon all
spots favourable to their deve-
lopment, has given rise to the
l)clli(:f that they are spontane-
ously produced by decaying sub-
stances; but there is no occasion
for this mode of accounting for
it; since the extraordmary
means adopted by Nature for
the production and diffusion of
the germs of these plants, ade-
quately suflices to explam the
facts of the ecase. The nwmber of sporules which any
one Fangus may develope, is almost incaleulable; o single
individual of the pulf-ball tribe has been computed to send
forth no fewer than ten millions.  And their minulencss is
such, that they are scattered through the air in the condition
of the finest possible dust; so that it is diflicult 1o conceive
of a place from which they should be excluded.  This
mode of explanation has received further confirmation from
the facts recently asecrtained, in regard to the great number of
forms wnder which a single gern may develope itself; the
particular form heing determined, it scems likely, by the soil
whereon cach germ happens to grow.  Ilence we are not
obliged to suppose that distinet germs are floating-about
m the atmosphere, for all the forms of fungous vegefa-
tion which appear to be of different species, and which
are only found in particular situations,—the Puccinia rose,
for example, only upon rosc-bushes, Iseria {eh’im only upon
the dung of cats «ﬁcposited m humid and obscure situa-
tions, and Owygena exigua npon the hoofs of dead horses;
—but arc warranted m believing that the real variety of
germs is comparatively small, and that the facts just stated,

Stysanus capul-mednea,
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with others of the same order, only indicate the modifying
{nﬂ:gnce of the circumstances under which they are deve-
oped.
p212. The parasitic Fungi which infest some of the Vege-
tables most important to Man, as furnishing his staple articles
of food, constitutc a group of special interest to the Micro-
scopist ; of which a few of the chicf examples may herc be
noticed. The mildew, which is often found attacking the
straw of Wheat, shows itself externally in the form of circular
clusters of pear-shaped spore-cases (F1g. 125), cach containin,
two compari ments filled wit
F1e. 125. sporules; these (constituting
the Puceima graminis) arise
from a filamentous tissue
constituting the wmycelium,
the threads of which inter-
weave themselves with the
tissuc of the straw; and they
generally make their way to
the surface through the ‘sto-
mata’ or breathing-pores of
its epidermis.  The rust,
which makes its appearance
on the leaves and chaft-scales
of Wheat, has a fructifica-
tion that scems essentially
distinet from that just de-
seribed, consisting of oval
spore-cases, that grow with-
out any regularity of ar-
rangement from the threads
Pucewnia gramuus. of the mycelium ; and henee
it has been considered to
belong to a different genus and species, Lredo rubigo.  But
from the obscrvations of Prof. llcuslow, il scems certain
that the ‘rust’ is only an earlier form of the ‘mildew ;> the
one form baing capable of development into the other, and
the fructification characteristic of the two supposed geuncra
having been evolved on one and the same individual.
Another reputed species of Uredo (the U. segetam) it is,
which, when it attacks the flower of the wheat, reducing
the ears to bluck masses of sooty powder, is known as
‘smut’> or °dust-brand’ The corn-grains arc cntirely re-
placed by aggrcgations of sporcs; and these being of ex-
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treme minuteness, they are very casily and very extensively
diffused. The ‘ bunt” or ¢stinking rust’ is another species of
Uredo (the U. fwtida), which is chicfly distinguished by its
disgusting odour.—The prevalence of these ¢ blights’ to” any
considerable cxtent, seems generally traceable to some seasonal
influences unfavourable to the healthy development of the
wheat-plant ; but they often make their appearance in par-
ticulay localities, through earcless cultivation, or want of due
precaution in the selection of sced. It may be considered as
certain that an admixturce of the spores of any of these fungi
with the grains, will endanger the plants raised from them;
but it is cqually certain that the fungi have little tendency to
develope themselves in plants that are vegetating with perfect
healthfulness.  The wi(llc prevalence of such blights in bad
seasous is not diflicult to account-for, if it be true (as the
observations of Mr. John Marshall, a few years sinee, rendered
probable) that there are really rery few wheat-grains, near the
oiuts of which one or two sporules of Fungi may not be
found, entangled among their minute hairs; and it may be
fairly surmised that these spornles remain dormant, unless
an unfavourable scason should favour their development, by
inducing an unhealthy condition of the wheat-plant.—The
same general doctrine probably applies to the Botrytis, which,
from 1817 to the present time, has had a large share in the
roduction of the ¢ Potatoe-discase ;” and 1o the Oidium, which
has o like relation to the ¢ Vine-discase’ that has heen ex
tending itself for some years past through the south of
Europe. There scems no doubt that, in the fully-developed
discase, the Fungus is always present; and that its growth
and multiplication have a large share in the increase and ex-
tension of the disorder, just as the growth of the Yeast-plant
excites and accclerates fermentation, and its reproduction
enables this action to be indefinitely extended through its
instrumentality. But just as the Yecast-plant will not vege-
tate save in a fermentible fluid,—that is, in a solution which,
in addition to sugar, contains some decomposable albuminous
matter,—so does it scem probable, on a consideration of all
the phenomena of the Potatoe- and Vine-discases, that neither
the Botrytis of the one, nor the Oidium of the other will
vegetate In perfectly healthy plants; but that a disordered
condition, imi)uccd cither by forcing and therefore unnatural
systems of cultivation, or by unfavourable seasons, or by a
combination of botli, Is necessary as a ‘predispesing’ con-
djtion.
cc
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213. In those lower forms of this class to which our notice
of it has hitherto been chiefly restricted, there is not any very
complete separation between its Nutritive or vegetative, and
its Reproductive portions ; every ccll, as in the simplest Iro-
tophytes, being e?unlly concerned in both. But such a sepa-
ration makes itself apparent in the higher ; and this in a very
curious mode. For the ostensible Fungi of almost cvery
description (Fig. 126) consist, in fact, of nothing else than

FiG. 126.

Lerdwum tuseilagrnme :—A, portion of the plant magmtfied, n, section
of one of the conceptacles with its spores.

the organs of fructification ; the nutritive apparatus of these
plants being composed of an indefinite mycelinm, which is a
filamentous  cxpansion (Fig. 127), composed of clongated

Fia. 127,

> IR

Clavarta crispula :—a, portion of the mycelum magnified.
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branching cells (a), interlacing amongst each other, but having
no intimate connection; and this ‘mycelium’ has such an
indefinitencss of form, and varies so little in the different
tribes of Fungi, that no determination of specics, genus, or
even family, could be certainly made from it alone.—The
recent observations of Tulasne render it probable that a true
sexual gencration exists among the Fungi ; since he has ascer-
taingd that the presence of hodies resembling the spermatin
of Lichens (§ 207) may be regarded as universal in the organs
of fructification, at an carly period of their development.
These are budded-off (so to speak) from ramifying filaments,
which arc somectimes developed in the midst of thos¢ that
bear the spores, and are sometimes found on other parts of
the plant, being occasionally included in distinet concep-
tacles or spermogonia, as in Lichens. The whole. history of
the development of the Fungi, and the question of the rela-
tionship of its different forms to cach other, is one that most
urgently calls for re-examination at the present time, under
the guidance of our recently-acquired knowledge, and with
1he assistance of improved instruments of Microscopic investi-
gation ; and whilst there is a wide ficld for the labours of
fhose who poasess only instruments of very moderate capacity,
there are several questions which can only be worked-out by
means of the highest powers and the most carcful applianees
which the practised {\licroscopist can bring to bear upon
them.

214. The little group of Hepatieew or * Liverworts,” which
is intermediate between Lichens and Mosses,—rather agrec-
ing with the former in its general mode of growth, whilst
approaching the Jatter in its fructification,—presents nume-
rous objeefs of greal interest to the Microscopist; and no
speeics 1s richer in these, than the very common Marchantia
polymorpha, which may often be found growing between the
saving-stones of damp court-yards, but which particularly
{uxurlat('s in the neighbourhood of springs or waterfalls,
where its lobed fronds are found covering extensive surfaces
of moist rock or svil, adliering by the radical (root) filaments
which arise from their lower surface. At the period of fructi-
fication, thesc fronds send-up stalks, which carry at their sum-
mits either round shield-like disks, or radiating bodies that
bear some resemblance to a wheel without its tire (Fig. 128);
the former carry the male organs or antheridia, and the latter,
at an carly period, the female 20rgans or archegonia, which

cc
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afterwards give place to the sporangia or spore-cases.* But
besides these, the frond usually bears upon its surface (as
shown in Yig. 128) a

Fic. 128. number of little open

~  basket-shaped ¢ con-

ceptacles,” whose na-
ture and purpose
will be presently ex-
plained—The green
surface of thefrond of
this Liverwort is scen
under a low magnily-
ing power to be d);-
viﬁc(i into minutedia-
mond-shaped  spaces
(Fig. 129, A, a, o)
bounded by raised
Frond of Marchantia polymorpha, with Py q¢ (‘.’ (.); every

emmiparous conceptacles, and lobed recep-
acles bearing pistillidia, one of these spaces

has in its centre a
curious brownish-coloured hody (4, 4), with an opening in
its middle, which allows a few small green eclls to he seen
through it. When a thin vertical scction is made of the
frond (B), it is scen that cach of the lozenge-shaped divisions
of its surface corresponds with an air-chamber in its interior;
which is bounded below by a floor (¢, «) of closely-set cells
(from whose under surface the radical filaments arise), at the
sides by walls (¢, ¢) of similar solid parenchyma, the projection
of whose summits forms the raised bands on the surface, and
above by a cuticle (4, 4) formed of a single layer of cells;
whilst ils interior is occupied by a very loosely-arvanged
parenchyma, composed of branching rows of cells (/; /) that
seem to spring from the floor,—these cells being what are
scen from above, when the observer looks-down through the
central aperture just mentioned. If the vertical scetion should
happen to traverse one of the peculiar bodies which oceupics
the centres of the divisions, it will bring into view a structure
of remarkable complexity. Each of these stomate (as they
are termed, from the Greck oropa, mouth) forms a sort of
shaft (g), composed of four or five rings (like the ¢ courses’ of

* In some species, the same shiclds hear both sets of organs; and in
Marchantia androgyna, we find the upper surface of one half of the pelta
developing antheridia, whilst the under surface of the under half bears
archegonia, -



STOMATA AND

bricks in a chimney)

1
ring being made-up o})

these rings (2) ap-
pears to regulate the
aperture, by the con-
traction orexpansion
of the cells which
compose it, and it is
henece termed the
‘obturator-ring.’ In
this manner, cach of
the air-chambers of
the frond is bronght
into communication
with the external
atmosphere ; the de-
gree of that commu-
nication being regu-
lated by the limita-
tion of the aperfure.
We shall herealter
find (§ 245) that
the leaves of the
higher Plantscontain
inferecllular spaces,
which also connmuni-
cate with the exte-
rior by ¢stomata;’
but that the struc-
ture of these organs
is far less complex
in them, than it is
in this humble Li-
verwort.

215. The basket-
shaped ¢ concepta-
cles’ which are borne v

4), and which may often be found in all stages o

ment, arc structurcs
mature, a number of

359

SI:), every
owest of

CONCEPTACLES OF MARCHANTIA.

aced one upon the other
four or five cells; and the

L for N
’{.. & "’xt\
1oy {
. ) J_D >
pAEI (/
I '&'1‘13\)

4, Portionof frond of Marchantia gol‘ymorphn
seen from above; a, o, lozenge-shaped divisions;
b, b, stomata seen m the centre of the lozenges ;
e, e, greemsh hands separating the lozenges :—n,
vertical section of the frond, showing a, a the
dense layer of cellular tiksue forming the floor
of the cavity d, d ; b, b, cuticular layer, forming
its roof; ¢, ¢, its walls; £, f, loose cells in its in-
terior; g, stoma divided perpendicularly ; &, rings
of cells formmg 1t wall; s, cells forming the
obturator-ring.

ipon the surface of the frond EFig. 130,
develop-
of singular beauty. Thc{ contain, when

little green round or oblong disks, each

composed of two or more laycrs of cells ; and their wall is sur-

mounted by a
themselves regul

listening {ringe of *tecth,” whose edges are
Ifvarly fringed with minute outgrowths. This

fringe is at first formed by the splitting-up of the epidermis,
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en at B, at the time when the conceptacle and its contents
?\:es%rst mal’cing their way ahove the surface. The little disks
(sometimes termed ¢ bulbels,’ from their analogy to the bulbels
or detached buds of

Fic. 130. Flowering Plants) are

at first evolved as single
globular cclls, sup-
ported upon other cclls
which form their foot-
stalks; these singlecells
gradually undergo mul-
tiplication by tTuplica-
tive subdivision, until
they evolve themsclves
into the disks; and
these disks, when ma-
ture, spontancously de-
tach themselves from
their footstalks, and lic
free within the cavity of
the conceptacle. Most
commonly they are at
last washed-out by rain,
and are thus carried to
different parts of the
ncighbourmg  soil, on
which they grow very
rapidly when well sup-
plied with moisturc ;
sometimes,  however,
they may be found
growing whilst stillcon-
tained within the con-

polymorpha .—4, conceptacle fully expanded, ceptacles, ‘fm‘lmng na-
rising from the surface of the frond e @, and  tural grafts (so to
containing dsks already detached;—s, first spcuk) wpon the stock

appearance of cqueeptacle on_ the surfaco of |
the frond, showing the formation of its fringe from which thcy have

by the splitting of the cuticle. been dcvclo[)ed and de-

tached; and many of
the irregular lobes which the frond of the Marchantia puts
forth, seem to have this origin.—When this ]l)lzmt vegetates
in damp shady situations, which arc favourable to the nutri-
tive processcs, it does not readily produce the true fructitica-
tion, which is to be looked-for rather in plants growing in

R

G Ous concey of Marchantia
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more exposed places. Each of the stalked peltate (shield-
like) disEs contains a number of flask-shaped cavities opening
upon its upper surface, which are brought into view by a
vertical section; and in cach of these cavities is lodged an
*antheridium,” composed of a mass of ‘sperm-cells,’ within
which are developed ‘antherozoids’ like those of Chara (§ 202),
surmounted by a long neck that projects through the mouth
of the flask-shaped cavity. ghe wheel-like receptacles
(Fig. 128) on the other ha.ux, bear on their under surface, at
an carly stage, concealed between membranes that connect
the origins of the lobes with one another, a sct of ‘archeggnia,’
shaped like flasks with elongated nccks (Fig. 131); cach of
these has in its interior

a ‘germ-cell,” to which a Fia. 131

canal leads-down from the
extremity of the neck ; and ~
therc is cvery reason to &%
believe that, as in Ferns, }
the germ-cell is fertilized !
by the penctration of the i
anth('ri(liu through this
canal, until they reach it. f
Instead, however, of at
once evolving ifself into
a new plant resembling
its parent, the fertilized

oerm-ccll, or (_‘mhryo.ccll, Archegonia of Marchantia polymor-
acvcl()pcs itself mto a {;ﬂglm sucgessive stages of develop-

mass of cells inclosed

within a capsule, which is {ermed a ¢ sporangium;” and thus the
mature receptacle, in place of archegonia, bears eapsules or
sporangia, which finally burst-open, and discharge their con-
tents.  These contents consist of “spores,” which are isolated
cells, enclosed in firm yellow envelopes; and of ‘claters,’
which are ovoidal cells, each containing a double spiral fibre
coiled-up in its interior. This fibre is so clastic, that, when
the surrounding pressure is withdrawn by the bursting
of the sporangium, the spires extend themsclves (Fig. 132),
tearing-apart the cell-membrane; and they do this suddenly,
50 as to Jerk-forth the spores which may he adherent to their
coils, and thus to assist in their dispersion. The spores, when
subjected to moisture, with a moderate amount of light and
warmth, devilope themselves into little collections of cells,
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which gradually assume-the form of a flattened frond; and
thus the species is very extensively multiplied, every onc of
the mass of spores, which is the product of
F10.132. 3 single germ-cell, being capable of giving

, origin to an independent individual.
| 916. The tribe of Mosses is as remarkable
from the delicacy and minutencss of all the
Q}:mts composing it, as other orders of the
egetable Kingdom arc for the majesty of
their forms, the richness of their foliage, or
the splendour of their blossoms. There 1s not
one of this little tribe, whose external organs
do not serve as beautiful objects, when
viewed with low powers of the Mieroscope ;
while their more conceuled wonders are ad-
mirably fitted for the detailed scrutiny of
the practised observer —The Mosses always
possess a distinet axis of growth, commonly
more or less erect, on which the minute
and delicatcly-formed leaves are arranged
with great regularity. The stem shows some
indication of the scparation of a corfical or
bark-like portion, from the meduilary or pith-
like, by the intervention of a circle of bundles
of clongated cells, which scem to prefigure
the woody portion of the stem of higher
lants, and from which prolongations pass
mto the leaves, so as to afford them a sort of
midrib. The leaf usually consists of cither a
single or a double layer of cells, having flat-
tened sides by which they adhere one to
another; they rarcly present any distinet
epidermic layer ; but such a layer, perforated
by stomata of simple structure, is commonly
found on the sefe or hristle-like footstalks
bearing the fructification, and somectimes on
Elnbee and Sporce the midribs of the leaves. The leaf-cells of
" Morchanten.. the Sphagnum (bog-moss) exhibit a very
curious departure from the ordinary type;
fo& instead of being small and polygonal, they are large
and clongated (Fig. 133); they contain spiral fibres loosely
coiled in their interior; and their membranous walls have
large rounded apertures, by which their cavities freely com-
municate with one another, as is sometimes curiously
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cvidenced by the passage of Wheel-Animalcules, that make
their habitation in these chambers. Between these coarscly
spiral eclls, are some thick- .

walled narrow elongated Fie. 183,

* cells, which give to the b b b ’
lcaf its firmness ; thesc, in
the very young lcaf (as
Mr. Hyxley has pointed-
out) do not differ much
in appcarance from the
others; the peculiarities of
both being cvolved by a
gradual process of *differ-
entiation’—The chief in-
terest of the Mosses, how-
ever, to the Microscopist,
lies in their fructification ;
which recent discoverics
have invested with a new
character. What has been
commonly regarded in that
light, namely, the ‘cap-
sule’ or “urn,’ borne at the
top of a long footstalk, Portion of the leaf of Sphagnum ;
which springs from the sln«x\:vllllhﬁ t}w ]a;'nle cells, a, ;r_, a, with
centre of a_ cluster of  fures, and themtervening band. b, by b,
leaves (Fig‘. 134, A), is not composed of small elongated cells,
the real fructification, but

its product; for Mosscs, like Liverworts, possess hoth an-
theridia and pistillidia, although thesc are by no means con-
spicuous. Thesc organs are somctimes found in the same
envcelope (or perigone), sometimes on different parts of the
same plant, sometimes only on different individuals ; hut in
either casc, they are usually situated close to the axis, among
the bases of the leaves. The antheridia arc globular, oval, or
clongated hodies (Fig. 135, o) composed of aggregations of
cells, of which the exterior form a sort of capsule, whilst the
interior are ‘sperm-cells,” cach of which, as it comes to ma-
turity, developes within itself an € antherozoid’ (8, ¢, v); and
the antherozoids, set-frec by the rupture of the cells within
which they are formed, make their escape by a passage that
opens for them at the summit of the antheridium. The
antheridia are gencrally surrounded by a cluster of hair-like fila-
ments, composed of cells joined together (Fig.134,),and called
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‘paraphyses.” The archcgonia bear a general resemblance to
those of Marchantia (Fig. 131); and there is every reason to

F1e. 134,

Structure of Mosses :—a, Plant of Funaria hygromelrica, showing
S the leaves, » the urns supported upon the setw or footstalks s,
closed by the operculum o, and covered by the calyptra ¢ —s, urns
of Enculyptra vulgaris, one of them closed and covered with the
calyptra, the other open; w, u, the urns; o, o, the opereula; e, ca-
lyptra; p, peristome; s, s, setws:—c, longitudiral section of very
young urn of Splachnum ; a, solid tissue forming the lower part
of the capsule; ¢, col lla; 7, 1 or space around 1t for the
devclopment of the spores; e, epidermic layer of cells, thickened at the
top to form the operculnm o ; p, two intermediate layers, from which
the peristome will be formed; s inner layer of cells forming the
wall of the loculus,

believe that the fertilization of their contained germ-cells is
accomplished in the manner alrcady described; for anthero-
zoids have been observed swimming-about around the arche-
gonia within their involucrum,* and the evolution of capsules
rom archegonia has been ascertained not to take-place in
those Mosses which bhear the two sets of organs on separate

* The detection of the antherozoids ethin the canal of the archegonium,
and up(})‘n the surface of the germ-cell, is a point well worthy of Microscopice
research, .
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Antheridia and Antherozods of Polytrichum commune A, group
of antheridia, mingled with hairs and sterile filaments (paraphyses);
of the three antheridia, the central one is in the act of discharging its
contents; that on the left is not yet mature, while that on the right
has already empticd 1tself, so that the cellular structure of its walls
becumes apparent;;—s, ccjular contents of an antheridium, previously
to the development of the antherozoida;—c, the same, showing the
first appearance of the antherozoids ;—b, the same, mature and dis-
charging the antherozoids.
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individuals, unless an antheridial plant be in the neighbour-
hood. The fertilized embryonal cell becomes gradually deve-
loped by ccll-division into a conical body elevated upon a
stalk ; and this at length tears-ucross the walls of the flask-
shaped archegonium by a circular fissure, carrying the higher
part upwards as a calypfra or hood (Fig. 135, 3,¢) u]‘?on its
summit, while the lower part remains to formn a kind of collar
round the base of the stalk.

217. The ‘urns’ or spore-capsules of Mosses, which are
thus the immediate product of the Generative act, and which
must really be consi({ered as the offspring of the plants that
hear them (although grafted-on to these, and drawing their
nourishment from them), are closed at their summit by
opercule or lids (Fig. 135, B, o, 0), which fall-off when the

contents of the

I're. 136, capsules are ma-

ture, so as to give
them free cxit;
and the mouth
thus laid-open is
surrounded by a
beautifultoothed
fringe, which is
termed the pe-
ristome. This
fringe, as seen in
its original un-
disturbed  posi-
tion, is shown in
Fig. 136; whilst
in Figs. 137-139
Mouth of capsule of Funaria, showing the are shown threc
Peristome 1 sitw, different  forms

of it, spread-out

and detached, illustrating the varicties which it exhibits in
different gencra of Mosses,—varicties whose czistence and
readiness of recognition render them characters of extreme
value to the systematic Botanist, whilst they furnish objects
of great interest and beauty for the Microscopist. The peri-
stome seems always to be originally double, one layer springing
from the outer, and the other from the inner, of two layers of
cells which may be distinguished in the immature capsule
(Fig. 135, ¢, p); but frequently, at the time of maturity, one
or other of these is wanting, and sometimes both are oblite-
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rated, so that there is no peristome at all. The number of
the ‘teeth’ is always a multiple of 4, varying from 4 to 64;
sometimes they are prolonged

into straight or twisted hairs. Fie. 137.

The spores are contained in
the upper part of the capsule,
where they are clustered round
a centrahpillar, which is termed
the columella. In the young
capsule, the whole mass is
nearly solid (Fig. 135, c), the
space () in which the spores
are developed being very small;
but this gradually augments,
the walls becoming more con-
deused; and at the time of
maturity, the interior of the  pouble Peristomeof Fontunales
capsule 1s almost entircly oc- antipyretica.

cupicd by the spores, in the

dispersion of which the peristome seems in some degree
to answer the same purpose as the claters of Iepatice.

FiG. 138, Fia. 139.

(_‘
S DA
Double Peristome of Bryum Double Peristome of Conclidium
intermedium. arcticum,

The development of ithe spores into new plants, com-
mences with the rupture of their outer walls, and a’ protru-
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sion of their inner coats; and from the projecting cxtremit
new cclls are put-forth by a process of outgrowth, which
form a sort of confervoid filament (as in Fig. 145, c). At
certain points of this filament, its component cells multiply by
suhdivision, so as to form rounded clusters, from cvery one
of which an independent plant may arise ; so that several indi-
viduals may be evolved from a sinﬁlc spore. A numerous
aggregation of spores may be developed, as we have seen,
from a single germ-cell; so that the immediate product of
cach act of fertilization does not consist (as in the higher
Plants) of a single seed, that afterwards developes itsclf into
a composite fabric, whence arc put-forth a multitude of leaf-
buds, cvery one of which is capable (under favourable circum-
stances) of evolving itself into a complete Plant; but divides
itself at once into a mass of isolated cells (spores), of which
cvery one may be considered in the light of a bud or gemma
of the simplest possible kind, and onc of the first acts of
which is to put-forth other buds, whereby the rapid extension
of these plants is sccured, although no separate individual
ever attains more than a very limited size.

218. Tu the ferns we have in many respeets a near approxi-
mation to Flowering-plants ; but tlus approximation does not
extend to their Reproducetive apparatus, which is formed upon
a type essentially the same as that of Mosses, but is evolved

at a very different period

Fic. 140. of life. As the componcut

tissues of which their
fabrics arc composed, are
essentially the same as
those which will be de-
seribed in the next chapter,
it will not. be requisite l;ncrc
to dwell upon them. The
stem (where it cxists) is
for the most part mwade-
up of cellular parenchyma,
which is separated into a
corticalandamedullary por-
tion, by the interposition of
a circular series of fibro-
vascular bundles contain-
ing true woody tissue and

Oblique section of footstalk of Fern-leaf, ducts. These bundles form
showing bundle of scalariform ducts. & kind of irregular net-
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work, from which prolongations are given-off that pass into
the leaf-stalks, and thence into the mid-rib and its lateral
branches; and it is their peculiar
arrangement in the leaf-stalks, which Fia. 141
gives to the transverse section of
these the figured marking com-
monly known as ¢King Charles
in the Qak” A thin section, espe-
cially if somewhat oblique (Fig. 140),
displays extremely well the peculiar
character of the Xucts of the Fern;
which are termed ‘sealariform,” from
the resemblance of the regular mark-
ings ontheir walls to the rungs of a
ladder.—What is usually considered
the fructification’ of the Ferns,
affords a most beautiful and readily-
prepared class of opaque ohjects for
the lowest powers of the Microscope;
nothing more being necessary, than
to lay a fragment of the frond that
hears it on its under surface, upon
the glass stage-plate, or to hold it in
the stage-foreeps, and to throw an
adequate light upon it by the side-
condenser. It usually presents itself
in the form of isolated spots, termed
sori, as in the commm}ll Polypodium
Fig. 141) and in the . dspidium Lcale o
gFig. 143); but somctimes these lcamtﬁ,‘;{ ;{-Zf_“ e,
“sori’ arc elongated into bands, as
in the common Seolopendrum (Harts-tongue): and these bands
may coalesce withveach other, so as almost to cover the surface
of the frond with a network, as in emionites (Fig. 142) ; or
they may form merely a single band along its borders, as in the
common Pleris (brake-fern).  The sori are sometimes naked on
the under surface of the fronds; but they are frequently covered
with a delicate membrane, termed the éndusium, which may
cither form a sort of cap upon the summit of cach sorus, as in
Aspiduem (Fig. 143), or a long fold, as in Scolopendram and
Pteris, or a sort of cup, as in Deparia (Fig. 144). Kach of
these sori, when sufficiently magnified, is found to be made-u
of a multitude of capsules or thece (Figs. 143, 144), whicﬁ
arc sometimes closely attached to the surface of the leaf, but
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more commonly spring from it by a pedicel or foot-stalk. The
wall of the capsule is composed of flattened cells, applied to
cach other by

Fig. 142. their edges; bub

there is gene-
rally one row of
these,  thicker
and larger than
the rest, which
springs from the
pedicel, and. is
contmued over
the summitof the
capsule, 50 as to
form a projecting
ring, which 1s
known as the
annulus.  This
ring has an elas-
ticity superior to
that of all the
rest of the capsu-
lar wall, causing
it to split across,
when mature, so
that the con-
tained  spores
Portion of Frond of Hemwonufus, with sori. may escape ; and
Inmanyinstances

carrying the two halves of the capsule widely apart from cach
other (Fig. 141), the fissure extending to such a depth as to
separate them completely.—TIt will frequently lm{)pen, that
specimens of Ferndructification gatherc?{ tor the Microscope,
will be found to have all the eapsules burst and the spores
dispersed, whilst in others, less advanced, the capsules mu?' all
be closed : others, however, may often be met-with, in which
some of the capsules are closed and others arc open; and if
these be watched with sufficient attcntion, the rupture of some
of the thecw and the dispersion of the spores may be observed
to take-place, whilst the specimen is under observation in the
field of the microscope. In sori whose capsules have all hurst,
the annuli connecting their two halves arc the most con-
spicuous objects, looking, when a strong h,ir;ht is thrown upon
tﬁem, like ‘strongly-banded worms of a bright brown hue.
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This is particularly the case in Scolopendrum, whosc elongated
sori are remarkab{y beautiful objects for the microscope in all

Fre 143. Fie. 14,

Sorus and indusium of Asprduum. Sorus and eup-shaped indusium of
Deparwe prolifera.

their stages; until quite mature, however, they need to be
brought into view by turning-back the two indusial folds that
cover them. The commonest Ferns, indeed, which arc found
in almost every hedge, furnish objects of no less heauty than
those yiclded by the rarest cxoties; and it is in every respeet
a most valuable training to the young, to teach them how
much there may be found to interest, when looked-for with
intelligeut cyes, even in the most familiar and therefore disre-
garded specimens of Nature’s handiwork. .
219. The spores (Fig. 145, A) sct-free by the bursting of
the theewm, usually have a somewhat angular form, and are
invested by a yellowish or brownish outer coat, which is
marked, very much in the manner of pollen-grains (Fig. 187),
with points, streaks, ridges, or reticulations. When placed
upon a damp surface, and exposed to a sufficiency of light and
warmth, the spore begins to ¢ germinate,” the first indication
of its vegetative activity being u slight enlargement, which is
manifested in the rounding-off of its angles; this is followed
by the putting-forth of a tubular prolongation (B, #) of the
internal cell-wall, through an aperturc in the outer spore-
coat; and, by the absorption of moisture through this root-
fibre, the inner cell is so diskended, that it bursts the external
unyielding integument, and soon begins to clongate itself in a
direction opposite to,that of the root-fibre. A production of
new cells {:y subdivision then takes-place from its growing
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extremity ; this at first procecds in a single series, so as to form
akind of confervoid filameul (¢); but the multiplication of cells

Frac. 145,

Development of Prothalhum of Pterws serrulata —a, spore set-fiee
from the theca,—s, spore beginning to germinate, putting-forth the
tubular prolongation « from the prineipal cell b, ¢, tst-formed
Imear serics of cells,—p, prothallinm taking the form of a leat-hike
expansion ; « first, and 5 second radical fibre, ¢, d, the two Jobes,
and ¢ the mdentation hetween them, f £, first-formed part ot the
mothalhlum, ¢, external coat of the omginal spore; &, &, antheridia

by subdivision soon takes-place trausversely as well as lougi-
tudinally,so that a flattened leaf-like expansion () is produced,
so closely resembling that of a young Marchantia as 1o be
readily mistaken for it.  This expansion, which is termed the
prothallenm, varics in its configuration in dilferent speeies 5 but
its essential structure always remains the same.  From ats
under surface are developed, not merely the root-fibres («, 4)
which serve' to fix it in the soil, ard at the same time to
supply it with moisture, but also the antheridia and arche-
gonia, which constitute the truc representatives of the essential
parts of the flower of higher Plamts.—Some of the awtheridia
may be distinguished at an early period of the development of
the prothallium (%, £) ; and at the time of its complete cvolution
these bodies are seen in considerable numbers, especially about
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the origins of the root-fibres. Fach has its origin in a peculiar
protrusion that takes-place from one of the cells of the pro-

Fra. 146,

Development of the Anthericia and Antherozoids of Plerw ser-
rulatu - A, projection of one of the cells of the prothallium, showmg
the antherihal cell, 4, with its sperm-cells, e, withm the cavity of
the orgmal ccll, ¢, -1, antheridium completely developed ; «, wall
of antheridial cell, ¢, sperm-cells, each enclosing an antherozond -~
¢, one of the antherozowds more highly magtied, showmg a, 1ts
large extiennty, b, its small extremuty, d, d, its ¢ihia,

thallin (Fig. 146, 4, «), this is al first entively filled with
chlorophy l-granules ; but, soon a peeuliar free cell (4) is seen
in its interior, filled with mucilage and colourless granules.
This cell gradually hecomes filted with another brood of young
cells (¢), and mercases considerably in its dimensions, so as to
fill the projection which incloses it ; this part of the original
cavity is now cut-olf’ from that of the w:l} of which it was an
offshoot, and the antheridium heneeforth rauks as a distinet
and independent organ.  Lach of the secondary ecells (1) con-
tained within its primary cell, is seen, as it approaches
maturity, to contain a spirally-coiled filament ; aud when they
have been set-free by the bursting of the antheridium, they
themselves burst and give exit to their ©antherozoids”® (¢),
which excente rapid movements of rotation on their axes,
partly dependent on the six loug cilia with which they are fur-
nished.—The archegonea are fewer in number, and are found
upon a different part of the prothallium.  Each of them at its
origin presents itsell ouly as a slight clevation of the cellular
layer of the prothallium, within which is a large intercellular
space containing a peeuhar cell (the  germ-cell”), and opening
externally by an onfice at the summit of the projection; but
when fully developed (¥ig. 147), it is composed of from ten
to twelve cclls built-up in Iuyex; of four cells cach; one upon
DD
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another, so as to form a kind of chimney or ‘shaft, l_xaving a
central passage that leads-down to the cavity at its base,
wherein the germ-cell is contained. Into this cavity the

Fia. 147.

Archegonium of Pfers serrulatu -—a, as seen from above; a, a, a,
cells surrounding the base of the cavity, o, ¢, d, successive layers of
cells, the highest enclosmg a quadrangular orifice —n, side-view,
showing 4, A, cavity contaming the germ-cell; B, 5, walls of the arche-
gonium, made-up of the four layers of cells, b, ¢, d, e, and having an
opening on the summit; ¢, ¢, antherozowds within the cawnity; g,
large extremty, &, thread-like portion; ¢, small extremuty in contact
with the germ-cell, and dilated,

antherozoids penctrate, so as to come into contact with the
‘germ-cell;” and, by the softening of the membranc at its
apex, they are even cnabled to enter its cavity, within which
a minute ‘embryonic vesicle’ was previously distinguishable.
This embryonic vesicle, when fertilized by the antherozoids
which move actively round it, becomes the primordial cell
of a new plant, the development of which speedily com-
mences.* By the usual process of duplicative subdivision

* Sce Hofmeister, n “ Ann, of Nat, Hist.,” 2nd Ser. Vol. aiv. p. 272 —The
study of the development of the spores of Ferns, and of the act of ferti-
lization and of its products, may be convemently prosecuted as follows —
Let afrond of a Fern, whose fructification is mature, be laid upon a prece of
fine paper, with its spore-bearing surface downwards, in the course of a day
or two, this paper will be found to be covered with a very fine brownish dust,
which consists of the discharged spores.  This must be carefullv collected, and
should be spread upon the surface of a smoothed fragment of porous sand-
stone; the stone being placed in a wagcer, the bottom of which 1s covered
with water, and a glass tumbler being #erted over 1t, the requisite supply of
moisture is ensured, and the spores will germinate Iuzuriantly. Some of the
prothallia soon advance beyond the rest; and at the time when the advanced
ones have long ceased to produce anthernidia, and hear abundance of arche-
goma, those which have remained behind in their growth are begmning to be
covered with antheridia,  If the crop be now hept with little moisture for
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a globular homogeneous mass of cells is at first formed ; but
rudiments of special organs soon begin to make their appear-
ance; the germ grows at the cxpense of the nutriment pre-
pared for it by the prothallium ; and it soon bursts-forth from
the cavity of the archegonium, which organ in the meantime
is becoming atrophied. In the very beginning of its develop-
ment, the tendency is seen in the cells of one extremity to
grow Wtpwards, so as to evolve the stem and leaves, and in
those of the other extremity to grow downwards, to form the
root; and when these organs have been sufficiently developed
to absorb and preparc the nutriment which the young plant
requires, the prothallium, whose function as a ¢ nurse’ is now
discharged, decays away.

220. The little group of Eguisetacew (Iorsclails), which
seem ncarly allied to the Ferns in the type of their generative
apparatus, though that of their vegetative portion is very
different, affords certain objects of considerable intercst to
the Microscopist. The whoic of their structurc is penetrated
to so extraordinary a degree by silez, that, even when the
organic portion has heen destroyed by prolonged maccration
in dilute nitric acid, a consistent skeleton still remains.  This
mineral, in fact, constitutes in some specics not less than 13

cr cent. of the whole solid matter, and 50 per eent. of their
morganic ash. The cuticle, which is used by cabinct-makers for
smoothing the surface of wood, becomes, through the peculiar
arrangement of its siliceous particles, an extremely beautiful
object under polarized light. Of these particles (cach of
which has a regular axis of double refraction), some are distri-
buted in two lines, parallel to the axis ; others, however, arc
grml{)cd into oval forms, connected wit.h cach other, like the
jewcls of a necklace, by a chain of particles forming a sort of
curvilinecar quadrangle; and these (which are, in fact, the
particles occupying the cells of the stomata) are arranged in
pairs.—What s usually designated as the fructification of the

several weeks, and then suddenly watered, a large number of antheridia and
archegoniu simultancously open, and i a few hours afterwards, the surface
of the larger prothallia will be found almost covered with moving antherozoids,
Such prothallia as exhiat freshly-opened archegoma, are now to be held hy
one lobe between the fore-finger and thumb of the left-hand, so that the upper
surface of the prothalllum lies upon the thumb; and the thinnest possible
sections are then to be made, with aéhin narrow-bladed knife, perpendicularly
to the surface of the prothallium. Of these sections, which, r much prac-
tice, muy be made no more than 1-15th of a line in_tluckness, some will pro-
babiy lay open the canuls of the archegonia : and withun these, when examined
with a power of 200 or'300 diameters, antherozoids may be occasionally
distingwshed.
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Equisetacex, forms a conc or spike at the cxtremity of
certain of the stem-like branches (the real stem being a hori-

Fic. 118,

Spores of Lquisetum.,

zontal thizoma) ; and consists of a cluster of shicld-like disks,
cach of which carries a circle of #hecee or spore-cascs, that
open by longitudinal slits to set-frec the spores. Fach of
these bodies has, attached to it, a pair of clastic filuncnts
(Fig. 148), that arc originally formed as spiral fibres on the
interior of the wall of the primary cell within which the spore
is gencrated, and are sct-free by its rupture ; these arc at first
colled-up closcly around the spore, in the mauner represented
at A, though more closely applied to the surface; but, on the
slightest, application of moisture, they suddenly extend them-
sclves in the manner shown at B; and this motion, like the
catension of the spiral elaters of Marchantia, probably scrves
10 assist in the dispersion of the spores.  If a number of the
spores be spread-out on a slip of glass under the field of view,
and, whilst the observer watches them, a bystander breathe
gently upon the glass, all the filaments will be instantancously
put in motion,—thus presenting an extremely curious speetacle,
—and will almost as suddeuly return to their previous condi-
tion, when the effect of the moisturc has passed-off. These
spores are to be regarded in the swme light as thosc of Ferns;
namely, as yemme or rudimentary buds, not as seeds. They
cvolve themselves after the like method into a prothallium ;
and this developes antheridia and archegonia, by the conjoint.
action of which an embryo is prodnced.

221. In ascending, as we have now done, from the lower to
the higher Cryptogamia, we have scen a gradual change in the
general plan of structure, so that the supcrior forms In-esent
a close approximation to the Flowering Plant, which is
undoubtedly the highest type of Vegetation. But we have
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cverywhere encountercd a mode of Generation, which, whilst
cssentially the sume throughout the series, is essentiaily
distinct {rom that of the Phanerogamia; the {fertilizing
material of the ¢sperm-cell’ bcinﬁ embodicd, as it were, in
sclf-moving filaments, which find their way to the germ-cells
by their own independent movements; and the ‘ embryo-cell *
being destitute of that store of prepared nutriment, which
surroinds it in the true sced, antl serves as the pabulum for
its carly devclopment. In the lower Cryptogamia, we have
seen that the embryo-cell, after fertilization, is thrown at once
upon the world (so to speak) to get its own living; but i the
Liverworts, Mosses, and Ferns, the embryo-cell is nurtured
by the parent-plant, for a period that varies in cach case
according to the naturc of the fabric into which it evolves
itself.  While the true reproduction of the specics is effected by
the proper Gencrative act, the multiplication of the individual
is accomplished by the production and dispersion of spores; and
this production, as we have seen, takcs-placc at very different
periods of existence in the several groups, dividing the life of
cach into two separate cpochs, in which it prescuts itself
under two very distinet phases that contrast remarkably with
cach other. Thus, the frond of the Marchantia, bearing its
antheridia and archegonia, is that which scems naturally to
constitute #Ze plant; but that which represents it in.the
Ferns, is the minute Marchantia-like prothallium. On the
other hand, the product into which the fertilized embryo-cell
cvolves itself in the Ferns, is that which is commonly regarded
as zhe plant; and this is represented in the Liverworts and
‘Mosscs by the spore-capsules alone.—We shall notice, in the
next Chapter (§ 236), the representation of these two phases
in the life of the Flowering Plant, which is traccable by means
of the study of the Lycopodiacee and Conifere ; two groups
that form the liuk of transition between these two  great
divisions of the Vegetable kingdom, the former being probably
to be regarded as the highest of the Cryptogamia, and the
latter as the lowest of the Phanerogamia.®

* Sce the Author’s “Principles of Comparative Physiology,” 4th Edit.
§§ 499-505.
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CHAPTER VIIL
OF THE MICROSCOPIC STRUCTURE OF PHANEROGAMIC PLANTS.

929. Elementary Tissues—In passing from the Cryptogamic
division of the Vegetable Kingdom, to that larger and more
ostensibly-important province which includes the Flowering-
Plants, we do not meet with so wide a departure from those
simple types of structure we have already considered, as the
great differences in general aspect and cxternal conformation
might naturally lcad us to cxpeet.  For a very large proportion
of the fabric of{:vcn the most claborately-formed Tree, is made
up of components of the very same kind with those which
constitute the entire organisms of the simplest Cryptogamia;
and that proportion always includes the parts most actively
concerned in the performance of the vegetative functions.
For although the stems, branches, and roots, of trees and
shrubs, are principally composed of woody tissue, such as we
do not mect-with m any but the highest Cryptogamia, yet the
special oflice of this is to afford mechanical support ; when it
is once formed, it takes no further share in the vital economy,
than to serve for the conveyance of fluid from the roots,
upwards through the stem and branches, to the leaves; and
even in these organs, not only the pith and the bark, with the
‘medullary rays” which scrve to connect thewm, but that ¢ cam-
bium-layer’ 1ntervening between the bark and the wood
(§ 240), in which the periodical formation of the new layers
both of bark and WOOJ takes place, are composed of cellular
substance. This tissue is found, in fact, wherever growti is
taking-place; as, for cxample, in the spongioles or growing-
points of the root-fibres, in the leaf-buds and leaves, and m
the flower-bud8 and sexual parts of the flower: it is only

~when these organs attain an advanced stage of development,
that woody structure is found in them,—its purposc (as in the
stem) being merely to give squort to their softer textures;
and the small proportion of their substance which it forms,
being at once seen in those beautiful skeletons, which, by a
little skill and perseverance, may be made of lcaves, flowers,
and certain fruits. All the softer and more pulpy tissue of
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these organs is composed of cells, more or less compactly aggre-

ated together, and having forms which approximate more or
ess closcly to the globular or ovoidal, which may be considered
as their original type.

223. Asageneral rule, the rounded shape is preserved only
when the cells arc but loosely aggregated, as in the parenchy-
matons (or fleshy) substance of leaves (Fig. 149); and it is then
only, that the distinctness of the walls becomes cvident.
‘When the tissuc becomes more solid, the sides of the vesicles

Section of leaf of Agace, treated with dilute nitrie acid, showing
the primordial utricle contracted in the interior of the cells —a, ep-
dermuce cells, b, boundary-cells of the stoma; ¢, cells of parenchyma;
d, thewr primordial utricles,

arc pressed against cach other, so as to flatten them and to
bring them into close apposition; and they then adhere to one
another in such a manuer, that the partitions appear, except
when carefully examined, to be single, instead of being (as
they really are) double. Frequently it happens that the pres-
surc is exerted more in onc direction than in another, so that
the form presented by the outline of the cell varies accordin
to the direction in which the section is made. This is we
shown in the pith of the young shoots of Elder, Lilae, or other
rapidly-growing trees ; the cells of which, when cut transversely,
encrally exlibit ciroular outlines, whilst, when the scetion
1s made vertically, their borders are straight, so as' to make
them appear like cubes or elongated prisms, as in Fig. 152.
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A very good example of such a cellular parcnchyma is to be
found in the substance known as  Rice-paper ;* which is made
by cutting the herhaccous sten of a Chinese plant termed
Aralia papyrifera,* vertically round and round, with a long
sharp knife, so that its tissue may be (as it were) unrolled in a
sheet.  The shape of the cells, as scen in the rice-paper thus
Kreparod, is irregularly prismatical, as shown in Fig. 150,

ut if' the stem be cul transverscly, their outlines are seen to

Sections of Cellular Parenchyma of Aralia, or Rice-paper plant;—
A, transversely to the axis of the stem; B,1n the direction of the anis,

be cireular or nearly so (a). When, as often lhappens, the
cells have a very clongated form, this clongation 15 m the
direction of their growth, which is that, of course, whercin
there is least resistance.  Ilence their greatest length is
nearly always in the direction of the axis; hut there is one
remarkable  exception,—ihat, namely, which is aflorded by
the “medullary, rays’ of Exogenous stems (§ 239), whose
eclls arc greatly clongated in the horizontal dircction
(Fig. 161, a), their growth being from the centre of the
stem towards its circumference. It is obvious that fluids will
be more readily transmitted in the dircetion of greatest
clongation, being that in which they will have to pass through

* The Aschynomene, which is sometimes named as the source of this article,
is an Indian plant, employed for a sumnilar purpose.
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the least number of partitions ; and whilst their ordinary course
is in the dircetion of the length of the roots, stem, or hranches,
they will be enabled, by means of the medullary rays, to find
their way in the transverse direetion.—One of the most curious
varieties of form which Vegctable cells present, is that repre-
sented in Fig. 151,

whichequstitutes the
stellate ccll. This mo-
dification, to which
we have already scen
an approximation in
the Poleor (§159), is
found in the spongy
parenchymatous sub-
stanee where  light-
ness 1s an ohjeet; as
in the stems of many

Fra, 151,
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:lqllil.tic plants, such Section of Cellular parenchyma of Rush.
as the Rush, which

need 1o he furnished Fre

with aiv-spaces.  In
other instances, these
air-spaces are large
cavitics, which are
altogether left. voud
of tissue ; suchis the
casc in the Nuphar
lutea (Yellow water-
lily), the footstalks of
whose leaves contam
large  air-chambers,
the walls of which
are built-up of very
regular cubieal cells,

whilst some  curi-
ously-formed  large

stellate-cells projeet
into the cavity which
theybound (Fig.152).
—The dimensions of
the component vesi-
clesof Cellular tissue |
are extremcly variable; for although their diamecter is very
commonly between 1-300th and 1-500th of an inch, they occa-

Cubical parenchyma, with stellate cells from
petiole of Nuphar lutea,
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sionally measure as much as 1-30th of an inch across, whilst in
other instances they are not morc than 1-3000th.

224. The component cells of Cellular tissuc are usually held
together by an mtercellular substance, which may be consi-
dered analogous to the ‘gclatinous”’ layer that intervencs be-
tween the cells of the Algee. Therc are many cellular sub-
stances, however, in whicl, in consequence of the loose aggre-
gation of their component cells, these may be readily isolated,
50 as to be prepared for separate examination without the use of
reagents which alter their condition ; this is the case with the
pulp of ripe fruits, such as the Strawberry or Currant (the
Snowherry is a particularly favourable subject for this kind of
examination), and with the parenchyma of many fleshy leaves,
such as those of the Carnation (Diunthus caryophyllus) or the
London-pride  (Suxifrugre erassifolia).  Such eclls usually
contain cvident nuclei, which are turned brownish-yellow by
iodine, whilst their membrane is only turned pale-yellow ; and
in this way the nucleus may be brought into view, wlen, as
often happens, it is not previously distinguishable.  1f a drop
of the iodized solution of chloride of zine be subscquently
added, the cellmembrane becomes of a beautiful blue colour,
whilst the nucleus and the granular protoplasm that surrounds
it, retain their brownish-yellow tint.  The use of dilute nitric
or sulphuric acid, of aleohol, of syrup, or of scveral other
reagents, serves to bring into view the “ primordial utricle’ of
Moll; its contents bemg made 1o coagulate and shrink, so
that it detaches itself from the cellulose-wall with which it is
ordinarily in contact, and shrivels-up within its cavity, as
shown in Fig. 149.

225. It is probable that all cells, at some stage or other of
their growth, exhibit, in a greater or less degree of intensity,
that curious movement of ¢ rotation,” which has been alrcac
described as occurring in the Characee (? 201), and which
consists in the steady flow of onc or of scveral currents
of protoplasm over the inner wall of the ccll; this being
rendered apparent by the movement of the particles which the
current carrics along with it. The best examples of it are found
among submerged plants, in the cells of which it continues
for a much longer period than il usually docs elsewhere ; and
among thesc there arc two, the Vallisueria spurahs and the
Anacharis alsinastrum, which arc peeuliarly fitted for the
exhibition of this interesting phenomenon.  The former is an
aquatic plant that grows abundantly in the rivers of the south
of Europe, hut is not a native of this country; it may, how-
ever, be readily grown in a tall glass jar having at the bottom
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a couple of inches of mould, which, after the roots have
been inserted into it, should be closcly pressed-down, the jar
being then filled with water, of which a portion should be
occasionally changed.* The jar should be 111)-ccly exposed to
light, and should he kept in as warm but equal a temperature
as possible.  The long grass-like leaves of this plant are 100
thick tq allow the transmission of sufficient hght through
them for the purpose of this observation; and it is requisite
to make a thin slice or shaving with a sharp knife. If this be
taken from the surface, so that the scetion chiefly consists of
the superficial layer of cells, thesc will be found to bhe smlﬁ,
and the particles of chlorophyll, though in great abundance,
will rarcly be scen in motion.  Bui if, after the removal of
this layer, a deeper stratum be sliced-off, this will be found to
consist of larger cclls, some of them greatly clongated, with

articles of chlorophyll in smaller number, but carried along
m aclive rotation by the current of protoplasm; and 1t
will often be noticed, that the rotation takes place in con-
tiguous cclls in opposite dircetions.  Lf the movement (as is
gencrally the casc) }l)c cheeked by the shoek of the operation,
it will be revived again by a gentle warmth; and it may
continue under favourable circumstances, in the separated
fragment, for a period of wecks or even of months. 1lence
when it is desired to exhibit the phenomenon, the preferable
method is to make the scetions a little time before {hey
are likely to be wanted, and to carry them in a small vial of
water in the waistcoat pocket, so that they may receive
the gentle and continuous warmth of the body.  In summer,
when the plant is m its most vigorous state of growth, the
section may be taken from any one of the leaves; but in
winter, it is preferable to scleet those which are a little

cllow.t—"The .fnacharis alsinastrum is a water-weed, which,
Kaving been  accidentally intvoduced into this  country
about twelve yems ago, has sinee spread itself with such
rapidity through our canals and rivers, as, in many instances,
seriously to impede the nawvigation. It does ot require
to rool itsclf in the bottom, but floats in any part of the
water it inhabits; and it is so tenacious of life, that even
small fragments are sufficient for the origination of new plants.

* Mr. Quekett has found it the most convenient method of changmg the
water in the jars in which Chara, Vallisneria, &c., are growimng, to place them
oceasionally under a water-tap, and allow . very gentle stream to fall nto
them for some hours, for by the prolonged overflow thus oceasioned, all the
impure water, with the conferva that 1s apt to grow on the sides of'the vessel,

may he readily got rid-of. _
+ An object-glass of 1-4th inch focus affords the best power for the observa-

tion of this interesting phenomenon.
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The leaves have no distinet cuticle, but are for the most part
composed of two layers of cclls, and these are clongated and
colourless in the centre, forming a kind of midrib; towards
the margins of the leaves, however, there is bul a single
layer. Tlence mo preparation whatever is required for the
exhibition of this interesting phenomenon ; all that is neces-
sary being to take a leaf from the stem (one of the older
yel owish Teaves being preferable), and to place it with a drop
of water cither in the aquatic box, or on a slip of glass hencath
a thin-glass cover. A Ligher magnifying power is required,
however, than that which suffices for the exammation of the
rotation in Chara or Vallisneria; the 1-8th inch objeet-glass
being here preferable to the 1-4th, and the assistance of the
Achromatic condenser being desirable.  With this amplifica-
tion, the phenomenon may be best studied in the single layer
of marginal eclls; although, when a lower power is used, it is
most evident, in the clongated cells forming the eentral portion
of the leaf.  The number of chlorophyll-granules in cach cell
varies from three or four to upwards of fifty; they are some-
what Irregular in shape, some being nearly eireular flatfened
dishs, whilst others ave oval; and they are usually from
1-3000th to 1-5000th of an inch i diameter. When the
rotation is active, the greater number of these granules travel
round the margin of the eclls, a few, however, remaining fined
in the centre ; theiriate of movement, though only 1-10th of an
inch per minute, heing suflicient {0 cary them several times
round e cell within that period.  As in the ease of the
Vallisneria, the motion may frequently he observed to take
place in opposite dircetions m contiguous cells.  The thichness
of the layer of protoplasm in which the granules are carried
round, is estimated by Mr. Wenham al no more  than
1-20,000th of an inch. ~ A peculiar undulating appearance is
seen in this, under ceitain modes of ilhumination, which
suggests the idea of ciliary action; but this appearanee is
deaidedly affimed by Mr. Wenham 1o he an optical illusion.
It is & curious circumstance, first remarked by Dr. Bianson,
that the clongated eeils along the margin of the leal and
forming the midrib, contain a large quantity of silex ; as may
be readily scen by polarized light, especially after the leaf has
been boiled for a few minutes m cqual parts of nitric acid and
water, which removes part of the vegetable substance, and
thus reuders the siliccous portion more distinet, without
destroying the form of the leaf.*

* Sce Dr Dranson in “ Quart. Journ. of Microsc. Science,” vol, ii. p. 131,
and vol. u, p 374, and Mr, Wenham, Op. ¢it., vol. iii, p. 277,
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226. The phenomenon of ‘rotation,” however, is by no
means restricted to submerged Plants; for it las been
witnessed by numerous obscrvers in so great a variety of
other specics, that. it may fairly be presumed to be universal,
It is especially observable m the Aairs of the epidermie surface ;
and according to Mr. Wenham, who has recently given much
attentioy to this subject, « the difficulty is to find the excep-
tions, for hairs taken alike from the loftiest Elm of the forest,
to the humblest weed that we trample beneath our fect,
plainly exhibit this eireulation.”  Such hairs are furnished
various parts of plants; and what is chicHly necessary is, that
the part from which the hair is gathered should bhe in a state
of vigorous growth. The hairs should be detached by tearing
off, with a pair of fine-pointed foreeps, the portion of the
cuticle from which they spring; care heing {aken not to
grasp the hair itsclf, whereby such an injury would be doue to
it, as to cheek 1ts eireulation.  The hair should then be placed
with a drop of water under thin glass ; and it will generally
be found advantageons to use a 1-Sth in. objective, with an
achromatic condenser having a series of diaphragms —The
nature of the movement in the hairs of different, species of
plants is far from being wniform.  In some instances, the cur-
reuts pass in single Iines along the entire Iength of the edls,
as in the hairs from the filinents of the Zradescantia vivgiiea
or Virgmian spider-wort, (Fig. 133, A); in others, there are
several such currents which retain their distineiness, as in the
jointed haws of the ealyx of the same plant ()5 in ofhers,
again, the streams coulesce o a network, the reticulations
of which change thew position at short intervals, as in the
hairs of Glaucenm Inferm; whilst, lastly, the current may flow
in a sluggish uniformly-moving sheet orlayer.  Where several
distinct currents exist mone cell, they are all found to have
one comunon point of departure and return, namely the
“nucleus’ (8, «) 5 from which it seems fairly to he inferved, that
this body is the centre of the vital activity of the ecll.® = Mr.
Wenham states thal in all eases in which the sap-motion is
scen i the hairs of a plant, the cells of the eubicle also
display it, provided that their walls are not so opaque or

* The above statement 1s called m question by Mr. Wenham, who affirms
that  whenever he has observed such a “nueleus,” it has either been formed by
an aceidental conglomeration ofsome of the eell-contents, or by mornd condi-
tions —The Author 1s satisfied, however, from the constancy with which the
¢ pucleus’ 18 the entre of thd diverging lines of protoplasm, in those cells
which have several streams radiating from one point, that 1t can neither be an
accidental nor a worbid conglomeration,
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so strongly marked, as to prevent the rotation from being
distinguished. * The cuticle may be most readily torn-off
from the stalk or

the midrib of the F16. 153. :
leaf; and must K
then be examined /
as speedily as pos- Vi
sible, since it loses
its vitality, when
thus ctached,
much sooner than
do the hairs. Even
where no ohvious
movement of par-
ticles s to he seen,
the existence of a
rotation may be
concluded fromthe
peculiar  arrange-
ment of the mole-
cules of the proto-
plasm, which are
remarkable  for
their high refrac-
tive power, and
which, when ar-
ranged in a ‘mov-
ingtrain,’appearas
bright lines across
the cell ; and these
lines,onheing care-
fully watched, arc
seen to aller their
relative positions.

The leaf of the

common _P[mzlazg Circulation of fluid h:ur]s of Tr!irlm(-mllla Ver-
" ginwea .—a, portion of cuticle with har attached ;

(le‘ﬂ’“m or«doc ) a,b, e successive colls of the har d, cells of the

furnishes an exccl- cuticle; e, stoma - --r, jomt of a beaded hair, show-

lent exammleof “ro- ing several currents, «, nucleus,

tation’ ; the move- .

ment being distinguishable at the same tinic, both in the cclls

and in the hairs of the cuticle torn from its stalk or midrib.—

1t is a curious circumstance, that when a plant (such as the

- * Op, cit., vol. iv. p. 44,
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Anacharis) which exhibits the ‘rotation,” is kept in a cold
dark place for one or two days, not only is the movement sus-
Fended, but the moving }i)articles collect-logether in little
hcaps ; these being again broken-up by the separate motion
of their particles, when the stimulus of light and warmth
occasions a renewal of the circulatory action. It is well to
collect_the specimens about mid-day, that being the time
when The rotation is most active; and the movement is
usually quickened by artificial warmth, which, indeed, is a
necessary condition in some instances to its being seen at all.
The most convenient method of applying this warmth, while
the object is on the stage of the microscope, is to blow a
stream of air upon the thin-glass cover, through a glass or
metal tube previously heated i a spirit lamp.

227. The walls of the cells of Plants arc frequentl
thickened by internal deposits, which may present very dif-
ferent appcarances according to the manner in which they are

“arranged. In its simplest condition, such a deposit forms a
thin uniform layer over the whole internal surface of the
ccllulosc-wull (probably on the outside of the primordial
utricle), scarcely detracting at all from its transparency, and
chiefly distinguishable by the ¢dotied” appearance which the
membrane then presents (Fig. 150, o). These dots, however,
are not pores, as their aspeet might naturally suggest; but
arc merely points at which the deposit is wanting, so that the
original cel‘-wnll there remains unthickened.  When the cel-
lular tissue is re-
quired to possess
unusual firnmess, a
deposit of seleroyen
(asubstancewhich,
when  separated
from the resinous
and other matiers
that are commonly
associated with it,
is found to be
allied in chemical
composition to ccl-
lulose) is formed in
successive layers,
one within a'mft l}er ' Tissue of the Testa of the secd-coat of Star-
(Pig.154,A),which  gnira:—a, av secn in scction; b, a8 Gcen on the
present themselves  surface,

Fia. 154,
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as concentric rings when the cells containing them are cut
through ; and these layers are sometimes so thick and nume-,
rous, as almost to obliterate the original cavity of the cell.
By a continuance of the same arrangement as that which
shows itself in the single layer of the dotted cell,—each
deposit being deficient at certain points, and these points
corresponding with each other in the successive layers,—a
series of passages is left, by which the cavity of the ccll
is cxtended at some points to its membranous wall; and
it commonly happens that the points at which the deposit is
wanting on the walls of two contiguous cells, are comeident,
50 that the membranous partition is the only obstacle to the
communication between their cavitics (Figs. 154-156). It is
of such tissue that the ¢stones’ of fruit, the gritty substance

Fra. 156,
Fra. 155.
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Section of Cherry Stone, cutting Section of Coquilla Nut, in the

the cells transversely. .
sversely direction of the long diameters
. N of the cells,

which surrounds the sceds and forms little hard points in the
lleshy substunce of the pear, the shell of the cocoa-nut, and
the albumen of the sced of Phyfelephas (known as € vegetable
wory’), are madcé-up ; and we see the use of this very curious
arrangement, in permitting the cells, even after they have
attained a considerable degree of consolidation, still to remain
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permeable to the fluid required for the nutrition of the parts
which such tissue encloscs and proteets.

228. The deposit sometimes assumes, however, the form of
definite fibres, which lie coiled-up in the interior of cells, so as

to form a single, a double, or
even a triple or quadruple
spircw (Fig. 157). Such ‘spiral
cells’ arc found most abun-
dantly in the leaves of certain
Orchidcous plants, immediately
bencath the cuticle, where they
arebrought into view by vertical
sections ; they may be ob-
tained in an isolated state,
by macerating the leaf and
peeling-off the cuticle, so as
to expose the layer heneath,
which is then casily scpa-
rated into its components. In
anOrchideous plant named Swe-

Fia. 157,

Spiral cells of leaf of Oncrdium,

colaiinm yullatum,the spiral cells are unusually long, and have
spires windiug iu opposite dircctious ; so that, by their mutual

Interseetion, a scries of
diamond-shaped  mark-
ings is produced. Spiral
cellsareoften found upon
the surface of the festa or
outer coat of sceds; and
in the Collowma yrandi-
Hora,AheSulvie rerbenaca
(wild clary), and some
other plants, the mem-
brance of these cells is so
weak, and the clasticity
of their fibres so great,
that when the nwn\%runc
is softencd by the action
of water, the fibres sud-
denly uncoil and clongate
themselves  (Fig. 158),
springing-out, as it were,
from the surface of the
secd, to which they give

Fra. 158,

Spiral fibres of Seed-coat of Collomia,

a peculiar flocculent appearance. This very curious pheno-

EE2
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menon, which greatly perplexes those who are ignorant of
its real nature, may be best observed in the following manner:
—A very thin transversc slice of the seed should first be cut,
and laid upon the lower glass of the aquatic-box; the cover
should then be presscd-down, and the box placed upon the
stage, so that the body of the microscope may be exactly
¢ focussed’ to the obl_jcct, the power em loyed being the 1 inch,
9-3rds inch, or the } inch objective. The cover of the aquatic
hox being then removed, a small drop of water should be
placed on that part of its internal surface, with which the
slice of the sceg had been in contact; and the cover bcgng
replaced, the object should be immediately looked-af. 1t isim-
portant that the slicc of the sced should be very thin, for two
reasons ; first, that the view of the spires may not We confuscd
by their aggregation in too-great numbers ; and sceond, that
the drop of watcr should be held in its place by capillary attrac-
tion, instead of running-down and leaving the object, as it
will do if the glasses be too widely separated.

9929. In some part or other of most Plants, we meet with
cells containing granules of Sfarch. These granules are some-
times minute and very numerous, and are so closcly packed
together as to fill the cavity (Fig. 159); in other mstances

they are of much

¥Fr6. 159, larger dimcensions, so

that only a small
number of them can
be included in any
onc cell; while in
other cases, again,
they are hoth few and
minute, so that they
form hut a small pro-
> portion of the cell-
Cells of Peony, hlled with Starch, contents. Their na-
ture is at oncc de-
teeted by the addition of a solution of iodine, which gives
them a beautiful blue colour. Xach granule exhiluts a
peculiar spot termed the /ifum, which marks the point at
which, in its early state, it is attached to the ccll-wall; and
it also prescnts, when highly magnificd, a set of circular
lines, which are for the most part concentric (or nearly so)
with the hilum. When viewed by polarized light (§ 63),
cach grain exhibits a beautiful dark cross, the point of inter-
section being at the hilum (Fig. 160).—Regarding the internal
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structure of the starch-grain, opinions are very much divided ;
for whilst some affirm the concentric lines to indicate the
existence of a number
of concentric lamellew, Fig. 160.
onc enclosing another,
othersconsiderthatthey
are due to the pecubar
plaiting or involution of
asingle vesicular wall ;*
and among those who
consider it to be concen-
trically lamellated, some
hold that each lamella is
formed outside ov upon
tha.t which l)reced(:(.l 1t, Granules of Sfarch, as seen under
while others consider polarized’ light.
that each is formed in-
side or withie its predecessor. The centre of the granule is
often occupicd by starchy matter in an unconsolidated state; and
it is the appearance arising from its different refractive power,
that has causcd some observers to deseribe the starch-grain as
possessing a nucleus.—Although the dimensions of the starch-
grains produced by any one species of Plant arc by no means
constant, yet there is a certain average for each, from which
noue of them dci)zu't very widely; and by reference to this
average, the starch-grains of different plants that yield this
product in abundance, may be microscopically distinguished
from one another,—a circumstance of considerable importance
in commerce. The largest starch-grains in common use arc
those of the plant (a spceics of Cunna) known as Tows les guois ;
the average diameter of those of the Pofauto is about the
same as the diameter of the smallest of the € tous les mois;’
and the size of the ordinary starch grains of Wheat and of
Sago is about the same as that of the smallest grains of
potato-starch ; whilst the granales of Rice-starch are so very
minute, as to be at once distinguished from any of the pre-
ceding.

230. Deposits of mineral matter in a crystalline condition,

* The first of these opinions is the one which had been generally received
until recently, when Mr, G. Busk supported the latter by new observations
made upon the unfolding of the starch-granule by dilute sulphuric actd ; since
when, Prof. Allman, after repeating Mr. Busk’s observations, has been led to
affirm them to be fallacious, and to revert to the first of the above-mentioned

doctrines.—See Mr. Busk’s memoir in “ Trans. of Microse. Soc.” ser, 2,vol. i.
p. 58, and that of Prof. Allman in “Quart. Journ, of Microse, Sci” vol, i1,

p. 163
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known as Raphides, are not unfrequently found in the cells of
Plants; where they arc at once brought into view by the use
of polarized light.” Their designation (derived from gades, a
needle) is very appropriate to onc of the most common states
in which these I;)odles present themselves, that, namely, of
bundles of needle-like erystals, lying side-by-side in the cavity
of the cell; such bundles are well seen in the cells lyin,

immediately beneath the cuticle of the bulb of the medicina
Squill. It does not apply, however, to other forms which are
scarcely less abundant; thus, instead of bundles of minute
needles, single large crystals, octohedral or prismatic, are
frequently met-with; and the prismatic crystals arc often
aggregated in beautiful stellatc groups. Onc of the most
common materials of raphides, is oxnI])atc of lime, which is
generally found in the stellate form ; and no plant yields these
stellate raphides so abundantly as the common Khubarb, the
best specimens of the dry medicinal root containing as much as
35 per cent. of them. In the cuticle of the bulb of the Orion,
the same material occurs under the octohedral or the prismatic
form. In other instances, the calcarcous base is combmed with
tartaric, citric, ov malic acid; and the acicular raphides arc
suid to consist usually of phosphate of lime  Some raphides
arc as long as 1-40th of an inch, while others measure no
more than 1-1000th. They occur in all parts of plants,—the
wood, pith, bark, root, leaves, stipules, scpals, petals, fruit,
and even in the pollen. They are always situated in cells,
and not, as some have stated, in the intercellular passages ;
the cell-membrane, however, is often so much thinned-away,
as to be scarcely distinguishable.—Certain plants of the Cuctus
tribe, when aged, have their tissues so loaded with raphides
as to become quite brittle; so that when some large speci-
mens of (. senelis, said to be a thousand years old, were sent
to Kew Gardens from South America, some ycars since, it
was found necessary for their prescrvation during transport,
to pack them in cotton, like jewcllery.—It is not yet known
what office the raphides fulfil in the economy of the Plant ; or
whether they ape to be considercd in any other light, than as
non-cssentiafrcsults of the vegetative processes.  For as all
these processes require the introduction of mineral bases from
the soil, and themselves produce organic acids in the sub-
stance of the plant, it may he surmised that the accidental
union of the components will occasion the formation of
raphides wherever such union may occur; and this view is
supported by the fact, that the late Mr. E. Quckett suceeeded
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in ariificially producing raphides within the cells of ‘rice
paper’ (§ 223), by first filling these with lime water by means
of the air-pump, and then placing the paper in weak solutions
of phosphoric and oxalic acids. The artificial raphides of
phosphate of lime were rhombohedral ; while those of oxalate
of lime were stellate, exactly resembling the natural raphides
of the Rhubarb.*

231. A large proportion of the denser parts of the fabric
of the higher Plants, is madc-up of the substance which is
known as Ligneous Lissue, or Woody Fibre. This, however, can
only be regarded as a very simple variety of the ccljular;’
for it is composcd of Ecculiarly-e ongated cclls (Fig. 171, a a),
usually pointed at their two extremities so as to become
spindle-shaped, whose walls have a special tendency to un-

ergo consolidation by the internal deposit of sclerogen. It
is obvious that a tissue consisting of clongated cells, adherent
together by their entire length, and strengthened by internal
deposit, must possess mueh greater tenacity than any tissue
in which the cclls depart but little from the primitive sphe-
rical form; and we accordingly find Woody Fibre introduced,
wherever 1t is requisite that the fabric should possess not
merely density, but the power of resistance to tension. In
the ligher classes of the Vegetable kingdom, it constitutes
the chicf part of the stem and branches, where these have
a firm and durable character; and even in more temporary
structures, such as the herbaceous stems of annual plants, and
the leaves and flowers of almost every tribe, this tissuc forms
a more or less important constituent, being especially found
in the neighbourhood of the spiral vessels and ducts, to which
it affords protection and support. Henee the bundles or
fasciculi composcd of these elements, which form the skélctons
of leaves, amf which give ‘stringiness’ to various csculent vege-
table substances, are commorﬁy known under the name of
Jibro-vascular tissue. In their young and unconsolidated state,
the ligneous cells seem to conduct fluids with great facility
in the direction of their length; and in the Coniferous tribe
whose stems and branches are destitute of vesscls, they afford

* The materials of the above paragraph are derved from the excellent
section on this subject in Prof, Quekett’s * Lectures on 1istology.”—DBesides
the vegetables therein named as atfording good illustrations of different kinds
of Raphides, may be mentioned, the parenchyma of the leaf of Agave, Aloe,
Cycas, Encephulartos, &c., the cuticle of the bulb of the Hyacunth, Tulip, and
Guarlhe (am{ probably of other bulbs), the bark of the Apple, Cascariila,
Cwnchona, Lume, Locust,) and many other trees, the pith of Eleagnus, and
the testa of the sceds of Anagallss and the Elm. '
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the sole channel for the ascent of the sap. But after
their walls have become thickened by intcrnal deposit, they
are no longer subservient to this function; nor, indeed, do
they then appear to fulfil any other purposc in the Vegetable
economy, than that of affording mechanical support. It is
this which constitutes the difference between the alburnum or
‘sap-wood,” and the duramen or ‘heart-wopd,’ of Exogenous
stems (§ 238).—A peculiar sct of markings, seen on the
woody fibres of the Conifere, and of some other tnbgs, is
represented in Fig. 161; in cach of these spots, the inner
circle appears to mark a defi-
ciency ot the lining deposit, as
in the porous cells of other
el il plants ; whilst the oufer cirele
mndicates the boundary of a
lenticular cavity, which inter-
venes between the adjacent
cells at this point, and which
contains a small globular body
that may be sometimes de-
tached. "Of the purposc of
thesc minute bodies interposed
between the wood-cells, no-
thing is known ; there can be
no doubt, however, from the
definitcness and constancy of
their arrangement, that they
fulfil some important objcet in
the economy of the plants in
which they oseur; and there
. . ) are varietics in this arrange-
s st mifron et nhe - ment so characteristic of i
“glandular’ dots; a ¢ q, mcﬁuum ferent tribes, that it is some-
rays crossing the fibres. times possible to determine, by
the microscopic inspection of
a minute f) cnt, even of a fossil wood, the tribe to which
it belonged. The woody fibrc thus marked, is often designated
as ‘glandular.’
232. All the more perfeet forms of Phanerogamia contain,
in some part of their fabric, the peculiar structures which are
known as Spiral Vessels.* These have the clongated shape of

* So long, however, as they retain their original cellular character, and do
not coalesce with cach other, these fusiform spiral cells cannot be regarded as
having any more claim to the designation of vessels, than have the clongated
cells of the higneous tigsue.

F1a. 161.
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woody fibres; but the internal deposit, as in the  spiral cells’
(§ 228), takes the form of a spiral fibre winding from end to
cnd, remaining distinet from the cell-wall, and retaining its
elasticity; this fibre may be single, double, or even quadruFle,
—this last character presenting itself in the very large clon-
aated fibre-cclls of tﬁe Nepenthes (Chinese pitcher-plant).
These cells arc es ecially found in the delicate membrane
‘medullary sheath’) surrounding the pith of Exogens, and in
the midst of the woody bundles occurring in the stem of
Endogens ; thence theyproceed in each case to the leaf-stalks,
through which they are distributed to the leaves. By caweful
disscetion under the microscope, they may bc separated
entire ; but their structure may be more casily displayed, by
cutting round, but not fhrough, the leaf-stalk of the Straw-
berry, Geranium, &c., and then drawing the parts asunder.
The membrane composing the tubes of the vessels will thus
be broken-across; but the fibres within, being elastic, will be
drawn-out and unrolled. Spiral vessels are somctimes found
to convey liquid, whilst in other cascs they contain air only;
the conditions of this difference are not yet, certainly known.
233. Although fluid generally finds its way with tolerable
facility through the various forms of Cellular tissue, especially
in the direction of the greatest length of its cells, a more
direct means of conncetion between distant parts'is required
for an active circulation. This is afforded by what has been
termed Vasiform tissue, which consists merely of cells laid
end-to-end, the partitions between them bcing more or less
obliterated, so that a continuous Duet is formed. The origin
of these ducts in cells is occasionally very cvident, both in
the contraction of their calibre at rcgufar intervals, and in the
persistence of the remains of their partitions (Fig. 175, 4 6);
{)ut in most cases it can only be ascertained by studging the
history of their development, neither of these indications
being traceable. The component cells appear to have been
sometimes simply membranous, but more commonly to have
ossessed the fibrous type (§ 228). Some of the ducts formed
rom the latter (Fig. 162, 2) are so like continuous spiral
vessels, as to be scarcely distinguishable from them, save in the
want of clasticiCy in the spiral fibre, which causes it to break
when the attewnpt is made to draw it out. This would seem to
have taken place, in some instances, from the natural clonga-
tion of the cells by growth ; the fibrc being broken-up into
rings, which sometimes lie close togcther, but more commonly
at considerable intervals; such a duct is said to be annular
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(Fig. 162, 1). Intermediate forms between the spiral and
anmular ducts, which show the derivation of the latter from

n

Fia. 162,

Tongitudinal section of stem of Italian Reed:—a, cells of the pith,
b, ihro-v ) l_mndlc, contajni . lar duct; 2. spral duct;
3 dotted duct, with woody fibre ; e, colls of the integument.

the former, are very frequently to be met-with, The spires are
sometimes broken-up still more completely, and the fragments
of the fibre extend in various directions, 8o as to mect and form
an irregular network lining the duet, which is then said to be
reticuluted. The continuation of the deposit, however, gradu-
ally contracts the meshes, and leaves the walls of the duct
marked only bi; pores like those of porous cells (§ 227); and
canals upon this plan, commonly designated as dotted duets,
are amoung the most common forms of vasiform tissuc, espe-
cially in parts of most solid structure and least rapid growth
}Eig. 162, 3). The ¢ scaluriform’ duets of Ferns (§ 218) are
or the most part of the s]iiral type; but spiral ducts are
frequently to be met-with also in the rapidly-growing lcaf-
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stalks of Flowering-plants, such as the Rhubarb. Not unfre-
quently, however, we find all forms of ducts in the same
bundle, as seen in Fig. 162. The size of these ducts is
occasioually so great, as to enable their openings to be dis-
tinguished by the unaided cye. They are usuﬁly largest in
stems, whose siz¢ is small in proportion to the surface of
leaves which they support, such as the common Cane, or the
Vine ;Mand gencrally speaking they are larger in woods of
dense texture, such ag Oak or Mahogany, than in those of
which the fibres, beié softer, can themselves be subservient
to the conveyance of flaid. They are entirely absent ingthe
Conifera.

231k The Vegetable Tissues, whose principal forms have
been now deseribed, but among which an immense varicty of
detail is found, may be cither studied as they present them-
sclves in thin seefions of the various parts of the plant under
cxamination, or in the isolated condition in which they are
obtained by disseetion.—The former process is the most casy,
and yields a large amount of information : but still it cannot
be considered that the characters of any tissue have been
properly determined, until it has been dissceted-out.  Seetions
of some of the hardest vegetable substances, such as ‘vegetable-
ivory,” the ¢stones’ of fruit, the “shell” of the cocoa-nut, &ec.
(§ 227), can scarcely be obtained except by slicing and
erindimg (§ 108); and these may be mounted either in Canada
balsam or in weak spirit. In cases, however, in which the
tissucs arc of only moderate firmness, the scetion may be
readily and most cffectually made with the ¢Section-Instra-
ment’ (§ 107); and there are few parts of the Vegetable
fabric which may not be advantageously examined by this
means, any very soft or thin portions being placed in it
between two picees of cork. In certain cases, however, in
which even this compression would be injurious, the scctions
must be made with a sharp knife, the substance being laid
upon a slip of glass.—In (Ilissccting the Vegetable tissues,
scarccly any other instrument will be found really necessary,
than a pair of ncedles (in handles), one of them ground to a
cutting cdge. The adhesion between the component cells,
fibres, &ec., is often suflicienily weakened by a few hours’
maceration, to allow of their readily coming-apart, when they
arc torn-asunder by the needle-points beneath the simple lens
of a dissecting-microscope. But if this should not prove to
be the case, it is desirul){c to employ some other method, for
the sake of facilitating their isolation. None is so effectual



428 MICROSCOPIC STRUCTURE OF PHANEROGAMIC PLANTS.

a5 the boiling of a thin slicc of the substance under cxamination,
either in dilute nitric acid, or in a mixture of nitric acid and
chlorate of potass. This last method (which was devised by
Schultz) is the most rapid and cffectual, requiring only a few
minutes for its performance; but as oxygen is liberated with
such freedom as to give an almost cxplosive character to the
mixture, it should be put in practice with catreme caution.
After being thus treated, the tissue should be boiled in
alcohol, and then in water; and it will then be found very
easy to tear-apart the individual cells, @uets, &e., of which it
may be composed. These may be prescrved by mounting in
weak spirit.

235. Structure of the Stem and Rovt.—It is in the stems and
roots of Plants, that we find the greatest varicty of tissues in
combination, and the most regular plans of structure; and
scctions of these, viewed under a low magnifying power, are
objects of peculiar beauty, independently of the scientific
in.()ormation which they afford. The Axis (under which term
is included the Stem with its branches, and the Root with its
ramifications) always has for the basis of its structure a dense
ccllular parenchyma; though this, in the advanced stage of de-
velopment, may constitute Eut a small proportion of it.  In the
midst of this parenchyma we generally find fibro-vascular
bundles ; that is, fasciculi of woody-fibre, with ducts of various
kinds, and (very commonly) s imi7 vessels. It is in the mode
of arrangement of these bundles, that the fundamental differ-
ence exists between the stems that are commonly designated
as Fndogenous, and those which are (morc appropriately)
termed Kzogenous; for in the former, the bundles arc dis-
persed throughout the whole diameter of the axis, without any
peculiar plan, the intervals between them being filled-up by
cellular parenchyma; whilst in the lattcr they arc arranged side
by side, in such a manncr as to form a hollow cylinder of wood,
w{xich includes within it that portion of the cellular substance
which is known as péifk, whilst it is ilsclf enclosed in an enve-
lope of the same substance, that forms the dark. These two
plans of axis-formation,—respeetively characteristic of those
two great groups into which the Phanerogamia are subdivided,
namely the Morocotyledonous, and the Dicotyledonous,—will
now be more pa.rticu{arly described.

236. When a transverse scetion (Fig. 163) of a Monocoty-
ledonous stem is examined microscopically, it is found to
exhibit a number of fibro-vascular bundles, disposcd without
any regularity in the midst of the mass of cellular tissuc,
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which forms (as it were) the matrix or basis of the fabric.
Each bundle contains two, three, or more large ducts, which

Fie. 163.

‘ction of Stem of young Palm.

arc at once distinguished by the size of their openings ; and
these are surrounded by woody fibre and spiral vessels, the
transverse dimmcter of which is so extremely small, that the
portion of the bundles which Zhey form is at once distins
guished in transverse section, by the ('lusenes.g of its texture
(Fig. 164). The bundles are least numerous in the centre of
the stem, and become gradually more approximated towards
the circumference : but it frequently happens that the portion
of the area in which they are most compactly arranged, is not
absolutely at ifs exterior, this portion heing itself surrounded
by an investment composed of cellular tissue only; and
sometimes we {ind the eentral portion, also, completely des-
titute of fibro-vascular hundles; so that a sort of indication
of the distinetion between pith, wood, and bark is here
presented. This distietion, however, is very imperfect ; for
we do not find cither the central or the [l)crl pheral portions cver
scparable, like pith and bark, from the ntermediate woody
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layer. In its young state, the centre of the stem is always
filled-up with cells; but these not unfrequently disappear after
atime, except at the nodes,
Fia. 164. leaving the stem hollow, as
we sce in the whole tribe of
Grasses. When a vertical
scction is made of a woody
stem (as that of a Palm)
of sufficient length to trace
the whole exient of the
fibro-vascular bundles, it is
found that whilst they pass
at their upper extremity
into the leaves, they pass
at the lower end, also, to-
wards. the surface of the
stem, and assist, by their
interlacement withtheouter
bundles,in forming that ex-
tremely tough investinent,
which the lower cnds of
these stems present.  The
Portion of o fibro-vascular bundles once
ortion of transverse section of stem f N
of Wanghe Cane. formed, reccive no further
additions; and the augmen-
tation of the stem in diamcter depends upon the deve-
lopment  of new woody buudles, in continuity with the
leaves which arc successively evolved at its swmit. It was
formerly supposed that these successively-formed hundles
descend in t{lc interior of the stem through its entire length,
until they reach the roots; and as the successive development
of leaves involves a suceessive development of new bundles,
the stem was imagined to be continually receiving additions
to its interior, whenee the term Erdogenous was given to this
type of stem-structure. From the fact just stated, however,
regarding the course of the fibro-vascular bundles, it is obvious
that such a dogtrine cannot be any longer admitted ; for those
which are most recently formed only pi-ss into the centre of
the stem during the higher part of their course, and usually
make their way again to its exterior at no great distance
below ; and thus the lower and older portions of a Palm-stem
really do reeeive very little augmentation in diameter, while a
rapid clongation is takin Elace at its summit. In fact, the
dense unyielding naturc of the fabric, which is formed by the
interlacement of the fibro-vascular bundles at or near the
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surface of the trunk, would prevent any such augmentation
by expanding pressure from within.

237.

In the stems of Dicotyledonous Phanerogamia, we find

a method of arrangement of the several parts, which must be

regarded as the highest form of
the development of the axis,
being that in which the greatest
differentiation exists. A dis-
tinet division is always secn in
a transverse section, between
the three concentric arem of
the pith, the wood, and the
bark; thefirst (@) being central
and the last (4) peripheral, and
these having the wood inter-
Kosod between them, its circle

cing made-upof wedge-shaped
bundles (4, 15, kept-apart by
the bands (¢, ¢) that pass be-
tween the pith and the bark.
—The 2ith (Vig. 165, a) is
almost invariably composed of
cellular tissue only, which

Diagram of the first formation of an
Exogenous stem; a, pith; & b, bark ;
¢ e, plates of cellular tissue (medul-
lary rays) left between the woody
bundles d &,

usually presents (im transverse section) a hexagonal arcola-
ag

tion.

cu newly formed, it has a greenish hue, and its cells

F1a, 165.

Transverse section of young stem of Clematis :—a, pith: b, b, b, woody
bundles; e, ¢, ¢, medullary rays,

arc filled with fluid ; but it

gradually dries-

and loses its

colour ; and not unfrc?ucntly 1ts component cells are torn-apart

hy the rapid growth o

their envelope, so that irregular cavities
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are found in it; or, if the stem should increase with extrcme
rapidity, it becomes hollow, the pith being reduced to frag-
ments which are found adhering to its mterior wall. The
pith is immediatcly surrounded by a delicate membrane, con-
sisting almost cufirely of spiral vesscls, and termed the
“medullary sheath.’

238, The Woody portion of the stem (Fig. 165, 4, 4) is made-
up of woody fibres, usually with the addition of duets of various
kinds; these, however, are absent in onc large group, the
Coniferee or Fir tribe with its allies (Figs. 166, 170-172), in

F10. 166.

Portion of transverse section of stem of Cedar .—a, pith, 4, 4, wood ;
¢, bak.

which the woody fibres are of unusually large diameter, and
have the (‘(’ufiar ¢ glandular’ markings already described
(§ 231). In any stem or branch of more than one year’s
growth, the woody strueture presents a more or less distinet
appearance of division into concentric rings, the number of
which varies with the age of the tree (Fig. 167).  The com-
position of the several rings, which ae the seetions of so
many eylindrical layers, is uniformly the same, however dif-
ferent their thickness; the arrangement of the two prineipal
elements, hqweyer,—namely the woodv tibre and the duets,—
varies in different species; the duets bemg sometimes almost
uniformly diffused  through the whole layer, but m other
instances being confined to its inner part; while in other
cases, again, they are dispersed with a certain regular irregu-
larity (if such an expression may be allowed), so as to give
a curiously-figured uppearance to the transverse section
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(Figs. 167, 168). The gencral fact, however, is, that the
ducts predominate towargs the inner side of the ring (which
is the part of it first

formed), and that the Fia. 167,

outer portion of cach
layer is almost exclu-
sively composedofwoody
tissue such an arrange-
ment iy seen in Fie, 165,
Thus alf ernation of duets
and  woody fibre  fre-
quently serves to mark
t‘w suceession of layers,
when, as is not uncom-
mon, there is no very
distinet line of separa-
tion between them. The
number of  lavers s
usually - considered  to
('Ul‘l‘('\p()l)(l \Ht.]l that of Transverse sectior of stem of Buckthorn
the years during wlich (Bhamnus),

the stem or branch has

been growmg ; and this is, no doubt, generally true in regard
to the trees of temperate elimates.  There appears strong
reason to helieve,

however, that Fra. 164,

such is not the
universal — rules
and  that  we
should he more
correel instating
that each layer in-
dicates an “epoeh
of vegetation;’
which, in temype-
rate clunates, is
.“Mlnl.l-v (but not Portion of the precedmg figme, wore highly
imariably)ayear, maguihed.

but which is com-

monly much less in the ease of trees flourishing in {ropical
regions.  For example, wenot unfrequently meet with stems, in
which the place of a layer of the ordinary breadth is occupied
by two narrow layers 3 the line of demarcation between them
having apparcutly been formed by a temporary interruption to
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the process of growth, in the middle of the period through which
the formation of wood extends. Such an interruption might
occur from heat and drought, in a trec that flourishes best in
a cold damp atmosphere, or from a fall of temperature in a
trec that requires hcat; and in a variable season, it might
recur several times.  Something of this kind would appear to
have been the cause of the peculiar appearance presented by a
section of Hazel-stem (in the Author’s possession), of which a
portion is represented in Fig. 169 ; for between two layers of

Fra. 169.

a b [

Portion of transverso section of stem of Hazel, showing, in the portion
a, b, ¢, six nariow layers of wood,

the ordinary thickness, there intervenes a band whose breadth
is altogether less than that of cither of them, and whichis yet
composed of no fewer than six layers, four of them (r) being
very narrow, and cach of the other two being about as wide
as these four together.—The inner layers of wood arc the
oldest, and the most solidified by matters deposited within
their component cells and vessels; henee they are spoken-of
collectivcll under the designation dwramen or “heart-wood.’
On the other hand, it is through the cells and duets of the
outer and newer layers, that thc sap rises from the roots
towards the leaves; and these arc consequently designated as
alburnum or ‘sap-wood’ The line of demarcation hetween
the two is somctimes very distinct, as in Lignum-vile and
Cocos wood; and as a new layer is added every year to the
exterior of the alburnum, an additional layer of the inncrmost
part of the alburnum is every year cousolidated by internal
deposit, and is thus added to the exterior of the duramen.
More gencrally, however, this consolidation is gradually
effected, and the alburnum and duramen are not separated by
any abruPt line of division.

239. The Medullary Rays which cross the successive rings
of wood connecting the ceﬁ/ular substance of the pith wiih that
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of the bark, and dividing each ring of wood into wedge-shaped
segments, are thin plates of cellular tissue (Fig. 165, ¢, ), not

usually extendin,
to any great dept.
in the vertical
direction. It is
not often, how-
ever, thtat their
character can be
so clearly scen in
a transverse sec-
tion, as it is in
that just refer-
red-to; for they
are usually com-
pressed so closely,
as toappeardarker
than the wedges
of woodytissue%c-
tween which they

Fia. 171.

F1e. 170.
a

Portion of transverse section of large stem of
Conyferous Wood (fossil), showing part of two
annual layers, divided at a, a, and traversed by
very thin but numerous Medullary Rays.

Fie. 172,

WaILasnae38e S
VD 2402009 WS H IR

|

Portion of vertical section of the same Portion of vertical section of
wood, taken in a radial directidn, showing the same wood, taken.in a tan-
the gfnndnlar woody fibres, without ducts, gential du-ect.iuni 80 a8 to cut

crossed by the Medullary Rays, a, a. across the Med

Rays,
FF2
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intervene (Figs. 166-169); and their real nature is hest
understood by a comparison of longitudinal sections made in
two different” dircetions,—namely, radial and fangential,—
with the transverse. Three such seetions of a fossil Coniferous
wood in the Author’s possession are shown in Figs. 170-172.
The stem was of such large size, that, in so small a part of
the area of its transverse scction as is represented in Fig. 170,
the medullary rays seem to run parallel to cach other, instead
of radiating from a common centre. They are very narrow ;
hut arc so closely sct-together, that only two or three rows of
woody fibres (no ducts being here present) intervene between
any pair of them. In the longitudinal scction taken in a
r:ulizj direction (Fig. 171), and conscquently passing in the
same course with the medullary rays, these are scen as thin
plates (#, a, «) made-up of superposed cells very much clon-
wated, and crossing, in o horizonfal dircetion, ﬂ’lc glandular
woody fibres which lic parallel to one another vertically.
And i the tangential section (Fig. 172), which passes in «
dircetion ab night angles 1o that of the medullary rays, and
therefore cuts them across, we
sce that each of the plates thus
formed has a very limited depth
from above downwards, and 1s
composed of no more than one
thickness of horizontal eells.—A
seetion of the stem of Wakogany,
taken in the same direction as
the last (Fig. 173), gives a very
good view of the cut ends of the
medullary rays, as they pass he-
tween the woody fibres ; and they
arc seeu to be here of somewhat
greater thickness, heing  com-
posed of two or three rows of
cells, arranged side by side.—In
anoiher fossil wood, whose trans-
verse seetion is shown in Fig,
174, and its tangential scetion in
Fig. 175, the medullary rays are
seen 1o occupy a much Jarger
hart of the substance of the stem;
cing scen in the transverse sce-
tion as broad bands (¢ a, « «), in-
Vertieal section,of Makogany.  tervening between the closely-set
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woody fibres, among which some large ducts are scattered;
whilst in the tangential, they are observed to be not only decper

Fia. 175.
Fi6. 174,

Portion of transverse scetion of

Fosil Wood, showing the Medul- Portion of vertienl (tangential)
lary Rays, @u, a ¢, Ja, 1unnng cetion of the same Wood, showing
nearly parallel to each other, and the woody fibres separated by the
the openimgs of the large Duets m Medullary Rays, and hy the large
the mudst of the woody hibres. Ducts, o b, b b,

than the preceding from ahove downwards, but also to have a
much greater thickness.  This scetion also gives an excellent
view of the ducts & &, 4 4, whieh arc here plainly scen to he
formed by the coaleseence of large eylindrical cells, lying
end-to-end —In another fossil woo(%iu the Author’s possession,
the medullary rays constitute a still larger proportion of the
stem; for in' the transverse scetion (Fig. 176), they are scen
as very broad bands (¢, 4), altcrnating with plates of woody
structure (¢, «), whose thickness is often less than their own;;
whilst in the tangential scction (Fig. 177), the cut extre-
mities of the medullary rays oceupy a very large part of the
arca, having apparcutly determined the sinuous course of the
woody fibres; instead of looking, as in Fig. 172, as if they had
forced their way between the woody fibres, which there hold
a nearly straight and parallel course on cither side of them.
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240. The Bark may be usually found to consist of three
principal layers : the external, or epiphleum, also termed the

F1a. 176, Fia. 177,

Portion of transverse section of ’
a Yossil Wood, remarkable for the Vertical (tv‘.)t(\lgential) section of
:

very large size of the Medullary  the same wood, showing, g, @, the
Rays, 4, b, which separate the  woody bundles,and 4,5, the Medullary
woody plates, g, a. Rays.

suberous (or corky) layer; the middle, or mesophlaum, also
termed the ‘cellular envelope;’ and the internal, or erdo-
phlecum, which is more commonly known as the liber. The two
outer layers are entircly cellular; and are chicﬂy distinguished
by the form, size, and direction of their cells. 'The epiphleum
is generally composed of onc or more layers of colourless or
brownish cells, which usually present a cubical or tabular
form, and arc arranged with their long diameters in the hori-
zontal dircetion: 1t is this which, when developed to an
unusual thickness, forms Cork, a substance which is by no
means the product of one kind of tree exclusively, but which
exists in greater or less abundance in the bark of every
exogenous stem! The mesophlaum consists of cells, usuall
of green colour, prismatic 1n their form, and disposed wit
their long diameters parallel to the axis; it is more loosely
arranged than the preceding, and contains ¢intercellular
assages,’ which often form a network of canals that have
Ecen termed ¢ laticiferous vessels;’ and although usually less
developed than the suberous layer, it sometimes constitutes
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the chief thickness of the bark. The Ziber or inner bark, on
the other hand, usually contains woody fibre in addition to
the cellular tissue and laticiferous vessels of the preceding;
and thus approaches more nearly in its character to the woody
layers, witll\ which it is in close proximity on its inner surface,
The liber may generally be found to be made-up of a suc-
cession of thin layers, equalling in number those of the wood,
the innegmost being the last formed ; but no such succession
can be distinctly traced in the cellular envelope, or in the
suberous lnyer; although it is certain that they too augment
in thickness by additions to their interior, whilst their external
portions are frequently thrown-off in the form of thickfsh

lates, or detach themselves in smaller and thinner flakes.—
R‘hc bark is always scparated from the wood by the cembium-
bayer, which is tKe part wherein all new growth takes place :
this seems to consist of mucilaginous semifluid matter ; but
it is really made-up of cells of a very delicate texture, which
gradually undergo transformations, whereby they arc for the
most part converted into woody tissue, ducts, spiral vessels,
&c. These materials are so arranged, as to augment the fibro-
vascular bundles of the wood on their external surface ; thus
forming a new layer of alburnum, which excloses all those that
preceded it ; whilst they also form a new layer of liber, on
the énterior of all those which preceded it : they also extend
the medullary rays, which still maintain a continuous connee-
tion between the pith and the bark; and a portion remains
unconverted, so as always to keep-apart the liber and
alburnum.—This type of stem-structure is termed Krogerous;
a designation which applies very corrcetly to the mode of
inercase of the woody layers, although (as we have just scen)
the liber is formed upon a truly endogenous plan,

241. Numerous departurcs from the normal type are found
in particular tribes of Exogens. Thus in some, the wood is
not marked by concentric circles, their growth not being
interrupted by any scasonal change. In other cases, again,
each woody zone is scparated from the next, by the inter-
position of a thick layer of cellular substance. Sometimes
wood is formed in the bark (as in Culycanthus), so that several
woody columns arc produced, which are quitc independent of
the principal woody axis, but cluster around it.  Oceasionally
the woody stem 1s divided into distinct {egments, by the
peculiar thickness of certain of the medullary rays ; and 1n the
stem of which Fig. 178 represents a transverse section, these
cellular plates form four large segments, disposed in the
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manner of a Maltese cross, and alternating with the four

woody scgments, which they equal in size.

Fre. 178,

Transverse section of the stem of a
Chmbmg-plant (Arstolochia ) from

New Zealand.

Fr6. 179,

-
. Portion of transverse sce-
tion of Burdock (Arctium),
showing one of the fibro-vas-
eular hundles, that lies beneath
the cellular integument.

242. In its first-de-
veloped state, the Ex-
ogenous stem consists,
like the so-called en-
dogenous, of ccllular
tissuc only; but after
the leaves have bheen
actively  performing
their functions for a
short time, we find a
circle of fibro-vascular
bundles,as represented
in the diagram, p. 431,
interposed between the
central (or medullary)
and the  peripheral
(or cortical) portious
of the ccllular matrix ;
these  fibro - vascular
bundles being  them-
selves separated from
cach other by plates of ccllular
tissue, which still remain to con-
neet the eentral and the peripheral
portions of the matrix. This fivst
stage in the formation of the Ixo-
genous aais, in which its prineipal
parts—the pith, wood, bark, and
medullary rays—arve marked-out, is
scen even in the stems of herba-
ceous plants, which arc destined to
die down at the end of the scason
(Fig. 179); and sections of thesc,
which are very easily prepared, are
most interesting Bli(-r()scnpic ob-
jects. In such stems, the diflerence
;l)ctwcen the ‘ Endogenous’ and the
¢ Exogenous’ types 1s manifested in
little elsc than the disposition of
the fibro-vascular laycrs; which arc
scattered through nearly the whole
of the cellular matrix (although
most abundant towards its cxte-
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rior), in the former case; but are limited to a circle within
the peripheral portion of the cellular tissue, in the latter.
It is in the further development which takes-place during
succceding years in the woody stems of perennial Exogens,
that those characters are displayed, which separate them
most completely from the Ferns and their allies, whose stems
contain a cylindrical layer of fibro-vascular bundlgs, as well as
from (go called) Endogens. For whilst the fibro-vasenlar
layers of the latler, when once formed, undergo no further
increase, thosc of Exogenous stems arc progressively aug-
menied by the metamorphosis of the cambium-layer; so that
cach of the bundles which once lay as a mere series of parallel
cords beneath the ccllular investment of a first year’s stem,
may become in time the small end of a wedge-shaped mass of
woud, extending continuously from the centre to t&w exterior
of a trunk of several feet in dimmeter, and becoming pro-
rressively thicker as it passes outwards.  The fibro-vascular
bundles of Exogens are therefore spohen of as *indefinite;’
whilst those of Exogens and Acrogens (Ferns, &e.) are said to
be “definite’ or “closed.”

213. The structure of the Roofs of Endogens and Exogens
is essentially the same in plan with that of their respective
stems.  Generally speaking, however, the roots of Kxogens
have no pith, although they have medullary rays; and the
succession of distinet rings is less apparent in them, than it
is in the stems from which they diverge. In the delicate
radical filaments which proceed from the larger root-fibres, a
central hundle of vcssc{s will he scen, enveloped in a sheath
of ccllular substance ; and this investment also covers-in the
end of the fibril, whieh is usually somewhat dilated, and com-
posed of peeuliarly suceulent tissue, forming what is termed
the spongiole. The structure of the radical filaments may be
well studied in the common Duckweed, cvery iloating leaf
of which lhas a single {ibril hanging down from its lower
swrface.

2 14, The structure of Stems and Roots eannot be thoroughl
cxamined in any other way than by making scctions in dif-
ferent dircctions with the Scetion-mstrument. The general
dircctions already given (§ 107) leave little to be added
respecting this special class of objeets ; the chicf points to be
attended-fo being the preparation the stems, &e., for slicing,
the sharpness of the kuifc and the dexterity with which it is
handled, and the mcthod of mounting the scctions when
made. The wood, if green, should first’ be soaked in strong
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alcohol for a few days, to get-rid of the resinous matter; and
it should then be maccrated in water for some days longer,
for the removal of its gum, before being submitted to the
cutting-process. If the wood be dry, it should first be softencd
by soakmg for a sufficient length of time in water, and then
treated with spirit and afterwards with water, like green wood.
Some woods are so little affected even by prolonged macera-
tion, that bo'i]ing in water is necessary, to bring them to the
degrec of softness requisite for making sections. No wood
that has once been dry, however, yields such good sections, as
that which is cut fresh. When a piece, of the appropriate
length, has heen placed in the grasp of the Scetion-insirument
(wedges of deal or other soft wood being foreed-in with it, if
necessary for its firm fixation), a few thick slices should first
be taken, to reduce its surface to an exact level ; the surface
should then be wetted with spirit, the micrometer-serew moved
through a small part of a revolution, and the slice taken-off
with the razor, the motion given to which should partake
both of drawing and pushing. A little practice will soon
enable the operator to fiscover, in each case, fow ¢thin he may
venture to cut his sections, without a breach of continuity;
and the micrometer-screw should be turned so as to give the
required clevation. If the surface of the wood has been
sufficiently wetted, the scetion will not curl-up in cutting, but
will adhere to the surface of the razor, from which it is best
detached by dipping the razor in water, so as to float-awa

the slice of wood, a camel-hair pencil being used to push it
off, if necessary. All the sections that may be found suffi-
ciently thin and perfect, should be i)ut-asidc in a bottle of
weak spirit, until they be mounted. For the minute examina-
tion of their structure, it is generally much better to preserve
them in fluid, than to mounf them either dry or in Canada
balsam ; and no fluid answers better than weak spirit. Where
amere general view only is needed, the dry mounting answers
the purpose sufficiently well. It is only in the case of the
section being unusually opaque, that mouuting it in Canada
balsam can be of any servicc whatever; and in general it is
rather injurious than uscful, making the section so transparent
that its features can scarcely be disecrued. Trunsverse sec-
tions, however, when charred by heating between two plates
of glass until they turn brown, may be mounted with advan-
tage in Canada balsom, and are then very showy specimens
for the solar- or gas-microscope.—The number of beautiful and
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interesting objects which may be thus obtained, at the cost
of a very small amount of trouble, can scarcely be conceived
save by those who have made a special study of these won-
derful structures. Even the commonest trees, shrubs, and
herbaceous plants, yield specimens that exhibit a varied
elaboration of design, which cannot but strike with astonish-
ment even the most cursory observer; and there is none in
whicha careful study of sections, made in different parts of
the stem, and especially in the neighbourhood of the ‘growing
point,” will not reveal to the eye of the scientific Physiologist,
some of the most important phenomena of Vegetatioh.—
Fossil Woods, when well preserved, are almost invariably
silicified, and_require, thcrcH)rc, to be cut and polished by a
Lapidary. Should the Microscopist be fortunate enough to
meet with a portion of a culeified stem, in which the organic
structure is prescrved, he should proceed with it after the
manner of other hard substances which need to be reduced
by grinding (§§ 108-110).

5. Structure of the Cuticle and Leaves.—On all the softer
parts of the higher Plants, save such as grow under water,
we find a superlicial layer, different in its texture from the
parenchyma beneath, and constituting a distinet membrane,

Fia. 181,

Cuticle of Leaf of Fucpa. Cuticle of (Ig:nf ]?df uli’ ;ulum Corn
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known as the Cuticle.* This membrane is composed of cells,
the walls of which are flatteucd above and below, whilst they
adhere closely to each other laterally, so as to form a con-
tinuous stratum (Fig, 184, ¢, a). Their shape is different in
almost cvery tribe of Plants; thus in the cuticle of the Yueca
(Fig. 180), Judian Coru (Fig. 181), Iris (Fig. 183), and most
other Monocotyledons, the cells are elongated, and present
an approach to a rectangular contour; their margins heing
straight in the Yuecca and Iris, but minutely-sinnous or
crenated in the Indian Corn. In most Dicotyledons, on the

F1a. 182,

Portion of the Cuticle of the inferior surface of the Leaf of the
Apple, with the layer of parenchyma m immediate contaet with it -—
a, a, clongated cells of the cuticle overlymmg the veins or nerves of
the leaf; , 8, ordmary cuticle-cells overlymg the parenchymaj e,e,
stomata; o, d, green cells of the parenchyma, forming a very open
network near the lower surface of the lcaf,

other hand, the cells of the cuticle depart less from the form
of circular disks; but their margins usually exhibit large irre-
gular sinuositics, so that they scem to fit-together like the
picces of a dissccted map, as is scen in the cuticle of the
Apple (Fig. 182, ¢, 0). Even here, however, the cells of the

. * The term epidermis is applied to this mewbrane by many Vegetable
Physiologists, on account of the analogy it seeme to present to the epidermis
of Animals; but us epidermis means a membrane that lies apon the dermn or
*true skin,’ and as no such subjacent layer exists in the Plant, the transference
of the designation is altogether inappropriate. 1t would be much more correct
to designate Ly the name cutes or derm what is ordinarily denominated the
Cuticle ; and to reserve the term epidermas for the thin pellicle which may be
sometimes detached from 1t (§ 217{.
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rortion of the cuticle (2, ) that overlics the veins of the leaf,
}mvc an clongated form, approaching that of the waod-cells of
which these veins are chiefly composed ; aud it seems likely,
therefore, that the clongation of the ordinary cuticle-cells of
Monocotyledons has, reference to that parallel arrangement
of the veins, which their leaves almost constantly exhibit.—
The cells of the cuticle are colourless, or nearly so, no chlo-
rophyl being formed in their interior; and their walls are
generally thickened by secondary deposit, especially on the
side nearcst the atmosphere.  This deposit is of a waxy
nature, and consequently renders the membrane very in#per-
meable to fluids; the retention of which within the soft
tissuc of the leaf is obviously the purpose to he answered
by the peeuliar organisation of the cuticle. In most European
Plants, the cuticle contains but a single row of cells, which
arc usually, morcover, thin-sided; wlilst in the eenerality
of tropical species, there exist. two, three, or even four layers
of thick-sided cells; this last number heing scen in the
Oleander, the cuticle of which, when separated, has an almost
leathery firmmess. This diference in conformation is obvi-
ously adapted to the conditions of growth under which these
plants respeetively exist ; since the cuticle of a plant indi-
genous to temperate elimates, would not afford a sullicient
protection to the interior structure against the vays of a
tropical sun; whilst the dimmished heat of this country
would searcely overcome the resistanee presented by the
dense and non-conducting tegument of a speeies formed to

Fig. 183,

Portion of the Cuticle of the upper surface of the lguf of Rochea
faleala, as <ecn at & from jts mner side, and at & from its outer sude:
~ d, o, small eclls for nmx: the inner layer of the cuticle, &, 4, largo

promment eells of the duter layer; ¢, ¢, stomata disposed botween

the latter
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exist in tropical climates.—A. very curious modification of the
cuticle is presented by the Roches falcata, commonly known
as the “icc-plant;’ a designation it owes to the peculiar
appearance of its surface, which looks as if it were covered
with frozen dewdrops. This appearancess oceasioned by the
presence of a layer of very large oval cclls (¥igs. 183,184, 4, 4),
which lie detached
¥ra, 184 one from another
upon the surface of
the ordinary cuticle,
a «.—In other in-
stances, the cuticle
is partially invested
by a layer of scales,
which are nothin
els¢ than flattene
cells, often having a
very peculiar form;
Portion of a vertical section of the same Leaf, whilst in glumerous
showing the small cells, «, a, of the inner layer of  CASES, again, we find
cuticle; the large cells, b. 4, of the outer layer; e, the surfuce beset
one of the stomata; d, d, ceils of the parenchyma; . . .
1, lacuna between the parenchymatous cells, into with .,“”" s, which
which the stoma opens, occasjonally consist

of single elongated
cells, but are more commonly made-up of a linear scrics,
attached end-lo-eud, asin Fig. 153. Somctimes these hairs
bear little glandular bodies at their extremitics, by the scere-
tion of which a peculiar viseidity is given to the surlace of the
leaf, as in the Sundew (Dro.vem{; in other instances, the hair
has a glandular body at its base, with whose scerction it is
moistened ; so that when this scerction is of an irritating
quality, as in the Nef/le, it constitutes a ‘sting” A great
variety of such organs may be found, by a microscopic exami-
nation of the surface of the leaves of Plants having any kind
of superficial investment to the cuticle. Many connceting
links are found between hairs and scales, such as the ‘stellate
hairs’ of the Deutzia scabra, which a good deal resemble those
within the air-chambers of the Yellow Waler-lily (Fig. 152).
~  246. The Cuticle in many Plants, especially tlloscnbclouging
“to the Grass tribe, has its cell-walls 1mpregnatcd with silex,
like that of the Equisetum (§ 220); so that, when all the
organic matter has been got-rid-of by heat or by acids, the
forms of the cuticle-cells, hairs, stomata, &c., are still marked-
out in silex, and are most beautifully displayed by Polarized
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light. Such silicified cuticles are found on the husks of the
¢ grains’ yiclded by these plants: and there is none in which
aﬁargcr proportion of mineral matter exists, than that of Rice,
which contains some curious elongated cells with toothed
margins. The hairs with which the palez (chaff-scales)
of most Grasses are furnished, are strengthened by the like
siliceous deposit; and in the Festuca pratensis, onc of the
common Wcadow-grasses, the palew are also beset with
longitudinal rows of little cup-likc bodies formed of silica.
The cuticle and scaly hairs of Dewtzia also contain a large,
(ll’ua.ntity of silex; and are remarkably-beautiful objcets for the
olariscope.

247. Externally to the cuticle, there usually exists a very
delicate transparent pellicle, without any decided traces of
organisation, though occasionally somewhat granular in appear-
ance, and marked by lines that seem to be Impressions OF the
junctions of the cells with which it was in contact. When
detached by maccration, it not only comes-off from the surface
of the cuticle, but also from that of the hairs, &c., which this
may bear. This membrane, the proper Kpiderm/ss (p. 444, note),
is obviously formed by the ageney of the cells of the cuticle ;
and it seems to consist of the external layers of their thickened
ccllulosc walls, which have coalesced with each otner, and
have scparaied themselves from the subjacent layers, by
a change somewhat analogous to that which occurs in the
Palmellew (§ 198), the outer walls of whose original cclls
seem lo melt-uway into the gelatinous investment, that
surrounds the ¢ broods’ which have originated in their sub-
division.

248. In nearly all Plants which possess a distinet Cuticle,
this is perforated by the minute openings termed Stomata
(Figs. 182, 183, ¢, ¢); which arc bordered by cells of a
peculiar form, distmet from those of the cuticle, and more
resembling in character those of the tissuc beneath. These
boundary-cells are usuulli: somewhat kidney-shaped, and lie in

airs (Fig. 185, 4, 4), with an oval opening between them; byt
Ey an alteration in their form, the opening may be contracted
or ncarly closed. In the cuticle of Yucce, however, the
opening is bounded by two pairs of cells, and is somewhat
quadrangular (Fig. 180) ; anda like doubling of the boundary-
cells, with a narrower slit between them, is seen in the cuticle
of the Indian Corn (Fig. 181). Inthe stomata of no Phanero-
gamic Plant, however, do' we meet with any conformation at
all to be compared in complexity with that which has been
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described as cxisting in the humble Murchantia (214).—Sto-
mata are usually found most abundantly (and sometimes exclu-
sively) in the cuticle

Fra. 185, of the lower surfaces

of leaves, where they
open into the air-
chambers that arc
left in the paren-
chyma which lies
next  the inferior
cuticle; in leaves
which float on the
surface  of  water,
bowever, they are
found in the cuticle
of the npper surface
only; whilst, in
leaves that habitu-
Portion of the Cuticle of the leaf of the Frs Ef]lIY h_vc (‘l‘lt“dy
germewnca, torn from its surface, and carrymg - SU )m(fl{{"d’ as 1])('1‘0
away wilh i a Ilwrfmnt.()_{ f\'l‘.nl"lir‘f'.‘.f'v.f"I';‘(’,','f isnodistinet cutiele,
lggt(c,;] l(':ll'»? ::;I;;!:d(t'ulﬁlo]l: .‘l;l,,l, cells of the’ht:un:\tu; so there arc no sto-
xS f'ellh of jho ]mr’(‘]‘".h)n\ul,c’léllll,(ll}:"l]lll:‘(‘fut:ﬁl;x: mata. In “I‘(‘ ercet
£?Tlt.:1u::¥a:t I::\lrllfé";}:;ll}ot\'xc(l:l;x:lg, coln'cs])umlmg to {(l‘“'vp'f_.(‘)f ..(” ahSL(‘S,
the stomata, e lris tribe, &e.,

they are  found
cqually (or nearly so) on both surfaces. As a general fact,
they are least numerous in succulent Plants, whose mois-
ture, obtained in a seanty supply, is destined to he retained
in the svstem; whilst they abound most in those which
exhale fiuid most readily, and thevefore absorh it most
quickly. 1t has been estimated that no fower than 160,000
are contained I every square inch of the under swrface of the
leaves of Hydrangea and of several other plants 3 the greatest
number seeming always to present itself in species, the upper
surface of whose leaves is entirely destitute of these organs.
In Iris germangea, each surface las nearly 12,000 stomatu in
every squarc incli; and in Jweea, cach surface has 10,000.—
In Oleunder, Bunksia, and some other plants, the stomata
do not open dircetly upon the lower surface of the cuticle,
but lic in the deepest part of little pits or depressions which
arc excavated in it, and which are lined with hairs; the
mouths of these pits, with the hairs that line them, are well
brought into view by taking a thin slice from the surfuce of
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the cuticle with a sharp knife ; but the form of the cavities,
and the position of the stomata, can only be well made-out in
vertical sections of the leaves.

249. The internal structurc of Leaves is best brought into
view by making vertical sections, that shall traverse the two
layers of cuticle and the intcrmediate cellular parenchyma;
hortions of such sections are shown in Figs. 184, 186, and
187 . dn closc apposition with the cells of the upper cuticle
(Fig. 186, ¢, «), which may or may not be perforated with
stomata (¢, ¢, d, d), we lind a layer of soft thin-walled
clls, containing
a large quantity
of chlorophyll’;
these cells usu-
ally press so
closely against
oncanother,that
their sides be-
come mutually
flattened,and no
spaces are left,
savewhere there
is a defimte air-
chamber  into Vertical section of the Cuticle, and of a portion of
which the sto- the subjacent parenchyma, of o Leaf of Ire germa-

- wrea, taken in a transverse direetion :—a, a, cells of
ma opens ¥ 12, the euticle; 4, 5, cells at the sides of the stomata;
184, L) 5 the «, e, small green eells placed withiu these; d, d, open-
comp:lctncas of mgs of the stomata; e, e, lacuna of the purcnchymn,

! 3 correspondimg to the stomata; f; f; cells of the
this  superficial — parenchyma,
layer s well
scen, when, as often happens, it adheres so closcly to the
cuticle, as to he carricd-away with this when it is torn-away
(Fig. 185, ¢, ¢). Beneath this first layer of leaf-cells, there
arc usually scveral others, rather less compaetly arranged;
and the tissue gradually becomes more and more lax, its cells
not being in elose apposition, and large intercellular passages
being left amongst them, until we reach the lower cuticle,
which the parenchyma ouly touches at certain points, its
lowest layer forming a sort of network (Fig. 182, 4, d), with
large interspaces, into which the stomata open. It is to this
arrangement that the darker shade of green almost invariably
presented by the superior surfaces of leaves, is principally due’;
the colour of the component eells of the parcuchyma not being
decper in one part of the leaf than in another.—In those

GG
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lants, however, whose leaves are ercet instead of being

orizontal, so that their two surfaces are equally exposed to
light, the parenchyma is arranged on hoth sides in the same
manner, and their cuticles are furnished with an equal number
of stomata. This is the case, for example, with the leaves of
the common Garden 7ris (Kig. 187); of which, morcover, we
find a central portion (4, &) formed by thick-walled colourless

Fic, 187,

Portion of avertical longitudinal section of the leat of 71w, extenamg
from one of 1ts flattened sides {o the other —a, ¢, clongated cells of
the epiderms; 6, 4, stomata cut throngh longitudmally | ¢, ¢, green
cells of the parenchyma, d, d, colourless tissue, occupying the mterior
of the leaf

tissue, very different cither from ordinary leaf-cells or from
woody fibre. The explanation of its presence is probably to he
found in the peculiar conformation of the leaves; for if we
pull oue of tlwm from its origin, we shall find that what
appears {o be the flat expanded blade veally exposes but half
its surfuce; the blade being doubled-toge ther longitudinally,
so that whal may be considered its wnder surface is entirely
concealed.  The two halves are adherent together af  therr
upper part; but at their lower they arc commonly separafed
by a new leaf, which comes-up between them ; and it is from
this arrangement, which resembles the position of the legs of
a man on horschack, that the leaves of the Tris tribe are said
to be equitant.  Now by tracing the middle layerof colourless
cells, d, d, down to that lower portion of the leaf, where its
two halves diverge {rom oue another, we find that it there
beeomes continuous with the euticle, to the eclls of which
(Fig. 185, ) these bear a strong resemblanee, in every respect
save the greater proportion of their breadth to their l(‘n;,-'t[:.—
Another interesting varicty in leaf-structure is presented by
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the Water-Lily, and other plants whose leaves float on the
surface ; for here the usual arrangement is entirely reversed,
the closcly-set layers of green leaf-cells being found in contact
with the lower surface, whilst all the upper part of the leaf is
occupied by a loose spongy parenchyma, containing a very
large mumber of aiv-spaces that give buoyaney to the leaf;
and these spaces communicate with the external air through
the mancrous stomata, which, contrary to the general rule
(§ 218), are here found in the upper cuticle alone.

250. The examination of the foregoing structures is attended
with very little difticully.  Many cuticles may be torn-offyby
the exereise of a little dexterity, from the surfaces of the
leaves they invest, without any preparation ; this is especially
the case with Monocotvledonous plants, the “veins’ of whose
leaves run parallel, and with such Dicotyledons as have very
little woody structure in their leaves ; in those, on the other
hand, whose leaves are furnished with reticulated veins, to
which the euticle adheres (as is the case in by far the larger
proportion), this can only be detached by first. macerating the
]('nl] for a few days in water; and if the texture of the
cuticle should he particularly firm, the addition of a few drops
of nittic acid to the water will vender them more cusi\_v
separable.  If it he desived to preserve them, they may he
advantageously mounted in weak spirit —Very good sections
of most Teaves may he made by a sharp knife, handled by a
careful manipulator, but it is generally preferable to use
Valentin’s knife (§ 106) or the seefion-mstrument (§ 107);
takmg care in the former ease to cut-down upon a picee of
fine cork ; and in the latter not to erush the leaf between the
two picees of cork that hold it, and{o use very soft cork when-
ever the dehieacy of the leaf renders this desirable.  In order {o
study the stiueture of leaves with the fulness that is needed
for seicntilic researel, numerous scetions should he made in
dulerent directions ; and slices taken parallel to the surfaces,
at different distanees from them, should also he examned.
There is no known liquid, in whiech such scetions ean bhe
preserved altogether without  change; but water with a
small dash of spint, scems to answer hest, provided the cell
be air-tight, and the specimen fresh.

251, Strwcture of Flowers—Many of the smaller Flowers
are, when looked-at entire, with a low magnifying power, *very
striking Microscopic objects; and the interest of the young in
sieh observations eany searcely be better excited, than by
directing their attention to thé new view they thus acquire of

GG2
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the € composite ’ nature of the humble down-trodden Daisy, or
to the beauty of the minute blossoms of many of those
Umbelliferous plants, which are commonly regarded only as
rank weeds.  The scientific Microscopist, however, looks more
to the organization of the separate parts of the flower; and
among these he finds abundant sources of gratification, not
merely 1o his love of knowledge, but also to his taste for the
heautiful. The general structure of the Sepals and Petuls,
which constitute the ¢ perianth” or “floral envelopes,’ closcly
correspouds with that of leaves ; the chief difference lying in
the peeuliar change of hue which the chlorophyll almost
invariably undergoes in the latter class of organs, and very
frequently in the former also.  There are some petals, how-
cver, whose cells exhibit very iuteresting peculiaritics, either
of form or marking, in addition to their distinetive coloration
such arc those of the Geranium (Pclargonium), of which a
small portion is represented i Fig. 188, 'The different por-
tions of the petal,

¥1c. 188, —when it has been

dried affer stripping
it of its cuticle, im-
mersed for an hour
or two in oil of fur-
pentine, and then
mounted in Canada
balsam,—cxhibit a
most beautiful var-
icty of vivid colora-
tion, which is scen
{n exist chicfly in
the thickened parti-
tions of the cells;
Cells from the Petal of the Geranum \\'!nlst the surlace
(Pelargonsam). of cach cell pre-

sents a very curlous

opaque spot with numcrous diverging prolongations, which
looks as if formed by a deposit of sclerogen upon its
interior. This method of preparation, however, does not
give a true idea of the structurc of the cells; for each
of them has a peculiar mammillary protuberance, the basc
of which is surrounded by hairs; and this it is which gives
the velvetty achamnce to the surface of the petal, and
which, when altered by drying and eompression, oceasions
the peculiar spots represented in Fig. 188. The rcal cha-
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racter may be brought into view by Dr, Inman’s method ;
which consists in (Trying the petal (when stripped of its
cuticle) on a slip of glass, to which it adhqrcs, and then
placing ou it a little Canada balsam diluted with turpentine,
which is to be boiled for an instant over the spirit-lamp, after
which it is to be covered with a thin-glass. The boiling
“blisters” it, but does not remove the colour ; and on examin-
ation, hany of the cells will be found showing the mammilla
very distinetly, with a score of hairs surrounding its base, cach
of these slightly curved, and pointing towards the apex of the
mammilla. ~ The petal of the common Scarlet Pimpernel (4na-
gallis arvensis), that of the common Chickweed (Stellaria
media), together with many others of a small and delicate
character, arc also very beautiful microscopic objeets ; and the
two just named are peculiarly fuvourahllc subjects for the
cxamination of the spiral vessels in their natural position.
Tor the ¢ veins * which traverse these petals are entirely made
up of spiral vesscls, none of which individually attain any great
length; bat one follows or takes the place of another, the
conical commeneement of cach somewhat overlapping the like
termination of its predeeessor; and where the veins seem to
branch, this docs not happen by the bifurcation of a spiral
vessel, hut by the ¢ splicmg-on” (so to speak) of one to the
side of anmother, or by the “splicing-on”’ of two new vesscls
diverging from one another, to the end of that which formed
the principal vein.*

252. The Anthers and Pollen-grains, also, present numerous
ohjects of great interest, hoth to the scientific Botanist and to
the amateur Mieroscopist.  In the first place, they afford a
good opportunity of studying that free’ cell-development,
which seems peeuliar to the parts eoneerned in the Reprodue-
tive process, and which consists in the development of a new
cell-wall round an isolated mass of protoplasm forming part of
the contents of a € parent-cell ; so that the new cell lies free
within its cavity, instead of being devcloped in continuity with
it, as in the ordinary methods of multiphication (§§ 150, 198).
If the Anther he examined, by thin sections, at an carly stage
of its development within the young flower-bud, it will be
found to he made-up of ordinary cellular parcuchyma, in which
no peculiarity anywhere shows itsclf ; but a gradual “ differen-
tiation’ speedily takes-place, consisting in the development of
a set of very large cells in twa vertical rows, which occupy the

|
* Sce Mr. R. H. Solly’s description and figure of the petal of the Anngallis,
in “‘Trans. of Soc. of Arts,” vol. xlviii,
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place of the Jocxli or pollen-chambers that afterwards present
themselves ; and these cells give origin to the pollen grains,
whilst the ordinary parenchyma remains to form the walls of
the pollen-chambers. The first change consists in the multi-
plication of the cells of the primary row, by cell-division, in
correspondence with the gencral increase in the size of the
anther; until at length they form masses of considerable size,
composed of large squarish eells, filled with granular contents,
well-defined as constituting a distinet tissue from the walls of
the pollen-chambers.  The history of the development of the
pollen-grains in their interior is thus deseribed by Mr. Henfrey,
who has made a special study of it “The eontents of cach of
these cells seerete a layer of eellulose, wlieh does not adhere
to the wall of the parcnt-cell to form alayer of seeondary
deposit, but lies free against if, so that a new free cell is
formed within each old one, nearly filling it.  T'he walls of the
old cells then dissolve, so that the free eells beeome free, no
longer in their parent-cells, but in & cavity which is to con-
stitute the pollen-chamber or loculus of the anther. These
free cells ave the < parent-cells of the pollen” of authors. A
new phenomenon soon occurs in these.  These parent-eells
divide into fowr by ordinary eell-division; edher by one ortwo
successive partings, by sepla at right angles to cach other, but
hoth perpendieular to an imaginary axis (as when an orange is
quartered) s or by simultancously-formed septa, which cuf-off
portions i such a manner, that' the new cells stand in the
position of cannon balls piled info a pyramid (tetrahedrally).
These new eclls are the “speeial parent-cells of the pollen;’
and in each of these the enfire protoplasmic confents seerete o
series of layers, which, in the ordinary couse, by fhe solution
of the primary walls of the speeial pavent-cells upon which
they were applied, beeome the walls of fice-cells, which con-
stitule the simple ordinary pollen-cells — These subsequently
increase in size, and their ouler coat assumes its characteristic
form and appearvance, while free in the chamber of the anther,s
This history bears a very close parallel with that of the deve-
lopment of the spores within the ‘theea” of the Mosses (§ 217);
and it is not % little curions that the | ver of eells which lines
the pollen-chambers, should exhibit, in a considerable propor-
tion of plauts, a strong resemblanee in structure, though not
in form, to the claters of the Murchaalie (Yi1g.152).  For they
have in their interior a fibrous deposit ; which sometimes
forms a continuous spiral (likethat in Fig. 157), as in Naveissus
_* “Mierographic Dictionary,” p 316
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and Hyosciamus; but is often broken-up, as it were, into
rings, as in the Iris and Hyacinth ; in many instances, forms
an irregular net-work, as in the Violet and Saxifrage ; in other
cases, again, forms a set of interrupted arches, the fibres being
deficient on one side, as in the yellow Water-ily, Bryony,
Priwrose, &e.; whilst a very peculiar stellate aspect is often
given to these cells, by the convergence of the interrupted
fibresdtowards one point of the cell-wall, as in the Cactus,
Gemunium, Madder, and many other well-known plants.
Various intermediate modifications cxist ; and the particular
form presented, often varies in different parts of t}lc will of
one and the same anther. It scems probable that, as in
Tlepaticwe, the elasticity of these spiral eclls may have some
sluwe in the opening of the pollen-chambers and the dispersion
of the pollen-grains.

533. The form of the Pollen-grains secms {o depend in part.
upen the mode of division of the cavity of the parent-cellinto
quarters ; generally speaking it approaches the spheroidal, but
it s sometimes elliptical, and sometimes {etrahedeal. 1t
vauies moie, however, when the pollen is dry, than when if is
most; for the elleet of the imlnlminu of fluid, which usually
takes-place when the pollen is placed - econtact with if, is {o
sofen-down angularities, and to brmg the cell neawer to the
typical sphere. The pollen-cell (save in o few submerged
pluts) has a thiek onter coat, surrounding a thin interior
wal, and this often exlubits very cuious markings, which
sem due to an mereased thickening af some points, and a
thiming-away af others  Somefimes these markings gne to
thesurface-layer so close a resemblance o a stratum of eclls,
(Fg. 189, 8, ¢, 1), that only avery caeful exanmation ean
deeet the differenee. The roughening of the surface by
spues or knobby  protuberinees, as shown at 4, is a very
conmon feature; aud this seems to answer the purpose of
ewbling the pollen-grains more readily to hold to the surface
whercon they may he east.  Besides these and other inequali-
tis of the suiface, most pollen-grains have what appear to be
pees or slits in the outer coaf, varying in number in different
speies, through which the fnner coal protrudes itself, when
th bulk of its contents has heen inercased by imbibition; it
sems probable, however, that the outer eoat 15 not absolntely
ddcient. at these points, but is only thinned avay.  Some-
tres the pores are covered by little disk-like })i(-(-(-s, or lids,
wich fall-off’ when the pollen-tube is protruded.  This action
taes-place naturally, when the pollen-grains fall upon the
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surface of the ¢stigma,” which is moistened with a viscid secre-

tion; and the pollen-tubes, at first mere protrusions of the
inner coat of their

Fia. 189, cell, insinuating
themsclves  he-
tween the loose-
ly-packed  cells
of the stigma,
grow downwerds
through the
‘style,’sometimes
cvento the length
of several incles,
until they reach
the ovarium. The
first  change—
namely, the jro-
trusion of le
inner  membrine
throughthe pores
of the exterior—
may be made to
ol ins of s Alfh Cob take-place arffi-
Dol g oy, it roes; 3, Gt il by moistn-
purpureud, mg the polen
with water, tiin
syrup, or dilute acids (different kinds of pollen-grains requirng
adifferent mode of treatment); but the subsequent extenson
by growth will ouly take-place under the natural conditions
25 §. The darker kinds of pollen may be best mounted for tie
Microscope in Canada balsam ; but this renders the more tra s-
parent kinds too faintly distinguishable; and it is better to
mount them either dry, or Sif they will hear it without rp-
turing) in fluid. The most delicate and interesting forms ae
foun(E for the most part, in plants of the Natural families 4um-
rantacee, Cichoracee, Cucurbitacew, Malvacee, and LPassiflores ;
others are furnished also by Convolvolus, Cumpannle, Grothes,
Pelargonium (Geranium), Polygonum, Sedum, and many otler
Plants. It is frequently preferable to lay-down the entire anthr
with its adherent pollen-grains (where these arc of a kind tht
hold to it), as an opaque object ; this may be done with grat
advantage in the casc of the common Mallow (Melvae sylvestri)
or of the Hollyhock (Althew rosea) ; the anthers being pickd
soon after they have opened, whilst a large proportion of ther
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pollen is yet undischarged, and hefore they have begun to
wither, being laid down as flat as possible between two picees
of smooth blotting-paper, then subjected to moderate pressure,
and finally mounted upon a black surface. They arc then,
when properly illuminated, most beautiful objects for the 2 in.
objective.

255. The structure and development of the Ovudes that are
produded within the ovarium at the base of the pistil, and
the operation in which their fertilization essentially consists,
arc subjects of investigation which have a peculiar interest for
scientific Botanists, but whicl, in consequence of the spdeial
difficulties that attend the enquiry, arc not commonly regarded
as within the provinee of amateur Microscopists.—The ovule,
in its carliest condition, is, like the anther, a mass of cclls, in
which ne part is differentiated from the rest; gradually, this
body, which is termed the nueleus, is fonnd to be envelopedin
one, two, or three coats, which are formed by the multiplica-
tion of cells that at first constitute merely an annular cn{:u'gc-
ment at its base ; these coats, however, do not entirely close-in
around the nuclens, at the point of wlieh a small aperfure
always remains, that 1s called the wicropyle.  In the micrior
of the nueleus a large covity is formed, apparently by the
enlargerent of one of its cells at the expense of those which
surround it ; and this eavity, which is c:llll(‘,d the embryo-sae, is
at first filled only with a liquid protoplasm.  Some httle time
before fecundation, however, there are seen in it a certain
number of free ecllnueled, rarely fewer than three, and
frequently more ; around these, free cells of a spheroidal form
are developed, which are € germ-cells,” of which one only, the
enbryonal vesicle, 1s ordinarily destined to be fertilized. ~ This
act_is accomplished by the penetration of the pollen-tube,
which, when 1t has made its way down to the ovarium, enters
the “micropyle” of the ovule, and impinges upon the apex of
the ‘embryo-sac,” which it sometimes pushes before if, in such a
manner as to lave given origm to the idea that the tube enters
its cavity: no such penctration, however, really exists. By
Prof. Schlciden, and his disciple Schacht, it is aftirmed that the
cmbryo makes its first appearance within the dilated extremity
of the pollen-tube, which speedily becomes filled with a mass
of cells; but nearly all other Vegetable Physiologists who have
examined the question with sufficient care, have come to a
different conclusion,—namcly, that the embryo is the product
of a cell-multiplication' within the ¢ embryonal vesicle,” which
seems to be fertilized by the transudation of the conteuts of
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the pollen-tube, just as the embryonal vesicle within the
archegonium of the Ferns is fertilized by the contact of the
antherozoids (§ 219).

256. The carly processes of development, too, correspond
closcly with those which have been described as taking
place through the whole of the inferior tribes; for the pri-

®mordial cell that is formed within the cmbryonal vesicle
as the result of its fecundation, gives-origin by {ransverse
fission to a pair; this again, fo four; and so on, it heing
usually in the terminal eell of the filament so generated, that
the process of multiplication chiefly takes-place, as in the
Confervee (§ 198).  The filament then hegins to enlarge at its
lower extremity, where its ecells are often multiplied into a
somewhat globular mass; of 1his mass, hy far the larger pro-
rortion is destined to be evolved mto the “cotyledons,” or seed-
lr:u es, whose function is limited to the carliest pat of the
life of the young plant; the small remainder is the rudiment
of the “phunula,” which is to be developed within the stem
and leaves; while the prolonged extrenuty of the embryonie
filament, which is dirceted towards the micropyle, 15 the
original of the “radicle’ or embryonic root —The mueilaginous
protoplasm filling the < cmbryo-sae,” i which the ¢embryoual
vesicle” was imbedded, hecomes comverted, by the formation of
free eclls, soon after fecundation, into a loose eellnlar tissue,
which constitutes what is known as the “endosperm;’ this,
however, wsually deliquesees again, as the embryonie mass
increases in hulk and presses upon it ; aud its development is
of nterest, chiefly hecause it way he shown, by the ewrious
intermediate phase presented by the Zyeopodncea and Conifere
(§ 221), that this endosperm is the equivalent of the ¢ prothal-
linm” of the higher Cryplogamia *

257. Tn traciug the origm aud early history of the Ovule,
very thin seetions should he made through the flower-bud, hoth
vertically and {ransversely ; but when the ovule is Jarge and
distinet. enough to he separately examined, it should be placed
on the thumbnail of the left, band, and very thin scetions
made with a gharp razor; the ovule should not he allowed to
dry-up, and the scetions should be rerwoved from the hlade of

* For a more detailed account of the Generative process m ordinary
Phanerogania and m Comterae, as well as for rveferences to the principal
origimal sources of mformation on this controverted question, the Author may
be permitted to refer to s * Prinerples of Comparative Physiology,” 1th Ed.,
§§ 601-505  Some recent disenssion on the same subject will be found m the
“ Ann. des Sei. Nat.,”” hiéme Sér., tom, m. pp. 188 et seq.
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the razor by a wetted camcl-hair pencil. The tmcing-d(:wn-
wards the pollen-tubes through the tissue of the siyle, may be
accomplished by sections (which, liowever, will seldom follow
one tube eontinuously for any great part of its length), or, in
some instances, by carcful disseetion with needles.  Plants of
the Orehis tribe are the most fuvourable subjeets for this kind
of ivestigation, which is best carricd-on hy artificially ap-
plying the pollen to the stigma of several flowers, and then
cxamining one or more of the styles daily.  “If the style of
the flower of an Apepectis (says Schacht), to which the polien
has heen applied about eight days previously, be examindl in
the manner above mentioned, the observer will be surprised
at the extraordinary number of pollen tubes, and he will casily
be able to trace them in large strings, even as far as the
ovules.  Fiolu tricolor (heartscase) and Réibes nigram and
rubram (black and red currant) arve also good plants for the
purpose, in the case of the former plant, withered flowers
may he taken, and branched pollen-tubes will not unfrequently
be met-with.” The entrance of the pollentube into the
micropyle may bhe most castly observed” in Orchidenas plands
and i Fuphraser, it heing only necessary to tear-open with
a needle the ovary of a flower whieh is just withering, and to
detach from the placenta the ovules, almost every one of which
will e found to have a pollen-tube sticking in its micropyle.
These ovules, however, are too small to allow of scetions being
made, whereby the ongin of the embryo may be discerned ;
and for this purpose, .Ewalhera (evening-primrose) has been
had-recourse-to by Hoffweister, whilst Sehaclt. recomnends
Lathrea squamaria, Pediculuris palustrs, and part icularly
Pedienlars syl abied —There 1s no kind of investigation that
requires meer management, and none wilieh is just now of
gareater terest to Botanists — Such Mieroseopsts, therefore,
as have qualtlied themselves for the enquiry, by their acquire-
ment. of the knowledge which is 1equisite fo guide their
isseetions, and of the manipulative skl by whiel alone these
disseetions ean he successfully made, camot do a greater
serviee to scienee, than by applying themselves perseveringl

to it.  The use of high magnifying powers s not at all ll(‘l‘(l(‘(K
Much may be done, m the preparation of the objeets, under
the Simple microscope; and for the exmmination of the
preparations, o ]])owcr o‘f 200 (h:unol(;rs with a hlmll(_xw eye-
pieee is general suflicient ’l‘h(_- us%lsmlmc.«)l the Binocular
Microscope would probably be found peculiarly valuable in
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thi8 enquiry ; since the right snterprefation of the appearances
presented, mainly depends upon a precise knowledge of the
exact relative position of the pollen-tube, embryo-sac, &e.,
such as this instrument is peculiarly fitted to convey.
258. We have now, in the last place, to notice the chief
Bomts of interest to the Microscopist, which are furnished
y mature Seeds. Many of the smaller kinds of these bodics
are very curious, and some are very beautiful, objects, when
looked-at in their natural state, under a low magnifying power.
Thus the sced of the Poppy (Fig. 190, a) presents a regular

F16. 190.

Seeds, as seen under a low magnifying power :—a, Poppy; B, Ama-
ranthus (Prince’s feather); c, Anfurrhinum majus? (Snapdragon);
D, Caryophyllum (Clove-pink) ; &, Bignonwa,

reticulation upon its surface, pits, for the most yart hexagonal,
being left between projeeting walls | that of Ceryophyllum
(p) 1s regularly covered with curiously-{'agged divisions, every
one of w%l‘ich has a small bright black hemispherical kuob in
its middle; that of Amaranthus hypockondriacus has its
surface traced with extremely delicate markings (»); that
of Antirrkinum (P) is strangely-irrcgular in shape (c), and
looks almost like a piece of furnace-slag ; and that of Bigronia
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(E) is remarkable for the beautiful structure of the trans-
lucent membrane which surrounds it, the radiating lines
shown in the figure being found under a higher magnifying
power to consist of rows of elongated spiral cclls. Such are
scen, too, in the like delicate membrane that surrounds scveral
other sceds, as those of Sphenogyne speciosa and Lophospermum
erubescens, which, from possessing this appendage, are spoken
of as “winged.” The most remarkable development of this
structure is said by Mr. Quekett to exist in a sced of Calos-
anthes Indica, an Kast Indian plant, in which the wing
extends more than an inch on cither side of the sced.  Séme
seeds arc distinguished by a peculiarily of form, which,
although readily discernible by the naked cye, becomes much
more striking when they are viewed under a very low mag-
nifying power; ihis is the case, for example, with the seeds
of the Carrof, whose long radiating proeesses make it hear,
under the Microscope, no trifling resemblanee to some kinds
of star-fish; and with those of Cyanthes mnor, which bear
about the same degree of resemblanee to shaving-hrushes,
In addition to the preceding, the following may he mentioned
as sceds casily to he obtamed, and as worth mounting for
opaque objects :— Adnagaltis, Anethum graveoleus, dutivrhinum,
Begonia, Carum carui, Corwpsis tinctoria, Datura, Delphi-
niwm, Digtalrs, Blatine, Lrica, Gentiuna, Gesnera, 1lyosci-
anus, Hypericum, Lepidivm, Limnocharis, Linaria, Lychuis,
Mesembryanthemum, Nicotiana, Orvbanche, Petunia, Resedu,
Sarifraga, Serophularie, Sedun, Sempervivum, Silene, Stellaria,
and Perbena. The following may be mounted as transparent
objects in Canada balsam :—Drosera, Hydrangea, Monotropr,
Orclis, Parnassin, Pyrola, Saxifrage* The sceds of Umbel-
liferous plants generally arc remarkable for the peculiar eitte,
or receptacles for essential oil, which are found 1 their coats.
Various points of interest respecting the structure of the
teste or envelopes of seeds,—such as the fibre-cells of Cobew
and Collomie, the stellate cells of the Stur-Anise, and the
densely-consolidated tissue of the ‘shells’ of the Coguilla-nut,
Cocoa-nut, &c.,—having heen already noticed, we cannot, here
stop to do more than advert {o the peculiarity of the constitu-
tion of the “husk’ of the Corm-grawus. In these, as in other
Grasses, the ovary itsclf continues to cnvelope the sced,
forming a covering to it, that surrounds its own testa; this

*+ These hists have been chlefly derived from the * Micrographic Dictionary,”
p 572
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covering (which forms the “bran’ that is detached in grinding)
is composed of hexagonal cells of remarkable regularity and
densily ; and these are so little altered by a high temperature,
as still to be readily distinguishable when the grain has heen

round after roasting,—thus enabling the Microscopist to
gcfcct even a very small admixture of roasted Corn with
Collce or Chicory, without the least difficulty.*

* Tn a case in which the Author was ealled-upon to make such an investi-
gation, he found as many as thirty distimetlv-recognizable frazments of this
cellular envelope, in a sinole grain of a mixture conswsting of Chicory with
only 5 per cent. of roasted Corn,
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CHAPTER IX.

MICROSCOPIC FORMS OF ANIMAL LIFE :—PROTOZOA
ANTIMALCULES.

959. Profozon —VPassing-on, now, to the Animal Kingd’om,
we begmn by divecting our attention o those minute and
simple forms, which correspond, in the Animal series, with the
Protophyta in the Vegetable (Chap vi); and this is the
more desirable, sinee the formation of a distinet group, to
which the name of Profvzoa (lirst proposed by Sichold) may
he appropriately given, is not merely one of the most inte-
resting tesults of receni. Microscopie enquiry, but is a subject
on which it is particularly important that the Microscopie
obseryer should know what the Physiologist believes himself
to have ascertained.  'This group, which must be placed at
the very base of the animal sceale, beneath the great sub-
kingdoms marked-oul by Cuvier, is characterized by the
extreme simpheity that prevails in the strueture of the beings
composing il 3 these heing cither wsolaled eolls, or aggregations
of eells wherein no such diferentiation of parts exhibits itself,
as constitutes the Corgans’ of even the simplest Zoophyte or
Worm —We have in the fist place to consider, therefore,
what are the essential characters of the Animal cell; and
what are the preeise relations of the Protozoa to the Proto-
Phyta, to which they seem to bear so elose an affinity.

260. The Animal Cell; in its most complete form, is com-
arable in most parts of its structure to that of the Plaut;
l)ul, differs from it in the entive absence of the € cellulose-wall,”
or of anything that represents it, the cell-contents heing
enclosed in only a single hmitary membrane, the chemical
composition of which (heing albuminous) indicates its corres-
pon(!('nce with the primordial utricle (§ 117).  In its young
state, it scems always to contain a semi-fluid plosia, which is
essentiallv the same as the “protoplasm’ of the Plant, save that
it does not inelude ehlorophvll-grannles; and this may cither
continue to oeeupy its cavity (wlich is the easc in eclls whose
entire energy is directed to growth and multiplication), or
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may give place, either wholly or in part, to the special product
which it may be the function of the ccll to prepare. Like
the Vegetable cell, that of Animals vcr{ commonly multiplics
by duplicative subdivision; and it also (especially ammong
Protozoa) may give ori%in to new cells, by the breaking-up of
its contents into several particles; but new cells are not un-
frequently to be met-with, cspecially in the nutritive fluids of
such Animals as possess a distinet circulation, which have not
direetly originated in cither of these modes from a previously
existing cell, but which have been devcloped by a process of
Jree cell-formation, namely, by the aggregation of organic
molecules, floating in these fluids, into Tittle masses, of which
the external particles coalesee into a membranous cell-wall,
whilst the interior liquefy into ccll-contents. This can only
take-place, however, in a liquid which has undergone elabora-
tion in the interior of a highly-organized living body; and we
find no traces of such free cell-formation among the members
of the group we arc first to investigate.

261. As we have seen (§ 150) that, among the lowesi
Protophytcs, the general attributes of a cell may exist in a
minute mass of protoplasm which is not bounded by a limitary
membrane,—the differentiation hetween cell-wall and cell-
contents not having yel manifested itself,—so, among the
lowest Protozoa, we find the power of maintaining an inde-
pendent existence to be possessed by similar particles of that
peeuliar blastema, or formative substance, to which the name
of sarcode has heen given by Dujardin (who first drew attention
to its extraordinary endowmenis), and which may be con-
sidered as the basis, not merely of the entire organisms of
Protozoa, but of a large part of that of Righer animals. The
propertics of this may he most fully understood by the earcful
study of a creaturc, which is by no means unfrequently to he
met-with in fresh and stagnani waters, vegetable infusions,
&e.; and which, from the great variety of forms it assumes,
has received the designation of Profens. This name, however,
having been assigned to an animal of far higher organization,
that with which we are now concerned is properly known as
the Amaba(Fig. 191). It may be described as a minute
mass of ‘sarcode,” prescnting scarcely any evidence of distinet
organization, even of the simplest kind ; for, as in the lowest
forms of Vegetable cell (§ 148), there is not even a complete
differentiation between the cell-wall and the eell-contents ; the
former not being composed of a distinet membrane, though
obviously possessing more consistence thun the latter, which
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arc scmi-fluid. A coutractile vesicle (or rather, perhaps, a
¢vacuole’) may be observed in some part of the body, which
pulsates at tolerably-regular intervals; and ‘vacuoles’ or
clear spaces are seen, surrounding the alimentary particles
which have heen received into the midst of the jelly-like sub-
stance. Ilowcver inert and shapeless this minute body may
be when first noticed, its possession of vital activity is soon
made #pparcnt by the movements which it executes, and by

+

Fie. 101,

Ameba princeps, in different forms, a, b, c.

the changes of form which it undergoes ; these heing, in fact,
part of one and the same set of actions.  For the shapeless
mass puts-forth one or more finger-like prolongations, which
are simply extensions of its gelatinous substanee in those
particular dircctia@s ; and a continuation of the same action,
flivst distending the prolongation, and then (as it were) carry-
ing the whole hody nto it, eauses the entire mass to’change
its place. After w short time another prolongation is put
forth, cither in the same or in some different direction; and
the body is again absorbed infoit. These changes seem to he
connected with a movement of the semi-fluid particles in the
interior of the mass, of which a current may be observed to
“set” in the direction wherein the protrusion is about to take
place, before the surface shows any projection.—When the
Hy
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creature, in the course of its progress, meets with a particle
capable of affording it nutriment, its gelatinous body spreads
itself over or around this, so as to cnvelope it completely;
and the substance (somctimes animal, somctimes vegctabfc)
thus taken into this extemporized stomach, undergoes a sort
of digestion there, the nutricnt material being extracted, and
any tndigestible part making its way to the surface and finally
bemg (as it were) squeczed-out.—Of the mode of repro-
duction of Amwha, nothing is yct kgown, save that it
undergoes multiplication by sclf-division, very much in the
mamcr of the Protophytes, and that portions separated from
the jelly-like mass, either by cutting or teaving, can develope
themselves into independent heings. Consequently, as we are
quite in the dark rcsgccting the sexual operation, which (as
all analogy would lead us to belicve) must tuke-place at some
period of 1ts life, it cannot be said that we are acquainted with
more than one phase of its existence ; and it is quite possible
that, after many repetitions of the process of multiplication
by sclf-division, some cutirely-new form may preseut iself, of
which the Amaeba is (as it were) the larva.  The completion
of the life-history of this eurious ercature, therefore, is amost
worthy objeet, of Microscopic enquiry; and its abundance in
many situations should prevent this from being a matter of
any great difficulty Lo an observer, who can devote sullicient
atteution to the study.*

262. Nearly allied to the preceding, is another curious
organisi, on which the attention of many cminent Micro-
scopists has been recently fixed.  This ereature, the LLetinophrys
(Fig. 192), consists like the preceding of a homogencous, jelly-
like, contractile substance, or sercode, not enclosed in any dis-
tinet envelope, though the outer portion scems to be of firmer
cousistence than the immer.  Throughout the body, which is
usually nearly spherical in form, but more particularly near its
surface, there are observed vacuoles occupi&-(l by fluid; these

* 1t has been recently affirmed by Dr Tartig, that dmwbe may be pro-
dneed by the transformation of the ‘antherozoids’ of Chara (§ 202), Mar-
chantia, or Mosses, and that, in their turn, they become metamorphosed, first
to Protococei or other umeellular Algie, and then into Articulated Alge But
evenif jelly-like bodies resembling Ameba in gencial appearance and in spon-
tancous ctange of form, should be thus produced, they camiot be samd to be
true Amab:w, unless they should feed m the manner describod above,~—which
Dr. Hartig does not appear to have witnessed.  (See “Quart. Journ, of
Microae. Science,” vol. iid, p. 51.)—Ilowever strange Dr Harhg's statements
may be, they are not more strange than many assertions of the same class
tirst appearcd, which are now admitted as unquestionable truths, and they
ought not to be set aside without dixproof, any morc than they should be
received without further confirmation.
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have no definite boundaries, and may be easily made artificially
either to coalesce into larger ones, or to subdivide into smaller.
A “contractile vesiele’ (o), pulsating rhythmically with great
regularity, is always to be ({]istinguished either in the midst of
the jelly-like substance, or (more commonly) near its surface ;
and the appearance which it presents in this latter posilion,
scems to leave no doubt of its being included within a distinet
thougl'very thin membrane. The €sarcode’ extends itself into
contractile tentacular filaments, which arc called psendopodia;
and these, in the Aefinophrys sol, are commonly scen to radiate
from the centre, in such a manner as to have suggested ‘the
designation of the specics. Their degree of extension, how-

Fia. 192,
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Actiophrys solain different states —a, in its ordinary sun-like
form, with a pro ent contractile vesicle, o B, in the act of division
or of conjugation, with two contractile vesieles, o,0; ¢, m the act of
feedimg, b, m the act of discharging fiecal (P) matters, @ and b,

cver, is extremely variable, and sometimes they entirel
disappear: the crcature cannot then he distinguished wit
certamty from an Ameba.  For although the form of the
latter is generally flatiened, yet it somctimes becomes nearly
spherical; so that neither type can he recognized, until the
jelly-like spherule flattens itsell out as an Ameha,. or puts-
forth radiating ‘pseudopodia’ a52 an Actinophrys.—Far less
g\
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activity is cxhibited by Actinophrys, than by Ammba; and
the shight change of place which 1t undergoes from time to
time, does not secm attributable cither to any change of form
of the hody, or 1o any bending of the tentacles.” It is b

the agency of these, however, that its nourishment is obfained;
and this is derived not mercly from vegetable particles, but
from various small animals, some of them (as the young of
Crustaccans) possessing great activity, as well as a compara-
tively high organization.” When any of these happens to
come into contact with oue of the tentacular filuments, this
usually retains it by adhesion, and forthwith begins to retract
itsclf; as it shorteus, the swrrounding filuments also apply
themselves o the captive particle, bending their points
together so as gradually to enclose it, and themselves
retracting, until the prey is brought close to the surface
of the body. The threads of ¢sarcode” of which the ¢ pseudo-
podia’ are composed, not heing invested (any more than the
sarcode of the hody) by any limiting membrane, coalesce with
cach other and with it; and thus the particle which has been
entrapped by them becomes actually embedded in the gela-
tinous mass, aud gradually passes from the peripheral towards
the eentral part of 1t, where its digestible portion undergoces
solulion, the supcrlicinl part of the body, with its pscudopodial
prolongations, in the mean time recovering their previous
condition. Any indigestible portion, as the shell of a Crusta-
ccan, or the hard casc of a Rotifer, finds its way to the surface
of the body; and is extruded from it hy a process exactly the
converse of that by which it is drawn-in (Fig. 192, n).  The
number as well as the size of the particles mneluded hy the
Aelieophrys al any one time is very various; frequently they arc
more than ten or twelve. They are not usually embraced closely
by the sarcode, but are surrounded by fluid in “vacuoles’
in its substanee; and it was this appearance which led Prof,
Ehrenbere fo deseribe the animaleule as poggessing numerous
stomachs.—The Actinophrys, like the Am(l‘]ﬁnu]tiplies itself
by sclf-Qivision ; but a process which scems to resemble the
¢ conjugation,” of Protophytes (§ 151), has also heen witnessed
in it by DProf. Kolliker and Dr. Coln. Two individuals
approximate and conlesee, so as to form what appears to be a
single body; but a ‘nucleus’ then makes its appearance,
which gradually developes itsclf into a mass having the cha-
racters of its parent; and the young Actinophrys thus gene-
rated probably escapes before long from the body within which
it originated.  As the condition of an Actinophrys undergoing



COMPARISON OF PROTOZOA AND PROTOPHYTA. 469

self-division is to all appearance the same as that of two
individuals in incipient conjugation (¥ig. 192, 8), it cannot be
determined in any particular case which operation is in pro-
gress, until the ercature has been watehed sufliciently long for
the feadency of its changes to beeome apparent.

263. If, now, we compare the foregoing history with that
of Pglmoglea or any other simple Protophyte, we shall see
that whilst there is a strong analogy between the two sets of
ohenomena, there arc at the same time certain most important
{]iﬁ'crenc(‘s. One of the most obvious of these differencesy lies
in the morements exhibited by the Ameha and Actinophrys;
for although these arc by no means suflicient in themselves
(as was once supposed) to establish the distinetion between
the Animal and Vegetable kmgdoms, yet, when they do not
consist in the mere vibrations of eilia, such as are exeeuted by
zoospores, antherozoids, &e., among Plants, but depend upon
alterations in a contractile substance forming the entire body,
they bear a much eloser rescmblance to the actions of higher
Animals; and we may trace in faet, in the aseending Animal
scale, a progressive speeinlization or sctting-apart of certain
portions of the contractile substance more peculiarly endowed
with this property, until they take the form of disfinet mus-
cular l)un({s.——-A more positive and casily-defined- distinetion
lies in the nature of the alunent of the Protopliyta and Profozoa
respectively, and i the wethod of ifs introduction.  For whilst
the Protophyte obtains the materials of its nutrition from the
air and moisture that surround it, and possesses the power of
detaching oxygen, hydrogen, carhon, and nitrogen from their
prcvious!i)imu'y combinations, and of uniting them into ternary,
and quaternary organic compounds (chlorophyll, starch, albu-
men, &c.), the simplest Protozoon, in common with the highest
members of the Animal kingdom, seems utterly destitute of
any such power, and is dependent for its sull;port upon
organic Sll{)btil s previously elaborated by other beings.
But further, the” Protophyte obtains its nutriment by mere
absorption of liquid and gascous molecules, which penetrate
by simple imbibition; whilst the Protozoon, though destitute
0}! any proper stomach, makes (so to speak) a stomach for
itself in the substance of its body, into which it ingests the
solid particles that constitute its food, and within which it
subjects them to a regular process of digestion.—llence these
simplest members of the two kingdoms, which ean scarcely be
distingnished from cach other by any strucfural characters,
seem to be physivlogically separable by the mode in which
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they perform those actions wherein their life most essentially
consists ; for the Protococcus-cell decomposes carbonic acid
under the influence of light, and generates chlorophyll and
proteine-compounds, in a manner in all respects comparable to
that in which the same operation is performed by the leaf-cells
of the most perfeet Plant; whilst the Ameeba dngests and
digests both Vegetable and Animal food, and applies it to the
nutrition of its body, no less cflcetively than an Animal pos-
sessing the most complex digestive and circulating apparatus.
And in the present state of our knowledge, we scem justified
in laying it down as the most rcady and certain differential
character we-are acquainted-with, between the nost closely-
related Protophyla and Protozoa, that the former (with the
exception of the Fungi) decompose carbonic acid under the
influence of light, and acquire a red or green colour from the
new compounds which they form in their interior ; whilst the
latter, having no such power,* reccive animal and vegetable
organisms, or particles of such, into the interior of their
bodies, where they extract from them the ready-prepared
nutriment they are fitted to yield.

264. Rhizopoda.~The two creatures above described as the
types of the simplest form of Protozoic life, are not now
regarded as Infusory Animalcules, among which they were
ranked by Prof. Ehrenberg; but arc considered as the types
of a distmnet subdivision, to which the name of Rhicopode has
been assigned by M. Dujardin; this name very appropriatel
representing the Icading feature in their organization, whic
consists in the cxtension of their sarcodc-boclfy into Jong root-
like processes, whereby their aliment is drawn into its sub-
stancc. In by far the larger proportion of the animals in-
cluded in this group, a carapace or shell is formed, cither by
the consolidation of the supcrficial layer of the sarcode-body
through impregnation of its substance with mineral matter, or
(as appears to be the case in some instancega by the agglutina-
tion of particles of sand, &c., with a viscidsecretion exuded
from its surface. This ‘ carapace,” in Areelle (Fig. 193, ¢, p),
has for its basis a layer of dense mewbrane, which
scems analogous to the firm cnvelope of the Desmidiaces
(% 184), and to that which constitutes the basis of the ¢ lorica’
of Diatomacems (§ 172); and in some species it sends-out

* Many instances have been cited, of Ammaleules acquiring a green colour
by the decomposition of carbonic acid under the influence of hight; but there
can bhe no doubt in the mmd of any one who is famihar with the results of

recent microscopic research, that in all thesc cases, the supposed Animalcules
were really Protophytes.
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spinous prolongations like thosc of the former; whilst in
others its surface exhibits symmetrical markings that rescmble
thosc of the latter. Its material differs, however, from that of
the cellulose wall of Vegetable cclls, as may be shown by the
cffects of reagents ; mlg scems to be rather a modification of
horny wmadter, probably rcsembling the ckifine which gives
sclidity to the integuments of Insects. Not unfrequently it
cntains pirticles of sand, minute Diatoms, &c., imbedded in
its substance. The Diglugia (Fig. 193, A, B) dillers in no

Fra. 193,
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Various forms of Simple Rhizopods —a, Diffugia proteiformis :
B, Difflugra oblonga. ¢, Arcella acuminata. b, Arce;la dentuly.

essential partienlar from Arcella, save in the form of its cara-
pace, which is pitcher-shaped, instead of bheing shield-like or
dish-shaped. In the one case, as in the other, the carapace has
but & narrow opening, through which alone can the ¢pscudo-
podia’ be projected. The general naturc of these animals
scems 1o be exactly the same as that of Amaba and Actino-
phrys; and their mode of nutrition differs only in this, that
their food can only be drawn into that part of the body which
is unprotected by the carapacc. Nothing positive is yet
known as to therr Reproduction. Two individuals nuy not
unfrequently be #en with the apertures of their shells in con-
tact with each other, the pseudopodial prolongations heing
apparently common to both; but whether these are in the
act of conjugation, or whether (as {he younger aspect of one
of the shells sometimes indicates) the union results from the
production of a bud not yet separated, caunot yet be certainly
affirmed.—The most remarkable development of this type of
organization presents itself amoug the marine Foraminifera
and Sporges; in which composite structures, often of wvery
large size, are developed by continuous gemmation, and a
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complex skeleton is produced.  These, not being in themselves
(for the most part at least) microscopic organisms, will be
more fitly consigercd under a separate head (Chap. x.).

265, Animaleules, — Dismissing the Rhizopods for the
present, we have now to apply oursclves to the special subject
of this chapter; namely, th asscmblage of minute forms of
Animal life, which are commonly known under the designation
of Animalcules. Nothing ean be more vague or inappropriate
than 1his title, since it only capresses the small dimensions of
the beings to which it is applicd, and does not indicate any of
their characteristic peculiaritics. In the infancy of Micro-
scopic know ledge, it was natural to associate-together all those
creatures which could only he discerned at all under a high
magnifying power, and whose internal structure could not le
clearly made-out with the instruments then in use ; and thus
the most heterogencous assemblage of Plants, Zoophytes,
minute Crustaccans (water-fleas, &c.), larvae of Worms and
Mollusks, &e., came to be agaregated with the true Animal-
cules under this head.  The class was being gradually linited
by the removal of all such forms as could be reterred to others
but still very little was known of the real nature of those that
remained in it, until the study was taken-up by Prof Ehren-
herg, with the advantage of instruments w}ﬂch had derived
new and vastly-improved capabilitics from the application of
the principle of Achromatism (p. 18). One of the first and
most importaut results of his study, and that which has most
firmly maintained its ground notwithstanding the weakening of
Prof. Lhuenberg’s authority in other respeets, was the separa-
tion of the cntire assemblage into two distinet groups,
having scarccly any feature in common excepting their minute
size, onc being of very Jow, and the other of comparatively
Ligh organizaiion. On the lower group lhe conferred the
designation of Lolygustrica (many-stomached), in consequence
of having been led to form an ideca of their organization,
which the uniled voice of the most trustworthy obscrvers
now pronounces 10 be crroncous; and he not only assigned
to them a complex digestive apparatus, but consid)(':rcd them
ta be endowed with genilal organs, nervous ganglia, and organs
of special scnse, for none of which can any adequate basis be
found in the appearances that the Microscope brings into
view within their bodics. Hence it seems desirable to
ahandon the term ¢Polygasirica,’ as conveying an erroncous
idea of the structure of thesc heings; and we may appropri-
ately fall-back on the name Znfusoria, or Infusory Anim;}lcu es,
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which simply cxpresses their almost universal prevalence in
infusions of organic matter. For although this was applied
by the older writers to the higher group as well as to the
lower, yet as these are now distinguished by an appropriate
appcllation of their own, and arc, moreover, #zof found in
iutusions when in that state of rapid decomposition which is
most favourable to the prescnce of the inferior kind of Ani-
maleules, it may very well be withdrawn from them, and be
restricted {o the Polygastrica of Ehrenberg, which is the sense
whercin it has been used by many recent writers.—To the
higher group, Prof. Ehrenberg’s name Rotifera or Rolatoria id
on the whole very appropriate, as significant of that peculiar
arrangement of their eilia upon the anterior parts of their
bodies, which, in some of their most common forms, gives the
appearance (when the cilia are in action) of wheels in revolu-
tion ; the group, however, includes many members, in which
the ciliated lobes are so formed as not to bear the least
resemblance to wheels.  In their general organization, these
¢ Wheel-animaleules > must certainly he considered as members
of the Articululed division of the Anmnal Kingdom ; and the
scem {o constitute a class in that Jower portion of if, to which
the designation Worms is now commonly given.—Notwith-
standing this wide zoological scparation between the two
kinds of Animaleules, it scems most suitable to the plan of
the present work, to treat of them in conncction with one
:motlhcr ; since the Microscopist continually linds them asso-
ciated together, and almost necessarily ranges them in his own
mind under onc and the same category.

266. L fusoria.—This term, as now limited by the separation
of the Rotifera, is applied to a far smaller range of forms
than that which was mecluded by Prof. Khrenberg under the
name of polygastric’ animalcules. For a large scetion of
these, including the Lesmidiacew, Diatomacew, Volvocinee,
and many other Protophyics, have been transferred by the
almost concurrent voice of those Naturalists whose judgment
is most to be relied-on, to the Vegetable Kingdom. The
Rhizopod group, again, must be cxcluded, as being very dis-
tinet in its plan of organization from the irue Infusoria. And,
lastly, it is not improbable that many of the reputed Infusoria
may be but larval forms of some higher orgamsms, instcad of
being themselves complete animals.*  Still an extensive group

* P'rofessor Agassiz, 1ndeed, goes so far as to assert (“ Ann, of Nat. Hist.,”

vol, 11, 1850, p. 157) that, as he has satisfied himself by direct obscrvation,
Bursarwa, Puramecwm, and other Ammaleules which are commonly ac-
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remains, of which no other account can at present be given,
than that the beings of which it is comp()sml go through the
whole of their lives, so far as we arc acquainted with them, in
the condition of isolated cells; differing from Vegetable cells on
the onc hand, and from Rhizopods on the other, in'this remark-
able particular,—that the alimentary particles by which they
arc nourished are taken into their cavity through a distinct

_oral aperture, some of them also having an anal orifice for the
cjection of indigestible matters. 1t has Been imagined by
Prof. Ehrenberg, that a distiuct alimentary canal exists; some-
times returning upon itscll (as in Forticellu), sometimes pro-
cecding straight from one extremity of the body to the other
(as in Enchelrs), and sometimes passing round and round in a
spiral (as in Jewcophrys), huving a munber of flask-shaped
stomachs counceted with it, into which the alimentary particles
find their way, and in which they undergo digestion.  But as
he made the like assertions with regard to heings that have
been since undoubtedly proved to belong to the Vegetable
Kingdom, their authority must be explieiily denied ; and all
the best observers of the present time would agree (the Author
believes) in the following gencral account of the organization
of Infusoria.

267. Their hodies consist of ¢sarcode,’ of which the outer
layer posscsses considerably morc consistence than the
internal portion; the process of differentiation having here
advanced sufficiently far to establish a clear distinetion be-
tween the wall and its confents, Somctimes, as in Para-
mecium, a distinet pellicle may be rceognized on the sur-
face of the proper coat of the body; and {his, which is
studded with regularly-arranged markings like those of
Diatomacem, secms to be the representative of the carapace
of dreella, &e. (§ 264), as of the cellulose coat of Protophytes.
The form of the body is usually much more definite thanthat
of Amaba or Actinophrys; cach speeies having its character-
istic shape, which is only departed-from, for the most part,
when the animaleule is subjected to pressure from without, or
when its eavity has been distended by the ingestion of any
substance above the ordinary size. The body does not secem
to posscss much contractile power in its own substunce, ils
