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Fig. 87.—CHEVALIER'S UNIVERSAL MICROSCOPE.

THE MICROSCOPE.

—_——
CHAPTER 1.

1. Origin of the term.—2. Simple mioroscopes are magnifying glasses.—
8. Compound microscope.—4. Objeot-glass and eye-glass.—5. General
description of the instrument.—6. Uses of the field-glass.—7. Reflect-
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THE MICROSCOPE.

ing mieroscopes.—8. Conditions of distinet vision in the microscope.—
9 mm ofdm‘erent magnifying powers,—10, Distinctness of deline-
ation necessary.—11, Hence aberration must be éfacsd.—12. Achro-
matic object-lenses.— 18, Sufficient illumination necessary. — 14,
Effects of angular qu'hme.-—lli Eryeriments of Dr. Goring.—16.
Method of determming angular aperture —17. Mutual chromatic
and spherieal correction of the lenses;

1, THE microscope is an optical instrument by means of which
we are enabled to see objects or the parts of objects too minute to
be seen distinotly with the naked eye, the name being taken from
two Greek words, mkpdv (mikron), a little thing, and oxowéw
(skopeo), I look at,

2. In a certain sense, all magnifying-glasses may be regarded as
microscopes, but the slightly convex lenses, used by weak-sighted
persons, cannot with any propriety be so denominated. The
higher magnifying lenses, however, used by watchmakers,
Jjewellers, miniature painters, and others, may with less impro-
priety receive the name ; and the small lenses of short focus and
high power described in our Tract on * Magnifying Glasses,”
especially when they have the form of doublets, and are mounted
to serve anatomical purposes, and for microscopic delineations, are
generally designated simple microscopes. Since, however, they
differ in no respect in their optical principle from common magni-
fiers, we have considered it more convenient to explain them
under that head, limiting therefore the subject of the present
Tract to those optical combinations which are generally called
COMPOUND MICROSCOPES,

3. Such an instrument, in its most simple form, consists of a
magnifying lens or combination of lenses, by means of which an
enlarged optical image of a minute object is produced, and a
magnifying lens, or combination of lenses, by which such image is
viewed, as an object would be by a simple microscope.

4. The former is called the 0BJECT-GLASS, Or OBJECTIVE, since
it is always directed immediately to the object, which is placed
very near to it; and the latter the EYE-6LASS, or EYE-PIECE, inas-
much as the eye of the observer is applied to it, to view the
magnified image of the object.

5. Such a combination will be more clearly understood by
reference to fig. 1, where o is the object, LL the object-glass, and
£ E the eye-glass.

The object-glass, L 1, is a lens of very short focal length, and
the object o is placed in its axis, a very little beyond its focus.
According to what has heen explained in our Tract upon ¢ Optical
Images,” 31 et seg. an image 0 0, of o, will be produced at a dis-
tanoe from the object-glass 1 L, much greater than the distance of

2 . .



PRINCIPLE .OF THE INSTRUMENT.

o from it: this image will be inverted with relation to the object ;
its top corresponding with the bottom, and its right with the left
side of the object, and vice versd : the linear magnitude of this
image will be greater than that of the object, in the proportion of
0 L te o I, and consequently its superficial magnitude will be
gredter than that of the objeot, in the proportion of the squares of
these lines. |

The image 0 o, thus formed, may be considered as an object
viewed by the observer, through the magnifying glass & E, and
all that has been explained, relating to the effect of such a lens, in
our Tracts on ‘¢ Magnifying Glasses”” and ¢¢ Optical Images,” will
be applicable in this case. The observer will adjust the eye-glass

o Fig. 1.

E E, at such a distance from o o, as will enable him to see the
image most distinetly, and the impression produced upon his sense
of vision will be that the image he looks at, is at that distance
from his eye, at which he would see such an objeot most dis-
tinotly without the interposition of any magnifying lens; let
this distance be that of a similar image o’ 0/, and the impression
will be that the object he beholds has the magnitude o’ o,

The distance of most distinot vision with the naked eye, and
the distance from the image at which the eye-glass must be
placed to produce distinet vision, both vary for different eyes, but
they vary almost exactly in the same proportion, so that the
magnifying effect of the eye-glass upon the image o o, will be the
same, whether the observer be long-sighted or short-sighted ; in
estimating the magnifying power, therefore, of such a combina-
tion, we may consider, in all cases, the distance of the eye-glass
£ £ from the image o o, to be equal to its focal length, and the
distance of o’ o’ from the eye-glass, to be 10 inches. (Sec
¢ Magnifying Glasses,” 8.)

To estimate the entire amplifying effect of such a microscope, we
hive only to multiply the magnifying power of the object-glass
py that of the eye-glass ; thus, for example, if the distance of the
image 0 0 from the object-glass be 10 times as great m; the

B2
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distanee of the object from it, the linear dimensions of the image
0.0 will'hé 30 times greater than those of the object ; and if the
foodl length of the eye-glass be § an inch, the distance of mest
diptinet vision being 10 inches, the linear dxmensmm of o’ o' will
be 20 times those of 0 0, and therefore 200 times those of the
object ; the linear magnifying power would in that case be 200,
and consequently the saperficial magnifying power 40000.

It would seem therefore, theoretically, that there would be no
limit to the magnifying power of such a combination ; practically,
however, there are circumstances which do impose a limit upon it.
It must be remembered that the object must always be placed at
o distance from the object-glass, greater than the focal length
of the latter, the magnifying power of the object-glass depend-
ing on the number of times this distance is multiplied, to make up
the distance of the image 0 0 from ¥. L ; if a very great magnifying
power be required, the latter distanee must bo 8 propertionally
great multiple of the former, and as the x: glass must be farther
from the objeot-glass than the image, the instrument might be
increased to unmanageable dimensions.

There is therefore a practical limit to the increase of the ampli-
fying power of the instrument by the increase of the distance of
the image 0 o from the object-glass, and consequently it can only
be augmented by the decrease of the focal length of the object-
glass, combined with a corresponding decrease of that of the eye-
glass. By such means, the distance of 0 from L L will be con-
tained a great number of times in 0 L, while the latter has not
objectionable length, and the distance of the eye-glass from the
image 0 0 will be contained a great number of times in the
distance of most distinet vision.

The eye and object glasses are usually mounted at the distance
of 10 or 12 inches asunder, adjustments nevertheless being pro-
vided, by which their mutual distance can be varied within
oertain limits,

8. A convex lens is generally interposed between the object-
glass and eye-glass, which receiving the rays diverging from the
former, before they form an image, has the effect of contractmg
the dimensions of the image, and at the same time increasing its
brightness, The effect of such an intermediate lens will be
understeod by reference to fig. 2, where ¥ F is the intermediate
lens. I£ this lens ¥ F were not interposed, the object-glass L x
would form an image of the object 0 at 0 0; but this image being
too large to be seen at once with any eye-glass, a certain portion

.of its eentral part would only be visible. The lens ¥ F, however,

receiving the rays before they arrive at the image o 0, gives them

increased convergenee, and causes them to produce & smaller
4



FIELD-LENS.

image o' o, at & less distance from the objeot-glass Lr. The
dimensions of this image are so small, that every part of it can be
seen at once with the eyesglass. .

The portion of the image which can be seen at once with the
eye-glass, is called the FTELD oF VIEW of the miorosoope,

It is evident from what has been .stated, that the effect of the

Fig. 2.

lens ¥ F is to increase the fleld of view, since by its means the
entire image of the object can be seen, while without its inter-
position the central parts only would be visible.

The lens P ¥ has, from this circumstance, been ocalled the
FIELD-LENS.

But the increase of the field is not the only effect of this
arrangement.

The light which would have been diffused over the surface of
the larger image 0 o, is now collected upon that of the smaller
image o’ 0'; and the brightness, therefore, will be increased in the
same proportion as the surface of 0 0 is greater than the surface of
0’ 0’, that is, in the proportion of the square of o o to the square
of o' 0.

Another effect of the field-lens is to diminish the M of the
microscope, for the eye-glass, instead of being placed sl foeal
distance from o0 o, is now placed at the same distance from o o.

7. In this brief exposition of the general principle of the miero-
scope, the image, which is the immediate subject of observation,
is supposed to be produced by a convex lens; such an image,
however, may also be produced by a concave reflector, and being
80 produced may be viewed with an eye-glass, exactly in the same
manner as when produced by a convex lens,

Microscopes have accordingly been oonstruoted upon this
principle, and are distinguished as BEFLECTING MICROSCOPES;
those in which the image is produced by a lens being ocalled
REFRACTING MICROSCOPES,

The prineiple of a reflecting mieroscope will be understood by
reference to fig, 8, where 1 L is the concave reflestor, of which o
is the centre; the object o is placed towards the reflector, at a

6 .
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distance from ¢ greater than half the radius, and an inverted
image of it is formed at o 0, which, as in th~ case ofthaxefmcﬁng
‘microscope, is looked at with an eye-glass .

The great improvements which have faken pisce within the last
twenty years in the formation of the object-glasses of refrasting
mieroscopes, have rendered these so very superior to reflecting

Fig. 3,

L

microscopes, that the latter class of instruments having fallen so
completely into disuse, it will not be necessary here to mnotice
them further.

In what has been explained, the general principle only of .the
microscope has been developed ; many important circumstances of
detail upon which its efficiency mainly depends must now be
noticed.

8. The conditions which render the vision of an object with the
microscope clear and distinct are essentially the same as those
which determine the clearness and distinctness of our perception
of an object with the naked eye. It will be found, by reference
to our Tract upon *‘ the Eye,” that these conditions are three :—

1. That the visual angle should be sufficiently large

2. That the outlines and lineaments of the ob;ect should be
sufficiently distinet; and :

3. That the object should be sufficiently illuminated.

It is evident that if any one of these conditions fail to be ful-
filled, our visual peroeption of the object will be defective. If
the object, for example, be exceedingly minute, though it be
perfectly delineated and strongly illuminated, it will be either
slfogether invisible, or will appear as a mere speck.

If its outlines and lineaments be ill-defined, as when a tree or
other object is seen through a mist, our perception of it will also
be defective ; and in fine, thongh it have sufficient magnitude and
be'perfeetlydehneM we may fail 'to see it distinctly for want
of sufficient light upon it, as when we look at objects towards the

clwof'hrﬂight.



CONDITIONS OF . EFFICIENCY.

The object which is submitted to our sense of vision with the
miocroseope, being the optical image produced by the objegt-glass,
our perception of it can only be clear and distinet, provided the
three conditions above stated are fulfilled, that is, provided it be
viewed under a sufficient visual angle, that its outline and
lineaments be shown with perfect distinctness, and that it be
sufficiently illuminated.

The conditions, therefore, upon which the efficiency of the
microscope must depend will necessarily be those which will
confer upon the image, submitted to the observer, the qualities
above stated.

The optical conditions which determine the visual angle or
apparent magnitude of the image, as viewed with the eye-glass,
have been already explained; and it is evident that these con-
ditions can always be fulfilled, provided object-glasses and eye-
glasses of sufficiently short focus can be produced. Speaking

.generally, the magnifying power of the object-glass will be limited
-by the proportion which the length of the microscope will bear to
.its focal length; and the magnifying power of the eye-glass will
be limited only by its power of approaching sufficiently close to
‘ the image, without too much contracting the field of view.

If the purpose of the observer were merely to see the object as
a whole, so as to obtain a perfectly accurate notion of its outlines,
a moderate magnifying power would, in general, suffice. But in
most microscopic researches it is desired to ascertain, not merely
the general outlines of the object, but the far more minute linea-
ments of its structure; and to render these visible in the minuter
class of objects, amplifying powers of a very high order are
indispensable,

9. The powers, indeed, which exhibit to the observer the
general outline of an object, are rarely sufficient to show the
minute lineaments of its structure. To perceive the general
outline, it is necessary that the entire object should be included
at once within the field of view, and this could not be the case,
if the magnifying power exceeded a moderate limit. The power,
on the other hand, which is sufficiently great to show the most
minute parts of the structure, would necessarily be so great that
a very small part only of the entire object would be comprised in
the field of view.

From these circumstances it will be readily understood, that
each class of powers have their peculiar uses, neither superseding
the other ; when we desire to observe the general form of a micro-

-fcopic objet, we must view it with a low power. When we

4.iesu~e, on the other hand, to examine its parts, and if, for example,

it be an animalcule, to observe it member by member, and organ
7
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by organ, we must call to our aid the higher olass of power, In
fine, a complete microscopic analysis of an individual object will
require. that it should be viewed successively with a series of
gradually increasing powers.

10. But magnifying powers, to whatever extent they may be
carried, will be of no avail if the image produced by the object-glass
be not perfectly distinct and well defined ; and it will be evident
upon the slightest consideration, that any minute imperfections
which may exist in its delineation, will be rendered more and
‘more glaring and intolerable, the higher the magnifying power
under which it is viewed.

‘With a common magnifying glass, or simple microscope, we
.view the object itself, and are subject to no other optical imper-
fections in our perception of it, than such as may arise from the
imperfeotion of the lenses through which we view it; and since
with such instruments the magnifying power can never be con-
siderable, small defects of delineation are never peroeptible. It is
quite otherwise, however, with the class of instruments now under
consideration, where magnifying powers, from 1000 to 2000 of the
linear dimensions, are often brought into play.

These circumstances render it indispensable that the image of
the object produced by the object-glass, and viewed through the
eye-glass, should have the utmost attainable distinetness of de-
lineation ; not only as regards its outline, but also as respects the
most minute details of its structure and colouring,

11. Now the solution of this problem, presented to seientific and
practical men the most enormous diffioulties ; difficulties so great
as to have been regarded, by some of the highest scientific autho-
rities of the last half-century, as absolutely insurmountable.
Happily, nevertheless, the problem has been solved ; and without
disparagement to the great lights of science, we must admit that
its solution has been mainly the work of practical opticians. It
is true that the general principles upon which the form and
material of the lenses depend, were the result of profound mathe-
matical research, but these principles were established and well
understood at the moment when the practical solution of the pro-
blem was, by scientific authorities themselves, pronounced to be
all but impossible. Opticians, stimulated by microscopists and
amateurs, then applied themselves to the work, and by a long
series of laborious and costly trials, attended with many and
most discouraging failures, at length arrived at the production
of optical combinations, whieh have rendered the microseope one
of the most perfect instruments of philosophic research, and one,
to the increasing powers of which, we can scarcely see how any
limit oan be assigacd.

8
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To appreciate the cireumstances in which these great difficulties
have consisted, it will be necessary that the reader should revert
to our Tract upon “Optical Images,” 39 ef seq. It is there shown,
that when an object is placed before a convex lens, the image of it
which is produced, is not in any case a faithful copy of the object.
In the first place, each portion of the lems, proceeding from its
centre to its borders, produces a separate image; this series of
images, being ranged at different distances from the lens: when
these images are looked at, as they would -be, for example, with
the eye-glass of the microscope, they are seen projected one upon
another, and being slightly different in their magnitudes, a con-
fusion of outline and lineaments ensues, so that the object appears
as though it were viewed through a mist.

This sort of indistinctness, called spherical aberration, has been
fully explained in our Tract upon ¢ Optical Images,” and the
general principles, by which its effeots may be more or less miti-
gated, have been there explained.

It has been in the diminution, if not entire extinetion, of this
cause of indistinctness, by the happy adaptation of the curvatures
of the lenticular surfaces entering into the optical combinations
which form the microscope, that the address and genius of the
practical opticians has been chiefly manifested ; and if it cannot
be stated, with strict truth, that all the effeots of spherical aber-
ration have been effaced in the best instruments now placed at
the disposition of the observer, it may, at all events, be safely
affirmed, that they exist in so small a degree as to offer no serious
impediment to his researches.

But independently of this source of indistinotness, there is
another which has also been fully explained in our Tract upon
¢ Optical Images,” 39,

'Light is a compound principle, consisting of several elements,
differing in colour and also in refrangibility, the consequence of
which is, that when an-object is placed before a convex lens, it
18 not one image which is formed of it, but a series of images,
varying in colour, from a violet or blue, through all the tints of
the rainbow, to & red; these images are placed at slightly dif-
ferent distanees from the lens, and when viewed through the eye-
glass, would be projected one upon the other, and being of slightly
different magnitudes, the oonsequence of such projection would
be, that their outlines, and those of all their parts, would be
more or less fringed with iridescent colours, an effect which,
1t is needless to say, would destroy the distinctness of the
lieaments.

12. The prineiplo upon which this chromatio aberration is
counteracted, has been fully explained in our Tract upon ¢ Optical
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" It follows from what is there stated, that all confusion

paaduced by this cause, ean be removed by substituting for simple

oonvex lemses, compound ones, hjonmtmg of a

Fig. 4. double oonvex lens of crown-glass ¢ ¢, fig. 4,
cemented to a plano-concave lens of flint ghls.

The image produced by such a combination,
will be distinet and free from oolour, provided
that certain conditions be observed in the curva-
tures given to its component lenses. .

13. Assuming then, that by such combinations
the image presented te the eye-glass is a faith-
ful reproduction of the object, in its proper colours,
perfectly distinet in all its lineaments, and suf-
ficiently amplified, there is still one
condition for distinet vision, which is, that this

should be mﬂicwntly bright. It will,
therefore, be neeessary here, to examine the eon~
F G ditigns on which its brightness, or illumination,

. depends.

. Inthe ﬁutplaoe it is very evident that, other things being the
ssame, the Mlumination of the image will be proportionate to that
wf the-object, and in the inverse proportion of its supérfieial
amplification ; for the light which is transmitted from the object,
bemsdtﬂ“nnd over the surface of the image, will be nedessarily
anore feeble as the superficial magnitude of the image is greater,
The higher the magnifying power used, therefore, the greater is
ﬂ:e necessity that the object should be intensely illuminated.

" But the brighiness of the image depends not only on the in-
Mo!thﬁﬂlummthu\ofthe object, but also on the proportion
of the light emanating from each point of the object, whith arrives
% the dorresponding point of the image ; and this, as we shall now
'show, will depend eonjointly on the linear opening, or available
dumeteroftheebject-glm,andthedntmoeofthaabjeotfromit.

- To make this more plain, let 0 0, fig. 5, be the objeot, and 1.2’
ﬁeelueeb—ghu. Womfoeomxderﬁhtmhpmntoftheobjm
is a oentre, from which rays- emanate towards
the . objeet-glass ; thus, for example, rays
. mugfrcmﬂ:epmntc,fomaeom,ofwm

the object~glass i-thebaae,aadoiwhmh&u
“the vertex; supposing all these rays to pase
through the object-glass, and to be refracted
by it, they will converge to the point of the

¢ image which corresponds to c. .
. In the same manner, the rays which diverge
ﬁ'am a.nyothet point, such as o, likewise form g ‘cone, of which
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that point is the vertex, and the objéct-glass the base, and after
passing through the lens, they will converge to the corresponding
point of the objeot.

Thus it appears that each point of the image is illuminated by
as many rays as are included within such a cone as we bave here.
described ; that is to say, one whose base is the object-gluss, sind
whose vertex is on the object. But it is evident that the number
of rays included in such a cone, depends exolusively upon the
magnitude of its angle, that is the angle L ¢:%/, formed by lines
drawn from a point, ¢, upon the object. " :

14. This angle, which forms, therefore, an element of capital

Fig. 6. . Fig. 7.

importance in the estimation of the efficiency of the mieroseops; is
valled the ANGULAR APERTURE of the objeot-glass.

The effeet produced by the variation ef the angular aperture of
the object-glass, other things being the same, will be rendered
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still more clearly intelligible by reference to figs. 6 and 7, where
two lenses, L L and 1’ X, having equal focal lengths, are repre-
sented ; the same object, 0 and o', is placed
at the same distances from them, and equal
images of it, 11 and I’ I, are produced at
equal distances from the lenscs. The
angular aperture of L ¥, being L o 1, is
greater than that of L’ 1’, which is 1/ 0’ 1”;
and it is evident that a greater number of
rays issuing from the object, will fall upon
the lens L L, than upon 1’ L', in the
proportion of the square of the angular
aperture of the former to that of the latter ;
thus, if the angular aperture of L L be
twice that of 1’ L', the number of rays
which fall on L L will be four times the
number which fall on 1’ 1.

Supposing, then, that all the rays which
fall upon each of the lenses, pass through
them, and are made to converge upon corre-
sponding points of the images 1 1and 1’ 1/,
it is clear that each point of the image 1 1
will be more intensely illuminated than the
corresponding point of 1’ I, in the propor-
tion of the sq of the angular aperture
of LLtothat ol L' 1/; andif these apertures
be in the proportion above supposed of two
to one, the several points of the image 11
will be four times more intensely illumi-
nated than those of 1/ 1/,

15. As a practical example of the effeot
of the angular aperture upon the image,
we here give seven drawings made by the
late Dr. Goring, of the appearance of a
particle of dust, or a scale, as it is called,
of a butterfly’s wing, viewed with the same
magnifying power, the angular aperture of
the lens being successively augmented.
When the aperture was reduced to the
smallest limit, the object appeared as re-
presented at A, fig. 8; when the aperture
was increased in the proportion of 2 to 3,
the object assumed the appearance ropre-
sented at B, and, in short, by successively increasing the aperture,
it assumed the appearances shown in ¢, D, E, F, and 6. It will be

12

Fig. 8.
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evident, thercfore, that by the mere effect of this inereased illumi-
nation, the lineaments showing the structure of the objeet, which
were altogether imperceptible in ¢ and p, began to be developed
but very imperfectly in E, were more visible in ¥, and became
quite distinet in .

The great and manifest importance, therefore, of the angle of
aperture to the efficiency of the microseope, renders it indispen-
sable that casy and practicable means should always be attainable
for determining it, If the distance of the object from the object-
glass, and the virtual opening or diameter of the object-glass
could be always exactly measured ; and if all the rays which
fall on the object-glass could be assumed to pass through it, and
to converge upon the image, then the angular aperture would be
an element of very easy calculation. But it is not practicable to
obtain these data, and it cannot be assumed that all the rays
which are incident upon the object-glass will pass through it,
and be made to converge upon the image.

16. Instead, therefore, of calculating the angular aperture in
this manner, it is determined by immediate experiment.

The greatest angle of aperture of which a given lens is capable,
will be found by determining the greatest obliquity with which
it is possible for rays to fall upon the object-glass, so as to be
refracted by it to the eye-glass. The following method of ascer-
taining this, for any given object-glass, was contrived and
practised by Mr. Pritchard, at an early epoch in the pro-
gress of the improvement of the microscope, when the importance
of the angular aperture was demonstrated by that eminent artist
and Dr. Goring. The same method, with but little modification,
is that still practised by opticians.

Let m m, fig. 9, be the microscope, the object end being fixed
upon a pivot, so that the eye end can be moved over a graduated
semicircle. Let a small luminous object, such as the flame
of a candle, be placed in the direction r r, at the distance of 6 or
8 feet, so that the rays procecding from it to the object-glass may
be considered as parallel. If the microscope be directed towards
the candle, all the rays will fall perpendicularly on the objeot-
glass, and will evidently pass through it to the eye-glass. If the
microscope be then turned on the pivot to the left, the rays will
fall more and more obliquely on the object-glass, and a less and
less number of them will pass to the eye-glass.

‘When such a position as m m is given to the microscope, those
rays only which fall upon the border of the object-glass upon the
right of the observer, will arrive at the eye-glass, and the field of
view will then appear, as shown at £, half illuminated and bhalt
dark., If the microscope be moved beyond this position, the ficld

13
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will be entirely dark, no rays being transmitted to the eye-
glass.
=)

If the microscope, on the contrary, be moved to the other side
of the graduated semicircle, the same appearances will be pro-
duced, and when it assumes the position m' », the field will be
again half illuminated, and beyond that point it will be dark.

Fig. 0.
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The arc of the graduated semicircle, included hetween the two
positions »¢ m and n.” »/, will then be the measure of the angular
aperture of the object-glass, since that arc will correspond with
the greatest obliquity, at which rays diverging from the object to

14
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the object-glass, can pass through the latter, so as to arrive at the
cye-glass,

Such are then, generally, the means by which the three con-
ditions of distinet vision with the microscope will be fulfilled. The
second of these conditions, that which involves the complete cor-
rection of the chromatic aberration, will, however, require here
some further development, since it involves circumstances which
have demanded the greatest artistic skill on the part of the
makers.

17. It has been shown in our Tract upon ¢*Optical Images,” 53 ¢t
seq., that the chromatic aberration of lensesis corrected by combin-
ing together two lenses, one of flint and one of crown glass, which
have different cffects upon the separation of the coloured images,
the curvatures of their surfaces being so related, the ome to the
other, that the separation which would be produced by either is
exactly counteracted by an equal separation in a contrary direc-
tion by the other. If the curvatures, however, of the two lenses
be not so related as to produce this exact compensation, they may
either give a predominance to the cffect of the one or the other, so
as to produce chromatic aberrations of opposite kinds ; the coloured
images thus produced being ranged in a contrary order.

When a single convex lens is used, the most refrangible rays
are brought to a focus, nearer to the lens than the least refran-
gible ; and consequently the violet and blue images are formed
nearer to the lens than the red and orange, This is called
POSITIVE CHROMATIC ABERRATION.

If by combining two lenses of flint and crown glass this aberra-
tion be more than compensated, that is, if the blue and violet
images are not merely brought to coincide with the red and orange
ones, so as to render the lens achromatic, but made to interchange
place with them, so that the red and orange shall be nearest to,
and the blue and violet farthest from the lens, the chromatic
aberration will be NEGATIVE.

The importanee of this in the practical construetion of the
mieroscope will presently appear.

It must be remembered that the microscope consists of the
Obje?t-gluss, the ficld-glass, and the cyc-glass, and that its
cfficiency depends not merely upon the fidelity of the image pro-
duced by the objcet-glass, but upon that which is scen by the
observer looking through the eye-glass. This last must be an
cxact reproduction of the objeet in form and eolour.

Now it is casy to show that if the object-glass be absolutely
ac.hromatic, the image scen by the observer through the eye-glass
will not be so; for, in that case, the rays forming the image pro-
duced by the ohjeet-glass passing successively through the field-
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glass and the eye-glass, necither of which are achromatic, the
image viewed by the observer through the eye-glass must be
affected by as much positive aberration as is due to the combination
of the field-glass and the eye-glass.

This defect might, it is true, be remedied by making both
the field-glass and eye-glass achromatic; but independently of
other objections to such an expedient, it would be needlessly
expensive; and the same purpose is attained in a much more
simple manner, upon the principles of positive and negative
chromatic aberrations, which have just been explained.

The method practised for this purpose may be briefly and gene-
rally explained thus: The ficld-glass and the eye-glass being
simple convex lenses, produce positive chromatic aberration. The
object-glass, on the other hand, being a compound lens, may he
so constructed, according to what has been just explained, as to
produce negative chromatie aberration.

16
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CHAPTER II.

Mutual chromatic and spherical correction of the lenses (Continued).—
18. Centering.—19. Compound object-pieces.—20. The eye-piecc.
—21. Various magnifying powers adapted to the same microscope.
—22. Actnal dimensions of the field of view.—23. Means of moving
and illuminating the object.—24. Focussing.—25, Preparation of the
ohject,—26. Gencral description of the structure of a microscope.—
27. The stage.—28. The illuminators.—29. The diaphragms.

Now let us suppose that the entire combination of lcnses is so
formed, that the negative chromatic aberration produced by the
object-glass shall be exactly equal to the positive chromatic
aberration, produced by the field-glass and the eye-glass. In
that case, it is evident that the one aberration will extinguish the
other, and that the image viewed by the observer through the eye-
glass will be an exact reproduction of the objeet, being exempt
from all aberration whatcver.

To make this more evident, Let L1, fig. 10, be the compound
object-glass, consisting of a double convex lens of crown glass,
and a plano-concave lens of flint-glass, formed so as to produce
negative chromatic aberration; let ¥ r be the ficld-glass, 1. & the
eyve-glass, and o the object.

Let v v & 1 be the coloured images of the objects, which would
he produced by L 1, if ¥ F were not interposcd ; these images will
be slightly concave towards L T, according to what Las been
explained in our Tract upon < Optical Images,” 47 ¢f seq. ; and since
1L is supposcd to have negative aberration, the red images k1
will be nearest to it, and the violet ones, v v, most remote from it.

But the rays which would converge upon the various points of
these images being intercepted by the ficld-glass 7 ¥, are rendered
more convergent by it, and the images are accordingly formed
nearer to it.  This lens, r ¥, also increases the convergence of the
violet rays which are most refrangible, more than it increases that of
the red rays which are least refrangible.  The consequence of this
is, thut the violet and red images are brought closer together than
they were, as shown in the figure ; but still the violet images are
more distant from ¥ ¥ than the red, so that the chromatic aberra-
tion of 1.1 and ¥ 1 conjointly is still negative, though less than
the aberration of L 1. alone.

There is another effect produced by the lens v ¥ which it is
important to notice. The images produced by 1, 1, which were
slightly concave towards r ¥, arc changed in their form, so as to
be slightly concave towards £ £.  The cause of this change has
been alrcady explained in our Tract upon * Optical Images,” 16,

18
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In fine, then, the rays diverging from the images »' » v/ v/,
after passing through the eye-glass E E, have their divergence
diminished, so as to diverge. from more distant points, 11. The
divergence of the violet rays,v’ v’, being most refrangible, is most
diminished, and that of the red rays, ®' r’, being least refrangible,
is least diminished. If their divergence were equally diminished,
a series of coloured images would be formed at 11, the violet being
nearer to, and the red farther from & & ; but the divergence of the
violet, which is alrecady greater than the red, is just so much
greater than the latter, that the difference of the effects of E &
upon it is such as to bring the images together at 1 1.

Thus it appears, that the positive aberration of the eye-glass
 E is exactly equal to the negative aberration of L . and r F taken
conjointly, so that the one exactly neutralises the other, all the
coloured images coalescing at I I, and producing an image alto-
gether exempt from chromatic aberration.

There is another important effect produced by the eye-glass;
the images ¥ R’ V' v/, which are slightly concave towards ® E,
are rendered straight and flat at 11; the principle upon which
this change depends has been also explained in our Tract upon
¢¢ Optical Images,” 46.

Thus, it appears that, by this masterly combination, a multi-
plicity of defects, chromatic, spherical, and distortive, are made,
s0 to speak, to extinguish each other, and to give a result,
practically speaking, exempt from all optical imperfection.

18. There is still another source of inaccuracy which, though it
is more mechanical than optical, demands a passing notice. All
the lenses composing the microscope require to be set in their
respective tubes, so that their several axes shall be directed in
the same straight line with the greatest mathematical precision.
This is what is called CENTERING the lenses, and it is a process,
in the case of microscopes, which demands the most masterly skill
on the part of the workman. The slightest deviation from true
centering would cause the images produced by the different lenses
to be laterally displaced, one being thrown more or less to the
right and the other to the left, or one upwards and the other
downwards ; and even though the aberrations should be perfectly
effaced, the superposition of such displaced images would eftec-
tually destroy the efficiency of the instrument.

19. In what precedes, we have, to simplify the explanation,
supposed the object-glass to consist of a single achromatic lens, a
circumstance which ncver takes place except when very low
powers are sufficient. A single lens, having a very high magni-
fying power, would have so short a focus and such great curvature,
that it would be attended with great spherical aberration, inde-
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pendently of other objections ; great powers, therefore, have been
obtained by combining several
achromatic Icnses in the same
objcet-piece, so that the rays
proceeding from the object are
successively refracted by each
of them, and the image sub-
mitted to the eye-glass is the
result of the whole.

The optical effect of such a
combination will be more
clearly understood by refer-
ence tofig. 11, where .1, L' L/,
and L" L”, represent a com-
bination of three achromatic
object-glasses.  Let o o be
the object, placed a little
within the focus f of the lens
LL. The image of o o, pro-
duced by 1. L, would then be
an imaginary onc in the posi-
tion 11; (see Tracton “ Optical
Images,” 335, et seq.). After
passing through 1. 1,, the rays,
therefore, fall upon 1/ 1/, as if
they diverged from the several
points of the image 1 1, which
may, therefore, be considered
as an objeet placed before the
lens 1’ 1/, Let f” be the focus
of 1/1/; the image of 1 T pro-
duced by 1’ 1’ will therefore be
imaginary, and willbe at 1/ 1/;
the rays after passing through
1/ 1’ will fall upon 1" 1/, as if
they diverged from the several
points of I’ 1/, This image 1’1,
therefore, may be considered
as an object placed before the
lens 1" 1", Let £ be the focus
of this lens; the image of 1’ 1’
produced by 1” 1 will then be
1'1", and will be real; this will
then, in fact, be the image
transmitted to the eye-piece.

Fig. 11.
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To render the diagram more easy of comprehension, we have
not here attempted to represent the several distances in their
proper proportions.

The compound lenses, of which object-picees consist, are
generally, as represented in the figure, plane on the sides presented
towards the object. This is attended, among other advantages,
with that of allowing a larger angle of aperture than could be
obtained if the surface presented to the rays diverging from the
objcet were convex.

The extreme rays diverging from cach point of the object fall
upon the surfacc of the object-glass with a greater and greater
obliquity as they approach its borders, and since there is an
obliquity so extreme that the chief part of the rays would not.
cnter the glass at all, but would be reflected from it, the angle of
aperture must nceessarily be confined within such limits, that the
rays falling from the borders of the lens will not be so oblique as to
come under this condition. If the surfuce of the ohject-glass pre-
sented to the object were convex, itis evident that the rays diverging
from an object at a given distance from it would fall upon its borders
with greater obliquity than if it were plane, and, consequently,
such an object-glass would allow of a less angle of aperture than
a plano-convex one with its plane side towards the object.

Improvements have recently been made in object-glasses, by
which angles of aperture have been obtained sv great, as not to
admit even of a planc surface heing presented to the diverging
pencil, and it has accordingly been found necessary, in such cases,
to give the ohject-glasses the meniscus form (Optical Tmages, 25),
the concave side being presented to the object. By this expedient
angles of aperture have been obtained so great as 170 . If the
surface of the object-glass presented to the object were plane, the
extreme rays of the central pencils, with such an angle of aper-
ture, would fall upon the surface of the lens with obliquities of
mnot more than 5°% and the obliquitics of the extreme rays of
the lateral pencils would be even less. TUnder such circum-
stances, the chief part of the rays mnear the borders of the
lens would be reflected, and, consequently, its virtual would be
less than its apparent angle of aperture. It is questioned by some
microscopists that even with the expedient of a concave external
surface, a practically available angle of aperture so great as 170°
_can be obtained.

The three achromatic lenses here described being mounted, so
that their axes shall be precisely in the same straight line, con-
stitute what is generally called an oBJEcT-GLAss, but which,
perhaps, might with more convenience and propriety be denomi-
nated an OBJECT -PIECE.
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The power of the object-picees is usually indicated by the
mokers, by assigning their focal lengths; but as thesc object-
picces are composed of scveral lenses, having different focal
lengths, it is necessary to explain what is meant by the focal
length of the combination,

Let L be a single convex lens, and o the compound object-pieee;
suppose then, the same objeet placed successively at the same
distance from 1 and o, and let T have such a convexity that it
will produce an image, 1, of the objeet equal to the image 1/, which
the object-piece, 0, produces, and that the distance of this image,
1, from the single lens 1, is equal to the distance of the image 1’
from the object-picce 0. In that ease, the single convex lens 1,
being, in fact, the optical equivalent of the compound object-piece
0, its focal length is taken to be that of the object-piece 0. Thus,
for example, if the lens L, having a foeal length of one ineh,
produce the same image of the same object similarly placed before
it, as would the object-picce o, then the focal length of the object-
picee o is said to be one inch.

In short, the single lens 1, and its equivalent compound objeet-
picee o, differ only in this, that the images produced by I are
defaced more or less by aberration, from which the images pro-
duced by o are altogether exempt.

These object-pieces are sold by some makers so fixed that their
component lenses are inscparable, the obscerver being unable to use
any one of them as an object-glass without the others; other
makers, however, mount them in such a manner that the first and
sccond lenses, I 1 and 1/ 1/, may be unserewed or drawn off, and
the lens 1" 1" alone used as the object-glass: or 1/ 1/ may be
serewed on, the two lenses 1/ 1/ and 1" 1" then making an object-
picee of greater power ; by this arrangement the observer obtains,
without inereased expense, three object-pieces of different powers.

After what has been said, however, of the exact manner in
which the aberrations of the ficld and c¢ye glasses arc corrected
and halanced by the contrary aberration of the object-piece, it will
be easily understood, that the economy by which three powers are
thus obtained, is gained at the expense of the efficiency of the
instrument; for if the aberrations of the triple object-piece are so
adjusted as exactly to balance those of the other lenses, that balance
will no longer be maintained when the lens L 1, and still less
when the lens 1/ 1/, is removed. It is on this account that some
makers, who are the most serupulous as to the character of their
imstruments, refuse to supply separable object-picees.

The imperfection, however, produced in this case by disturbing
the balance of the aberrations is of less importance, inasmuch as
by removing the lens L 1, and still more by removing L' 1, the
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magnifying power is so considerably diminished, that the defects
of the image produced by the unbalanced aberrations are very
inconsidcrable, and the observer is generally content to tolerate
them on account of the great economy gained by the separation of
the lenses, which supplics, without additional expense, three
independent object-picees,

Some of the forcign makers, less scrupulous in the exact ad-
justment of their optical combinations, make all the three lenses
composing cach triple object-piece exactly similar, unserewing
one from another, so as to cnable the observer to use one, two, or
three at pleasure. 11 is evident that, with such combinations, the
aberrations can never be so exaetly balanced as they are in the
objeet-picees above deseribed ; but in the instruments to which
they are applied, powers exceeding 700 or 800 are almost never
attempted, and the aberrations, though imperfeetly compensated,
are sufliciently so to prevent much injurious confusion in the
images.

In the superior class of instruments, where magnifving power
is pushed to so extreme a limit as 1500 or 2000, the most extreme
precision in the balanee of the aberrations must neeessarly be
realised, sinee the slightest imperfeetion so prodigiously magnitied
wonld beeome injuriously apparent,

The extreme degree of perfeetion, which has been attaindd in
the best elass of microseopes, may be imagined, when 1t is stated,
that an objeet which is distinetly visible under a power of 1500
or 2000, when it is eaxposed to the objeet-glass uncovered, will be
sensibly affeeted by aberration it a picce of glass, no more than
the 100th of an inch in thickness, be laid upon it.  Infinitesimally
small as is the aberration produced by such a glass film, it is
suflicient, when magnitied by such a power, to be pereeptible, and
to impair in a very sensible manner the distinetness of the image.

As it has been found neeessary, for the preservation of miero-
seopic objeets, to cover them with sueh thin films of plass, through
which, cousequently, they are viewed, adjustments are previded
in microscopes with which the highest class of powers are supplied,
by which even the small aberration due to these thin plates of
glass thus covering the objects can be correeted.  This is effeeted
by mounting the lenses, which compose the triple object-picee,
in such « manner that their mutual distanees, one from another,
can be varied within certain small limits, by wotions imparted to
them by fine serews,  This change of mutual distanee produces a
small effeet upon the aberrations, rendering their total results
negative to an extent equal to the small amount of positive
aberration produced by the thin glass which covers the vbject.

20, The eye-glass and the field-glass are both plano-convex
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lenses, having their plane sides turned towards the eye 1 they are
st in opposite ends of a brass tube, varying in length from two
mches downwards, according to their foeal lenwths, the distance
swtwern them and, consequently, the length of the tube being
slway~ equal to half the sum of their foeal lengths.

‘The higlier the power of the eye-picee, and consequently the
-horter the focal length of the eye-glass, the less will be the length
ot the tube in which they are set.

Llns tube is culled the pye-rieck,

It will be apparent from what has been eaplained, that the
magmifving power of the instrument will depend conjointly on
those of the objoet-prece and eye-piece.

21 In the prosceution of microscopie researches, the use of
viry varous magnifving powers is indispensable: the higher
powers wonld be as useless for the larger elass of objeets, as the
lower ones for the smaller. But even for the same ohjeet, a
complete analysis cannot be accomplished without the successive
application of low and high powers: by low powers the observer
1» presented with a comprehensive view of the entire form and
suthne of the objeet under examination, just as an acronaut who
aseends to a ecrtain altitude in the atmosphere obtains a general
view ot the country, which would be altogether unattainable
upon the level of the ground. By applying successively higher
powers, as has been already explained, the smaller parts and
minater features of the object are gradually disclosed to view,
Just as the acronaut, in gradually descending from his greatest
altitude, obtamns a view of objects which were first Jost in the
distunee, but at the same time loses, by too great proximity, the
soneral outline.

The  mieroseope-makers, therefore, supply in all eaces an
assortment of powers, varying from 30 or 40 upwards ; observa-
tens requiring powers under 40, being more conveniently made
with simple mieroscopes,  For this purpose it is usual, with the
best instruments, to furnish six or eight object-picces and three
or four ey e-picees, each eve-picee being eapable of being combined
with cach vhicet-picee.  The number of powers thus supplied will
he equal to the product of the number of object-picces, multiplied
by the number of cye-pieces,

The powers, however, may still be further varied, by provi-
~ons for changing the distance between the object and eye-picees,
wnhu{ certain himits,  For this purpose, the tube of the instru-
went is sometimes divided into two, one of which moves within
the other, like the tube of a telescope, the motion being produced
by a tine rack and pinion: in this ease the eye-piece is inscrted in
one of the tubes, and the object-picee in the other. By combining
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this provision with a proper assortment of object-picces and cye-
picees, all possible gradations of power between the highest
attainable, and the lowest which is applicable, can be obtained.

The actual magnitude of the space which can be presented at
onee to the view of the observer, will vary with the magnifving
power s but in all cases it is extremely minute.  Thus, with the
lowest class of powers, where it ds largest, it is a circular spaee,
the diameter of whieh does not exeeed the Sthoor 10th of an ineh ;
it follows, thercfore, that no object, the extreme limits of whose
lincur magnitudi cxeeed this, ean be presented at onee to the
view of the obscrver. Such objeets ean only be seen in their
ensemble, by means of less powerful magnifying glasses, or with
the naked eye.

22, The field of view), with powers from 100 to 500, varies in
dinmeter from the 15th to the {0th of an inch; from 300 to 500
it varies from the 10th to the 70th of an ech; and from 300 to
700 from the 70th to the 100th of an inch,

It will thus be understood, that even with the moderats power
of 700, an objeet to be ineluded wholly within the field ot view,
must have a magnitude such as may be
included within a cirele whose dinmeter
does not exceed the 100th of an 1nch,
These observations will be more elearly
A ’ appreciated by reterence to the annoad
diagram, tic. 12, where s a el
whose diameter is the 6th ot an inch:
B one whose diameter is the 12th of an
inch; ¢ the 25th, v the o0th, and 1 the
¢ . 100th,

But when still higher powers are used,
the actual dimensions of the antire spae

Fuyo 1

P comyprised within the ficld of view will he

so very minute, that an object whiek
[ Cowould fill ity and still more, smaller
. objeets included within it, would not only

be altogether invisible to the naked eve,
but would require  considerable micro-
seopic power tocnable the observer to see them at all.

The actual dimensions of the field of view, which correspond to
cach magnifving power, vary more or less in different instru-
ments,  Those which 1 have given above, are tuken from a
microscope made by Charles Chevalier, which is in my possession.
The differenee however in this respeet, between one instrument
and another, is not considerable, and the above will serve as a fair
illustration of the limits of the field of instruments in general.
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The «ntire dimensions of the field of view therefore being so
cveedingly minute, it will be casily understood that some difti-
culty will attend the process by which a small object, or any
pacticular part of an ohjeet, can be brought within it - thus, with
4 mode rate power of 300, the entire diameter of the ficld being no
mere than the Toth of an inch, a displacement of the object to
that + vtent, or more, would throw it altogether out of view,  1f
ther fone the olyeet, or whatever supports it, be moved by the
finiro s, the scisibility of the touch must be such as to be eapable
ot producing a displacement thus minute,

IF the object be wreater inits entire dimensions than the field
of view,—-a cireumstance which most frequently happens,—-a part
anly ot it can be exhitited at onee to the observer s aud to enable
i to take aosurvey ot ity it would be necessary to impart to it,
or to whatover supports ity such o motion as would make it pass
aeross the field of view, as a diorama passes before the spectators,
diselosinigg m slow suceession all its parts. and leaving it to the
power of the observer to arrest its progress at any desired moment,
~ as to retain any particular part under observation,

The impracticability of imparting & motwn so slow and regular
by the immediate application of the hand to the object, or its
support, will be very apparent, when it is considered that while
the «ntire ohjeet may not exeeed a small fraction, say, for exam-
plec the 20th of an ineh in diameter, the entire diameter of the
ficld of view may be as much as 20 times less, so that only a 20th
part of the diameter of the objeet would be in any given position
comprised within it.

25, These and similar cireumstances have rendered it necessary
that the want of suflicient sensibility and delieaey of the toueh in
hmparting motion to the objeet, shall bhe supplicd by a special
mechanism, by means of which the tingers are cnabled to impart
to the ohjeet an intinitely slower and more regular motion, than
thev coudd give it without such an expedient, The means by which
thi~ 1< aceomplished will be presently explained,

Wo have seen that the intensity with which the microscopic
image is alluminated depends on the angle of aperture, other
things bhomg the same : but however large that angle may be,
when consuderable magnifying power is used, it is necessury that
the object itselt should be much more intensely illuminated thun
it would be by merely exposing it to the light of day, or that of
the most brilhant lamp. It is therefore neeessary to provide
expedients, by which a far more intense light can be thrown
upon it,

24. The instrument is said to be in rocts when the obscrver i-
enabled to see with the eve-rlass the maeniticd image of the
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objeet with perfect distinetness; this will take place provided the
mutual distances between the eye-picee, the objeet-picee, and the
abjeet are suitably adjusted ; and this adjustment may be accom-
plished by moving any one of these three towards or from the
other two, while these lust remain fixed : thus, for example, if the
objeet and the objeet-picee remain unmoved, the instrument may
be brought into foeus by moving the cye-picee to or from the
objeet-picce. The rauck and pinion, alrcady deseribed, which
moves the tube in which the eye-picee is inserted, ean accomplish
this.  This provision, however, is not made in all microscopes.

If the eye-picee and the objeet be fixed, the instrument may he
brought into focus by moviug the object-picee to or from the
object,  To effeet this, it would be necessary that the object-picce
should be inserted ina tube, moved by a rack and pinion, like
that of the eye-picee,

In fine, if the objeet-picee and eye-picee be both fixed, the
instrument may be brought into focus by moving the ohjeet, or
whatever supports it, to or from the abject-glass,

All these methods are resorted to in the different forms in
which microscopes are mounted by different makers,

25, Ninee nearly all material substances, whon redueed to an
extreme degree of tenuity, are more or less translueent, and sinee
almost all microscopic objeets have that degree of tenuity by
reason of their minuteness, it happens that nearly all of them are
more or less translucent : and where in exeeptional eases a
certain degree of opacity is found, it is removed without inter-
fering with ats structure, by saturating the objeet with certain
liquids, which inercase its transluceney, just as oil renders paper
semi-transparent.  The liguid which has been found most useful
for this purpose, is one called Cavany nansay.  When the objeet
is saturated wath this liquid, it is laid upon a slip of glass, about
two inches long and half an ineh wide, and is covered with a
small picee of very thin glass, made expressly for this purpose,
the thichness in some cases not eaceeding the 100th of an inch.
It is usnal to envelope the oblong slip of glass, in the middle of
which the objeet 1s thus mounted with paper gummed round it, a
small cireular hole being left uncovered on both sides of the
glass, in the centre of which the objeet lies,

The slips of glass thus prepared, with the objeets mounted
upon them, are ealled slides or sliders ;. and the objects thus
mounted are so placed, that the axis of the ubjeet-piece shall be
dirceted upon that part of them which is submitted to observa-
tion, provisions being made to shift the position of the slider, so
as to bring all parts of the object successively under observation.
Further provisions are also made to throw a light upon the
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objeet, by which it will be scen as an object is on painted
wlass,

Sinee, however, there are some few objeets which cannot be
rendered  translueent, expedients must be provided, by which
the v can be illuminated upon that side of them which is presented
to the microscope. Tt is often necessary, also, even in the case of
translucent objeets, that they should be viewed by means of light
thrown upon that side of them which is turned to the objeet-
wlass,

26, These generid observations being premised, we shall pro-
ceed to explain the method by which the optical part of the
strument is mounted, and the several accessories by which the
abject s supported, moved, and illuminated.

Let us suppose, for the present, that the eyo-pieee ® v, fig. 13,
and the obpect-piece o, are mounted in a vertical tube, with
whose axin 4 Ay, the several axes of the lenses, aceurately co-
meide, Let o d be adiaphragm, or blackencd cireular plate, witha
hole 1 ats eentre, placed in the foeus of the eye-glass, by which
all rays of hght not necessary to form the image shall be inter-
cepted. Let p be a milled head, by turning which the tube
which earries the eye-picee can be moved within certain limits to
and from the ohjeet-picee, and let v’ be another milled head, by
which the tube which carries the object-picee can be moved
within certain limits to and from the object, or by which the
entire body B B of the microseope, carrying the object-picer and
eye-picee, can he moved to and from the object.

27, Let ~ s be a flat stage of blackened metal or wood, having
a circular hole in its centre, as shown in plan at s &, and let it
be tixed by proper arrangements, so that the axis 4 v v of the
microscope shall pass through the centre of the circular aperture,
and ~o that its plane shall be at right angle to that axis, Let a
slider, such as we have deseribed above, upon which an object is
mounted, be laid upon this stage, so that the objeet shall be in
tll}‘ centre of the hole, and therefore in the axis A A A of the
lnlt'ru~l'npl-,

=N, Lt o o be a concave reflector, receiving light either from
a lamp or « window, and refleeting it upwards towards the open-
ing in the shler, in converging rays, so as to condense the light
with mure or less intensity upon the under side of the object ; if
the convergence produced by M M be insufficient, it may be
augmented by the interposition of a convex lens ¢ ¢ This may
or may not be interposed, aceording as the object is smaller or
greater, and requires a more or less intense illumination.

The light being thus thrown upon the lower side of the objeet,
the latter, being sufliciently translucent, is rendered visible by it.
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ILLUMINATING APPARATUS,

It the object be opaque, it may be illuminated trom above by
«everal expedients : being placed upon a blackencd plate resting
om the stage s 8 light procceding from a window or a lamp may
Le eondensed upon it by a concave reflector M/ M. or by a convex
lens 1. L. These arrapgements, however, are only apphieable
when the objecet is at such a distanee from the object-picee that the
light procecding from M° M’ or L L shall not be whelly or partially
interes pted by the object-piece,  This would :dways be the case,
however, when very high powers are used, and when, conse-
quently. the objeet must be brought very close to the objeet-
preec.  In that ease, the objeet is support.d upon a small picee
f bluckened cork, or ina dark eell of the form represented at
w W o this support is placed in the eentre of the opening of the
“tage, so as not to intereept any but the central rays reflected
trom M M upon the end of the object-picer a concave retlector,
having a hole in its eentre, through which the object-picee passes,
is tixed ¢ the light proceeding from a3, and fulling upon this
reflector, is reflected by ity so as to converge upon the objeet, and
thus to lluminate it.

A coneave illuminator thus mountud is ealled, from its inventor,
A licherkudin,

24, Iu the illumination of objeets it is frequently neevssary to
hunt, to a greater or less extent, the diameter of the penal of
hght thrown from the refleetor, M My upon the objeet. Although
this may partly be accomplished by varyinz the dictanee ot the
reflector trom the objeet, or by the interposition of w convex lens,
~uch (xpedients are not always the most convenient, wnd a much
more ready and offeetual method of attaining this end is supplied
by providing below the stage, s~ <, a aronla blackened dise,
capable of being turned upon its centre e oits own plane. This
ftse ds pierced with o number of
Lolecof different diameters, as shown
m tic, T, and it i~ ~o mounted, that
the openings in it, by turning it
round 1t centre, may be brought
suceessinvly under the object. This
Is casily done by fixing the centre
ur this dise at a distanee from the
centre ot the stage, equal to the
distance between the centre of the
dise and the centres of the holes
made in it.

This appendas- is called the dise
of déapliragms, and is of great use in the illumination of objects,
as will appear hercafter.

o
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THE MICROSCOPE.

As the effect of the illuminators varies not only with their
distance from the object, but also with the direetion in which the
light directed from them falls upon the object, provisions are
made in mounting the microscope, by which various positions may
be given to them, so that the light may fall upon the object in any
desired manner.

In the frame in which the illuminator, M M, is mounted, it is
customary to place two reflectors, one at cach side, one concave
and the other plane. By the former a converging, and by the
latter a purallel pencil of light is reflected towards the object.

In this general illustration we have supposed the axis of the
instrument to be vertical ; it may, however, have any direction
whatever; but whatever be its direction, the stage, s s, must
always be at right angles and concentric with it. The eye-piece
and object-picce are also supposed to be set in the sume straight
tube, with their axes set in the same straight line. This arrange-
ment, though most commonly adopted, is neither neeessarily nor
always so. The tube which carries the eye-picee may, on the
contrary, be inclined, at uny desired angle, with that which
carries the objeet-picee: for this purpose it is only necessary to
place in the angle formed by the two tubes a reflector, so inelined
that the rays coming from the objeet-piece shall be retlected along
the axis of the tube which ecarries the eye-piece.
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THE MICROSCOPE.

30. Trus, for example, if the tube which carries the object-
piece be vertical, a planc reflector, 3 M, fig. 38, receiving the rays

Fig. 15.
o
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coming in a vertieal dircction from the object-picee, will reflect
them horizontally to the eye-picee E .

The same object would be attained with more advantage, and
less loss of light, by means of a rectangular prism, & » ¢, fig. 16,

Fig. 17.

Fig 18

the vertical ray, R ' being reflected by the back, A ¢, of the prism
in the horizontal direction »’ »",

Since a single reflection thus made produces an inverted image,
84



THE STAGE.

it is sometimes preferable to accomplish the object by two suc-
cessive reflections, as shown in fig. 17, where the ray, A m, is
successively reflected at 3 and ¢ to the eye at . And the same
object may be attained more advantageously by means of a
quadrangular prism, as shown in fig. 18.

This application of the prism and reflector has been alrcady
explained in our Tract upon Optical Images.

Much practical convenicnce often arises from the adoption of
this expedient ; thus, while the object-tube is directed vertically
downwards, to an object supported on a horizontal stage, or
floating on or swimming in a liquid, the eye-tube may be hori-
zontal, so that the observer may look in the level direction, In
this case the two tubes are fixed at right angles, the reflecting
surface being placed at an angle of 15° with their axes. We
shall sec hereafter a case in which, by the adoption of an oblique
tube, several observers may at the same time, looking through
different eye-picees, sec the same objeet through one and the
sume object-glass,

THE SUPPORT AND MOVEMENT OF THE OBJLCT.

31. The appendage of the mieroscope, adapted for the support
of the object is called THE sTAGL,

Sinee every motion or disturbance by which the stage may be
affected will necessarily be inereased, when scen through the
microscope, in the exact proportion of the magnifying power, it
is of the utmost importance that it should be exempt from all
tremor, and that it should have strength sufficient to bear, with-
out flexure, the pressure of the hands in the manipulation of the
object.  When a high power is used, the focal adjustment of
the instrument requires to be so exact, that a displacement of
the object, which would be produced by the slightest pressure
of the fingers upon a stage not very firmly supported, would
throw it out of focus.

It the instrument be used for disscetion, or any other purposc
in which steady manipulation of the object is needed, it will be
found convenient that the stage have sufficient magnitude to
support both wrists, while the operation is performed with the
fingers. Supports for the elbows ought also to be arranged, so as
to place the uperator completely at ease.

32. The instrument is focussed, as already explained, either by
moving the stage to and from the body, or by moving the body
to and from the stage. The motion is imparted to the one or the
other by means of u milled head placed on the right of the
observer, which leaves a pinion working in a rack to which the
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part to be moved is attached. By turning this milled head one
way and the other alternately, the observer finds by trial the
position which gives greatest distinctness,

33. This, which is called the coAnsk ADJUSTMENT, answers
well enough when high powers are not used; but it must be
remembered that as the teeth of the pinion successively pass those
of the rack, the motion produced is not strictly an even and
uniform one, but a sort of starting or intermitting motion, so that
the instrument cannot be easily and steadily brought to rest at
any intermediate point between the heginning and the end of the
passage of a tooth.  When high powers are used, and conse-
quently an extremely nice adjustment of the foeus required, this
arrangement is therefore insuflicient, and serves at best only for a
first approximation to the exact focus.

34. A supplemental expedient is therefore provided in the
best instruments, called the vine apsvsTsENT, which usually
consists of a screw having an extremely fine thread, which
being eonnected with the part to e moved, gives it a per-
fectly smooth, uniform, and slow motion, entirely frec from starts
or jerks,

In some of the best instruments these serews have as many as
150 threads to the inch, so that one complete turn of the milled
head moves the stage or bady through only the 150th part of an
inch, and us the head is divided into ten equal parts and moves
under an index, a tenth of a revolution can be observed, which
corresponds to the 1500th part of an inch.

When the form of the object is not actually flat, and copse-
quently all points upon it are not equally distant from the object-
glass, they will not be all in focus together.  When the distance
of the objeet is such as to bring the more salient, and conse-
quently the nearest, purts into focus, the more depressed parts
will be too distant and consequently out of focus; and when the
object is moved nearer to the object-glass by a space cqual to the
heights of the salient above the depressed parts, the latter will be
in, and the former out of focus, and consequently the latter will
be distinet, and the former confused.

‘When the powers used are so low that the distance of the
object from the object-piece shall bear a considerable proportion
to the differcnee of level of the salient and depressed parts of the
object, this difference of level will not sensibly affeet the foeal
adjustment; but when high powers are used, that difference of
level bearing a very sensible proportion to the distance of the
object from the object-glass, the adjustment which renders either
distinet will render the other indistinct.

35. This optical fact has been converted with admirable address
36
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into an expedient, by which the inequalities of the surface of a
microscopic object are gauged, and its accidents analysed. Thus,
for example, let the milled head of the fine adjustment be first
turned so as to render the salient parts distinct, and let the
position of the index be marked. Let it be then turned so as to
render the depressed parts distinct, and let the new position of
the index be marked. If one division of the head represent the
1500th part of an inch, the differences of level, of the salient
and oppressed parts, will be just so many 1500ths of an inch as
there are divisions of the milled head which have passed the
index.

36, One of the first difficulties which the microscopic debutant
encounters, is that which will attend his attempts to bring the
uhject into the eentre of the field of view when it is minute, and
when the magnifying power is considerable. If he is only pro-
vided with a simple stage, without any mechanical expedient for
moving the object, he will soon be oppressed with the fatigue
arising from a succession of abortive attempts at accomplishing
his purpose.

37. The entire diameter of the field of view will often be less
than the 100th of an inch, so that a displacement of the slide so
inconsiderable as to be utterly insensible to his fingers, will cause
the object to jerk through a space greatly exceeding the entire
extent of the field. In this way the object will start from side
to side, the motion imparted to it by the touch to bring it back
to the field being always in excess, however carefully and deli-
cately the manipulation may be made. Some professional
observers, by intense and long-continued practice, surmount this
difficulty and succced in adjusting the slides, even with the
highest powers, without mechanical aid; but this is not to be
hoped for by debutants or amateurs, except with very low magni-
fying powers. Such persons, if they would avoid the risk of
throwing up the instrument with disgust, had therefore better in
all cases be provided with a stage having some such cxpedients as
we shall now describe.

Upon the fixed stage, such as it has been described, & second
stage similar in form and equal in size is placed, and is moveable
thirough a certain limited space right and left, by a fine screw
with a milled head. Another similar stage is placed upon this,
which partakes of any motion imparted to the latter, but which
is also moveable upon the latter backwards and forwards by means
of another fine screw. Upon this last stage the slide with the
object is placed, and held down by springs so as to retain its
place, whatever be the position of the stage.

By turning onc of these screws (fig. 19), the object may be
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slowly moved right and left, and by turning the other it may be
moved backwards and forwards,
and, in fine, by turning both
at the same time it may be
moved diagonally in any inter-
mediate direction, according to
the relative rate at which the
onc¢ and the other milled head
is turned. Somectimes the two
milled heads are on the right
side of the stage, so that they
can be turned cither separately or together by the right hand,
and sometimes they arc placed at opposite sides, so as to engage
both hands.

38. It is gencrally found convenient to have an casy means of
turning the object round its centre, o as to present it to the light
in all possible positions, without displacing it from the centre of
the field. This is accomplished by inserting in the upper plate
of the stage a metallic dise of somewhat greater diameter than
the central aperture of the stage, which is so fixed as to be turned
smoothly round its centre. It is upon this disc that the slide is
placed and held by the springs which are attached to the dise so
as to turn with it. This dise is sometimes graduated in 360, so
that the observer can turn the object through any desired angle,
a power which will be found very convenient in eertain classes
of observations.

The arrangement consisting of a fixed with two moveable

stages superposed is

Fig 20, drawn in fig. 20,

where @ a a aisthe
fixed stage, and b b
b b, ¢ ecce the two
stages which move
in the grooves n n
and m m, the one
bbbd directed right
and left, and the
other ccee back-
wards and for-
wards. The grooves
in which the upper
stage ¢ ¢ ¢ ¢ moves
are formed in the lower stage bbb, and those in which the
latter moves are formed in the fixed stage aaaa. The one
stage is moved by turning the milled heads ss fixed upon the
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MOTION OF OBJECT.

vod t¢, and the other by turning the head »r fixed upon the
hollew rod r, through which ¢ ¢ passes.

Another and more simple form of moveable stage is shown in
tig. 21, where @ a @ represents a circular brass dise, having a
cireular aperture in its
centre. Upon this a
second disc & b & is
placed, which is moved
within certain limits in
two directions, at right
angles to each other,
by the screws v v,

ainst which thespring

1 P L reacts. The

ntire stage is in this
-ase moveable round its
own centre.

By these expedients
the observer has com-
plete command over the
ubjeet, so as to be able
to move it at pleasure
in any direction, with a motion which will be smooth, slow, and
free from jerks and starts, even when magnitied with the highest
powers.

To centre the object, that is, to place it on the stage so that its
centre shall be in the centre of the ficld, is not so casy as it
might appear to the unpractised in microscopic manipulation.
To accomplish this, let the slide be first laid across the aperture
of the stage, the object being as nearly as possible concentric with
the aperture.  Let the stage and object-glass be brought nearly,
but not actually, into contact by the coarse adjustment. Let the
slide be then again centred, so as to render the object concentric
with the object-glass. Let the stage be then moved from the
objeet-glass until the instrument is focussed as nearly as it can
be by the coarse adjustment. Let the object be then more
exactly centred by the stage-serews, and more exactly focussed
by the fine adjustment.

It must not, however, be supposed that this elaborate process is
necessary in the case of every class of objeets. The larger sort
can be easily enough eentred by the hand, and foeussed by the
coarse adjustment : and in the cheaper description of microscopes
no other means are provided. Yor a smaller sort, the centring
may be cffected by proximity with the object-glass, and rendered
more exact with the fingers when no stage-serews are provided.
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But much trouble will be produced when objeets of the smallest
class requiring the higher powers are examined with instru-
ments in which the stage-screws and fine adjustments are not
supplied.

39. In all cases it will be found advantageous to submit the
objeet succossively to a series of increasing powers. When once
centred it will maintain its place while the object-lenses are
changed, so that upon each change of power no new adjustment is
necessary cxcept focussing.  The low powers will show the
general form and contour, the entire object being at one and the
same moment within the field. The next powers will show the
larger parts, and the highest will display the texture of the sur-
face and the structure of the smaller parts. By working the
stage-serews the object is moved like a panorama across the ficld
from right to left; and this motion is repeated for various posi-
tions given to it by the serews, which move it backward and
forward until every part of it has been submitted to examination.

‘When high powers are used the ohject will be very close to
the object-glass, so as almost to touch it when the instrument is
focussed, 1In this case, ecarc should be taken to prevent all
contact or friction of the objeet or the slide with the object-glass,
the latter being subject from that cause to injury or fracture.
When it is desired therefore to change an object thus viewed with
a high power, it is always advisable to sepurate the object-glass
and stage by the coarse adjustment, before removing the one
objeet and replacing it with the other, which must then be
focussed.

40, The greatest care should be taken to clean the slides before
placing them on the stage, since the least particle of grease or
dust or any other foreign matter would, when magnitied, injure
the observation and might lead to crrors.

When the object observed is in a drop of water or other liquid,
or when it is itself a liquid, it will be included between the
slide and a thin glass placed upon it, in which case it is of the
greatest importanee to exclude or remove all bubbles of air, since
they would present appearances under the microscope, such as
would deface those of the proper object of observation.

41. When it is required to submit a minute object to inspec-
tion, it is sometimes desirable to submit it to pressure, either to
retain it in one position, if it be living, or to ascertain the effect
of compression upon it, exercised in a greater or less degree for
other purposes. It is often necessary also to roll it over, so as to
present all sides of it in succession to the observer.

An instrument called a compressor has been contrived for this
purpose, which has been constructed in a great variety of forms
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by different makers, according to the demands of different
observers, ’

One of the most common and useful forms of compressor is
shown in fig, 22,

A small and very thin disc of glass is set in a brass ring 1, and
supported at two points L L, diametrically opposite, by the ends of
a fork 1 p, attached to Fie. 22
a lever p ;, the latter & == X
heing  supported upon i
two upright pieces ¥,
attached to an hori-
zontal picee ¥ v, This
picee ¥ D turns hori-
zontally round a pivot,
fixed near the end » .
of a strong »lip of brass A 1, having the form and magnitude of a
slide used for the support of objects. At the middle ¢, of A 1, is
a circular hole, in which another disc of glass is set, correspond-
ing in magnitude to the dise 1. A screw, with a milled head x,
works in the end ¢ of the lever, by turning which in one way or
the other, the end 6, and conscquently the dise 1, is raised or
depressed.

To place the ohject for observation, by moving the piece »
round the pivot the ring 1 is removed from the lower dise ¢,
upon which the ohject is then deposited. The serew X being
turned, so as to raise the dise 1 sufficiently to prevent it from
touching the objeet, the picee p is then turned on the pivot
until the disc 1 is brought over the object. The observer
then viewing the object in the microscope, and placing
his hand upon the screw K, slowly turns it, so as gradually to
compress the object, and continues this process or suspends it, or
turns the dise 1 horizontally, so as to roll the objeet between the
glasses, according as his course of obscrvation may require.

The compression may be so increased as to tlatten the object,
which in some cases is desired, so as to render it more transparent,
while nevertheless its form becomes more or less distorted.

42. It is sometimes required to ascertain the effects of an
eleetric spark or voltaie current, transmitted through a liquid or
solid, or through a body animate or inanimate. An apparatus
adapted for this purpose is shown in fig. 23, where b ¢ is a dise
of glass set in the middle of a slip of brass A 3. The two brass
tubes ¢ 6 play upon the hinges ¥ ¥, which arc supported on short
glass pillars £ . Two glass tubes, through the bores of which
tine platinum wires a a pass, are inserted tightly into the tubes
G G, so that they can be pushed to, or drawn from the disc p,
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where the object) is placed. The positive and negative cnds of
the conductor ef the electric machine, or the poles of a voltaic
battery, being put in connection with the handles % & of the

Fig. 25.

platinum wire, the spark or current will pass from the point of
-one of the wires a a to that of the other, being transmitted through
the objcet placed between thom.

THE ILLUMINATION OF OBILCTS,

43. Among tho accessorics of the microscope, there is none the
right use of which is more important than the illuminators. By
the proper application of these, an infinite variety of beautiful
effects are produced, and an infinite number of interesting con-
sequences developed, while by their abuse, and by the misconeep-
tion and misinterpretation of their indications, the most fatal
crrors and illusions may arise,

Let any one, however inexpericneed in the manipulations of a
microscope, applying ono hand to the mirror and the other to the
disc of diaphragms, vary at pleasure the position of the former,
and turn the latter slowly round its centre, thus shifting the
direction, and varying the quantity of the light which falls upon
the object, and he will witness, in looking at the object through
tho instrument, a serics of appearances which will soon demon-
strate to him how curious, complicated, and important a part the
illuminators play in microscopical phenomena.

44, Objects may be rendered visible in two ways, either by
light refleeted from those parts of their surfaces which are pre-
sented towards the observer, or by light falling on the posterior
surface, and partially transmitted through them. Opaque bodies
can be seen only in the former way, but translucent objects may
be seen in either of these ways.

A translucent object presents a different appearance, according
as it is scen by a front or back light. The leaf of a tree or plant,
seen by reflected light, appeurs to have some particular tint of

42



ILLUMINATION OF OBJECTS.

green, showing faint traces of a certain reticulated skeleton of
vegetable fibre. If it be held up before the sunm, all light being
excluded from the side presented to the eye, it will appear with a
much paler tint of green, and the skeleton will become much
more visible, the finer parts before invisible being distinctly
seen.

A stained glass-window viewed from the outside appears to
have dark and dull colours, and might be taken to be opaque,
showing no form or design. Viewed from the inside, forms of
great beauty, and colours of remarkable splendour, are seen.

When we say, therefore, that objects viewed in a microscope
present very different appearances, according as they are illu-
minated by a front or a back light, we only state a general fact
common to all visible objeets.

No body can be said to be either opaque or transparent in an
absolute sense.  Bodies considered to be the most opaque, such
as the metals, are found to be translucent when reduced to thin
Ieaves,  Even gold and platinum, the most dense of the metals,
arc rendered translueent under the hammer of the gold-beater,
while glass, diamond, air, water, and similar bodies, commonly
considered to be transpurent, arce proved to absorb a portion of the
light transmitted through them, this absorption increasing with
the thickness of the medinm. There is in fine no body which
will not become opaque if sufficiently thick, and none that will
not become more or less translucent if sufliciently thin,

45. Since microscopic objects are generally of extremely
minute dimensions, they are all, with some few exceptions, suf-
ficiently translucent to be rendered visible by a back light.

It is well known that many bhodies, which are opaque or ncarly
s0, may be rendered tranclucent by saturating them with certain
liquids. Thus, as cvery one knows, paper, linen, and other
porous bodies, which when div are imperfectly translucent,
become muck more so when wetted or oiled, or saturated with
white wax.

This general physical fact has speeial and important application
in the preparation of microscopic objects, which are saturated
with various liquids, pruper for cach of them, by which they are
rendered translucent,

When a translucent object is rendered visible by a back light,
the intensity of the light must be regulated according to its
translucency. The more translucent it is, the less intense must
be the light. A strong back light thrown upon a very trans-
lucent object drowns it, and renders it altogether invisible. The
light must therefore be reduced in intensity by varying the incli-
nation of the reflector, the distance of the lamp from it, and by
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the interposition of smaller diaphragms, until the best effect is
produced. The observer will acquire by practice a facility in
making these adjustments, so as to produce the desired result.

On the other hand, if the object be very imperfectly trans-
Incent, the light thrown upon it must be rendered as intense as
possible by the contrary arrangements.

46. Different parts of the same objeet will generally have
different. degrees of translucency, and it will often huppen that a
light which would drown the more transparent parts will be no
more than suflicient to display the more opaque parts. In such
cases the observer will have to vary the light according as his
attention is directed to one part or the other.

Tt must not be inferred that the darker parts are in this case
really darker than those which arc more transparent. The
lesser degree of translueency more frequently arises from the
different thickness of different parts of the object, the thicker
parts absorbing more light, and therefore appearing of a darker
tint than the thinner. I{ the varying transparency arise from this
cause, the apparent lights and shadows or tints of colour must be
taken as mere indieations of the incqualities of thickness of a
body of which the real eolour is uniform,

The dificulty which an observer encounters in ascertaining the
real form of an objeet, and the aceidents of its surface when seen
in o microscope by a back light, is partly owing to the fact that
the eye is habituated to view objects almost exelusively by front
lights, and the impressions produced of their forms are always
deductions of which we are rendered unconscious by habit, by
which the characters of these surfaces are inferred from the lights
and shadows which are impressed on the organ of vision. Not
having the same habit of sceing objects by a back light we cannot
so easily make similar deduetions, and we are apt to judge of the
objeets as if in faot they were illuminated with a front light.

The judgment is also more or less perplexed, and deecived by
the fact that microscopic objects are as it were placed before the
eye in an unnatural state of proximity, which give them a visual
character totally difterent from that which objects have, viewed
in the usual way with the naked eye.

It must be evident, therefore, how much attention and address
on the part of the observer are indispensable to enable him to
disentangle their physical eauses from such complieated effects,
and to give their appearances a right interpretation.

47. 1f an object, of which the surface is marked by numerous
inequalities and asperities, be illuminated by a light which falls
perpendicularly upon it, or which is scattered indifferently in all
directions, an observer placed directly over it will be in general
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unuble to perecive the clevations or depressions, all being pro-
jected upon the same ground-plan, and all being similarly illu-
‘minated. But if the light fall upon it with a ccrtain and regular
obliquity, lights and shadows will be produced which will ¢nable
him to infer the accidents of the surface and the real form of the
ohject. .

The due consideration and application of this general optical
fact will enable the microscopic observer to submit the objeet of
Lis inquiry to such a visual analysis as will unfold at least a close
approximation to its real form,

48, If the objeet be viewed by a front light proceeding from
the concave mirror M W, fig. 13, or retlected by the Lieberkuhn,
this effect will not be produced: for although the light refleeted
from the Licherkuhn is not perpendicular to the objeet, it is seat-
tered in all possible dircetions, so as utterly to remove all possi-
bility of lights and shadows.  An expedient is sometimes adopted
in which light prejected by a concave mirror or lens, properly
placed, is dirceted only on one side of the Lieberkuhm, which is
necessarily produetive of lights and shadows.

But the purpose is much more simply and effectnally attained
by removing the Lieberkuhn altogether, and direeting the illu-
mination with the neeessary obliquity upon the objeet by means
of a reflector or lens placed as shown at ¥ M’ or L L.

Those methods are always practicable exceept when a magnifying
power is used so high as to render it necessary to bring the object
almost into contact with the objeet-glass, in which case the
mounting of the latter would intereept the light, whether pro-
ceeding from the Licberkuhn, the lens, or mirror.  Insuch cascs
the object can only be illuminated by a buck light.

If the object be illuminated by a back light thrown obliquely
upon it, the lights and shadows, strictly speaking, can only be
produced upon the posterior surfuce. Nevertheless, the light
passing obliquely through the anterior surface will produce dark
and light tints, according to the angle at which it strikes the
several superficial incqualities and accidents of that side of the
object. It will be evident, therefore, that very complicated effeets,
in which the disentanglement of the forms which produce them
is extremely difticult, must ensue.

Nevertheless, the attentive and practised observer, by presenting
the illumination suceessively in various dircetions, by properly
varying it~ intensity, and examining the object as well by front
as by back illumination, when both are practicable, can generally
arrive at a pretty clear knowledge of its form and parts.

49. When the object is illuminated by a back light, optical
phenomena, called diffraction und interference, are produccd,
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against which tho observer must be on his guard. The effects of
these are tosurround the outlinc of the object with coloured fringes.
By limiting the illumination as far as it is practicable to the object
itself, so as to avoid the transmission of any light through the
opening of the slide, except what may pass through the object,
this offect may be diminished or avoided.

Tndecd, for many reasons, it is advantageous to prevent any
light from passing through the slide, or through the opening of
the stage, except what is employed in illuminating the objeet.
All such light is liuble to fall in greater or less quantity upon the
object-glass, and, passing through it, has u tendeney to render the
imago obscure and confused. For this reason, all extraneous
light whatever should be as far as possible excluded from the
space around the microscope, for all objects on which such light
fulls will reflect a part of it, sume of which may fall upon the
object-glass.

50. When the light of the sky or clouds is used, an aperture
may be made in a window-shutter for its admission, all the other
windows of the room being closed, and the light proceeding
from the aperture being reecived upou the mirror or lens, by
which it is directed and condensed upon the object.  The light
of a white cloud, strongly illuminated by the sun, iy generally
considered the best form of duy-light which ean be uscd, and
that of a blue serene sky the worst.  Observers differ as to the
direet light of the sun, some maintaining that in no case what-
cver should it be used, while others give it a preferenee for
minute objeets scen under high powers, and therefore requiring
intense illumination.

The light refleeted from a white wall upon which the sun
shines is a good source of illumination.

o1, 1f artificial light be used with low powers, a common sperm
candle will serve well enough, but means should be adopted to
prevent the flickering of the flame.

An argund lamp, however, is, in all cases, preferable, as giving
a steady invariable light. 1t will be improved if good olive oil
be used instead of the fish oil.

The flame produced by the liquid known as camphine is
especinlly pure and white, and well fitted for microscopic
rescarches.

Whatever be the artificial light used, it ought to be surrounded
with a shade, and so placed as to fall only upon the mirror or
lens by which it is directed to and condensed upon the object.

52. It is advantageous to protect the eyes of the observer from
extraneous light: the most simple and convenicnt method of
cffeeting which is by a circular blackened pasteboard sereen
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about a foot in diamecter, having a hole in its centre, through
which the tube of the eye-piece is passed. This screen is then
at right angles to the axis of the body of the instrument, the
eye-piece projecting about an inch from it. The observer looking
into the eye-glass with one eyc, need not incur the exertion and
fatiguc of closing the other, since the screen performs the oftice of
the eye-lid.

The mirrors are sometimes made with a concave glass at one
side, and a plane glass at the other, the latter being used when
condensation is not required. A dise formed of plaster of Paris,
reduced to an extremely even and smooth surface, either plane
or concave, is sumetimes used with advantage when a soft and
mild light is required.  Ncarly the same effect may be produced
by placing a dise of white card upon the face of the mirror. The
illumination by a back light is attended with a peculiar advan-
tage, inasmuch as it displays the internal structure of objects,
and, in the ease of organised bodies, supplies beautiful means of
exhibiting the eireulation; as, for example, the circulation of the
blood in animals, and the sapin vegetables. In the case of certain
animalcules, it shows some living and moving within the bodies of
others.

33. The following ubservations of Mr. Pritchard are worthy of
attention :—¢“ We must consider that in all bodies viewed by
intercepted light, there is, properly speaking, neither light nor
shade, in the ordinary aceeptation of these terms; there are only
dark and light parts, which again assume new aspeots as the light
is more or less direct or oblique.  Thus depressions on transparent
objects are almost sure, under the action of oblique light, to
assume the effect of prominences; but prominences seldom or
never have the semblance of depression.  As almost all diaphanous
bodies can be examined as opaque objects, a serutiny of them in
this way will generally be found greatly to assist our judgment
voncerning their nature, whether they admit of being cut into
seetions or not. It would be easy to write a volume on this
subject only, if we commenced an illustration of particulars which
could not be rendered clear and satisfactory without a vast number
of figures. Long practice must, after all, determine our opinions,
and scepticism should ever form a leading feature in them; we
should suspect rather than believe.

¢ Opaque objects are not, upon the whole, so liable to producc
optical deceptions as transparent ones, because we are more in the
habit of viewing ordinary bodies by reflected or radiated light.
The most common illusion presented by them is that of showing a
basso-reliero as an alto-relievo ; the reverse deception sometimes
oceurs also, but morc rarely. This efect occurs in ordinary objects
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viewed by the naked cyes, as well as in microscopes, especially if
but one eye is employed. Thus, if we look intently for some
time at a basso-relievo (n dic of a coin, for example), dlluminated
with very oblique lght, it at first appears in its true charucter ;
but, after u little while, some point on which we more particularly
dircet our gaze will begin to appear in elf, the whole rapidly
follows; in a little time the effeet wears off, and we again see it
in bus-rclicf ; then again in alt; and so on, by successive fits,
This deeeption arises from the simple circumstance that the lights
and shades in bas-relicf are very nearly lile these of an alto-
relicvo of the same subject, illuminated from the opposite side :
our understunding in this case instantly correets the false testi-
mony of the cye, when we consider from awhich side the light
comes. (If we observe with a microscope, we must remember that
its image is inverted, and that in consequence the light must be
considered as proceeding from the side of the ficld of view oppo-
site to thut where the source of illumination actually eaists.) Tt
will also be highly advisable, when we are in doult as to the
manner in which an instrument shows prominences and depres-
sions, to verify its vision by observing some Anoewn object with it,
of the real state of which, as to inequality of surface, we have
been previously informed by the sense of touch, to which it has
been well said there is no fellow,™ *

* ¢OWe usually see objects illuminated from ahore with the shadoves below
the prominences ; now, unless the light is below an opaque object, when
we view it in an engiscope, we shall see the shadmes abore, giving the
prominences the appewrance of depressions, and preducing a very unnatural
effect.”

45



Fig 26, —FraUsNHOFFER'S MIcRos Lt

THE MICROSCOPE.

CHAPTER 1V.

Pritchiard’s unalysis of the effects of illumination (continued). Mra-
SURENMENT OF uBJKCTs : 54. Measurement distinct from magnifying
power.—55. Mensurement by comparison with a hnown object.---
56. Micrumetric scales.—57. Thin glass plates.—58. Micrometers.
—59. Le Baillif's micrometer.—60. Jackson's micrometer.—61.
Measurciuent by the cwmera lucida.—62, Goniometers. Maeni-
FYINe Powkk @ 63, This term much misunderstood.—t64. Its exact
meaning.— 65. Least distance of distinet vision.—#t. Visual esti-
mate of angular magnitude.—67. Method of determining magnifyinz
power by the camera lucida.—68. Dimensions of the least object
which a given power can render visible,

Larpxer's Mesevx of Sciesce. E 49
No. 112,



THE MICROSCOPE.

*“ ILLUMINATION, by cups or silver specula, does not produce these
illusions, because they create no shade—the whole object is one
mass of intense light ; other false perceptions are, however, ocea-
sioned by them. Thus, all globular bodies, having polished sur-
faces, reflect an image of the cups, and the spont, if there is one,
appears as a dark spot in the centre.  The eyes of inscets, illumi-
nated in this way, show the scmblance of a pupil in the centre of
each lens, which deception may be verified by examining small
globules of mercury in the same manner. Spherical bodies, with
bright surfaces, will even, on some occasions, reflect an image of
tho object-glass and its setting, on the ‘same principle ; so that
we must perpetually consider the laws of the refraction and retlec-
tion of light, in all the conclusions we draw from the evidence
even of the very best instruments, used with every possible
precaution.

¢ Lastly, it must be observed, that in using microscopes, we
must never attempt to verify an objeet concerning which we are
uncertain, by inercasing the depth of the eye-glass immoderately,
50 as in this way to obtain a very high power. A negative cye-
glass, of about onec-fourth of an inch focus, is the deepest which
should ever be employed, ¢ven with a short body ; for a microscope
only shows a picfure of an objeet, and the more it is amplitied the
more its imperfections are developed. It is, on this account,
much safer to trust to moderate powers in these instruments, in
preferenee to high ones, wnless they are obtained through the
medinum of the depth and power of their objective part, 1t is the
nature of deep eye-picees to cause all luminous points to swell out
into dises, and to render the image soft, diluted, and ncbulous,
at length all certain vision fades away, and the imagination is
left to its uncontrolled operation. Single and compound magni-
fiers, having to deal with the real object, may be made of any
power which can be used ; and if our cyes are strong, and habi-
tuated to their use, we may place great rcliance on their testi-
mony ; but we must never allow them to persuade us to believe
marvels which are manifestly impossible, or contrary to the known
laws of nature and right reason.”

MEASUREMENT OF ORJECTS.

54. The determination of the real magnitude of microscopic
objects, and that of the magnifying power of the instrument, are
problems closcly conneceted but not identical. Either may be
solved independently of the other.
~ 55, If two objects be placed at the same time within the field
of view, the real magnitude of one of which is known, that of the
other may be at least approximately estimated by comparison.
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~inee they are equally magnitied, their rcal will be in the propor-
tion of thar apparent magnitudes. If, therefore, they appear
equal, they will be equal, and if that which we desire to measure
uppear to be twiee or half the size of that whose magnitude we
kuow, its real magnitude will be twice or half that of the latter.

such was the micrometrie method used by the carlier observers,
Thu~ Lewenhocek proeured & number of minute grains of sand,
~nsibly equal in magnitude, and placivg as many of them in a
hne, und in contaet, as extended over the length of an inch, he
asecrtained the fraction of an inch, which « xpressed the diameter
of vach, When he desired to aseertain the actual maguitude of an
objeet seen with his microscope, he placed one of these grains
besde ity and estimated by comparison the magnitude of the
tormer,

Various matural objects, whose magnitudes are known, and
which are subjeet to no pereeptible varations, such as the sporules
of Lycoperdon bovista or pufi-ball, whose diamcter is the 8500th
of aninch, those of the lycopodium, which measures the 940th
of an inch, and others such as hair, the filaments of silk, flax,
and cotton, and the globules of blood, have been suggested as
~tandard measures to be similarly used.

More modern observers, adhering to the same method, have
substituted artificial for natural standards.  Thus extremely fine
wite, called micrometric wire, has been used.  This wire ean be
drawn with an astonishing degree of tineness.  Dr, Wollaston
invented a process by which platinum wire was produced, whose
thickuess was only the 30000th part of an inch.”

Jt. Such measurements are now more generally made by means
of a minute seale engraved on glass, with a diamond point.  Let
us suppose, for example, a line, the 20th of an inch in length,
traced across the centre of a glass dise, set in a thin brass plate
of the size and form of the sliders on which oljeets are mounted.
Let this line be divided into 100 equal parts, cvery fifth division
being distinguished by a longer line, and every tenth by a still
longer vne.  Each of these divisions will be the 2000th part,
the intervals between the fifth divisions will be 400th, and that
between the tenth divisions the 200th part of an inch. This
microscopic seale will be seen magnified with the mieroscope, and
any microscopic vbjeet laid upon it will be seen equally magnified,
so that its dimensions can be ascertained by merely counting the
divisions of the scale included betwecn those which mark its
limits when placed in different positions on the scale.

1t may perhaps be thought impracticable to make divisions so

* Handbook of Nutural Philosophy, 2d edition, Mechanics, 38.
r 9 61



THE MICROSCOY'E.

minute upon the glass, with the necessary precision, especially
when it is remembered that any error or inequality will necessarily
be augmented in the exact proportion of the magnifying power
with which such a scale is scen. Nevertheless this difficulty has
been most successfully overcome, and combinations of screws and

wheols have been contrived, by which the diamond point is moved
by sclf-acting mechanism, so as to trace the successive divisions
of scales of astonishing minuteness.  Scules are thus produced,
the divisions of which are no greater than the 25000th part of
an inch.

This extreme minutencess is, however, rarely necessary or desira-
ble in microscopie researches, and the divisions of the seales in
more common use vary from the 1000th to the 2000th of an inch.
In the seales delivered with moderately good Freneh instruments, a
millimetre is divided into one hundred parts. A millimetre being
about the 23th of an inch, these divisions would therefore be the
2500th of an inch.  (Sce Tract on Microscopic Drawing and En-
graving, Museum, vol. vi.)

The procegs described above, in which the objeet is measured
by superposition upon the micrometrie scale, is attended with
several practical difficulties and objeetions, The object, when
thus placed, is always nearer to the object-glass than the scale,
and when it is in focus, the seale is out of focus and invisible ;
und, on the other hand, when the soale is in focus, the object is
out of focus and indistinet. When low powers only are used,
this difference between the focus of the objeet and that of the
scale being inconsiderable, will not prevent the success of the
operation ; but when the powers are high, it can never be satis-
factorily, and sometimes not at all eftected.

There is still another objection to the process. The placing and
displacing of ubjects frequently on a surface so delicately engraved,
suhjeots it to friction, which soon spoils and effuces the divisions.

If the divided surface be protected, as it may be, by a plate of
glass laid npon it, the differcnce between the distances of the
object and the scale from the object-glass is augmented by the
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thickness of the glass which covers the scale; and however thin
this rlass may be, where high powers are used, it will render the
diff-rence of the foei of the scale and the ohjeet so sensible, that
thev can never be both seen with suflicient distinetness at the
came time,

57. We know no greater example of the inexhaustible resources
«f art, and the untiring zeal with which its cultivators minister to
the wants of scienee, than the wonderful perfection to which the
mechanical division of a material so fragile as glass has been
carricd.  For the reasons we have here stated, as well as because
in the application of the highest magnifying powers the object-
plass of a microscope requires to be almost in contact with the
ohpeet, without actually  touching it, mieroscopists required
eatremely thin plates of glass to cover delicate objeets mounted
on thar dlides. Messrs, Chanee of Birmingham responded to this
demand by the production of plates of glass so thin, that three
hundred of them piled one upon the other are no higher than
an meh,

For examples still more striking of the minuteness with which
lines may be traced upon glass by mere mechanieal processes, we
may refer the reader to that part of our Tract upon Microscopic
Drawing and Engraving, in which the test plates of Mr. Nobert
are deseribed,

98, One of the most evident expedients for the measurement of
microscopic objects would scem to be the micrometer serew, which
i~ applicd with so much sueeess, und with results of such extreme
procision, in astronomical instruments,  Various methods of apply-
ing 1t to the mieroscope will suggest themselves to every one who is
funuhar with its uses in the observatory. Let two filaments of
spider’s web, or micrometric wire, be eatended at right angles
across the ficld in the foeus of the Fiyg o
«ye-pieee. These will divide the ficld
horzontadly and vertically at right
angles, mterseeting at its centre, as
shown i fir. 25, Now suppose
the stage supporting the object is
capable of bung moved by a miero-
meter screw, having for example
one hundred threads to the inch.
Let the objeet be placed first so that
it~ length shall be horizontal, and
let the slip be adjusted so that
the vertical micrometric wire b ¥
shall coincide with une of its extremities. Let the micrometer
screw be now turned »o that the object shall move horizon-
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tally. It will appear to pass gradually under the vertical wir
until its other extremity shall coincide with that wire, If then
the numberof complete turns, and parts of a turn of the screw
be counted, the length of the object then will be known. Thus,
if at the end of every complete turn, the serew produce an
audible sound like the tick of a clock, the observer can count
tho complete turns, und if the circumference of the head be
divided into 100 parts, and that an index be fixed upon the
stage to indieate the position of the head at the commence-
ment, the decimal parts of a turn can be aseertained, each division
of the head corresponding to the 100th part of a complete turn,
and therefore to the 10000th of an inch.

By turning the stage so that the serew will eause the object
to move across the ficld in the dircetion of the vertical wire, its
dimensions in the other direction can be aseertained.

59, A simple and ingenious micrometer for ascertaining the
dimensions of such objeets as would bear a slight pressure without
change of form, was invented by M. Le Baillif. A plan and
vertical section or side view of this are shown in fig. 26.

Two upright picees, ¢ ¢, are tixed in a slip of copper, formed
like one of the slides, having a circular hole in its eentre, in

Fig. 26,

Mzi‘p

which is set a plate of glass, on which a scale o is engraved.
Upon this is placed a movenble piece, ¢ ¢, having a similar hole
and plate of glass, with a fine line engraved upon it at right angles
to the seale, so that when it is moved from left to right this fine
line will eoincide necessarily with all the divisions of the scale,
From this picee, two rods proceed, which pass through holes in the
upright picees ¢ ¢, and one of them is reacted upon by a picee of
watch-spring, f, while the other abuts against the end of a fine
serew, /, which moves in a nut, d.

When an object is to be measured, the index line upon the
upper glass disc is brought to coincide with the first division or
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zero of the seale by turning the head 7 so as to cause the screw to
retire from the picee ¢ e, the spring f then pressing this piece to-
wards the serew.,, The object to be measured is then inserted
between the end of the rod projecting from e and the screw, and
consequently the piece e e and the index line engraved upon it
will be pushed from left to right through a space equal to the
thickness of the object.  This thickness may then be ascertained
by observing with the microscope the division of the scale to
which the indicating line has been advanced.

60. A micrometer, having some resemblanee to this, but made
more applicable to the general purposes of microscopic measure-
ment, has lately been contrived by Mr. Jackson, a deseription of
which i~ published in the ““Transactions of the Mieroscopical
Socicty,”

A dise of glass, upon which a micrometrie scale is engraved, is
sct in @ thin plate of brass, which moves with a sliding motion on
another plate, in which a corresponding hole is made.  The former
i~ like that of M. Le Buillif, urged by a fine serew in one diree-
tion, and driven back by a spring in the other, as shown in fig, 24.

Fig. o,

This micrometer slide is inserted in the tube of the eye-piece by
openings in the sides of the tube, as shown at m in fig. 27, which
openings can be closed when the micrometer is not used by sliding
covers, as shown at a, fig. 28,

Itis casy to see how this contrivance is applied. The scales
magnitied by the eye-glass are projected upon the optical image of
the object produced by the object-glass, and this image may be
made to move 5o as to bring its extremity to coincide with the first
division of the scales. The scale will then show not only the dimen-
sions of the entire object, but those of its parts. The object may
be turned in any direction relatively to the scale that may be
desired, by means either of the hand or the stage adjustments.
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It is necessary, however, before applying this micrometer to
the measurement of objects, to ascertain the value of the divi-
sions of the scale rclatively to the ohject, sinee the immediate
subject of its measurcment is, not the object itself, but the optical
image of the object produced in the focus of the eye-piece by the
objeot-glass ; and this preliminary valuation is the more necessary,
inasmuch as the relative magnitude of the image, compared with
that of the object, will vary with the power of the object-piece,

To ascertain, then, the value of the divisions of the scale, let
another micrometric scale, the divisions of which are known, be
placed upon the stage.  An image of this scale, magnified as that
of an object would be, will then be formed in the focus of the
eyc-picee, and the other scale will be seen projected upon it.  Let
the position of the two scales be so adjusted by the stage arrange-
ments that the first division of the one shall be projected on the
first division of the other. By observing then the next divisions
of the two which coincide, the relative value of the scales will be
known, Thus if ten divisions of the eye-picee scale exactly cover
100 divisions of the other, and if each division of the latter be the
1000th of an inch, one division of the eve-piece scale will corre-
spond to the 10000th part of an inch in the dimensions of an object.

It is evident that the value of the divisions of the seale should
be determined for each objcet-piece which the observer uses.

63, The combination of the camera lucida with the micro-
metrie scale has supplied a very simple and convenient method of
measuring microscopic objeets.

1t has been shown in our Tract upon The (amera Lucida,
that by that instrument the image of an object magnified in any
desired proportion can be thrown upon a sheet of paper upon
which its outline can be traced. The micrometrie scale is first
thus projeoted, and its divisions, or as many of them as are con-
sidered necessary, are traced upon the paper. Another similar
series of divisions being traced at right augles to the former, the
part of the paper corresponding to the field of view is divided into
a system of squares, like those into which a map is divided by the
lines of latitude and longitude. The micrometric slide being
removed from the stage, the slide with the object is substituted
for it, and the observer sees the image of the objeet similarly
magnified projected upon the paper, ulready spaced out by the
squares. He can therefore count the number of squares occupied
by its length and breadth, and by the length and breadth of its
several parts, or, better still, he can trace its outline upon the
paper, so that its dimensions and those of all its parts can be
exactly ascertained. Thus, if each division of the scale is the
1000th of an inch, the side of each square will represent the
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1000th of an inch, and these sides may themsclves be easily sub-
divided into ten or 100 parts, so as to carry the measurement to
10000ths or 100000ths of an inch.

In fig. 29 the field of view is represented spaced out in this
manner, with the outlines of objects traced upon it.

Such a scale once drawn upon the paper, will serve for the
measurement of any objeets which may be submitted to the
wicroseope ; but it is most essential that in all such measurements
the paper be kept at exactly the same distance from the camera,
and that neither the object-glass, the eye-glass, nor the stage
shall sutfer any change in their relative positions.

Fig 20,

It has been shown that the magnitude of the image reccived on
the paper increases with the distance of the paper from the
camera.,  If, therefore, the paper be placed at a greater or less
distanec frum the camera to receive the image of the object than
that at which it was placed to reccive the image of the micro-
metric scale, the image of the object will be produced upon a seale
greater or less than that on which the image of the micrometric
scale was produced, and consequently the one cannot be taken as
a measure of the other.

If any change be made in the relative positions of the eye-
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picce, object-piece, and stage, a corresponding change would be
made in the magnifying power of the instrument, and a conse-
quent change in the dimensions of the picture of any object
projected by the camera on the paper, though no change be made
in the distance of the paper from the camera.

In fine, the method of measuring the actual dimensions of a
microscopie objeet by means of a seale drawn with the aid of the
camera, requires that the instrument and the paper shall be in
preciscly the same state when the image of the object is projected
on the paper as they were when the scale was drawn upon the
paper.

If this condition be obscrved, measurements can be made by
the camera with all the necessary facility and precision.

62. In microscopic researches it is frequently necessary to
mcasure the angles at which the lines which form the contour of
objects are inolined to each other.  Various forms of gontometers®
have been contrived for this purpose. One of the most simple
and convenicnt of these consists of a ¢ireular plate of brass ¢ ¢,
fig. 30, having a central opening in which a dise of glass is sct,
on which a dismeter d b is cngraved with o diamond point.
Upon this, and coneentric with it, another similar plate, toothed
at the edge, is placed, having also a dise of glass of the same
magnitude sct in it, with a dinmeter @ ¢ in like munner engraved
upon it.  Upon the plate ¢ ¢ an car is cast, in which a pinion i~
inserted, which, working in the teeth of the second dise, gives it
a motion round its centre, by which the diameter @ ¢ is made
suceessively to ussume all possible angles with the diameter J b.

This piece is inscrted in the eye-picee A 1, o side view of which

Fig. 80, Fue st is shown.in fig. 31,50 as to be

) concentrie with the lenses, and

to coincide with the focus of
the eye-lens. The lines a ¢
and b d will then be seen pro-
jected on the image of the
object, and if the vertex of the
angle it is desired to measure
be brought, by means of the stage adjustments, to coincide
with the centre o of the dise a & ¢ d, where the two engraved
diameters interscet, and so that one side of the angle to be
measured shall coincide with the fixed line d &, the line @ ¢ can
be turned by the pinion r, until it shall coincide with the other
side. A graduated cirele which surrounds the dise will then
show the magnitude of the angle at which 4 d and a ¢ are inclined.

* Frow the Greek word ydww (yonv), knee.
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THE MAGNIFYING POWER.

64, It has been well said, that a question elearly put iy half
resolved.  There is no term in microscopic nomenclature so
familiar to the car, and so flippant on the tongue, as the ¢ magni-
fving power:” vet there is none respecting whieh there prevail
so much confusion and obscurity. The chicef eause of this is the
negleet of a elear and distinet definition of the term.

Tt has been already shown, that the magnitudes observed with
the microscope are visual, not real.  'We can say that such or
such an object scen in the microscope has a magnitude of so many
degrees, but not at all one of so many inches.  Strietly speaking,
the same is true of all ohjeets seen in the ordinary way ; but in
that case the mind is habituated to form an estimate of their real
magnitudes, by combining the consideration of their apparent
magnitudes with their distances, It is true that we are uncon-
seious of the mental operation from which such estimates result,
but it is not the less real.  Our unconsciousness of it arises from
the force of habit, and the great quickness of the acts of the
mind. Every one who has been familiar with intellectual pheno-
mena knows that such unconseionsness is found to attend all such
acts as are thus habitual and rapid.

64. But when objeets are looked at in a microscope, the mind
not only does not possess the necessary data to form such an
estimate, but the conditions under which the visual pereeptions
are formed are so unusual, and, so to speak, unnatural, that it is
incapacitated to form an approximate estimate even of the visual,
to say nothing of the real, magnitude of the object of its
perception.

The visuul magnitude of an ohjeet, an secn in a microscope, is
the angle of divergenee of lines supposed to be drawn from the
eye to the limits of the imaginary image formed by the eye-glass,
which is the immcdiate object of pereeption. When we say,
therefore, that the instrument has such or such a magnifying
puwer, every one will comprehend that it is meant that this visual
magnitude is so many times greater than the visual magnitude
which the ohject would have, if it were seen in the usual way
without the interposition of any qptical expedient.

So far all is clear, and so far there can be mo difference of
opinion on the point, provided only that the latter member of the
sentence be clearly defined. What is the ¢ visual magnitude
seen in the nsual way #” There are many ways of looking at an
object, and *‘the usual way” depends much on the magnitude
of the objert. We can sec well enough the dome of St. Paul’s
Cathedral at the distunce of half a mile, while we cannot sec a
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small insect at the distance of a yard. The same object may be
viewed at different distances, and will have different visual mag-
nitudes, these magnitudes being greater as the distance is less,
The visual diameter of a small object, scen from the distance of a
yard, is three times less than when seen from the distance of a
foot. Tt appears, therefore, that the ¢ visual magnitude of an
object seen in the usual way with the naked eye,” is a term of
comparison which, without some further condition to limit it, has
no fixed mecaning, and consequently leaves the  magnifying
power” of which it is made the standard, altogether vague and
indefinite.

65. The visual magnitude therefore which is made the standard
of magnifying power, must be the visual magnitude at some
arbitrary distance conventionally assumed.,  As we have already
stated, it has been generally agreed, sinee micrography has taken
the rank of a speeial branch of science, to adopt ten inches as the
standard distance. This distance is recommended not merely on
account of the arithmetical facility which arises out of its decimal
character, but because it agrees sufliciently for all practical
purposes with the standard derived from the measures of other
countries, In France, for example, the standard usually adopted
is twenty-five centimétres, which is cqual to 9-427 inches, being
less than ten inches by only about the siath of an inch.,

According to this convention, then, the magnifying power of a
microscope would be the number of times the visual diameter of
the object viewed with the microscope is greater than its visual
diameter viewed by an eye placed at ten inches from it.  Thus,
if the visual diamecter of an objeet scen at the distance of ten
inches be fifteen minutes of a degree, and the visual magnitude of
the same object scen with a microscope be two and a half degrees,
or 150 minutes, the magnifying power will be ten.

But an objection will even still be raised.  The object may be
so small that at the distance of ten inches it would not be visible
at all with the naked eye. Nay, it may be, and in the case of
microscopic objeets often is, so minute that it would not be per-
ceptible to the naked cye at any distance, however small. In
that case it may be asked, What is to be understood by *¢its visual
magnitude at the distance of 10 inches *”

This point will require some explanation. There is a certain
limit of magnitude within which an object will cease to make any
sensible impression of its magnitude or form upon the eye. This
minor limit of magnitude varies with diffcrent individuals, and,
in the case of the same individual, with different objects according
to their colour, illumination, the ground on which they are pro-
jected, and many other conditions which it is not here necessary to
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discuss. It will suffice to say that there is such a limit. If the
visual angle formed by lines diverging from the eyc to the extre-
mities of the object be within this limit, the object will not be per-
ceived ; or, to speak with more rigour, its magnitude and form
will not be perceived.*

In such cases, therefore, the visual magnitude of an objeet,
without the intervention of the microscope, must be understood
to mean the angular divergence of the rays which would be drawn
from a point placed at ten inches from the object to its extremities.
This would be the visual magnitude of the object ““ if 1t conld be
seen™ at that distance.

Iu fine, therefore, the definition of the magnifying power of a
microscope will be clear, distinet, and adequate, if it be stated
thus :—It is the quotient which would be obtained by dividing
the visual magnitude of the objeet, us seen in the microseope, by
the visual magnitude which the object would have to a naked eye
placed at ten inches distance from it, supposing the eye to have
sutlicient sensibility to perceive it at that distance.

Every one is more or less familiar with real magnitude, so that
when an object of ordinary dimensions is placed before them they
can give at least a rough estimate of its actual dimensions, The
same facility of estimating visual magnitude does not exist,
although, in fact, we receive the impressions of visual much more
trequently than those of real magnitude, The estimate of visual
magnitude, however, enters into all microscopic inquiries as an
clement and condition of such importance, that all those who use
the instrument, whether for the purposes of serious research or
rational amusement and instruction, would do well to familiarisc
themsclves with it.  Some obscrvations illustrative of such sen-
sible impressions will therefore, we presume, be not unacceptable
tu our readers.

6. Our great familiarity with real magnitude arises from our
intimate knowledge of certain standard units by which it is
counted.  There is no one, however little educated, that has not
a pretty clear notion of the length expressed by an inch, a foot,
und a yard. Let us sce whether we may not enable any one with
common attention to acquire an equally clear notion of the
standard units of visual magnitude.

Every onc is familiar with the apparent magnitude of the dise
of the full moon. It is visible to the whole world, and scen for
several nights in cach month during the entire life of every indi-
vidual. Now it happens that the visual magnitude of its diameter

* The fixed stars are visible as mere luminous points, but their forms
anq m_agmtudex are not perceivable, owing to the extreme smallness of
their visual angle produced by their enormous distances.
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is just half a degree, which meuns, that the angular divergence of
lincs drawn from the cye to the extremitics of the diamcter is the
same as that of two lines drawn from the centre of a cirele to the
extremities of an are, which is the 720th part of the entire circle.

Ivery one, therefore, who is familiar with the appearance of the
full moon, will be as familiar with the meaning of a visual angle
of half a degree, and, consequently, of a degree as they are with
the real magnitude of an inch ora foot.

The distance of the moon hus been ascertained to be 120 times
its own diameter, and it is evident that any circular dise whatever,
whose distance from the eye is 120 times its own diameter, will
have a visual angle equal to the diameter of the moon, and there-
forctohalf a degree; and, consequently, one whose distance is sixty *
times its own diameter, would have a visual angle of a degree.

Thus, in fig. 32, there are five white dises shown upon a black
ground : the diameter of the first is the 6th of an inch; that of
the second, the 12th : that of the third,
the 25th; the fourth, the 50th: and
the fifth, the 100th.  1f these be held at
ten inches from the eye, the first dise,
A . L a, will have a visual angle of 1 @ the
second, B, one of 307 the third, c,
about 15/ ; the fourth, », 73': and, in
fine, the fifth, x, 34"

It follows, therefore, that an object
0 . »  which when viewed with a magnifying
power of 1000, appears with the same
visual diameter as the moon, or as the

Fig. 32,

b ® o dise B, fig. 32, placed at 10 inches from
the eyve, must have a real diameter no
® ¢ greater than the 12000th part of an

inch.
Having familiarised  himself with
some such standardsof visual magnitude
as these, and onoe knowing the magnifying power of his instru-
ment, an observer ean casily make a rough estimate of the real
magnitudes of the objeets under view.

67. But for this, as well as many other purposes of microscopie
research, it is necessary that the actual magnifying power of the
instrument be ascertained.

The most simple and direct means of accomplishing this are
supplied by the camera lucida.

* Nore strietly 57°3 times ; but the round number will be sufficient for
the above illustration. *
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L.t a micrometric scale, such as we have alrcady described, be
placed on the stage, the instrument focussed, the camera attached,
and a sheet of paper placed at 10 inches from it. An image of
the scale being secn on the paper, let any two contiguous divisions
ot it be marked with the pencil. let the distance between these
marks be then exactly measured, and let it be divided by the
actual length of the divisions of the scale. The quotient will be
the magnifying power.

Thus, for example, let us suppose that the micrometric scale is
the 25th part of an inch, and that this length is divided into 100
parts, cach of these parts will be the 2500th part of an inch. Now
suppose that it is found that the distunce between the images of
two contiguous divisions on the paper, is four-tenths of an inch.
It will follow that the visual magnitude of a division of the scale
is magniticd in the proportion of ), to 4, that is, as 1 to 1000,
The magnitying power would therefore be a thousand.

There arce other methods of ascertaining the magnifying power,
but this is so simple, so casily produeed, and so precise, that we
shall not detain the reader by any notiee of others.

Microscopes  heing  generally supplied with several object-
glasses, and eye-picees, the observer and amateur would do
well onee for all to ascertain the magnifying powers of all the
possible combinations of them, and to tabulate it and keep it for
reference.

68, It i~ often asked, What are the dimensions of the most
minute object which a microseope, having a given magnifying
power, is capable of rendering distinetly visible ¥

The answer to this question will depend on the answer to
another : What arc the least dimensions of the same objeet, with
which it would be distinetly visible, at ten inches distance, with
the naked eyo ?

Whatever be the latter dimensions, the former will be just so
many times less as there are units in the number which expresses
the magnifying power.

Thus, for example, if the smallest linear dimensions with
whick the object could be distinetly seen without a glass at 10
inches distunce were the 300th part of an inch, a microscope
having a maguifying power of 300 would render such an object
equally visible if its linear dimensions were only the 300X 500
=150000th part of an inch.

It is generally considered that the smallest dise of which tha
form can be distinguished by the naked eye, being properly con-
trasted with the ground upon which it is seen, is one which would
have a visual angle of one minute; and since a line measuring
the 360th part of an inch, placed at ten inches distance, would
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have that visual angle, it would follow that the smallest object
of whioh the form could be rendered distinctly visible by a
microscope of a given magnifying power, would be one whose
linear dimensions are uas many times less than the 360th part of
an inch as there are units in the number expressing the magnify-
ing power.

It must not be forgotten, however, in considering such points,
that the smallest object whose form can be distinctly seen at a
given distance without a glass, depends on many conditions, some
connected with the object, and some with the observer, as has been
already stated.

Many persons fall into the error of supposing that the excel-
lence of & microscope is to be determined by the greatness of its
magnifying power. On the contrary, that instrument must be
coneidered the most efticient which renders the details of an object
perceptible with the lowest power. Distinctness of definition,
by whieh is meant, the power of rendering all the minute linea-
ments clearly secn, is a quality of greater importance than mere
magnifying power. Indeed, without this quality, mere magnify-
ing power censes to have any value, since the object would appear
merely as a huge misty silhounette.

Suflicicney of illumination is another condition which it is
difticult to combine with great magnifying power, but which is
abselutely necessary for distinet vision.

If two instruments show the same object with equal distinet-
ness of definition and with sufticiency of illumination, one
having a higher magnifying power than the other, then it must
be admitted that the one which bears, with such conditions, the
higher power is the more efticient instrument.

The mere magnifying power depends on the focal length of
the lenses, the illumination on the angle of aperture, and the
distinetness of definition on the extent to which those condi-
tions have been fulfilled which confer upon the combination of
lenses composing the instrument, the qualities of aplanatism and
achromatism,
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THE MICRO-POLARISCOPE.

69. WHEN aray of light has been reflected from the surface of
a body under certain special conditions, or transmitted through
certain transparent crystals, it undergoes a remarkable change in
its properties, so that it will no longer be subject to the same
effeets of reflection and refraction as before. The effect thus
produced upon it, has been called POLARISATION, and the ray or
rays of light thus atfected are said to be PoLARISED,
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THE MICROSCOYE.

The name roLEs is given in physics in general to the sides or
ends of any body which enjoy or have acquired any contrary pro-
perties, Thus, the opposite ends or sides of a magnet, have con-
trary properties, inasmuch as each attracts what the other repels.
The opposite ends of an electric or galvanic arrangement are, for
like reasons, denominated poles.

70. Yollowing the common rule of analogy i® nomenclature, a
ray of light which has been submitted to reflection or transmission
under the special conditions referred to, has been called polarised
light ; inasmuch as it is found that the sides of the ray which
lie at right angles to cach other, possess contrary physical pro-
perties, while those of a ray of common or unpolarised light possess
the same physical properties.

To illustrate the rclative physical condition of common light
and polarised light, we may compare a ray of common light to a
round rod or wire of uniform polish and uniformly white, while
a ray of polarised light may be compared to a similar wire, two
of whose opposite sides are rough and black, while the other
opposite sides at right angles to these are polished and white.
Thus, if A B¢ n, fig. 33, he a scetion of the former, the entire
circumference A we v is white and polished, and if v v ¢ v’

Fig o b, 34,
B B’
— ,
s b
A \/C A ¢
/ \
\// a@ :

D D’

be a seetion of the latter, A’ 1/ and ¢ v’ will be white and polished,
while ' ¢’ and v* A’ will be black and rough.

A group of physieal properties, very numerous and complicated,
characterise the polarised state of light, the discussion and exposi-
tion of which, constitute the subject of an extensive and important
seetion of optics. It would be obviously impossible here to convey
to the reader any general idea of these; nevertheless, as an illus-
tration of them, onc of the most frequent occurrence may be
mentioned. 1f a ray of common light fall upon a smooth and
polished surface, it is always reflected according to the well-
known laws of reflection, no matter what side of it may be pre-
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~ented to the reflecting surface.  1f a polarised ray, however, fall
at a ccrtain inelination upon the same surface, it will be reflected
or ahsorbed according to the side of it which is turned towards
the reflecting surface. Thus, if the side A’ B’ or ¢’ 1 be pre-
sented towards the reflecting surface, the ray will be reflected as
if it were common light, but if the side B’ ¢’ or A’ D’ be turned
towards the reflecting surface, it will not be refleeted at all, but
will be, ax it were, smothered or extinguished.

The sides A’ B and ¢’ 1’, which are opposite to cach other,
have, therefore, o property contrary to that of the sides ¥’ ¢’ and
A7 1, so that they are respectively called the poles of the ray,
just as the ends of a voltaice vircuit having contrary cleetric pro-
perties are called the positive and negative poles of the voltaie
battery, and the ends of a magnet are called its boreal and austral,
or south and north poles,

The effeets which polarised light produces when it falls upon,
or is transmitted through, various substances, more especially
such as are in the state of crystallisation, are of the highest
physical importance, being in most cases the indication of mole-
cular and other properties, by which opties has been placed in
relation with, and has become the handmaid of, almost every
other branch of physical science.

71. There are various expedients by which a ray of common
iizht can be polarised. Tt will be polarised if it be reflected at
a certain inclination, called from that circumstance the angle of
polarisation, from certain surfaces.  Fach substance has its own
angle of polavisation. That of glass, tor example, is 353°. It
is also polarised if it pass through ccertain transparent crystals.
~ome of these, while they polarise the ray, split it into two, both
heing polarised, but in planes at right angles to cach other ; that
is, for example, the sides A° 8 wnd ¢ b being white in one, and
black in the other.

The well-known mineral called Iecland spar is an example of
this class of erystals.

Ruch crystals are called double-refracting erystals, because the
two rays into which the ray of common light is split are refracted
}»_\' the crystal in different directions, and according to different

aws.

When a polarised ray is transmitted through such a crystal,
aceording to certain conditions, it will either pass through it, as
it would through any ordinary transparent medium, or will be
extinguished by it, according to the side of the ray to which
certain faces of the crystal are presented. Such crystal is related
to the poles of the ray, therefore, in the same manper as the
reflecting surfuce alrcady deseribed.
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72. 1f either the reflecting surface or the erystal, p]aced under
the necessary conditions, be carried round u polnrlwd ray, A' B¢’ 1,
80 a8 to be successively presented to all sides of it, the ray will
be completely reflected or transmitted when it is presented to «’,
the middle of the side A’ .  As it is moved from « towards &',
the quantity of light retlected or transmitted will be less and less,
until it comes 10 3, when none will be reflected or transmitted, the
ray being wholly eatinguished.  As it is moved from ¥ to ¢,
the light reflected or transmitted, small in quantity at first, will
he continually greater and greater until it comes to ¢ the middle
of ¢ 1, when the vay will be wholly reflected or transmitted.
As it is moved from ¢ towards ', the quantity of light reflected or
transmitted is less and less, until arriving at @' the ray is alto-
gether extinguished.  After passing from & towards «’, the light
reflected, at first small, is more and more in quantity until it
comes in fine to «’, when the ray is, as at tirst, wholly reflected or
transmitted.

73. Aninstrument adapted to show the cfteets of polarised light
upon bodies on which it is incident or through which it is trans-
mitted, is called a rorLarIscork, fig. 35, p. 65, and a polarising
microscope or MICRO-POLARISCOPE, is a microscope by which the
observer is enabled to project polarised light upon the objects, and
to observe its efteets when transmitted or reflected by them.

Micro-polariscopes  have been constructed in various forms,
some depending on polarisation by reflection, and svme on polari-
sution by transmission,

One of the most simple and most generally useful, consists of
two prisms of lccland-spar, one of which, r, is placed under the
stage, so that the light by which the object is illaminated must
previously pass through it, and the other 1’ is placed in the body
of the instrument between the object-glass aund the eye-glass, so
that beforc producing the image, the rays must pass through it.

The light procecding from », and projected upon the object,
being polarised, and reeeived, after passing through the object-
glass, by 17, will be wholly or partially transmitted, or altogether
extinguished, according to the sides or poles of the ray to which
ocrtain fuces of the prism are presented.  1f, therefore, the instru-
ment be so mounted that the prism 1’ can be turned round its
axis, its faces can be presented suceessively to all sides of the
rays, so that the light will be in a certain position wholly trans-
mitted, and the image will be seen strongly illuminated. When
the prism is gradually turned round, the’ light transmitted will
be less and less, until the pnsm huﬂ been turned through a
quarter of a revolution, when the light will be Mxoll;
cxtinguished, and the image will disappear. Continuing to turn
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*he prism, the image will gradually re-appear, at first faintly,
and by degrees brighter, until the prism is moved through
another quarter of a revolution, when the image will be again
~ven fully illuminated. Like changes will take place during the
other two quarters of a revolution.

Nimilar effects will be produced if the prism »’ be fixed, and
P be turned round its axis. In this case, by moving the polar-
ising prism r round its axis, the polarised ray is made to revolve,
because the position of its poles @’ U’ ¢’ d” has always a fixed rela-
tion to the faces of the prism p.  Ninee, therefore, the polarised
ray revolves, it presents successively all its sides to the prism 17,
hy which it is accordingly alternately transmitted, and absorbed
wholly or partiully in the same manner, exactly as if' the ray were
fixed, and the prism 1 carried round it.

By the appearance and disappearance of the image correspond-
ing with the position of the prism 17, the position or direction of
the planes of polarisation A’ ¢ and w’ 1’ of the polarised ray is
known.

These effects will be produced if the objeets through which the
light is transmitted or by which it is reflected have themselves
no polarising influence.  But if they have, various other pheno-
mena will ensue, depending on the character and degree of that
influenee ;. but whatever it be, the state of the light, which pro-
ceeding from the object-glass forms the image, will be ascertained
by the prism 1, which is conscquently called the analysing prism,
the other r being denominated the polarising prism.

Various physical characters are thus discovered in the objects
submitted to the microscope by determining the optical effeets
they produce on polarised light, and many striking and beautitul
phenomena are developed.

THE MOUNTING OF MICROSCOPES,

74, The methods of mounting microscopes, so as to adapt them
to the convenience and the easc of observers, are very various,
depending on the purposes to which they are applicd, their priee,
the «xigencies of the purchaser, and the skill, taste, and address
of the maker,

The qualitics which it is desirable to confer upon the stand and
mounting of the instrument are simplicity of construction, easy
portability, smoothness and precision in the action of all the
moving parts, and such combinations as may cause any tremor
imparted to the stand to be distributed equally over every part of
the mounting. These capital objects are attained very com-
pletely in all the mountings of the best makers, British and
Foreign.
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The most simple, and consequently the cheapest description of
mounting, is that in which fewest parts are moveable,  The only
parts of a compound microscope which are necessarily moveable
are those by which the instrument is focussed, and the object
illuminated.  The most simple aneehanical expedient for effecting
the former is a rack and pinion attached cither to the body or the
stage, and for the latter the suspension of the reflector upon an
horizontal axis, so that it can be inelined at any desired angle to
the axis of the body and the stage.

‘Whatever be the form or disposition of the stand, it is
essential that the axis of the object-picce should pass through
the centre of the stage, and that the refleetor should be so set as
to he eapable of reflecting light in the dircction of this axis. The
hody is gencrally a straight tube, the axis of the eye-picee and
object-picee being in the same straight line. In the case of
instruments mounted after the model of Professor Amiei, however,
the body consists of a tube having two parts with their axes at
right angles, the axis of the object-picee being vertieal, while
that of the eye-picee is horizontal.  In this case, a prism is fixed
in the angle of the tube, at an angle of 15° with the axes by
which the mys proeceding vertically from the objeet-picee are
reflected horizontally to the, eye-picee, on the prineiple already
explained (30).

75, One of the most simple models for the mounting of a com-
pound microscope was contrived by Frauenhotter so carly as
1816, long before achromatie lenses were produced.  This model,
owing to its great simplicity, convenience, and cheapness, is still
extensively used for the lower priced instruments, especially by
the continental makers,

The body of the instrument is attached to a vertical pillar, tig.
36, p. 49, and its axis is permanently vertical. It is focussed by
arack and pinien, worked by a milled head on the right of the
observer.  The stage is fixed in its position, and placed on the
top of a short tube, in the lower part of which the reflector is
suspended on an horizontal axis, so that it can be placed at any
desired obliquity to the axis of the instrument, and thus can
always throw a beam of light upwards to the objeet. One side
of this mirror is concave, and the other plane.

For the illumination of opaque objects, a lens is attached by
a jointed arm to the upper part of the pillar, on which the
instrument is supported.

M. Lercbours, of Paris, makes excellent microscopes on this
model, with a triple achromatic objeet-piece and other accessorics,
which he sells at the very moderate price of 90 franes (37, 12s.).
Several thousands of these have been sold.
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76. The attitude of an observer stooping the head to view an
object in a microscope, whose eye-picee is vertical, is found to be
attended with much inconvenience, especially if the observation
be long continued. This has constituted the ground of a very
acneral objection to vertical microscopes. Nevertheless there are
many cases in which it would be inconvenient to place the stage
in an inclined or vertical position, as, for example, when observa-
tions are made on liquids. In all such cases thc model of
Amici’s stand presents obvious advantages, the obscrver looking
horizontally, while the axis of the objeet-picee is vertical, and
conscquently the stage horizontal,

Most of the better eluss of instruments, however, are so
mounted that any direction whatever can be given to the axis of
the body.  Various mechanical expedients are used for accom-
plishing this, most of which are analogous to the methods of
mounting telescopes. In some, the instrument with its appendages
is supported upon two uprights of equal height by means of
trunnions, which pass through its centre of gravity, so that it
turns upon its supports like a transit instrument, the axis of the
body being capable of agsuming any inclination to the vertical.
The observer, therefore, may at pleasure look obliquely or verti-
cally downwards, or obliquely upwards, as may suit his purpose.

Similar motions are also produced by mounting the instrument
upon a single pillar by means either of a eradle-joint, such as is
wenerally used for telescope-stands, or a ball and socket.  Stands
of this form are attended with the advantages of offering greater
facility for moving the instrument horizontally round its axis.

In the attainment of all these objects, as well as in the produe-
tion of cye-picces and objeet-picees of capital excellence, the
leading makers of London, Paris, Berlin, und Vienna, have
honourably rivalled each other, and it may be most truly said, to
their credit, that if some have exeelled others in particular parts
of the instrument, there is not one who has not in some way or
other contributed by invention or contrivanee to the perfection
cither of the optical or mechanical parts,

Much however is also duc to the eminent philosophers and
professors whoe have more especially devoted their attention to
those parts of science in which the microscope is a mneccssary
means of observation, and foremost among these is the patriarch
of optical science, Nir David Brewster. It would be difficult to
name the part of the instrument, or of its accessories or append-
ages, for the improvement of which we are not decply indcbted
to this eminent man. Among the more recent philosophers who
have contributed to the advancement of micrography, and by
whose rescarches and suggestions the makers have been guided,

7



THE MICROSCOPE.

may be mentioned Messrs, Goring, Lister, Coddington, Quecket,
Mandl, Dujardin, Le Baillif, Seguier, De la Rue, and numerous
others,

The eminent makers of the British and Continental capitals are
well known. Good instruments of the low-priced sort are made
by nearly ull the opticians ; but those who have more especially
devoted their labours to the microseope, are Messrs, Koss, Smith
and Beck, Powell and Lealand, Pritchard, Varley, and Pillisdier,
in London; Messrs. Nuchet, Charles Chevalier and George
Oberhauser, of Paris ; MM. Ploessel and Schieck, of Vienna; and
M. Pistor, of Berlin.

Without the intention of assigning any rclative precedence to
these artists, we shall now present a brief deseription of some of
the instruments, according as they are severally mounted by
them,

CHEVALIER'S UNIVERSAL MICROSCOPE.

77. The mounting of this instrument has always appeared to
me to offer as many convenienees and advantages to the observer
us can be combined in such an apparatus,

A mahogany casc A, fig. 37, p. 1, containing a drawer B, in which
the instrument and its appendages are packed when out of use,
serves as its support. A strong brass pillar, ¢ ¢, is tirmly screwed
into the top of the case, and upon this pillar the entire instrument
is supported.

The pillar ¢ ¢ sometimes is made in two lengths, which are
serewed one upon the other, by which means the height of the
instrument may be varied at pleasure, cither one or both lengths
being used,

An arm E ¢ is attached by a joint at £ to the summit of the
pillar ¢ ¢, so that it cun be moved on the joint x with a hinge
motion, and may thus be placed at any angle with the pillar ¢ c.
In the figure it is represented at right angles with ¢ c.

To the middle » of the arm ¢, a square brass bar p ¥ G is
attached at right angles to ¥ ¢, so that when E ¢ is at right angles
to ¢ ¢, the bar v ¥ a is parallel to ¢ c. In the face of the bar
D ¥ G, which is presented to ¢ ¢, a rack is cut,

Two square picees 1 and M are fitted to the bar v ¥ 6, and are
moved at pleasure upwards and downwards upon it by means of
pinions, having milled heads o and x.

To the square picee » is attached the stage z, upon which the
object is placed, and maintained in its position by two springs,
one of which is shown in the figure, This stage is provided with
several adjustments, which have been already explained (31
et seq.). It will be sufticient for the present to observe that it
is capable of being moved upwards and downwards with the



CHEVALIER 5 MOUNTING.

square piece I, to which it is attached Ly turning the milled
head o, and that a slower motion, to give more cxaet adjust-
ment, is imparted to it by a fine serew having a milled head
at @

"To the square piece M is attached the illuminator u, on one side,
h, of whieh is a concave reflector, and on the other, 1, a smaller
plane reflector. <This illuminator has two motions, a horizontal
or lateral one upon a joint at M, by which it can be placed at
pleasure either vertically under the centre of the stage z, or at a
limited distance on one side or other of the vertical through the
centre of the stage.  The cireular illuminator is suspended at two
points diametrically opposite in a semicircular picee, and may be
placed at any desired inelination to the vertieal, and with cither
1efleetor upwards by means of the milled head 1.

From the lowest part of the pillar ¢ ¢ a piece projects, having a
cavity corresponding with the size and form of the bar » ¥ ¢,
into which that har enters when it is vertical as representedin the
figure, and in which it is held by the pin at 6.

The body of the microscope, us shown in the figure, is reet-
angular, The eye-tube T is moved backwards and forwards in the
body & by a pinion T working in a rack. The eye-picce s is
inserted in this tube, and the eye is protected from the light by a
circular blackened screen, scen cdgeways in the figure. The
rectangular tube v\ is inserted by a bayonet-joint in the remote
end of the body g, in which it is capable of being turned, so
that the object-tube X shall be horizontal, to enable the observer
with greater facility to screw on or to change the objeet-glasses
at v,

The body is attached to the bar k¢ by a joint at ¢, upon which
it can be turned, by which means other positions can be given to
the instrument, as will presently be explained.

An asortment of object-glasses is supplied, which may be
serewed at pleasure upon Y. They are adapted to each other in
sets of three, so that one, two, or three may be attached to y
aceording to the power required.

In the ungle b of the body, a reetangular prism is fixed, by
which the rays proceeding upwards from v are reficeted horizontally
along the axis of 1 to the eye-picee, on the principle explained
in 30.

Several eve-picees of different powers are supplied with the
instrument.

The magnifving power may be varied within certain narrow
limits by movine the .eye-tube in or out by the pinion v, and at
the same time adjusting the focus by the pinions o and «, which
move the stage /. When it is desired to augment the power, the
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tube 1 is drawn out s0 as fo lengthen the body, and the stage z
is brought nearer to the object-glass Y. The effect of this is to
increase the dimensions of the optical image produced in the eye-
piece by the object and ficld glasses, as explained in 6.

If a greater increase of magnitying power be desired, the eye-
picce may be withdrawn, and a shorter one substituted for it.

But these expedients are only useful when the increase of power
required is confined within comparatively narrow limits. All
greater amplification must be produced by the object-glasses.
These, as has been explained, are made in sets of three, having
difterent powers.  The Jowest power will be obtained by serewing
the first lens only of the lowest sct upon v ;5 the next by serewing
on the sccond ; and the next by screwing on the third ; by which
the powers of all the three will be combined.

If it be desired to obtain a still higher power, these lenses
being tuken off, the first lens of the set next in order is serewed
on, then the second, and in fine the third, by which another
series of three inereasing powers is obtained.

In this manner, by a suitable assortment of objeet-glusses and
cye-picees, any desired degree of amplilication can be obtained.

The height of the case A and the length of the pillar ¢ ¢ ave
so arranged, that when the case is placed upon a table of the
usual height, the eye of an observer of average height when seated
will be on a level with the eye-picee s,

When the observer is about to submit an objeet to examination,
having mounted the instrument, placed it tirmly upon a table
with an even surface so as to prevent any rocking or instability,
and regulated the height of his scat so that his cye shall be at the
level of the eye-picee, he seleets an eye-piece and objeet-glasses
having a suitable magnitying power, and in doing this it is most
important to commence with a low power, to be gradually
increased.  For this purpose, one object-glass of a set is first
screwed on, after which two, and in tine three, are used.

In this manner a survey is taken of the general outline and
larger parts in the first instance, and the more minute parts
afterwards.

78. The most generally convenient position for the instrument
is that which is shown in tig. 37. If a vertical position be
desired, it may however be casily obtuined. For this pur-
pose the rectangular picee v is drawn out of the bayonet-joint,
and the objeet-tube is direetly inserted in the body, so that its
axis shall be horizontal and coincident with that of the body n
and the eye-tube 1. The body is then turned upon the joint ¢
until it is raised into the vertical position. The relative position
which the parts then assume is that which is shown in fig. 38,
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79. When chemical phenomena are submitted to microscopic:
examination, and in general when liquids are observed which are
linbleto evaporation, it isfound
inconvenient to place the stage Fig. s
under the object-glass, inas-
much as the vapour proceed-
ing from the liquid being
more or less condensed upon
it, destroys the clearness of
the image.

Acid vapours sometimes rise
trom the substanees under ex-
periment, which often tarnish
the vbjeet-glasses, and almost
always corrode the metal of . o
the instrument.

In such cases, therefore, it
is neeessary to provide means
to place the liquid under ob-
servation in a glass eapsule
{n watch-glass, for example®
above the object-glass, which
must conscquently be direeted
upwards, the stage supporting
the capsule being over it.

Toaccomplish this, the reet-
angular piece v X is turned
within the body upon its bay-
oncet-joint through halt a cir-
cumference, so that the object-
tube \ is presented vertically
upwards, as shown in tiz, 39.  The arm  f carrying the stage /,
the diaphragm £ to limit the illumination, and the illuminating
reflector or lens g, is then tixed upon the tube x; these picces
heing severally moveable on the bar ¢ f in the manner already
deseribed.

This arrungement is also useful when it is required to observe
minute bodies which sink to the bottom of liquids, or animaleules
which rarely come near the surface.

In certain cases, also, the circulation of the blood can only be
observed with the instrument in this position.

80, It is sometimes desirable to direct the instrument hori-
zontally towards the stage placed vertically. To accomplish
this, it is only necessary, after arranging the instrument as
shown iu fig. 40, to turn the arm E ¢ round through an angle of
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90°, the pin ¢ being withdrawn, so as to leave the bar D F 6
with the stage and its appendages free to turn on the joint E with
the arm £ ¢. The body k aud the bar v ¥ ¢ will then be brought

Fig. 20,

T

into the horizontal position.  The stage will then be vertical, and
the objeet will be held in its position by the springs,

The illumination of the ohjeet may be produced cither by the
reflector or lens in the manner already deseribed : or, if they are
removed from the bar n ¥ ¢, the stage may be presented directly
to the light of the sun, the clouds, or a candle or lamp.

In some cases, however, when it is necessary to obtain a more
intense illumination, an apparatus represented at s s* is employed,
consisting of two convex lenses placed in the ends of a conical
tube which slides upon the bar, by means of a square piece at the
end of the arm ¢,
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Besides the several motions above deseribed, the body of the
mstrument has motion in an horizontal plane round the picce a,

Pig. 40,

A
fig. 37, as a centre. This motion is very convenient when the

instrument is used in the positions shown in figs. 37, 38, and 39,
W
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for the purpose of changing the angles. In gencral, and more
«cspecially when high powers arc used, the object-glasses are so
close to the stage, that they cannot be conveniently unserewed
and changed without cither removing the object-tube from the
stage, or the latter from the former. 1f, however, the body be
turned horizontally upon the centre a through a few degrees, the
object-tube will be removed from over the stage, and the lenses
cun easily be changed.

This method may also be practised in the positions shown in
tigs. 38 and 40, but it is more convenient to turn the rectangular
picce Y x upon the bayonet-joint, as directed above.

Another advantage which attends this horizontal motion of the
body round the centre «, is, that it enables the observer to direct
the object-glass suceessively on different points of an objeet, the
wholc of which is not included in the ficld of view. This, how-
«ever, can only be practised where low magnifiers are used.

To place this microscope in any desired inchned position, it is
only necessary to place the body, as represented in fig, 38, and
then taking out the pin «, fig. 37, to turn the bar v 1 « together
with the body & into the desired inelination,

ROSN'S IMPROVED MICROSCOPE,

81. Mr. Ross holds a place in the foremost rank of philosophical
artists, and deservedly enjoys an European celebrity.

To his labours, perseveranee, and genius, much of the perfection
attained in the construction of objeet-lenses is due.  The
adjusting objeet-piece, alrcady deseribed, is one of his recent
inventions (19).

In the progressive improvement which the microscope has
undergone in his hands, the stand and the mounting, with the
provisions for the arrangement of the accessories, have of course
been more or less modified from time to time, and are at present
varied according to the price of the instrument, and the purposes
of the observer.

82. We shall here give a short deseription of the most recent
form given by him to his best instruments,

Upon a tripod, 1, 1, fig. 41, arcerected two upright picecs, 2, 2,
strengthened by inside buttresses, 3. These uprights support an
horizontal axis, 4, which passes nearly through the centre of gravity
of the instrument, and upon which it turns, so that the axis of the
body may be placed in any direction, vertical, horizontal, or
oblique., The rectangular bar, 5, having a rack at the back, is
moved in the box, 6, by the pinion, 7. The body, 8, is inserted
in a ring at the end of the arm, 9, which latter is fixed upon a
pin at the end of the rod, 3, upon which it turns, so as to remove

78






THE MICROSCOPE.

at pleasure the object-picce from over the stage, to change or clean
the lenses. The arm, 9, can be fixed in its position by the pin,
whose milled head is 10,

The instrument is focussed first by moving the body to and from
the stage by means of the pinion, 7, and rack, 3, the adjustment
being completed by a much slower motion imparted to the body
by the milled head, 11, which is connected with a serew and lever,
by one revolution of which the body iy moved through the
300th part of an inch.  An clastic play is allowed to the body, so
as to guard against injury by the aceidental contact of the objeet-
picee with the slide.

The usual rectangular motions are imparted to the stage, 12,
through the extent of an inch, by the milled heads, 13, which
act on pinions, by which the racks are driven which carry the
stage right and left, and backward and forward. The illumi-
nating mirror, 14, is supported in the usual way, so as to be placed
at any desired angle with the axis of the instrument.  Below the
stage is fixed an arm, 15, capable of being moved up and down
by rack and pinion. This arm supports a tube, 16, intended to
receive apparatus to modify the light transmitted by 14 to the
objeet.  Various apparatus for condensing and otherwise modify-
ing the illumination are provided, which fit into this tube, 16.
A motion of revolution ronnd its axis is given to this tube by the
milled head, 17. By these means, the effeet of oblique light can
be shown on all parts of the object. A condenser, 18, invented
by Mr. Gillet, of a peculiar construction, provided with a series
of diaphragms formed in a conieal ring, is inserted beneath the
stage.

Polarising apparatus, and other appendages, cau also be attached
to the secondary stage,

Sv
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THE MICROSCOPE.

CHAPTER VL

83. His object-glasses. Messes. SM1TH AND BRCK'S Micros ore : 64, Their
largest and wost efficient instrument.—85. Their smaller microscope.
—386. Their object-glassex.—87. Varley's microseupe. M. NacHrr's
MicRosCoPE ¢ 88, Their adaptation to medical and chemical purposes.
—389. Multiple microscopes.—90. Double microscope.—91. Binocular
microseope, —92, Triple and quadruple microscopes.

83. WiTH his largest and best instruments, Mr. loss supplies
four eye-glasses and eight object-glasses, by which thirty-twe
varieties of power and illumination may be obtained. The objeet-
glasses vary from two inches to a 12th of an ineh in focal
length, and from 12° to 170~ in angular aperture. The following
LARDNER'S MUSBUM OF SCIENCE. G 81
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THE MICROSCOPE.

is a tabulated statement of the powers resulting from these com-
binations, the four eye-glasses being designated in the order of
their powers, by the letters A, B, ¢, and . The prices of the
object-glasses soverally are given in the last column of the table,
and the slightest reference to them will explain the general desire
of microscopists to diminish expense, by varying their powers, by
the expedicnt of separating the lenses which enter into the com-
position of the object-pieces.

Achvomaric Object-gluseer for Microscopes.

Angular ' Magmitying Powers with the

| ot prlisse -
i Olyect glitnes. Apertare. . virlous By e-glassen, Price.
]
!
|

Ao B b e,

ll.
. - i .
2 inches. . | 12 degrees. - 20 - 30 40 1 6o 3 60 o,
1, ‘ 15, ., 6o 8o . 100! 120 2 0 o |
o, ey 22, »oom s 310 o ¢
P4 . .. 65 . .1100] 13 18, 220 s 5 o !
b ., .. 8 ., . 230 3350150620 § 5 o !
| % o --]135 ., . 320 310 {700 . 910 10 o o
& e .. l 150 ,, . 420 670 ' goo (1200 12 0 o
8 w170 ,, . 650, 900 1250 200C 18 o o

When angular apertures, so extreme as those indicated in the
preceding table, arc attempted, it is neceessary that the objeet-
lens presented to the peneil diverging from the ohjeet, shall be
of the meniscus form, the concave side being turned towards the
object, for the reasons explained in 19,

Besides the larger class of instruments abuve deseribed, Mr.
Ross constructs microseopes in a variety of other forms, which
arc placed within the reach of those who do not find it conve-
nient to ineur the expense of the larger instrument,

MENSES, SMITH AND BECK’S MICROSCOPEL,

81, The largest and most cfticient class of instruments con-
structed by these artists, do not differ much in their mounting
from those of Mr. Ross above described. Like the latter, they
are supported by a horizontal axis, between two strong vertical
pillars, serewed into a tripod base. The instrument with its
appendages, turning on the horizontal axis, can thus be placed at
any obliquity whatever with the vertical. The coarse adjust-
ment of this mieroscope is made by a rack and pinion, by which
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the entire body is moved to and from the stage. The object-
picee is set in a tube, which moves within the principal tube of
the body, the motion being imparted to it by a fine serew with o
milled head, which constitutes the fine adjustment. Two dif-
ferent kinds of stage are supplied, one called the lever stage,
consisting of three plates of brass, the lowest of which is fixed,
and the other two provided with guides and slides, and a lever by
which they may be moved, together or separately, in directions at
right angles to each other; the other form of stage also has two
motions at right angles to each other, vne produced by rack and
pinion, and the other by a serew whose axis is ecarried across the
stage, and is turned by the left hand, while the rack and pinion
is turned by the right hand.

85, Mesars, Smith and Beek also construet other forms of
microscope, which, though perfeetly eflicient, are cheaper and more
simple ; one of these is represented in fig. 42, p. 17, It is mounted
upon a vertical pillar, supported on a tripod T the body of the
microseope plays upon a cradle joint, to which the bent arm
v v is aftached : the body of the instrument is moved by a rack
and pinion in a triangular groove formed in the upper part of
this arm; the coarse adjustment is made by the milled heads
which move the entire body to and from the stage. In the
lower end of the body, a tube is inserted, from which an arm
projects, in which a fine screw plays, which is connected with
another arm attached to the body of the instrument: by turning
the milled head, a slow motion is therefore imparted to the
tube thus inserted in the lower extremity of the body. In the
end of this tube the object-piece is set, so that the fine adjust-
ment is made by this serew.

To the lower end of the bent arm v v, the stage and its
appendages are attached ; two motions at right angles to cach
uther are imparted to the stage, by milled heads ; the reflector
is mounted in the usual way, and provisions are made under the
stage, by which achromatic condensers, polarisers, and other
apparatus can be applied ; the dise of diaphragms is shown at . ;
it is mounted on a short picee of tube, in which polarising and
other apparatus may be inserted.

NG, Messrs, Smith and Beck supply with their best mieroscopes
three eyc-pieces and five object-pieces, the powers of which, as

well as their angles of aperture, are indicated with their prices in
the annexed table.
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Aclhromatic Ohject-ylasacx for the Microscope.

|
| Lincar Magnifying Power nearly

1 ! Licoer-
| Focal . Aungle of knhn
' ! Price.
length. With Eye-picces. an‘r';:lt,u | addr
I INo t \t‘ ~' ‘\u : itho! i tional.
I |l)ruw-tul»e c]osed 20 ' 45 8o | L‘ #, d,‘ A
i 14 inch {Add for ench inch ! "13degs. 3 o o) 1§
! oftubedrawnout 41 6 8 ‘
l’l‘uhe closed . 6o losl 180 ' !
I % inch lAdd for cach ine I 27degs.’ 3 3 o 11
| oftube . . . 7. 12 20 | !
| [Tube closed . . 120 210 350 :
v 1% inch 'Add for each inch ) s5degs. § § o 10
oftube . . . 12 20 35 ; |
. !
" Ditto Ditto . . . do. do. do. 65degs. 6 6 o 10
Ditto Ditto . . . do. do. do. z5degs. 7 7 o 10
{Tube closed . . 240" 430 720 :
3 inch |Add for each inch X 85degs. 6 6 o
oftube . . . 30 45 8o i !
Ditto Ditto . . . do. do. do. 1oodegs. 7 7 o
Tube elosed . . 450 7601 300 !
4 inch {Add for each inch 100 degs. 8 8 o
oftube . . . 40 60 115 ;

Ditto Ditto . . . do. do. do. 120 degs. 10 10 0
. ) .

* With the A inch object-gluss and the erecting-glasses, amp]u)mg eye-picces
Nos, 1 and 2, the magnifying power will range from & to 160,

Among the accessories of the microscope due to Messrs. Smith
and Beck, we must not omit to mention the microscope-table,
contrived to facilitate the observations of several persons directed
to the same objeet with the same microscope. Every one who
has used this instrument is aware how fatiguing it is to several
persons to succeed one another in observing with the same instru-
ment. They are obliged constantly to shift their position, and
consequentl\ to make their observation standing. The micro-
scope-table, if it do not entirely remove this inconvenience,
greatly diminishes it. 1t is a cireular table, tirmly supported on a
pillar and claw, capable of being turned with a smooth motion
round its centre in its own plane. The observers sitting round
it, the microscope is moved successively to the position occupied
by ench of them by merely turning the table. The best sort of
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these tables are made with a plate-glass top, and surrounded by
drawers, in which the apparatus can be conveniently assorted.

MR. VARLEY'S MICROSCOPE.

§7. This artist has constructed instruments with provisions
similar to those already deseribed ; they are somewhat different in
their form and details. He has, however, recently introduecd a
microscope, which elaims the advantage of enabling the observer to
cxamine living objeets, such us animaleules, notwithstanding the
inconyenicnee arising from their restless mobility, causing them
continually to escape from the field of view. The stage motion
with its appendages, contrived by Mr. Varley, enables the
observer, without difficulty, to pursue the ohject.

He has also contrived w phial-microseope, by which aquatic
plants and animals can be conveniently observed.

M. NACHEL'S MICROSCOPLS,

88, M. Nuchet, of Paris, hus acquired an European cclebrity for
the exeellenee of his instruments, and for the various inventions
and improvements in their construction, by which he has extended
their utility. He has construeted instruments in various forms,
according to the uses to which they arc to be applied and their
price.  For medical and chemical purposes, the body of the
microseope slides in a vertical tube, the course adjustment being
made by a rack and pinion, and the fine by a serew, The stagc
is firmly fixed under the object-picee, at the top of a hollow
cylinder, within which the illuminating apparatus and other
appendages arc included.

89, One of the most recent noveltics due to this eminent artist,
is a form of mieroscope by which two or more observers may, at
the same time, view the same object, thus conferring upon the
common microscope a part of the advantages which attend the
solar microscope,  This is accomplished by connecting two or
more tubes, cach containing its own eye-picer, with u single tube
containing un object-picee s it has been already shown that the
axis of the tube containing the eye-picec may bhe placed at any
dusired inclination, with that which contains the object-piece, by
placiug in the angle formed by the two tubes, a reflector, or
reflecting prism, in such a position, that the pencils of rays pro-
ceeding from the object-piece shall be reflected to the eye-piece,
without otherwise deranging them. It is evident, therefore, that
if the rays proceeding from the object-piece could be at the
same time received by two or more reflectors, so placed as to
reflect them in two or more directions, they might be transmitted
along two o1 more tubes in these directions to two or more eyec-
pieces, through which the same objcet might thus be viewed at
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the same time, and through the same object-piece by two or more
ditferent obscrvers,

Such is the principle upon which the multocular microscope
of M. Nachet is bascd.

90. A double instrument of this description is shown in fig. 43,
where A is the object-piece directed vertically downwards on the
stage ; above it is a case, containing a triangular prism which is
so formed that the light reflected from its left side shall pass
along the axis of the right-hand tube, and that reflected from
its right side along the axis of the left-hand tube. Observers
looking into eye-glasses set in these tubes, would therefore both
sce the same object in precisely the same manner.

It may perhaps be objected, that the focus which would suit the
cye of one observer, would not suit the other; the difference,
however, between the focal adjustments of different cyes is always
so inconsiderable, that it can be equalised by a small motion
given to the tubes carrying the cyve-picees.

Mioroscopes, as¢ they are usually mounted, reverse the objects,
the top gppearing at the bottom, the right at the left, and vice
versg. This being found inconvenient in instruments used for
dissection, where the motion of the hand and the scalpel of the
operator would be reversed, expedients are provided by which the

-
A Wiy

image is redressed, and the object viewed in its natural position.
This is accomplished in the microscope represented in tig. 43, by
86
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two prisms fixed at B B’ in the tubes, which are placed at right
angles to the lower prism A; by this
second reflection, the reversed image of
the first reflection, being again reversed,
is made to correspond with the natural
position of the object.

91. An interesting variety of this form
of instrument, which may be called a
BINOCULAR MICROSCOPE, is shown in
fig. 44. In this case the two tubes, v ¢
and W ¢’, contathing the two eye-pieces,
are placed parallel to each other, the
distance between them being regulated
by the screws v v if this distance be
so adjusted as to correspond with the
distance between the eyes of the same
individual, the microscope may be used
with both eycs, in the same manner as Toa
a double opera-glass. This has the - ’"l—ﬁm‘
advantage of giving a stronger ap- .
pearance of relief to the objects viewed, wq
which is especially desirable for a certain class of objeets, such as
crystals,

92. A triple microscope, upon the principle above described, is
shown in fig. 45, p. 81, where A is the object-piece, B the multiple
prism, and ¢, ¢’ and ¢" the three eye-tubes,

A similar instrument, with four eye-tubes, including figures to
illustrate the mode of observing with it, is shown in fig. 46, p. 33.

One of the advantages of this class of instruments is, that a
professor and one or more of his pupils may view the process of a
microscopic disseetion which with a common microscope would be
impossible, and to which the solar microscope would be inap-
plicable, Mieroscopic dissections, in gencral, can only be exhibited
to those who do not exccute them, by their ultimate results. Any
phenomena which are developed in their progress, can only be
made known to others by description ; and it is not neeessary to
say, how imperfeet such a mode of communication must be, com-
pared with direct observation.
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MICROSCOPIC OBJECTS.

+

1. Mieroscopic objects,.—2. The dragon-fly aud its lavvwe.— 3. The satyr.
—-4, The lincens sphericus.—ao, The lureo, or vlutton.— 6. The
water-fly.

1. Hiving in the preceding Tract explained the strueture,
application, and use of the microseope in the various forms which
have been given to that instrument, we shall here briefly notice a
few remarkable microscopic objeets, scleeted ehiefly from the
Microscopic (‘abinet of Mr. Pritchard, illustrated with magnitied
drawings by the late Dr. Goring.

9, The family Libellulidee includes an extensive and beautiful
group of large inseets not sensibly differing in their external form
from the ant-lion, already noticed.*

* Instinet and Intelligence, p. 119,
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DRAGON-FLIES AND THEIR LARV.E.

These are popularly known by the names of horse-stingors
and dragon-flies. The former name is founded on a vulgar
error, sinee the animal has no sting. The illusion implied by the
latter is, however, more correct, since the insects, both in their
appearance and voracious habits, are certainly more entitled to the
name of dragons than that of demoiselles, or lady-flics, by which
they are commonly known in France.

Fig. 1

The beautiful appearance of these inscets on the wing, their
varied colours, the gauze-like structure of their wings, and the
rapidity of their flight, must have attracted gemeral attention.
In hot summer days, they may be seen darting backwards and
forwards in the air over standing pools, which supply them
abundantly with the insects on which they feed.  Their colours
are subjeet to much diversity, the males having an abdomen of
leadish blue, while that of the females 15 a yellowish brown.  In
some speeies, the males have a rich bright blue colour, with black
wings, while the females are distinguished by a fine green, with
colourless wings.

After impregnation, the female hovers over the surfuce of the
water until she scleets a place for the deposition of her eggs,
which she deposits one by one in the water, beating the surface
with her tail while she lays them, until at length they are col-
leeted into & mass resembling a bunch of grapes.

The larve on issuing from the egg are so minute as to be
scarcely pereeptible to the nuked eye. In some days, however,
they attain the length of the tenth of an inch, and cast their skin
for the first time. To the naked eye they appear in this statc
like black spots, to which a tail is attached. When well fed they
grow rapidly ; and when they have attained the length of about
a quarter of an inch, they begin to display their characteristic
courage and ferocity, attacking, with open mouth, creatures ten
times their own bulk; and, when pressed by hunger, devouring

each other.
$9



MICROSCOPIC OBJECTS.

The magnitied drawing of this larva, from which fig. 2 was

3y
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taken, was made by Dr, Goring, and published with a description
90



SATYR.

by Mr. Pritchard in the Microscopic Cubinet, The real length of
the ercature, measured from the extremity of the antenne to
that of the tail, was eight-tenths of an imch. It is repre-
sented in the figure, as seen in profile, the breadth of the head
and other parts being necessarily foreshortened.

A system of trachew, with numerous ramitications, passes along
cuch side of the body from the head to the tail, one of which is
seen in the figure. These respiratory apparatus ramify in a
beautiful manner in the triple branches of the tail, cach of which
reeeives a branch from cach trachea.

During its growth the larva casts its skin several times, and
the skin which it thus throws off, being translucent, is an inter-
esting and beautiful microscopic object.

The cyves as well in the larva as in the perfect inseet are very
salient, and from their magnitude and structure form interesting
microscopic ohjects. Like those of some other insects deseribed
in a former Tract,* they consist of a multitude of distinet organs
of vision, each of which is an hexagonal lens, It was observed

*by Latreille, that their number increased in proportion to the
voracity of the imsect. Leuwenhoeck counted 12000 in a single
inscet. Kach hexagon is a convergent lens, which may be
converted into a microscope. Ench of these lenses is found
to produce an inverted image of an object to which it is
presented.

3. The objeet shown in fig. 3, engraved from a drawing by Dr.
Goring, and described in the Fig. 3.

Microscopic Cabinet by Mr.
Pritchard, belongs to the class
of animelcules denominated
by Muller monoculi, from the
circumstance of their having
a single organ of vision, a,
placed in the centre of the
front of the head. This
specimen s called the satyr,
and is the amymone satyr of
Miiller. The figure represents
a magnified view of the full-
grown insect, seen at the in-
ferior surface of its body as
it presents itself to the observer, attached to the inner surface of a
vase of water in which it moves. The real length of the animalcule
here represented was the 120th of an inch. When they are

* ¢¢Microscopic Drawing and Engraving,” p. 50.
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young they arc much smaller, and being then perfeetly translucent,
are highly interesting microscopic objects. They are found in
abundance in the months of March and April, at the surface of
shallow pocls of elear water which contain aquatie plants.

The back of this animaleule is protected by a tender and
transparent shell, the belly being naked and membranous.  Seen
in profile it resembles a tortoise, but, as shown in the figure, it has
the form of a horse-shoe. It has four feet, and two antenna
attached to the inferior purt of the body, and radiating from a
common centre.  Pliced in the middle of the head, hetween the
two antennie, b, are the mouth and the single eye, @, the latter
being bluck, and sct in a square orbit of a deep crimson colour.
Each of the antenni has four articulations, and is furnished with
bristles at its extremity.  The feet, ¢ ¢, are divided at the second
joint, and terminate in strong pincers.  The peristaltic motion of
the alimentary canal can be distinetly perecived with the micro-
seope, by observing the dark lines which run along the body of
the animaleule.  On cach side of this canal are placed the
ovaries, d, which, when they are fully developed, are distin-
guished by their dark colour.  The satyr swims by sudden
impulses, moving the feet rapidly, and sometimes appears to
slide along the internal surlace of the vise,

4. The amimadeule represented in fig. 1, and reproduced from a
drawing by Dr. Goring,
is the linceus sphevicus
of Miller, miscalled mon-
veulus miputus by Lin-
nwus, since it has two
ity eves sufliciently apparent.
\ The figure is reproduced
from the  Microscopic
Cabinet of Mr, Pritchard,
where the animaleule is
deseribed.

The shell or cuirass,
which is quite trans-
Iucent, consists of a single
piece, without any per-
ceptible articulation. It
pussesses, however, suf-
ficient clastiaty to allow the animal to open it at will, after
the manner of a common mussel,  The two edges of the
opening are seen in the figure at a, the figure being understood
to present a protile of the ohject. The two eyes, ¢, have
diffrent magnitudes, and their black colour presents a striking

92

Fur &




LINCEUS—CYCLODS.

contrast with the surrounding parts. They arc encased in the
shell by which they are protected. The beak, b, is pointed, and
participates in the general convexity of the shell. Under it i
placed a second beak-like projection, somewhat shorter, and
having three conrse hairs at its extremity, which probably serve
the purpose of palpi or feelers. Below this are placed the
two antennw, e, cach of which is terminated by similar but
longer hairs, The false feet or branchiw, which are four in
number and ranged along the edge of the shell, are covered
with hairs, and terminate like the anteunae; by their action a
rutatory motion is imparted to the animaleule, which is accele-
rated by the action of the projecting part. d, against the water.
This part is ciliated on its posterior edge, and armed at its
extremity with strong claws.  The ovaries, which appear at e,
have a greenish-blue colour, and the form of a mulberry. The
convolutions of the alimentary canal with the food contained in
it are visible with the microscope from onc extremity to the
other,

But the most remarkable organ is a small oval body placed
behind the head and shown in the upper part of the figure, This
body has a rapid motion of pulsation.

3. These ereatures feed upon animaleules, and in their turn
become themscelves the prey of aquatie larvie and coleoptera, such as
the water-beetles.  They are the especial food of the lurco, or
glutton (the larva of the naid), a magniticd view of which is shown
in fig. 5, with several lineei, ¢, visible within it. The young ones are
seen playing around the mother, and on the approach of an enemy
they rush for proteetion under her cuirass, which she immediately
closes upon them. :

6. The crustaccous animaleule represented in n, fig. 1, in its
natural size, and in 4, fig. 2, magnified, is the four-horned cyclops,
or little water-fly : the cyclops quadricornis of Miiller, the mon-
oculus quadricornis of Linnwus, and the pediculus aquaticus, or
water-louse, of Baker. The figure was drawn by Dr. Goring, and
described by Mr. Pritchard in the Microscopic (‘abinet.

This little animal is found at all seasons in water, but more
especially in the months of July and August, when it may be
easily taken by a net at the depth of about an inch below tlre
surface. .

The body is covered with scales, which have a vertical and
lateral motion. Their edges do not meect under the insect, but
leave a space for the insertion of the organs of respiration, a.
The beak is short and pointed, and is a mere prolongation of the
first segment of the body. A little above it is inserted in the
cuirass a single eye of a crimson colour, so dark as to approach
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nearly to black. On each side of the eye arc inserted the antennee,
of which thcre are two pair, the superior being longer than the
inferior. They arc composed of numerous articulations, from cach
of which issue two or scveral hairs. In some species the sexes are
distinguished by the form of these appendages, heing straight and
thicker, with an enlargement towards the middle of their length,
in the male, as shown in fig. 4.

These insects move by sudden jumps or plunges, byt sometimes
erecp along the twigs of plants, in which movements they are

aided by their feet or branchiw. These members are in almost
incessant motion, a circumstance which renders the observation of
their precise form in the living animal difficult. One of them is
represented as scen under a higher magnifying power in 4, fig. 3;
they are generally transparent, but sometimes have a greeni<h-
blue colgnr.
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The ovaries consist of two sacs, which have the appearance of
hunches of grapes attached to cither side of the posterior extremity
of the body, as shown in 4, fig. 2. The cggs are globulur, and are
encloscd in a transparent membrane. The centre of each egg has
an opaque colour, some being green and others red. Their munber
increases with the age of the female, and when they have attuined
a sufficient maturity the embryo of the future animal may be
scen within them with a magnitier. Mr. Pritchard has distinetly
ween these with a siugle lens with a focal length of about the 2ith
of an inch. At the extremity of the alimentary canal the tail

B

divides into two portions, whosc extremities are fringed with
bristles, which present the appearance of splendid plumes,

The alimentary canal and its peristaltic movements are dis-
tinetly visible in specimens which are only slightly coloured.
Above this canal two others can be observed, through which the
eggs are projected to the ovaries at each side of the tail.
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The colours of the coat of these inscets vary in different indivi-
duals, as well as the colours of their ovaries, some being of a
greenish-blue, and others red with green ovaries.

Another varicty of this, called by Miiller the eyclops minutus,
or little cyclops, and popularly the jumper, is shown in », fig. 5,
as drawn by Dr. Goring, the animaleule being in a bent position,
onc of its charncteristic attitudes. The real length of this
specimen was about the 250th of an inch.

The structure of the eoat, or cuirass, is similar to that of the
animaleule represented in A, fig. 2, but it has a greater number of
segments and a more graceful outline. The single eye is encrusted
in the shell. The antennwe have not as many articulations as
those of fig. 2, and the inferior pair of palpi is more plumed at
the extremities. The most remarkable distinetion between the
two specics is, that the latter is much smaller and supplied with
only a single gill or respiratory organ under its beak. It has ten
feet, and the female carries only a single bunch of eggs under the
abdomen. In some individuals the respiratory organ observed by
Mr. Pritchard has the form represented in b, fig, 6.
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THE WHITE ANTS.
THEIR MANNERS AND HABITS.

CHAPTER 1.

1. Their clussifieation,—2. Their mischievous habits.—3. The conatitu-
tion of their societies. — 4. Chiefly confined to the tropies.—5.
Figures of the king and queen.—6. Of the workers and soldiers.—
7. Treatment of the king and queen.—8. Habits of the workers.—
. Of the suldiers.—10. The nymphs.—11. Physiological characters.
—12, Firnt establishment of a colony.—13. Their use as food
and medicine.—14. The election of the king and queen.—15.
Their subsequent treatment.—16. The impregnation of the queen.
—1%. Figure of the pregnant queen.—18. Her vast fertility.—
19. Care bestowed upon her egzs by the workers,—20. The royal
body-guard.—21. The habitation of the colony.—22. Process of it»
construction.— 23. Its chambers, corridors, and approaches.—24.
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THE WHITE ANTS,

Vertical section, showing its internal arrangement.—25. View of
these habitations.— 26. Contrivances in their construction.—27. Use
made of them by the wild eattle.—28. Used to obtain views to seaward.
—29. Use of domic summit for the preservation of the colony.—
30, Position, form, and arrangement of the royal chamber—its
gradual enlargement for the accommodation of the sovereigns.—31.
Ity doors.—32. The snrrounding antechambers and corridors.—33.
The nurserien,—34. Their walls and partitions.—35. Their position
varied according to the exigencies of the colony.—36, The continual
repair and alterations of the habitation.—387. Peculiar mould which
conts the walle,—38. The sture-rooms for provisions—the inclined
paths which approach them—the curious gothic arches which sur-
mount the apartments.—39. The subterrancan passages, galleries,
and tunnels.—40. The covered ways by which the habitation is
approached.—41. The gradients or slopes which regulate these covered
ways,—42. The bridges by which they pass from one part of the
habitation to another.—43. Reflections on these wonderful works,- —
44. The tenderness of their bodies render covered ways necessary,—
45. When forced to travel above ground they make a covered way—
if it be accidentally destroyed they will reconstruet it.

1. Or all the classes of inscets which live in organised socicties,
the most remarkable after the bee are the family Termitina, popu-
larly known under the name of white auts, though they have
little in common with the ant, exeept their social character and
habits.

Much discordance has prevailed among naturalists respeeting
their history and classification. They were assigned by Linnaus to
the order Aptera, or wingless inseets. More exaet observation
has, however, proved this to be erroncous; sinee, in the perfect
state, they possess membranous wings like those of the dragon-fly,
which being four in number, they have been more correctly
assigned to the order Neuroptera. Kirby regards them as forming,
together with the ants, a link between the orders Neuroptera
and Hymecnoptera, being allied to the latter by their social
instinets.

2, Scarcely less remarkable than the beein their social organisa-
tion, they ditfer from that insect inasmuch as while the labours
of the latter arc attended with no evil to mankind, but are,
on the contrary, productive of an eminently useful and agrecable
article of food, the Termites, so far as naturalists have yet dis-
covered, are productive of nothing but extensive and unmitigated
mischief,

3. These inscets live in societies, each of which consists of
countless numbers of individuals, the large majority of which are
apterous, or wingless. Two individuals only in each society, a
male and a female, or according to some, a king and a queen, are
winged, and these alonc in the entire society are specimens of the
perfect insect. The general form of their bodies is shown in
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fig. 1 and fig. 2; the former representing the species called the
Termes embia, with its wings expanded, and the latter the Termes
fatalis or bellicosus, with its wings folded.
4. With the exception of two or three small speeies, such as the
Termes lucifugus, described by Latreille and Rossi; the Zermes
Maticollis, deseribed by VFabricius: and the Termes flavipes, de-
seribed by Kollar, these inscets arc confined chietly to the tropics.
5. Each society consists of five orders of individuals—

I. The queen or female.
11. The king or male.

111, The workers.

IV, The nymphs.
Y. The neuters or soldiers.

The Termes bellicosus or fatalis, which is represented in tig. 2,
with wings folded, is shown in fig. 3 with wings expanded.

The king or male, which never changes its form after losing its
wings, is represented in fig., 4.

6. The worker is represented in its natural size in fig. 5, and
the soldier in fig. 6.

A magnified view of the worker is given in fig. 7, and a similar
magnificd view of the forceps of the soldier in fig. 8,

%. The king und queen are privileged individuals, surrounded
with all the respect and consideration, and recciving all the
attendance and honours, due to sovercigns.  Excempted from all
participation in the common industry of the society, they arc
wholly devoted to inerease and multiplication, the queen being
endowed with the most unbounded fertility. Though upon first
passing from the pupa state they have four wings, they losc
these appendages almost immediately, and during the period of
their sovereignty they are wingless. They are distinguished from
the inferior members of the society by the possession of organs of
vision, in the form of large and prominent cye, their subjects
being all of them blind.

8. The workers are by far the most numerous members of the
society, being about a hundred times greater in number than the
soldiers. Their bodies also, fig. 3, are less than those of the sol-
diers, the latter being less than those of the sovereigns. The
entire industrial business of the socicty is performed by the workers.
They erect the common habitation, and keep it in repair. They
forage and collect provisions for the society. They attend upon
the sovercigns, and carry away the eggs of the qucen, as fast
as she deposits them, to chambers which they previously prepare
for them. They maintain these chambers in order, and when the
eggs are hatched, they perform the part of nurses to the young,
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fceding and tending them until they have attained sufficient
growth to provide for themselves.

9. The soldicrs, of whom, as already observed, there is not more
than one to cvery hundred workers, are distinguished by their
long and large heads, armed with long pointed mandibles. Their
duty, as their title implies, is confined to the defence of the society
and of their common hubitation, when attacked by enemies.

10. The nymphs differ so little from the workers, that they
would be confounded with them, but that they have the rudi-
monts of wings, or, more strictly speaking, wings already formed,
folded up in wing eases.  These escaped the notice of the carliest
observers, having been distinguished by Latreille.

11. Naturalists are not agreed as to the physiological character
of these three classes of the socicty. Some consider the workers
as the larva which, ut a certain advanced period of their growth,
are metamorphosed into the nymphs, which themsclves finally pass
into the state of the perfect winged insect.

According to Kirby, the soldiers correspond to the neuters in
other socictics of inscots. As he obscrves, however, they differ
from the neuters of the societies of Iymenoptera, which are a sort
of sterile females,  He conjectures that the soldiers may be the
larvae which are finally transformed into the perfeet male inseet.
Great differences of opinion, however, prevail on this subject among
cutomologists.

For our present purpose, these doubtful questions, whatever
interest they may have for naturalists, are altogrether unimportant.
What we desire at present to direct attention to, is the curious
manners and habits of these inscets, which have been ascertained
by many cminent naturalists, and have been deseribed with great
miuutceness by Smeathman in the seventy-first volume of the Philo-
sophical Transactions, from whose memoir we shall here borrow
largely.

According to Smeathman, the following is the manner in which
the establishment of each colony takes place.

12, The pupee or nymphs, which compose, as has been stated,
part of o socicty, are transformed into the perfect inseet, their
wings being fully developed and liberated from the wing cases
soon after the first tornado, which takes place at the close of the
dry scason, and harbingers the periodical rains. The insects, thus
perfected, issue forth from their habitation in the evening, in
numbers literally countless, swarming after the manner of bees.
Borne upon their ample wings, and transported by the wind, they
i1l the air, entering houses, extinguishing lights, and being some-
times driven on buard ships which happen to be near the shore.
The next morning they are seen covering the surface of the earth
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and waters, deprived of the wings which enabled them, for a
moment, to escape their numerous enemies.  They are now scen
as large maggots, and, from being the most active, industrious,
and sugacious of creatures, are become utterly helpless and
cowardly, and fall a prey to innumerable enemies, to the smallest
of which they do not attempt to offer the least resistance. Various
inscets, and especially ants, lie in wait for them ; beasts, birds,
and reptiles, and even man himself, all feed upon them, so that
not on¢ puir in many millions make their escape in safety, and
fulfil the first law of nature by becoming the parents of a new
community. At this time they may be seen running upon the
eround, the male pursuing the female, and sometimes two pursu-
ing one, und contending with the greatest eagerness for the prize,
their passion rendering them regardless of the many dangers with
which they are surrounded.

13. Mr. Konig, in an cssay upon these inscets, read before the
socicty of naturalists at Berlin, says that, in some parts of the
East Indics, the queens are given alive to old men for strengthen-
ing the back, and that the natives have a method of eatching the
winged insects, which he calls females, before the time of emigra-
tion.  They make two holes in the nest; the one to windward
and the other to leeward. At the leeward opening, they place the
mwouth of a pot, previously rubbed with an aromatic herb, called
Bergera, which is more valued there than the laurel in Europe.
On the windward side they light a fire of stinking materials, the
smoke of which not only drives these inscets into the pots, but fre-
quently the hooded snakes also, on which aceount they are obliged
to be cautious in removing them, By this method they eateh great
quantities, of which they make with flour a variety of pastry,
which they can afford to sell very cheap to the poorer ranks of
people.  Mr. Kinig adds, that in scasons when this kind of food
15 very plentiful, the too great use of it brings on an epidemic
cholic and dysentery, which kills in two or three hours,

Mr. Swmeathman says, that he did not find the Africans su
ingenious in procuring or dressing them.  They are content with
a very small part of those which, at the time of swarming, or
rather ot emigration, fall into the ncighbouring waters, which
they skim oft’ with calabashes, bringing large kettles full of them
to their habitations, and parch them in iron pots over a gentle fire,
stirring them about as is usually donc in roasting coffee. In that
state, without sauce or any other addition, they serve them as
delicious tvod, and put them by handfuls into their mouths, as
we do comfits. Smeathman ate them dressed in this way several
times, and thought them delicate, nourishing, and wholcsome.
They are something swecter, but not so fat or cloying, as the
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caterpillar or maggot of the palm-tree snout beetle, which is
served up at all the luxurious tables of West Indian cpicures,
particularly of the French, as the greatest dainty of the Western
World.

14. Troops of workers, apparently deprived of their king and
queen, which arc constantly prowling about, occasionally encounter
onc of these pairs, to which they offer their homage, and seem to
eleet them as the sovercigns of their community, or the parents of
the colony which they are about to cstablish. Al the individuals
of such a swurm, who are not so fortunate as to hecome the objects
of such an clection, eventually perish under the attacks of the
enemies above mentioned, and probubly never survive the day
which follows the cvening of their swarming,

13. So soon as thix eleetion has heen made, the workers begin
to enelose their new rulers in a small chamber of clay, suited to
their size, the entrances to which are only large cnough to admit
themselves and the soldiers, but much too small for the royal pair
to pass through, so that their state of royalty is a state of contine-
ment, and so continues during the remainder of their lives,

16. The impregnation of the female is supposed to take place
after this confinement, and she soon begins to furnish the infant
colony with new inhabitants,  The care of feeding her and her
male companion devolves upon the workers, who supply them both
with every thing that they want.  As she inereases in dimensions,
they keep enlarging the eell in which she is detained.  When the
husiness of oviposition commeneces, they take the eggs from the
temale, and deposit them in the nurseries.  Ter, abdomen now
begins gradually to extend, till, in process of time, it is enlarged
to 1500 or 2000 times the size of the rest of her body, and her bulk
equals that of 20000 or 30000 workers.

17. A drawing of the pregnant queen in her natural size is
given in fig. 9.

Fig. 9.—The Pregnant Queen.

18, The abdomen, often more than three inches in length, is
now n vast matrix of eges, which make long circumvolutions
through numberless slender serpentine vessels : it is also remark-
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able for its peristaltic motion (in this resembling the female ant),
which, like the undulations of water, produces a perpetual and
suceessive rise and dall over its whole surfuce, and ocecasions a
constant extrusion of the cggs, amounting sometimes in old temales
to sixty in a minute, or eighty thousand and upwards in twenty-
four hours. As these females live two years in their perfeet state,
how astonishing must be the number produced in that time!

19. This incessant extrusion of eggs must call for the attention
of u large number of the workers in the royal chamber (and indeed
it 1s always full of them), to tuke them as they come forth and
varry them to the nurscries: in which, when hatched, they are
provided with foud, and reeeive every necessary attention until
they are able to shift for themselves. One remarkable cireum-
stance attends these nurseries.  They are always covered with a
kiud of mould, amongst which arise numerous globules about the
size of a small pin’s head. This probably is a species of Mucor ; and
by Mr. Konig, who found them also in nests of an Kast India
species of Termes, is conjectured to be the food of the larvie.

20. The royal cell has in it a kind of body-guard tv the royal
pair that inhabit it; and the surrounding apartments always
contain many, both labourers and soldiers in waiting, that they
may suceessively attend upon and defend the common father and
mother on whose safety depend the happiness and ¢ven existence
of the whole community, and whom these taithful subjeets never
abandon, even in their last distress,

21. The habitations of the Termites, which are generally of
considerable magnitude, vary in form, arrangement, and position,
according to the species. These of the Termes bellicosus, de-
seribed above, have generally a sugar-loaf or hay-cock form, and
are from ten to twelve feet high,  In the parts of Africa where the
inseet prevails, these struetures are so numerous that it is scarecly
possible to find a spot from which they are not visible in all
directions within fifty or sixty vards. In the neiglibourhood of
Senegal, according to Adanson, their number and magnitude is
so preat that they cannot be distinguished from the native
\illn«,:ca.

22, When first erected, the external surfaces of these conieal-
shaped habitations consist of naked clay, but in these fertil:
climates the sceds of herbage transported by the wind are speedily
deposited upon them, which germinating soon clothe them with
the same vegetation as that which covers the surrounding soil,
and when in the dry and warm season this vegetable covering is
scorched, they assume the appearance of large hay-cocks.

23. These vast mounds are formed of earth which has been
excavated by the workers from extensive tunnels which have
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been carricd bencath the ground surrounding their base, and
which supply covered ways by which the workers are cnabled to
go forth in quest of provisions. The intefior of the mounds
themselves are of most curious and complicated structure, con-
sisting of a varicty of chambers and corridors, formed with the
most consummate art, and adapted in shape and size to the
respective purposes to which they arc assigned in the general
economy of the colony.

24. In the superior part of the mound, a dome is construeted,
surmounting the habitations of the animals so as effectively to
shelter them from the vieissitudes of weather. This may be
seen in the vertical scetion of one of these mounds, shown in
fig. 10. The exterior covering of this dome is much stronger than
the internal structure beneath it, which constitutes the habita-
tion of the colony, and which is divided with surprising regu-
larity and contrivance into a vast number of chambers, one of
which is appropriated to the sovercigns, and the others distributed
among the soldicrs, the workers, as nurscrics, and as store-rooms.

The process by which these conical structures are raised is thus
described.

25, The habitation makes its first appearance as one or two
small sugar-loaf-shaped mounds about a foot in height. While
these are gradually inercasing in height and magnitude, others
begin to appear near them, which likewise increase in number ;
and by the enlargement of their basis, they at length coalesee at
the lower parts.  The middle mounds are always the highest, and
the largest, and by gradually filling up the intermediate space
by the enlargement of the bases of the several mounds, a single
mound, with various sugar-loaf-shaped masses of less magnitudes
growing out of it, is produced, as shown in fig. 10,

a a a.” Turrets by which their hills are raised and enlarged.

2. A seetion of 1, us it would appear on being cut down through
the middle, from the top to the bottom, a foot lower than the
surface of the ground.

A A. An horizontal line from A on the left, and a perpendicular
line from A at the bottom will interseet each other at the
royal chamber.

The darker shades near it are the empty apartments and
passages, which, it secms, are left so for the attendants on
the king and queen, who, when old, may require near onc
hundred thousand tv wait on them every day.

The parts which are least shaded and dotted, are the
purserics, surrounded, like the royal chamber, by empty
passages on all sides, for the more easy access to them with
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Fig. 10.

View ot the Habitations of the White Ants, reproduced from the original
drawing of Smeathman, engraved in the * Phil. Trans.,” vol. 1xa1.
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the eggs from the queen, the provision for the young, &c.
N.B. The magazines of provisions are situated without any
seeming order, among the vacant passages which surround the
nurscries.

8. The top of the interior building, which often scems, from the
arches carried upward, to be adorned on the sides with
pinnacles.

¢. The floor of the arca or nave.

v D b, The large galleries which aseend from under all the
buildings spirally to the top.

® . The bridge.

3. The first appearance of a hill-nest by two turrets.

4. A tree with the nest of the Zermites arborwum, with their
covered way.

v ¥ 1 ¥, Covered ways of the Termites arborum.

3. The nest of the Zermites arborum,

6. A mnest of the Zermites bellicosi, with Furopeans on it.

7. A bull standing sentinel upon one of these nests.

G 6 G. The African palm-trees from the nuts of which is made the
Oleum palmer.

26. When by the accumulation of these turrets the dome has
boen completed, in which process the turrets supply the place of
seaflolding, the workers exeavate the interior of them, and makec
use of the clay in building the partitions and walls of the apart-
ments construeted in the base of the mound which constitutes
their proper habitation, and ulso for erecting fresh turrets sur-
mounting the mound and increasing its height, In this manner
the same clay, which, as has been already explained, was excavated
from the underground ways issuing around the mound, is used
several times over, just as are the posts and boards of a mason’s
seaffolding.

27. When these mounds have attained a little more than half
their height, their tops being then flat, the bulls which are the
leaders of the herds of wild cattle which prevail in the surround-
ing country, are accustomed to mount upon them so as to obtain
w view of the surrounding plain: thus placed they act as sentinels
for the general herd which feeds and ruminates around them,
giving them notice of the approach of any danger. This circum-
stance supplics an incidental proof of the strength of thesc
structures.

28. Smeathman states that when he was in that country, and
desired to obtain a view of the sea to ascertain the approach
of vessels, he was in the habit of mounting with three or four
of his assistants upon the summits of these comical mounds,
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the elevation of which was sufficient to enable him to obtain a
satisfactory view.

29, The superior shell or dome by which the mound is sur-
mounted is not only of use to protect the interior buildings from
external violence and from the tropical rains, but, from its non-
condueting quality, to preserve that uniform temperature within,
which i~ nccessary for hatching the eggs aud cherishing the
young,

50, The royal chamber appropriated to the sovercigns engrosses
much of the attention and skill of their industrious subjects, It
s generally placed about the eentre of the base of the mound, at
the level of the surrounding ground, and has the shape of half
an egg divided by a plane at right angles to its axis passing a
little below its centre. Thus the shape of this chamber is that
which architeets eall a surmounted dome.  Its magnitude is pro-
portioned to that of the king and queen to whom it is appropriated.
In the infant state of the colony, before the queen ix advaneed in
pregnaney, the diameter of this room does not exceed an inch,
but as the royal lady inereases in the manner already deseribed,
the workers continually enlarge the voom, until at length it
attains a diamcter of eight or nine inches.  Its tloor is perfectly
level, and formed of elay about an inch thick. The roof is formed
of a solid well-turned oval arch inercusing in thickness from a
quarter of an inch at the sides where it rests upon the floor.

31. The doors are ent in the wall; and made of a magnitude
suitable to the entrance and exit of the soldiers and workers who
attend on the royval pair, but mueh too small for the passage of the
royal personages themselves.

32, This large chamber is surrounded by numerous others of
less dimensions, and various shapes, all of which have arched
roufs, some cireular, and some clliptical.  These chambers com-
municate with each other by doors und corridor<.  Those which
are immediately contiguous to the royal chamber are appropriated
to the soldiers, who are in immediate attendance on the sovercign,
and to the workers, whose duty it is to supply and attend the royal
table, and to carry away the cggs as fast as they are laid by the
quecn.

33. Around these antcchambers is another suite of apart-
ments, culsisting of store-rooms for provisions, chambers for the
reecptivn of the eggs, and nurseries for the young. The store-
rooms are constructed like other parts of the habitation, with walls
and partitions of clay, and are always amply supplied with provi-
sions, which, to the naked eye, seem to consist of the raspings of
wood and plants, which the workers destroy. Upon submitting
them to the microscope, however, they are found to consist prin-
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cipally of vegetable gums and inspissated juices. These are
thrown together in masses of different appearance, some resem-
bling the sugar on preserved fruits, some transparent, and others
opaque, as is commonly scen in all parcels of gum.

The nurscries, on the other hand, arc constructed in a manner
totally different from the other rooms.

34. The walls and partitions of these consist entirely of wooden
materials, cemented together with gum.  These nurseries, in
which the eggs are hatched, and the young sccured, are small
irvegulurly shaped rooms, nouc of which exceed half an inch in
width.

35. When the nest is in the infant state, the nurseries are
close to the royal chamber; but as in process of time the queen
cnlarges, it is neeessary to enlarge the chamber for her accommo-
dation; and as she then lays a great number of eggs, and reguires
u greater number of attendants, so it is necessary also to enlarge
and increase the number of the antechambers ; for which purpose
the small nurscrics first built] are taken to picees, rebuilt a little
further off a size larger, and their number inereased.

36. Thus they continually enlarge their apartments, pull down,
repair, or rebuild, according to their wants, with a degree of
sagacity, regularity, and foresight, not observed among any other
kind of animals or inscets.

37. There is one remarkable circumstance attending the nur-
series which ought not to be omitted.  They are always found
slightly overgrown with mould, and plentifully sprinkled with
white globules, about the size of the head of a small pin,  These
may be at first mistaken for eggs; but submitting them to the
microscope, they appear to be a species of mushroom, similar
to the common mushroom, of the sort usually pickled. They
appear, when whole, white like snow a little thawed and after-
wards frozen; and, when bruised, seem to be composed of an
infinite number of pellueid particles, having a nearly oval form,
and difticult to be separated. The mouldiness seems to be com-
posed of the same kind of substance. The nurseries are enclosed
in chambers of clay, like the store-rooms, but much larger. In
the carly state of the nest, they are not bigger than a hazel-nut,
but in large hills are much more spacious.

38, These magazines and nurserics, scparated by small empty
chambers and galleries, which run round them, or communicate
from one to the other, are continued on all sides to the outer wall
of the building, and rcach up within it to two-thirds or three-
fourths of its height. They do not, however, fill up the whole of
the lower part of the hill, but are confined to the sides, leaving
an open area in the middle, under the dome, very much resem-
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bling the nave of an old cathedral, having its roof supported by
three or four very large Gothic arches, of which those iv the
middle of the area are sometimes two and three feet high ; but
as they recede on each side, rapidly diminish, hke the wrehes of
aisles in perspective. A flattish roof, without perforation, in
order to keep out the wet, if the dome should chanoe to be
injured, covers the top of the assemblage of chambers, nurserics,
&c. : and the area, which is above the royal chambers, has a flat-
tisk floor, also water-proof, and so contrived as to let any rain
that may chanec to get in, run otf into the subterrancous pas-
Sages which run from the busement of the lower apartments
through the hill in various direetions; and one of astonishing
magmitude, often having a bore greater than that of a large picee
of urdnance.  Smeathman measured the diameter of one of
these passages, which was perfeetly eylindrical, and found it to
be thirteen inches,

39. These subterrancous passages, or galleries, are lined very
thick with the same kind ot clay of which the hill is composed, and
aseend the inside of the outer shell in a spiral manner, and
winding round the whole building, up to the top, intersect each
other at different heights, opening ecither immediately into the
dome in various places, and into the interior building, the
new turrets, &c., or communicating thereto by other galleries of
different bores or diameter, either circular or oval,

From every part of these large galleries are various small
tunnels or galleries, leading to different parts of the building.
Under ground there are many which lead downward, by sloping
descents, three or four feet perpendicular, among the gravel,
from whenee the workers cull the finer parts, which, being
worked up in their mouths to the consistence of mortar, become
that solid clay of which their hills and all their buildings, except
their nurseries, are composed.

40. Other gallcries again ascend, and lead out horizontally on
every side, and are carried under ground, near to the surface, to
a vast distance : for if you destroy all the nests within one
hundred yards of your house, the inhabitants of those which are
left unmolested farther off will, nevertheless, carry on their
subterrancous galleries, and invade the goods and merchandiscs
contained in it by sap and mine, and do great mischief, if you
are not vary circumspect.

41. But to return to the cities from whence these extraordinary
expeditions and operations originate, it seems there is a degree
of mecessity for the galleries under the hills being thus large,
being the great thoroughfares for all the labourers and soldiers
going forth or returning upon any business whatever, whether

10y



THE WHITE ANTS.

fetching clay, wood, water, or provisions; and they are certainly
well caleulated for the purposcs to which they are applied, by the
spiral slope which is given them; for if they were perpendicular,
the labourers would not be able to carry on their building with so
much facility, since they cannot ascend a perpendicular without
great difficulty, and thc soldiers can scarcely do it at all.
It is on this account that sometimes o road, like a ledge, is
made on the perpendicular side of part of the building within
their hill, which is flat on the upper surface, and half an inch
wide, and ascends gradually like a staircase, or like those
roads which are cut on the sides of hills and mountains, that
would otherwise be inaccessible; by which, and similar con-
trivances, they travel with great facility to every interior part.

42, This too is probably the causc of their building a kind of
bridge of one vast arch, which answers the purpose of a flight of
stairs from the floor of the area to some opening on the side
of one of the columns which support the great arches. Such
bridges shorten the distance considerably to those labourers who
have the cggs to carry from the royal chamber to sume of the
upper nurscries, which in some hills would be four or five feet in
the straightest line, and much more if carried through all the
winding passages which lead through the inner chambers and
apartments.

Smeathman found one of these bridges half an inch broad, a
quarter of an inch thick, and ten inches long, making the side of
an eclliptic arch of proportional size; so that it is wonderful it
did not fall over or break by its own weight before they got it
joined to the side of the column above. It wasstrengthened by a
small arch at the bottom, and had a hollow or groove all the length
of the upper surface, either made purposely for the inhabitants
to travel over with more safety, or clse, which is not improbable,
worn so by frequent treading.

43. ‘“(onsider,” observes Kirby, ¢ what incredible labour and
diligence, accompunied by the most unremitting activity and the
most unwearied celerity of movement, must be necessary to enable
these creatures to accomplish, their size comsidered, these truly
gigantic works. That such diminutive inscets, for they arc
searcely the fourth of an inch in length, however numerous,
should, in the space of three or four ycars, be able to ercct a
building twelve feet high, and of a proportionable bulk, covered by
a vast dome, adorned without by numerous pinnacles and turrets,
and sheltering under its ample arch myriads of vaulted apart-
ments of various dimensions, and constructed of different materials
—that they should morcover excavate, in difterent directions, and
at different depths, innumerable subterranean roads or tunncls,
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~ome twelve ov thirteen inches in diameter, or throw an arch of
<tone over other roads leading from the metropolis into the
adjoining country to the distance of scveral hundred feet—that
they should projeet and finish the, for them, vast interior stair-
cascs or bridges lately deseribed—and, finally, that the millions
reeessary to execute such Hereulean labours, perpetually pussing
to and fro, should never interrupt or interfere with each other,
is a miracle of nature, or rather of the Author of nature, far
exceediug the most hoasted works and structures of man: for,
did these ereatures equal himin size, retaining their usual instinets
and activity, their buildings would svar to the astonishing height
of more than halt a mile, and their tunnels would expand to a
magnificent eylinder of more than three hundred teet in diameter ;
before which the pyramids of Egypt and the aqueduets of Rome
wortld lose all their celebrity, and dwindle into nothings.

* The most clevated of the pyramids of Egypt is not more than
600 feet high, which, setting the average height of man at enly
five feet, is mot more than 120 times the height of the workmen
cmployed.  Whereas the nests of the Termites being at least
twelve feet high, and the inscets themsclves not exceeding a
quarter of an inchin stature, their editice is upwards of 500 times
the height of the builders; which, supposing them of human
dimensions, would be more than half a mile.  The shaft of the
Roman aqueducts was lofty cnough to permit a man on horscback
to travel in them.” *

44. The budies of the Termites are generally soft and covered
with a thin and delicate skin, and being blind, they arc no match
on the open ground for the ants who are endowed with vision, and
whose bodies are invested in a strong horny shell. Whenever the
Termites are accidentally dislodged from  their subterraneous
roads or dwellings, the various species of ants instantly secize
them and drag them away to their nests as food for their young.

45, The Termites are therefore very solicitous about preserving
their tunnels and vaulted roads in good repair.  1f some of them
be aceidentally demolished for a few inchesin length, it is wonder-
tul how speedily they rebuild it. At first, in their hurry, they
advance into the open part for an inch or two, but stop so suddenly
that it i~ very apparent that they are surprised, for although some
run straight on until they get under the arch beyond the damaged
part, most of them run as fast back, and very few of them will
venturc through that part of the track which is left uncovered.
In a few minutes, however, they will be seen rebuilding the arch,
and even if three or four yardsin length have been destroyed, they
will reconstruct it in a single day. If this be again destroyed,

* Kirby, vol. i. p. 434.
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they will be seen as numerous as cver passing both ways along it,
and they will again in like manner reconstruet it. But if the
same part be destroyed scveral times successively, they will give
up the point and build a new covered way in another direction.
Nevertheless, if the old onc should lrad to some favourite source
of plunder, they will, after a few days’ interval, still reconstruct it,
apparently in the hope that the eause of destruction will not again
ocour, nor will they in that case wholly abandon the undertaking
unloss their habitation itsclf be destroyed.
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65. Their rage and fury against thome who attack them.—66. Their
industry and yromptitude in repairing the dumage of their habitation.
—87. The vigilance of the soldiers during the process of repair.—
68, Effects of a second attack on their habitation, conduct of the
woldiers.-—69. Difficulty of investigating the structure of their habita-
tionn—olmtinate oppusition of the woldiers- discovery of the royal
chamber—fidelity of the subjects to the sovereign —curious experiment
of Mr. Bmenthman.- 70. Curious example of the repair of a partially
destroyed newt. 71, The marching Termites  curious observation of
their procecdings by Bmesthman—remarkable conduct of the soldiers
on the occasion.

46. A smaller specics of Termites ereet habitations, which, if
they are of less dimensions, are not less curious in their structure,

These buildings are upright eylinders, composed of a well-
tempered black earth or cluy, about three quarters of a yard bigh,
and covered with a roof of the same material in the shape of a
cone, whose base extends over and hangs down three or four
inches wider than the perpendiculir sider of the eylinder, so that
most of them resemble in shape o round windmill, or still more
closely the round towers which are so frequently scen in Ireland,
and which have attracted so much attention on the part of
antiquaries,  Some of these roofs have so little elevation in the
centre, that they have a close resemblanee to certain species of
mushroom.

After once of these turrets is finished, it is not altered or
enlurged ; but when no lenger capable of containing the commu-
nity, the foundation of another is lnid within a few inches of it.
Sometimes, though but rarcly, the second is begun before the
first is finished, and a third befors they have completed the
second : thus they will run up five or six of these turrets at
the fout of u tree in the thick woods, and make a most singular
group of buildings, as shown in fig. 11,

1 Nest of the Zermes mordar,

2 Nest of the Zermes atror.

3 A turret with the roof béguid.

1 A turret raised only about half its height.

3 A turret built upon one which has bien thrown down.
6 6 A turret broken in two,

4%, The turrets are so strongly built, that in case of violence
they will much sooner overset from the foundations, and tear up
the ground and solid carth, than break in the middle; and in that
case the inscets will frequently begin another turret and build it,
as it were, through that which has fallen: for they will conneet
the cylinder below with the ground, and run upa new turret from
its upper side, so that it will scem to rest upon the horizontal
cylinder only.
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48, In fig. 12 is represented the king or queen of the Zermes
mordaz, in fig. 13 the worker, and in fig. 14 the soldier,

TLRMES MORDAX,

Fig. 12, Fig. 13, Fig. 14.
v,
har 20 Tae " - N
C LR ot :%c ’
Worker. Koldier.

King or Queen.

The building is divided into innumerable cells of irregular
shapes ; xometimes they are quadrangular or cubic, and sometimes
pentagonal ; but often the angles are wo ill defined, that each half
of a cell will be shaped like the inside of that shell which is
called the sea-car.

49. Fach cell has two or more entrances, but as there are no
tunnels or galleries, no variety of apartments, no well-turned
arches, wooden nurseries, &c., &c., a5 1 the habitations already
described, they are not caleulated to excite the same degree of
wonder, however admirable they may be considered without
referenoe to other structures,

There are two gizes of these turret nests, built by two different
species of Termites.  The larger species, the Termes atror, in its
perfeet state, measures one inch and three-tenths from the
extremities of the wings on the one side to the extremities on the
other,  The lesser, Zermes mordar, measures only eight-tenths
of an inch from tip to tip.

50. The next kind of nests, built by another species of this
genus, the Zermes arborum, have very little resemblance to the
former in shape or substance,  These ure generally spherical or
oval, built in trees : sometimes they are established between, and
sometimes surrounding, the branches, at the height of seventy or
eighty feet; and are occasionally us large as a great sugar-cask.

81, They are composed of swall particles of wood and the various
gums and juices of trees, combined with, perhaps, those secreted
by the animals themselves, worked by those little industrious
oreatures into u paste, and so moulded into innumerable little cells
of different aud irregulur forms. These nests, with the immense
quantity of inhabitants, young and old, with which they are at
all times crowded, are used as food for voung fowls, and especially
for the rearing of Turkeys. These nests are very compact, and
vo strongly fixed to the boughs, that there is no detaching them
but by outting them in pieces, or sawing off the branch. They
will even sustain the force of a tornado as long as the tree to
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which they are attached. This specics has the external habit,
aize, and almost the colour, of the Termes atrox.

52, There are some nests that resemble the hill-nest. first
desenibed, built in those sandy plains called Savannahs  They
are eomposed of black mud, raised from a few inches below the
white and, and are built in the form of an impertict or bell-
~haped eone, having their tops rounded.  These are generally
ahout four or tive fect high. They scem to be inhabited by
meeets nearly as large as the Zermes bellicoens, and differing very
httle from that species, exe-pt in colour. which 1< brighter.

33, The socicties of Termes Incifugus, discovered by Latreille
at Bourdeaux, are very numerous; but instead of making arti-
fiial nests, they make their lodgments in the trunks of pines
and oaks, where the branches diverge from the tree. They
cat the wood the nearest the bark without attacking the interior,
and bore a vast number of holes and irrcgular galleries.  That
part of the wood appears moist, and is covered with httle gelatinous
particles, not unlike gum-arabic.  These mseets seem to he fur-
mished with an acid of a very penctrating odour, which, perhaps,
v useful to them in softemng the wood.  The soldiers in those
sovicties are as about one to twenty-tive of the lubourers.

The anonymous author of the Obscryvations on the Termites of
Ceylon, seems to have discovered a sentry-box in his nests. 1
found,” says he, “in a very small ecll in the middle of the solid
mass, (a cell about half an inch in height, and very narrow,) a
larva with an enormous head.  Two of these individuals were in
the same ¢ 1l; onc of the two seemed placed as sentinel at the
entrance of the cell. I amused myself by forcing the door two or
three times; the sentinedl immediately appeared, and only
retreated when the door was on the point to be stopped up,
which waus done in three minutes by the labourers.”

54, Having thus given some 1dea of their habitations, we shall
now direet our observations to the inseets themselves, their
manner of building, tighting, and marching, and to a more
particular account of the vast mischief they cause to mankind.

It is a common character of the different species which have
been noticed, that the workers and the soldiers never expose
themselves in the open air, but invariably travel either under
ground, or ulong the holes which they bore in trees and other
substances.  When in certain exceptional cases in quest of
plunder they are compelled to move above ground, they make a
vault with a coping of earth, or a tube, formed of that material
with which they build their nests, along which they travel com-
pletely protected. The Termes bellicosus uses for this purpose
the red, and the turrct-builders black clay; whilst the Zermes
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arborum employs for the purpose the ligneous substances of which
their nests are composed.

55. With these materials thoy completely line most of the roads
leading from their nests into the various parts of the country,
and travel out and home with the utmost security in all kinds of
weather. If they mcet a rock or any other obstruction, they will
mako their way upon the surface, and for that purpose erect a
covered way or arch, still of the same materials, continuing it
with many windings and ramifications through large grooves,
having, where it is possible, subterrancan pipes running parallel
with them, into which they sink, and save themselves, if their
gulleries above ground are destroyed by any violence, or the tread
of men or unimals alarms them.  When any one chances by accident
to cnter any solitary grove, where the ground is pretty well
covered with their arched galleries, they give the alarm by loud
hissings, which he hears distinetly at every step he makes ; soon
after which he may examine their gallerics in vain for the inscets,
which ¢seape through little holew, just large enough for them,
into their subterrancous roads. These galleries are large enough
for them to pass and repass, so as to prevent any stoppages, and
shelter them equally from light and air, as well as from their
enemics, of which the ants, being the most numcrous, are the
most formidable,

50, The Zermites arborum, those which build in trees, fre-
quently establish their nests within the roofs and other parts of
houses, to which they do considerable damage if not extirpated.

57. Tho larger species are, however, not only much more
destructive, but more difficult to be guarded against, since they
make their approaches chiefly under ground, descending below
the foundations of houses and stores at several feet from the
surfuce, nud rising again either in the tloors, or entering at the
bottoms of the posts, of which the sides of the buildings are
composed, bore quite through them, following the course of the
fibres to the top, or making lateral perforations and cavitics here
and there as they proceed.

While some are employed in gutting the poats, others aseend
from them, entering a rafter or some other part of the roof. 1f
they once find the thateh, which seems to be a favourite food,
they soon bring up wet cln) and build their pipes or ga.llenes
through the roof in various direetions, as long as it will support
them, sometimes cating the palm-trec leaves and branches of
which it is composed, and pcrhulw {for variety seems very pleasing
to them) the rattan or other ruuning plant which is used as a cord
to tie the various parts of the roof together, and to the posts
which support it; thus, with the assistance of the rats, who,
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during the rainy scason, are apt to shelter themselves there, and
to burrow through it, they very soon ruin the house by weakening
the fastenings and exposing it to the wet.  In the meantime, the
posts will be perforated in every direction, as full of holes as that
timber 10 the bottom of ships which has been bored by the worms
the tibrous und knotty parts, which are the hardest, being left to
the last.

38, They sometimes, in carrying on this business, find that the
post hus some weight to support, und thou, if it is a convenient
track to the rvof, or is itself a kind of woed agrecable to them,
they bring their mortar, and fill all or most of the cavities,
leaving the necessary roads through it, and as fast ax they take
away the wood, replace the vacancy with thut material ; which
being worked together by them eloser and more compacetly than
human strength or art could ram it, when the house 1s pulled to
picees, in order to examine if any of the posts are fit to be used
again, those of the softer kinds are often found reduced aimost to
a shell, and all, or a greater part, transformed from woud to elay,
as rolid and as hard as many kinds of treestone used for building
i England.

It is much the same when the Zermites bellicosi get into a
chest or trunk containing clothes and other things; if the
weight above is great, or they are afraid of ants and other
encmies, and have time, they carry their pipes through, and
repluce a great part with clay, runuing their galleries in various
dircctions.  The tree-Termites, indeed, when they get within a
box, often make a nest there, und being once in possession destroy
it at thdir leisure.  They did so iz a pyramidal box which
contained the compound microscope of Mr. Smeathman, It was
of mahogzany, and he deposited 1t in the warchouse of Governor
Campbell of Tobage, while he made a tour of a few months in the
Iaeward Islands.  On his return he found that the Termites had
done much mischief in the warchouse, and, umong other things,
bad taken possession of the microscope, and caten everything
about it cxeept the glass or metal, including the board on which
the pudestal is fixed, with the drawers under it, and the things
enclused.  The cells were built ail round the pedestal and the
tube, and attached to it on every side.  All the glasses were
covered with the wooden substance of their nests, and retained
a cloud of a gummy nuture upon them which was not casily got
off, and the lacquer or burnish with which the brasswork was
covered was totally spoiled.

Another party had taken a liking to a cask of Madcira, and
had bored %o a> to discharge almost a pipe of fine old wine. If
the large species of Africa (the Zermites bellicosi) had been »o
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long in the uninterrupted possession of such a warchouse, they
would not have left twenty pounds weight of wood remaining of
the whole building, and all that it contained.

59, These inscots are not less expeditious in destroying the
shelves, wainscotting, and other fixtures of a house, than the
house itself. They are for ever piercing and boring in all direc-
tions, and sometimes go out of the broadside of one post into that
of another joining to it ; but they prefer, and always destroy the
softer substances the first, and are particularly fond of pine and
fir-boards, which they excavate and carry away with wonderful
despateh and astonishing cunning ; for, unless a shelf has some-
thing standing upon it, us a book, or anything clse which may
tempt them, they will not perforate the surface, but artfully
preserve it quite whole, and eat away all the inside, except a
few fibres which barely keep the two sides connected together, so
that a picee of an inch hoard which appears solid to the eve will
not weigh mueh more than two sheets of pasteboard of equal
dimensions, after these animals have been a little while in posses-
sion of it.

60, In short the Termites are so insidious in their attacks, that
we cannot be too much on our guard against them: they will
sometimes begin and raise their works, especially in new houses,
through the tloor. If you destroy the work so begun, and make
a fire upon the spot, the next night they will attempt to rise
through another part: and, if they huppen to emerge under a
chest or trunk carly in the night, will pieree the bottom, and
destroy or spoil everything in it before morning.  On these
ncoounts care is taken by the inhabitants of the country to set all
their chests and boxes upon stones or bricks, so as to leave the
bottoms of such furniture some iuches above the ground ; which
not only prevents these inscets finding them out so readily, but
preserves the bottoms from a corrosive damp which would strike
from the carth through, und rot evervthing thervin: a vast deal
of vermin would also harbour under, such as cockroaches, centi-
pedes, millepedes, scorpivns, ants, and various other noisome
insects.

61. Kompfer, speaking of the white ants of Japan, gives a
remarkable instance of the rapidity with which these miners
procecd. Upon rising one morning, he observed that one of their
galleries, of the thickness of his little finger, had been formed
across hia table; and upon a further examination he found that
they had bored a passuge of that thickness up one foot of the
table, formed a gallery across it, and then pierced down another
foot into the floor; all this was done in the few hours that inter-

vened between his retiring to rest and his rising. They make
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their way also with the greatest ease into trunks and boxes, even
though made of mahogany, and destroy papers and cverything
they contain, constructing their galleries and sometimes taking
up therr abode in them. Henee, as Humboldt informs us, through-
wut all the warmer parts of cquinoctial Amerien, where these
and other destructive insects abound, it is infinitely rare to find
papers which go fifty or sixty years back. In one night they
will devour all the hoots and shoes that are left in their way;
cioth, hnen, or books are equally to their taste; but they will
not eat cotton.  They entirely censumed a collection of inseets
made 1 India.  In a word, scarcelv anything but metal or stones
comes amiss to them.

62, It 1s even assorted that the superb residence of the Governor-
General at Caleutta, which cost the Fast India Company such
immense sums, is now rapidly going to decay in consequence of
the attacks of these inseets.  But not content with the dominions
they have acquired, and the cities they have laid low on terra
firma, cnecouraged by success, the white ants have also aimed at
the sovereignty of the ocean, and once had the hardihood to
attuck even a British ship of the line: and in spite of the ctforts
of the commander and his valiant efbw, having boarded they got
possession of her, and handled her so roughly, that when brought
into port, being no longer it for service, she was obliged to be
broken up.

The ship here alluded to was the Albion, which was in such a
condition from the attack of these inscets, that had it not been
tirmly lashed togcther. it was thought she would have foundered
on her voyage home. The late Mr. Kittoe stated that the droguers
or draguers, a kind of lighter employed in the West Indies in
collecting the sugar, sometimes so swarm with ants of the common
kind, that they have no other way of getting rid of these trouble-
some inscets than by sinking the vessel in shallow water,

63, When the Termites attack trees and branches in the open
air, they sometimes vary their manncr of doing it. 1f a stake in a
hedge has not taken root and vegetated, it becomes their business
to destroy it.  If it has a good sound bark round it, they will
cater at the bottom, and eat all but the bark, which will remain,
and exhibit the appearance of a solid stick (which some vagrant
colony of ants or other insects often shelter in, till the winds
disperse it}: but if they cannot trust the bark, they cover the
whole stick with their mortar, and it then looks as if it had been
dipped into thick mud that had been dried on. Under this
covering they work, leaving no more of the stick and bark than
is barely sufficient to support it, and frequently not the smallest
particle, so that upon a very small tap with your walking stick,
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the whole stake, though apparently as thick as your arm, and five
or six feet long, loses its form, and, disappearing like a shadow,
falls in small fragments at your feet. They generally enter the
body of a large tree which has fallen through age, or been thrown
down by violence, on the side next the ground, and cat away at
their leisure within the bark, without giving themselves the
trouble either to cover it on the outside, or to replace the wood
which they have removed from within, being somehow sensible
that there is no necessity for it.  *“Such cxcavated trees,” says
Mr. Smeathman, ““deceived me two or three times in running ;
for, attempting to step two or three feet high, 1 might as well
have attempted to step upon a cloud, and have come down with
such unexpected violence, that, besides shaking my teeth and
bones almost to dislocation, 1 have been precipitated head fore-
most among the ncighbouring trees and bushes,”  Bometimes,
though scldom, the animals are known to attack living trees; but
not before symptoms of mortification have appeared at the roots ;
since it is cvident that these insects are intended in the order of
nature L hasten the dissolution of such trees and vegetables as
have arrived at their greatest maturity and perfection, and which
would, by a tedious decuy, sbryve only to encumber the face of the
eurth, This purpose they answer so effuctually that nothing
perishable cseapes them, and it is almost impossible to leave uny-
thing penetrable upon the ground a long time in safety ; for the
odds ure, put it where you will abroad, they will find it out
before the following morning, and its destruction follows very
soon of course. Iu consequence of this disposition, the woods
never remain long encumbered with the fallen trunks of trees or
their branches; and thus it is that the total destruction of deserted
towns is so cftectually completed, that in two or three years a
thick wood fills the spacc: and, unless fron-wood posts have been
made use of, not the deust vestige of a house is to be discovered.
64. The first object of admiration, which strikes one upon
opening their hilly, is the behaviour of their soldicrs. 1f you
make u breach in a slight part of the building, and do it quickly,
with a strong hoe or pick-axe, in the space of a few scconds a
soldier will run out, and walk about the breach, as if to see
whether the enemy is gone, or to examine what is the cause of
the attack. He will sometimes go in again, as if to give the
alarm; but most frequently, in a short time, is followed by two
or three others, who run as fast as they can, straggling after one
another, und are soon followed by a large body, who rush out as
fast as the breach will permit them, and so they prooceed, the
number increasing, as long ns any one continues battering their
building. It is not casy to desoribe the rage and fury they show.

122



FEROCITY OF THE SOLDIERS.

In their hurry they frequently miss their hold, and tumble
down the sides of the hill, but recover themselves as quickly as
possible: and being blind, bite everything they run aguinst, und
thus muke a erackling noise, while some of them beat repeatedly
with their foreeps upon the building, and make a small vibratir.,-
noise, something shriller and quicker than the ticking of & wateh.
This noise can be distinguished at three or four feet distance, and
continues for a minute at a time, with short intervals. While
the attack proeceds, they are in the most violent bustle and
agitation.

63, If they get hold of any one they will, in an instant,
It out blood enough to weigh agamst their whole body; and
if it i~ the leg they wound, you will see the stain upon the
stocking  extend an aneh wm width,  They make their hooked
juws mect at the first stroke, and never quit their hold, but
suffer themselves to be pulled away leg by leg, and picee after
picee, without the least attempt to oseape. On the other hand,
keep out of their way, and give them no interruption, and they
will, in less than halt an hour, retire into ghe nest, as if they sup-
posed the wonderful monster that damaged their castle to be gone
beyond their reach,

66, Before they are all got in, you will sce the lahourers in
motion, and hastening in various directions towards the breach ;
every one with a burthen of mortar in his mouth ready tempered.
This they stick upon the breach as fust as they come up, and do
it with so much dispatch and facility, that aithough there are
thousands, and even millions of themn, they never stop or embarrass
one another; and you are most agrecably deceived when, after
un apparcnut seene of hurry and confusion, a regular wall arises,
gradually filling up the chasm.  While they are thus employed,
wlmost all the soldiers are retired quite out of sight, except here
and there one, who saunters about among six hundred or a
thousand of the labourers, but uever touches the mortar cither to
litt ur carry it; onc, in particular, places himsclf close to the
wall they are building.

6%. This soldier will turn himsclf leisurely on all sides, and
every now and then, at intervals of a minute or two, Lift up his
head, und with his forceps beat upon the building, and make the
vibrating nvis¢ before mentioned ; on which immediately a loud
hiss, which appears to come from all the labourers, issues from
within side the dome, and all the subterrancous caverns and
passages : that it does come from the labourers is very evident,
for you will sev them all hasten at every such signal, redouble
their pace, and work as fast again.

65, As the most interesting experiments become dull by repe-
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tition or continuance, so the uniformity with which this business
is carried on, though so very wonderful, at last satiates the mind.
A rencwal of the attack, however, instantly changes the scene,
and gratifies our curiosity still more. At every stroke we hear a
loud hiss ; and on the first the labourers run inte the many pipes
and gallerics with which the building is perforated, which they
do so quickly that they scem to vanish, for in a fow seconds all
are gone, and the soldiers rush ont as numerous and as vindictive
as before.  On finding no cnemy they return again leisurely into
the hill, and very soon after the labourers appear loaded as at
first, as active and as sedulous, with soldiers here and there
among them, who act just in the same manner, one or other of
them giving the signal to hasten the business.  Thus the pleasure
of seeing them come out to fight or to work alternately may be
obtained as often as euriosity excites or time permits; and it
will certainly be found, that the one order never attempts to
fight, or the other to work, let the emergeney be ever wo great.
69. We meet vast obstacles in examining the interior parts of
these tumuli.  In the first place the works, for instance, the
apartments which surround the royal chamber and the nurseries,
and indeed the whole internal fabrie, are moist, and consequently
the clay is very brittle; they have also so elose 1 conneetion, that
they ean only be seen as it were by piecemeal ; for having a
kind of geometrical dependence or abutment against cach other,
the breaking of one arch pulls down two or three. To these
obstacles must be added the obatinaey of the soldiers, who tight
to the very last, disputing every inch of ground so well as often
to drive away the negroes who are without shoes, and make
white people bleed plentifully through their stockings.  Neither
can we let a building stand, so as to get a view of the iuterior
parts without interruption, for while the soldicrs are defending
the outworks, the labourers keep barricading all the way against
us, stopping up the different galleries and passages, which lead
to the various apartments, particularly the roval chamber, all
the entrances to which they fill up so artfully as not to let it be
distinguishable, while it remains moist : and externally it has
no other appearance than that of a shapeless lump of clay. 1t is,
however, casily found from its situation with respect to the other
parts of the bmldm;,. and by the crowds of labourers and soldiers
which surround it, who show their loyalty and fidelity by dying
under its walls. The royal chamber, in a large nest, is capacious
enough to hold many hundreds of the attendants, besides the
roynl pair, and you always find it as full of them as it can hold.
These faithful subjects never ubandon their charge, even in the
last distress, for whenever Mr. Nmeathman took out the royal
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chamber from one of the hills, as he often did, and preserved it
for same time in a large glass bowl, all the atteudants continued
ynumug 1 one dircetion round the king and queen with the
utmust sohicitude, some of them stopping in’every cireuit at the
head of the latter, as if to give her something ; when they came t
the «xtrenity of the abdomen, they took the cggs from her,
currying them away, and piled them earefully together in some
part of the chamber, or in the bowl under, or behind any picees
of breken clay, which luy most convenent tor the purpose.

Some of thise unhappy little ¢reaturcs would ramble from the
chamber as it to explore the cause of such a horrid ruin and
catastrophe to their immense buildings, as it must appear to
them , und atter fruitless cndeavours to et over the side of the
bow!l, return and max with the erowd that continued running
rouud their common parents to the last. Others, placing themselves
along her side, would get hold of the queen’s vast matrix with
thar j{l“‘h, and pull with all their strength, so as \‘ihlbb‘ to lift
up the part which they tix at: but Mr. Smeathman who observed
thia, was unable to determine whether this pulling was with an
mtention to remove her bady, or to stimulate her to move herself,
or for any other purposc.  After many meftectual tugs, they
would desist and joun an the crowd runmng round, or assist some
of those who are cutting ot clay from the external parts of the
chambir, or some ot the fragments, and moistening it with the
Juices of thar bodies, to ben to work o thin arched shell over
the budy of the queen, as it to eaclude the air, or to hide her
from the observation of some enemy.  These, if not interrupted,
before the next morning, completely cover her, leaving room
«nough within for great numbcrs to run about her,

The King, being very swall in proportion to the queen, generally
coneculy himself under one side of her ubdomen, exeept when he
goes up to the quaen’s hcad, which he does now and then, but not
su frquently as the rest.

0. 1f in your attack on the hill you stop short of the royal
chamber, and cut down about half of the building, and leave
open sume thousands ot galleries and chambers, they will all be
shut up with thin sheets of clay before next morning.  If even
the whole s pulled down, and the different buildings are thrown
in o cvnfused heap of ruins, provided the King and queen are not
destroyed or taken away, every interstice between the ruins, ut
which either cold or wet can pussibly enter, will be so covered as
to exclude both, and, if the animals are left undisturbed, in
about a year they will raise the building to near its pristine size
and grandeur.

%1. The marching Termitcs are not less curious in their order
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than those described hefore. This species seems muﬁ scarcer
and larger than the Zermes bellicosus. They are little known to
tho natives. Smcathman had an opportunity of observing them
by mere accident; one day, having made an excursion with his
gun up the river Camerankoes, on his return through the thick
forest, while he was sauntering very silently in hopes of finding
some sport, on a sudden he heard a loud hiss, which, on account
of the many serpents in these countries, is a most alarming
sound. The next step eaused a repetition of the noise, which he
soon reeognised, and was rather surprised, seeing no covered ways
or hills.  The noise, however, led him a few paces from the path,
where, to his great astonishment and pleasure, he saw an army of
Termites coming out of a hole in the ground, which could not be
above four or five inches wide.  They came out in vast numbers,
moving forward as fast scemingly as it was possible for them
to march.  In less than a yard from this place they divided
into two streums or columny, compused elnefly of labourers,
twelve or fifteen abreast, and crowded us elose after one another
as sheep in a drove, going straight forward, without deviating to
the right or the left.  Among these, hore and there, one of the
soldiers was to be seen, trudemg along with them in the same
manner, ncither stoppimg nor turnmg: and as he earried his
enormous large head with apparent digliculty, he appeared Jike a
very lavge ox amongst a tlock of sheeps While these were
bustling along, a great many soldiers were to be sean spread
about on both sides of the two lines of march, some a foot or two
distant, standing still or sauntering about as if upon the look-cut
lest some enemy should suddenly come upon the workers. But
the most extraordinary part of this march was the conduet of
some others of the soldiers, who, having mounted the plants
which grow thinly here and there in the thick shade, had pluced
themselves upon the points of the leaves, which were clevated ten
or fifteen inches above the ground, and hung over the army
marching below,  Every now and then one or other of them beat
with his fureeps upon the leaf, and made the same sort of ticking
noise, which he had so frequently observed to be made by the
soldier who acts the part of surveyor or superintendent, when the
labourers are at work repairing a breach made in one of the
common hills of the Termites bellicoss.  This signal among the
marching white ants produced a similar ettect ; for whenever it
was made, the whole army returned a hiss, and obeyed the signal
by inercasing their pace with the utmost hurry. The soldiers
who had mounted aloft, and gave these signals, sat quite still
during the interval (except making now and then a slight turn
of the head), and scemed as solicitous to keep their posts as
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r gular sentinels. The two columms of the army joined into one
about twilve or fifteen paces from their separation, having in no
part been above three yards asunder, and then descendat inte the
carth by two or three holes.  They continued murching by him
for above an hour that he stood admiring them, and weemed
neither to merease nor diminish their numbers, the soldicrs only
cxepted, who quitted the line of march, and placed themselves
at different distances on each side of the twa columns ; for they
appeared much more numerous before e quitted the spot.  Not
ovpeeting to see any change m ther march, and being pinched
tor e, the tide boing nearly up, aod s departare being tixed
2t laghewater, he qantted the scene with seme regret, as the
cheervation of @ day or two mizht have aftorded him the oppor-
tanity of oxplomng the roen and nee ity of their marching
with snch cypedition, as well as of diseovering their chief settle-
ment, which 1s probably budt m the same moanwer as the large
Lds betare deserthod, T <ot may e farzer and more curious,
as these 1nseets wer ot least one=third larper than the other
socovs and eonsequently therr baddings must he more wondertul,
i possible L thus mueh s eertaing there must be some tixed plaee
for therr ke and queen, and the young ones. O these species
he did nut soc the porfoet 1mseet,

In fine, althoush the curtous and intorosting habits and manners
which have ban here desertbed have boen well aseertaimed
and acenrately obsorved, naturaists are not vt agread as to
the true physiolagical charaeters of the most numerous of the
classes composing these commumnities, That the tweindaviduals
called the hing and queen in the preeeding pages, are perfeet
mscets, doprived of  thar wings, seems to be on all hands
admitted . and that they are kept for the speaal purpose of pro-
pagation, and honvured as the common parents, is also eertain.
But the true character of the multitude of workers and soldiers iy
not so claar. Latralle inferred that the workers of Smeathman
consist of tin larvic and pupw, which later pass into the perfect
state, assuming wings, and swarm in the manner already described ;
and that the soldicrs are an order apart, which never assume the
perfect state, and  are incapable of reproduction. To this,
Burmeister objeuts, that there is no instance in the whole animal
world in which the undeveloped young labour for the old: and
therefore doubts thut the workers can be larvee or pupm ; to which
may be added, that these so-called larvie still retain their form
when the winged individuals appear, Huber also doubts that
the soldiers can be properly called neuters, and Kirby thinks they
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aresprobably male lurvie. Westwood suggests that the soldiers
as well as the workers remain wingless without changing their
form, their development stopping short before arriving at maturity,
and thercby some individuals acquire that enlarged head which
distinguishes the soldiers, and that the real larve of the com-
paratively few specimens which ultimately become winged, are as
yet unknown.

These vague and  discordant conjectures of naturalists so
eminent, show how much still remains to be discovered of the
physiology of the White Auts.
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THE SURFACE OF THE EARTH.

—59, Africa.—60. Its climatological zones,—61. The Tell aud
HSahara,—62. Valley of the Nile.—63. The central belt.—64. The
fourth gone.—65. The southern zone.—66, The coasts.

1. Origin of the name.—The division of general instruction to
which the description of the surface of the earth has been con-
signed, is culled Geography, from two Greek words 7 (ge) the
carth, and y.dgw (grapho) 1 deseribe,

2. Preliminary knowledge.- -The globular form of the earth,
--its votation every twenty-four hours on its axis,—its poles and
cquator, the imaginary lines upon it culled meridians and purallels,
-—latitudes and longitudes by which the positions of places
relatively to the equator and to each other are expressed,- the
methods of asecrtaining these positions for all places,—the division
of the globe into the northern and southern hemispheres by the
cquator, and intv the castern and western hemispheres by the
meridian of Greenwich,—have been severally explained in our
Tracts on the ** Farth" and on * Latitudes and Longitudes.”
All these points constitute indispensable prelimivaries to auy
clear or satisfuctory knowledge of geography, and we shall there-
fore ussume in the present Traet that the reader has already
beecome fumilir with them,

3. The distribution of land and water on the surfuce of
the globe forms the fiest step m geographical hnowledge,  The
entire terrestrinl surface measures about two hundred millions of
square miles.  Very nearly three-fourths of this is covered with
water.  The whole surtuce would be so if it were uniformly level.
But being unequal, some parts being more clevated, ard others
less so, the water, in obediened to the law of gravity, settles upon
the lower leveds, leaving the more dlevated partsdry. It is thus
that the Almighty has ** gathered the waters inte one place,™ and
made *“the dry lund appear,” and to the ** gathering of waters”
has given the name Seas.

Lund ix therefore nothing more than the summits and devated
plateaux of vast mountains, the bases of which are at the bottom
of the water which thus covers three-fourths of the sarface,

4, The undulations of the terrestrial surface arc extremely
diversified and irregular, and sinee the distribution and outlines
of the lund are determined by them, the latter are equally
various and complicated.  The dechivities by which these elevated
parts slope downwards, determine the lines aceording to which the
waters of the sca wash them, and these outlines give those
peculiar forms and characters to the land, the deseription and
knowledge of which forms a large part of geography. A system
of terms hus been invented by which these various forms are
expressed and clussitied.
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5. @cographical Terms. —Although these terms do not
slways admit of rigorous detinition, and their application is
often more or lesx arbitrary, they are nevertheless ¢minently
n~ful, and indeed essential to the acquisition of u general
wnnwledge of geography.

6. Islands are tracts of land surrounded by water.  The term,
however, is generally limited to tracts of not very considerable
atent. When very small they are often called dulex or dslets,

The distribution of islands is not uniform.  In some purts they
are thackly clustered togethor within u limited extent of water,
\ part of the sea thus spriukled with islands is called an archi-
7 lagn,® o name which was timt apphied to the JEgnan Sea, which
-oparates Greeee from Asian Minor, but which has been generalised
soas to sienify any portion of the waters of the globe having a
hke o haradcter,

Islunds are found for the most part in the imme diate vicinity
of the cousts of much larger tracts of land.  In this case they are
ovidently parts of such tracts, separated from them only by
valloys, so low that the sea flows through them.  Islands, how-
cver, are also sometimes found in groups, sometimes ranged in
s, and sometimes, though not frequently, rising singly and
1olat d in the midst of the veean.

7. Oontinents are tracts surroundod by water, whoswe magni-
tude boars g considerable proportion to the entite surface of the
<lobe,

It will b ocasily understuod  that this distinetion b tween
olunds und eontinents, depending only on their comparative
magnitudes, must be arbitrary, <o long as no exact hmit s
assigned at which a tract of Lind surrounded by water ceases to
b wn land and becomes u continent,

The tract in the southern homisphere, called Clustralia, was
tormetly classed as an island. More recoutly goographors give it
the t1itle o w continent,

Besides this, thore are only two continents propsrly so called on
the globe, cach of which has vast mugnitude, the one lying in the
castorn, and the othor in the western he misphere.

The Bastern Oontinent, sometimes called the great con-
tenent, 1weludes Furope, Asia, and Africa, each of which has re-
rived the name of continent, though the whole forms one continuous
traet of land, betwen any two points of which it is pussible to
pass without crossing a sea.

* Etymolwirts are not aaresd upen the orgin of this term ; some sup-
posing it to be compreed of @pxos iarchon, chief, and wérayos (pelugos:.
a rea, aud others of Aljaios i <) und wéayos, the Egoau Nea.
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The Western or lesser continent consists of North and South
America.

The great or eastern continent, having been known to the
ancients, is often enlled the Old Ciontinent or the Old World.

The western, having been unknown until its discovery by
Columbus in the fiftcenth century, is often called the New
World.

8. Peninsulas are tracts, noarly, but not altogether, surrounded
by water.  The name is composed of two Latin words, pene,
ulmost, and #sula, an island.

9. Isthmuscs arc narrow necks, by which two comparatively
large tracts are connceted together, Isthmus is a Greck word,
having the same signitication,

The most remarkable examples of an isthmus are presented by
the narrow tracts by which Africa iv connected with Asia, and
South with North America.  The former being called the Isthmus
of Suez, and the latter the Isthmus of Panama. Two towns,
bearing these names, are built, one upon the former isthmus, on
the const of the Red Sew, and the other upon the latter, on the
const of the Pucitie Ocean,

Peninsulas are often thus connected by an isthmus with the
mainlands, 1o which they holong, but not always sa.  The name
peninsula is given to tracts of land which, though partially sur-
rounded by water, are nevertheless eonneeted with the mainland
by traets much tov broad to be entitled to the name of isthmus.
Examples of this cluss of peninsular form are numercus, and
among them muy be mentioned the part of Southern Europe,
which includes Npain and Portugal, called the Spanish Peninsula
(Map 3.); the part of Italy, south of Lombardy and Picdmont,
ealled the Htalian Peninsula : the southern part of tirceee, called
the Hellenic Peninsula {Map 6); India, and numerous other
vimilar masses of land, projecting in a punted form into the sea
(Map 7).

10. Promontory is a name given to u tract of land, of greater
or less elevation above the level of the sea, which juts out from a
comparatively large extent of land, and which therefore is
peuinsular in its form.  The term, however, is usually applied to
tracts of less extent than thoese which are denominated peninsulas,

11. Capes and Meadlands ure promuntories having consider-
able elevation, s0 as to be visible from a great distance at sea.

12, The Reclief of the Land has received different deno-
minations uccording to its varying clevation above the general
Jevel.

13. Plains and Lowlands arc parts of the land not much
raised above the level of the sea, having considerable extent.
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Variou~ names are given to such tracts according to the language
of the country and their condition in respeet to vegetation,  Thus
at exteusive sandy plain, destitute of all vegetation, 15 called &
Desert; an example of such a plain on an immense scale 1s pre-
snted by the Desert of Suhara, in the North of Afriea. Such
plains are called ZLandes in France, Steppes in Russia, and
Llanos, Pampas, Selras, Savannahs, and Pruairies, according us
they are more or less covered with vegetation, 1n North and South
America,

Fir. 1 - Fors o Pl M Lsnd Monncans

14, Plateaux and Tablelands arc extensive level tracts,
placed at considerable elevations above the level of the sea, or
the gencrul level of the surrounding country, a b, iz, 1.

15, Mills are clevations not eaceeding about 1000 feet in
height above the plam at their base, and having an outline
varensly formed . rounded, e, tig, 1.5 ndged, d, tigo 1, or peaked,
as<e, fig, 1, and tig, 3.
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16. Mountains are clevations gencrally execeding 1000 feet
in height, and hkowise subject to a similar variety of forms,
as shown 1 fig, 2.

The application of these terms *“ hills'™ and ¢ mountains” is very
arbitrury, cievatious which receive the name of mountans in one
place buing lower than those called hills in unother.

The formns of mountains are very various, and have an im-
portant relution to their external structure.  Geologists are often
able to determine the character of the rocks of which they consist
by their outline. Thus, when the outline is characternised by
needles rising to considerable elevations, as in fig. 4, the moun-
tainous mass cobsists of the rocks called Gmeiss. Such peaks,
which are frequent upon the chain of the Alps, are called needles,
teeth, and horns. Mountiins are sometimes columnar in their
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structure, as in fig. 3, resembling fortifications scen from a
distance. In this case they are usually formed of calearcous, that
is, limestonc rocks. Mountuins composed of the same rocks also

Fig 3. g 4. Fig. 5. Fig. o,

Various torms of Mountains,

frequently assume the form shown in fig. 6, as if they were cut
into steps forming a scries of horizontal stages one above the
other,

Mountains which assume the peaked or conical form, with a
cavity or cup-like depression at their summits, are always of
voleanie origin,
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Fig. 7.— Batren Waland in Bay of Bengnl.

In fig. 7, an example of this is presented in the case of Barren
island in the Bay of Bengal, consisting of a voleanie cone, 1848
feet high, which is frequently in a state of cruption, surrounded
by other peaks of similar formation.

17. Systems or Ohains of Mountains consist of series of
mountaing, of varying elevation and form, which are often con-
tinued over the whole extent of a continent.

18, Oceans.—The configuration of the sea, determined by the
form of the lines in jwhich it unites with the land, nwessn.nl\
corresponds with the configuration of the land, :md such form
are expressed by a system of geographical terms of correlative
signiSeation.

What a continent is to the land an ocean is to the water. This
term, therefore, significs a vast tract of water, unbroken, for the
most part, by any tract of land.
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Owing to the peculiar distribution of land and water on the
globe, 1t follows that, strictly speaking, there is but one great
ocan, between all points of which there ix a continunus water
communication. Nevertheless, geographers have found it con-
vement to divide this vast collection of water nominally int.
several distinet oceans, as will be explained hereafter.

19, Seas. -The term sea is apphed to tracts of water one
degree inferior in magnitude to the oceans, which are generally
limited and enclosed between continents or large islands.

20, Gulfs are large inlets of the sea partially enelosed by lund.

21. Bays are nearly the same as gults, but generally smaller.
Like other geographical tcrms, these howeser are arbitrary and
indefinite, some inlets calll bayvs heing wreater than others
called gulfs,

Gults und bay ~ are the analogues of poninsulas and promontories.

22, Straits arc narrow necks of water conneeting tracts of
greater extent, A strant s, therefore, the analogue of an isthmus.

A strait is often but improperly called by the plural term
strate ; thus the Strait of Gibraltar is frequently denominated
the Straits of Gibraltar.

2. Channels are narrow tracts of water flowing between
opposite cousts that are nearly parallel, and are much wider than
straity,

24. Roads and Roadsteads are tracts of water sheltered by
adjucent lands trom violent or dangervus winds, having sufficient
depth for safety, and not too great depth for anchorage. They are
stations where vensels ure accustomed to lie at anchor.

25. Manks and Sandbanks are parts of the bottom which lie
&0 near the surface as to be attended with danger, and in places
much affected by tides are often uncovered at low water.

26, Recfs are sunken rocks, which rise so near the surface,
that the waves in passing over them are broken into foam,
which thus render their presence manifest to mariners. In o
<alm wa, however, as there i nothing to indicate their presence,
they arc a great source of danger to the navigator.

27, Soundings.—The depth of the sca is found by a sounding-
line, which is a cord of sufficient length, to the extremity of
which a heavy piece of lead is attached. Upon this cord knots
arc made at intervals of five fathoms, the number of knots counting
from the lead being indieated by visible marks, The lead is
let down into the sea from the deck of the ship; the sounding-
line to which it is attached being coiled round a eylinder, or
reel, which turns freely on an axle. Two seamen hold up the
recl by handles at the extremity of the axle, while another
ubserves the line passing over the bulwark of the vessel. The
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leuden weight sinking in the water draws with it the line, which
thus unrolls itself from the recl, and this continues until the lead
strikes the bottom. When that takes place tho reel ccases to
revolve and the line to sink, and the scaman who observes the
sounding, notos the number of the knot which is nearest the
surface, and thus obtains the depth, which is always expressed in
futhoms,

The lcad, suspended from the extremity of the sounding-line,
is cup-shuped at its lower end, and grease, technically named the
arming, is put into the oavity, so uas to be capable of taking up
hy adhesion a portion of the shells, sund, or other substance, which
is ut the bottom, with which it comes into contact. This being
drawn up, the navigator is informed not only of the depth, but
of the quality and character of the bottom, which often serves
him ax u guide to his position.

In this manner surveys are made of the bottoms of all seas
which are much nuvigated, und charts are drawn and engraved,
upon cach part of which is marked the number of fathoms of
depth in the corresponding parts of the sca, and frequently the
charaeter of the bottom,

It happens fortunately that the general depth of the oceans and
open sean is 8o considerable us to be attended with no denger to
navigation. Such charts, therefore, as are here deseribed are
only necessary for navigation in enclosed seas and tracts of water
neur to consts,

28, Lakes arc sheets of water, of greater or less magnitude,
completely surrounded by land, and having ne superticial com-
munication with the sea. They are, therefore, to the water what
an island is to the land, und, like an island, the name 1s generally
restricted to magnitudes which are not very great. A lake of great
magnitude is generally called an inland sca.

Like other geogruphical terms, these, however, are arbitrary ;
sume sheets of inland water called scas being less than others
called lakes,

20, Rivers are large streams of fresh-water, formed by the rain
which fulls on clevated parts of the lund, descending the de-
olivities in streams, which, gradually uniting one with another,
form at length a large course of water, which receives the name of
a river.

30. The Bed of a River is a groove formed in the land. de-
sconding in a direotion varying with the level of the surfuoe,
until it reaches the ovast, where its water is discharged into
the sea.

31. The Banks of a River are the land which confines its
course on cither side, and are distinguished as the right and left
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bank-, that which is to the right in deacending the river, being
ealled the nght bank, and the other the left bank,

#2. Tributaries, or afluents, are the streamsx which flow into
a myer on one side or other of its course. In the larger rivers
these tributaries themselves are often considerable rivers, and
receive along their course subordinate tributaries.

By reason of the common tendeney of water to find the lowest
level, rivers flow along the bottoms of vaileys, and their winding
courses, often very complicated, are determined by the varying
direction of these vallexs.  Their tnbutaries run along the
bottoms of smaller valleys, interseeting that of the prineipal river
at various angles,

34. The Walley, along the bottsm ot which a great river flows,
usually recoives its name from that of the river, and is often of
vast extent: the dechivities which form 1ts sides sometimes
measuning hundreds, or even thousands, of miles,

3. Watershed is the name given to the declivities which
thus determine the tributaries of @ great river, and the whole
extent of the valley 1s sometimes ealled the basin or hydrographice
rezion of the river,

45, Delta.-—A great river, in approaching its mouth, often
divenns 1nto different channels, forming angles with each other,
and thus discharges itself into the sea by two or more mouths,
These diverging branches are called a delta, from a fancied
resemblance, presented by the two extreme branches and the
hue juumng the two extreme mouths, to the Greek letter a8,
delta.

35. Bstuaries.—-The mouths of rivers are often placed in inlets
of the sea, where the tide ebbs and Hows, so that the waters of
the sea alternately enter the mouth of the mver and retire from
1t with the rise and fall of the tide, mixing with the water of the
niver, aud thereby producing a constant state of ayritation in the
water of such an inlet.  The name estuary has accordingly been
#iven to ~uch shects of water, trom the Latin word estus, signify-
g the agitation of water such as that here deseribed.

37. Firthe.- The name tirth, also written frith, is some-
times given to estuaries : this term, however, is more particularly
applied in Scotland.  Thus the estuary of the river Forth, which
lies between Fifeshire and Edinburgh, is called the Firth of
Forth,

The term firth or frith is gencrally assumed to be taken from
the Latin word fretum, a strait or narrow neck of the sea.
Mr. A. K. Johuson, however, considers it to be derived from the
Scandinavian term ford, pronounced fiurth, which has the same
signitication.
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The principal terms composing the geographical nomenclature,
and expressing the forms uffeeted by the outlines of land and
waters, and the forms of relief produced by the varying elevation
and depression of the surface of the land, being clearly under-
stood, a general description of the globe we inhabit, as it is
diversified by land and water, and by the undulating surface of
the former, will be casily rendered intelligible.

Il ~ARANKIA AND PERSNA

THE GREAT EASTERN CONTINENT.

38. Xts extent and limits.—This vast tract has an oblong
form, as already indicated ; its extreme length being somewhat
more than twice its cxtrome breadth., It is included between 20-
west and 10 east longitude, and between 35° south and 75°
north latitude. Nearly its whole cxtent lies therefore in the
northern part of the eastern hemisphere. A small portion of the
north-western part of Africa, including Morocco, juts into the
western hemisphere, and the southern promontory of the same
division of the great ocontineut, terminating in the Cape of Good
Hope, projects into the southern hemisphere.

This continuous tract of land consists, asis well known, of three
unequal divisions, which, though not detached one from another
by ses, have received the name of continents. The smallest of
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these 10 magnitude, but transcendently the most important in
ita social and political character, is Et Rove, which vecupics the
nosthwest corner of the great continent, being separuted trom
Africa by the Mediterruncun Sea, and from Asia by & low (hain
of mountaing called the Urul, a river of the same name, che
4aspan Sea, a great sheet of iuland water, into which this river
discharges 1tself, and the Black Sea,

49, Xts divisions.- If the whole superficial extent of the
areat continent be supposed to consist of vight equal parts, the
ares of Europe will be one of these parts, that of Africa three, and
thut of Asia, which corvers the remainder, four.

Africa is divided from Furope by the Mediterranean Sea, and
trom Asia by the oblong tract of water, directed N.N.W. and
SR.E. called the Bed Sea. This sea 18 conneeted with the
Indian Oceun, lving to the cust of Africa, and the south of Asia,
by a narrow neck of water, called the Strait of Bub-cl-Muandeb,

"40. The Mediterrancan sca, which torms one of the most im-
portant features in the western part of the creat continent, lies in
a dircetion nearly east und west, and conununicates with the
Atluutic Ocean by a narrow neck of water, interposed between the
southern point of the Spanish peninsula, and the north-western
corner of Africa, ealled the Strait of Gibraltar, from the rock
of thut name at the point of Spain.

11. Relief.—The relict ot the surface of the great continent is
churacterised by an elevated ridge, the general direction of which
1 puralle] to 1ts longitudinal axis, and is conscquently F.N.E,
and W.5. W, very nearly, but the summit of this ridge is much
nearer to the southern than to the northern voast of the continent,
s that it divides its arca very uncqually.  The deelivity, therefore,
which <opes to the southern coust, 1» much more rapid and
shorter than that which extends to the northern coast.

12, Its northern belt.—The northern division consists of a
wreat belt ot flat surface, beginning with the plains of Holland
ut the wust, and terminating with the deserts of Siberia at the
cast, being only interrupted by the chain of Ural Mountains,
running north and south at the confines of Kurope and Asia.
Except where human industry has redeemed it, and brought it
under cultivation near its western extremity, the characteristic
of this plan is that of marshiness and insalubrity.

13. The southern belt —The more limited plain south of the
ridge-summit, already mentioned, commences at the west with the
great African desert of Sahara, and stretches with little inter-
ruption across Arubia, Persia, and Northern India, to the shores
of Kamtschatka.

41. Prevailing mounatain. chains.—The varicus mountain-
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chains, the combination of which forms the main ridge of the
great continent, commence with Mount Atlas and the Pyrennees
ut the extreme west, and are continued by the Alps and the
Himalaya to the Altaic mountains at the extreme east.

4J. Outlines of Burope; their adaptation to Gommerce.—
The most striking geographicul feature by which Europe is
distinguished from the other parts of the great continent, cunsists
in the numerous und extensive inlets of water by which it is
penotrated and intersected in all directions,  No equal extent of
land in uny purt of the globe presents a like phenomenon, and to
this, us much as to its temperate climate, must undoubtedly be
aseribed the immense pocial, commercial, and political predo-
minance which it has acquired and maintained. By this reticu-
Intion of inlund seus, gulfs, bays, and straits, navigation and
commeree arrive within short distances of all its internal centres,
and its vast extent of consts is studded with eities and towns,
und sheltered ports und harbours, which become 80 many em-
poriums of commerce, und centres and sourees of wealth and
civilisation.

46. White Sca.—At its extreme north, Furope is penetrated
by un enclosed sheet of water of great mugnitude, called the Whate
Nen.  On the west, the Baltic enters 1t, ramtying in different
dircotions, throwing out north and west the gulfs ot Bothma and
Finland, and sprinkled with islands and vast peninsulas, which
form kingdoms of great mmportance, such as Denmark.

47, Morway and Sweden are formed into u great peninsula,
separated from the continent by a broad neck of land, included
between the North Sea on the west, and the head of the Gulf of
Bothnin on the cast.

48. British Isles.—Neatrly opposite the mouth of the Baltic,
und the north-western point of Franee, are pluced the British
Isles, separated from the coust of Holland and Belgium by the
German Ovean, and from that of France by the English Channel
and the Struit of Dover. These islands, combined with the sub-
ordinate ones with which they are surrounded and skirted, such
as the Shetlunds, the Orkneys, the Western Isles, the lules of
Man und Anglesen, the Seilly, and the Chunnel Islands, may be
considered as forming an archipelugo, the principal divisions of
which are richly intersected by chauncls, buys, and gulfs, which
have s favoured navigation, us to cnable the British nation to
attain aud muintain that commervial and naval pre-eminence,
for which she has su long been celebrated.

49. France, the most important and powerful of the European
states, oooupics the centre of Western Europe.  Her territory is se-
parated on the east from those of the German states by the Rhine,



THE DIVISIONS OF EUROLE,

from that of Switzerland by the chain of the Jura, from ltaly by
the Alps, from Africa by the Mediterrancan, and from Spain by the
Pyrenees.  On the west it is limited by the Atlantic, and on the
north, 1n the absence of any natural boundary, is divided frum
Belgum by a frontier settled by political eonventionm

5. Spain and Portugal occupy u portion of land having the
pemmnsular form, the neck by which it is connected with the con-
tnent extending from the Bay of Biseay tu the Gulf of Lyons, and
being traversed by the chain of the Pyrenees.  This neck of
laud, 80 much nurrower than the general width of the Spanish
peninsula, is nevertheless much too wade to entitle it to the nume
of an isthmus,

In the geography of Purope the tract thus occupied by Spain
and Portugal is usualiy called the Peninsula, withont other
desigmation,

51. Italy.— The southern part of [taly projects into the
Mediterranean Sea in the form of an oblong traet of lund, having
at its southern extremity a smaller tract nearly at right angles to
1t : the outline of the whole presenting a striking resemblanee w
a hoot.  The Italian territory, howeser, occupies & wide extent of
land north ot the boot, enclosed on the north by the chain of the
Alps.  This northern part of Italy includes the territories of
Veniee and the Milunese, called Lombardy, at present part of
the Austrian empire, and the kingdom of Sardina.  That part of
the Itahan territory forming the boot, being nearly surrounded
by water, with the Adriatic on one side and the Mediterrunean
on the other, is distinguished as the Italian Peninsula,

52. Sicily.- -Immediately at the toe of the boot, and separated
from it by a narrow noek of water, eelebrated an history as the
Strait of Messina, 15 the fertile and beautiful island of Sieily, one
of the most remarkable features of which is the voleano called
Mount Etna,

33. @reece projects into the castern end of the Mediterranean,
having, like Italv and Spain, the peninsular character. These
three tracts have been noticed even by ancient geographers as the
Spanish, Italian, and Hellenie peninsulas.

4. Archipelago.—The arm of the Mediterranean which,
turning to the north, intervenes between the Hellenic peninsula
and the coast of Asia Minor, thickly sprinkled with islands, is the
Archipelagn or ancient ¥gman Sca, from which all other tracts
of water of a similar character have taken their name.

35. Dardanelles and Bosphorus.—The Archipelago is con-
nected with the great inland sea, called the Black Sea or the
Euxine, by a narrow neck of water, consisting of two straits,
between which lies a wider strip of sea. The strait which is next
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the Archipelago is called the Dardanelles, the ancient Hellespont :
and that which is next the Black Bea, the Bosphorus ; the inter-
mediate water being called the Sea of Marmora.

36. The Black Bea is nearly enclosed by land, but eom-
municating ‘through the Bosphorus with the Archipelago and
the Mediterranean, it cannot properly be considered as a lake.
Its water is, nevertheless, much less salt than that of the ocean,
and it is consequently more readily frozen. Its depth near the
shore varies from 24 to 220 fect, and in the middle is more than
1000 feet.

57. Bca of Azof—This sca communicates with a smaller one
north of it, called the Seca of Azof, by a narrow neck of water,
called the Strait of Yenckali. A tract of land nearly surrounded
by the waters of the Black Sca and the Sea of Azof, and conneeted
with the continent by a narrow neck of land, is ealled the Crimea;
the connceting neck being ealled the Isthmus of Perikop,  This
peninsula has been eelebrated for the fortress of Sebastopol ereeted
by Russin near its southern extremity, and destroyed in 1855 by
the allied armies of France and England.

58. The Oaspian.- Near the southern contines of Furope and
Asia ix the largest lake in the world, called the Caspian Sea,  Its
water is salt, but much less so than the ocean, and it is shallow,
even af its eentre, the depth not exceeding 300 feet,  That it can
have no immedinte and uninterrupted subterrancan communication
with the Black Sea, which is near it, is proved by the fact that
the level of its surface is 82 feet below that of the latter sea.

59, Africa ix an immense triangular-shaped tract of land, the
base of which is presented towards the north, and the point to the
south. Its const is everywhere nearly uniform, and entirely
destitute of those indentations for which Furope is so remarkable.
It projects southwards into the great ocean, which it divides into
two regions, of which the western is ealled the Atlantie, and the
castern the Indian Ocean.  As has been already stated, Africa is
sepurated from Asia by the Red Sea, except at the point where
they are conneoted by the narrow isthmus of Suez.

This division of the great continent is, beyond all comparison,
the most uncivilised and desert portion of the globe. It includes
a vast range of country, extending from the northern to the
southern tropie, and lying, therefore, altogether in the torrid zone.
By reason of the great extent of desert of which it consists, the
insalubrity of its climate, and the barbarous character of its
inhabitants, it is little known to Europeans.

60. Its Climatological Tones.—-It may be considered as con-
sisting of a suocession of zones, scparated by parallels of latitude,
having ditferent physical characters.
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61. The Tell and Sahara.—The northern zone, included be-
twevn the ridge of Mount Atlas and the Mediterranean, i« a band
of fertile country, generally called the Zel/, probably from the
Latin word feldus, the carth, South of this is a vust band,
runtiag cust and west, about 1800 miles broad, comprising Sahara
or the great desert.  This extensive surface consists of tracts ot
<andy aud stony svil, rurely producing vegetation, and, when it
does, uf the most seanty deseription, with the exeeption of eertain
spots uppearing here and there in thic ocean of desolation, like
islands of fertility.  These are ealled Oases, and depend for their
productivencss on loeal springs,

2. Walley of the Mile. -0n the west this desert not only
descends to the vorge of the oeean, but 15 continued with the same
charscter for many miles beneath its surface and beyond the
coust.  On the vast, it deseends by o series of sterile terraces
to the wvalley of the Nile, where the woil suddenly acquires
a high dogree of fertility, whieh character 1t retaims throughout
the whole extent of country between the Nile and the Red Sea.
‘The antire valley of the Nile, from the skirt of the Desert to the
bt and from the nght bank of the river to the Red Sea, has
been cddebrated nancient hastory for ats general fertility, a
churacts r, nevertheless, which s not altogether without exceeption,
an oxample of which is presented in the tract over which the
route between Cairo und Suez is condueted.

G5, The ocentral Belt of Africa, immediately south of the
great dosert, has quite a ditfirent character, being both fertile
and populous.

4. The fourth zone, lying south of this, is almost unknown,
acept on its seaboard. 1t 1s supposed to consist of an extensive
and clevated table-land, with lofty mountsin-rauges rising out
of a1, from which character it as distinguished in pgeography as
lligh Atrieca.

3. The southern zone of the great African peninsula con-
sists of @ triangular arca, the vertex of which projects into the
Southern Oecan, and is terminated by the celebrated Cape of
Good Hopeo  This part is diversified by hill and valley, and is
naturally fortile, supplying eatensive pasturages.  The native
trile~s which inhabit it arc the Hottentots and Caffres. The
English ¢oluny, originally Dutch, has been generally confined to
the svutherumest part of the angle, but has a constant tendency
to push their territory further north, thereby coming into contact,
and frequently into conflict, with the natives.

66. The cousts--It has been already observed that the coasts
of Africa are singulurly destitute of all projections and indent-
ations, and, consequently, ill-adapted for commerce. For the
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same reason, there is a remarkable absence of those numerous
islands which cnrich all coasts deeply indented, which considered
in their physical character arc in fact parts of the mainland,
scparated from it by valleys so deep as to allow the sea to
flow through them. Madagasear, on the east const, is the only
African island, There arc a few islands of much less magmitude,
called the Comano lslands, between Madagasear and the coust.
Most of the other islands which appear in the Indian Ocean are
oo distant 1o be regarded ax mere appendages of Africa,
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and Rocky Mountainx.-~92. Cordilleras and Andex. --93. Anden of
Patagonia and Chili.—94, Andes of Bolivia and Peru.—95. Cordil-
leras.—96. Potowi.—07. Pampas of Patagonia and Buenos Ayres.--
98, Felvax of the Amazon. 99, Llanos of Orinoco.--100. Alleghanies,
—101. Eastern plain of North America.—102. Great valley of the
Mingissippi. -1038, The Prairies. —OQUTLINES oF TOE LAND, 104, The
prevalence of the peninsular form.-- 105, The South American penin-
sula, --106. The North Ameriean peninenla. 107, The West, Indian
archipelago. 108, The peninenla of Florida.— 100, Lower California,
—110. Gregnland. - -111. Africn, —112. Austrulin.—113. New Zea-
Iand.—— 114, Similar tendency in smaller regions.—118. The Spanixh
peninsala. — 116, The Nalian peninsula. 117, The Hellenie penin-
sula. 11K The Crimea.-- 119, The Seandinavian peninsula.—- 120,
European peningula. - 1210 The Indian peninsula.—122, Further
Indin. 123, Hemisphere of most land.—Rivers.—124. Formution
of rivers. -- 125, Elfeet of a single ridge 126, Example in the eastein
continent.-- 127, Example in Sonth America.---128, Effeet of purallel
ridges, 1200 Chief tributaries considerable aivers 130, Example
of Miskouri, 131, Trifling clevation of watershed,— 132, Portage. -~
133, Examples of rivers in North Ameriea. 134, Kastern rivers,
185, Western rivers. 186 The Mississippi and its tnibutaries - -
137. Valley of the Mississippi.- 135, Red River, Atkansas, Ohio,- -
139, St. Louis,—140. Hlinos,

67, Asia, contituling in  geographieal extent fully hali the
great'continent, aud oceupied by a population numbering half the
total amonnt of the human race, is in many respeets an interesting
quarter of the globe, 1t is in immediate geographical eontinuity
with Burepe, separated from Fgypt only by the narrow strip of
water called the Red Sea, and conneeted with it by the isthmus
of Suez, und separated on the cast from the American continent
by the narrow neek of water culled Bebring Straits.  Its castern
coust is fringed with innumerable islands, and indented by large
buys and gulfs; and its southern points are in a ecrtain scase
connected with the new continent of Australin by the archi-
pelago which intervenes between the ludian and Paciic Occans,
of which the most considerable islandx are Sumatra, Borneo,
Pappua, and Java. The equator traverses the middle of this
archipelngo, the whole extent of which is included between 20

of north and 10 of south latitude.

68. Its platcaux.--The mainlund of Asia consists of two ex-
tensive plateaux, each of which is limited and intersected by
mountain-chains, from which the surface falls by a succession of
slopes and terraces to the level of the lowlands.

G9. The castern plateau, which is the most elevated, includ-
ing Thibet and the desert of Gobi or Shamo, has an elevation
varying from 4000 to 15000 feet above the level of the sea.

This great tablelund has for its southern limit the Himalaya
chain, for its northern the Altai, and the chain called Thian. On
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the: west 1t is limited by the Bollortagh, and on the cast by
hain running directly north from Pekin called the Khingan
mountains,

7. Its physical character. - The physical character of
thas vast plateaun may be in some degree comprehended, when 1t
i~ otated that 1t consists of three-fourths of a millivn of squar
mitles of snrfaee, having a general clivation greater than that of
the moxt lofty mountain-ranges of Lurope,

Thix plateaa deseends towards the north by gentle slopes, so
as to eonvert the (xtonsive zone of surtace ulong the northern
coast wmito a vast plain, the general elevation of which above the
surface of the sea docs nat oveeed o few hundred oot

o the south und south-vast side s, the great plateau advaneing
comparative ly elose to the coast, the deseont is mueh more rapid.

1. The western  tableland (mbraces the tract between
the Caspran Sea and the Porsian Gl on the north and south,
and the river Indus on the cast, 1t docs not exeead 1000 fiet in
lovation, and s generally less. Thas traet, called the tabicland
ot Iran, the ancicnt Porag i pow diviled into Cabul on the
cast, and Persia on the west, Sretehing e the dircetion of
the north-west to Asia Minor, it slopes gradually down to the
archipdcdago.

72. Briush India: Dekkan plateauw. One of the geogra-
phical fcatures of this division of the grout continent is the tri-
angular projeetion which juts down into the Indian Ocean, and
constitutes the chiet part of the terntory of  British India,
This ulso consists of a plateau, of modorate elevation, called the
tabicland of Dekkan.  Between this, which covers the whole
extent of the peninsula and the Huwalya mountains which
run st and west, is a plain of Jow dovation, called the plain of
Hindeostan, forming he valley along which the Ganges, with its
tributaries, flows from west to cast, forming 1ts delta, and dis-
charging steelf into the Bay of Pengal, at the northern extromity
of that pulf near Calentta.  The western pertion of the same
plain slopes towards the Arabian Rew, nud is the valley similarly
drained by the Indus and its tributaries,

“3. Australia. formerly called New Holland, is an insular
ma~s, whose extent and importance are such that it has ceased to
Le called an 1sland, and is now generally ranked as a continent.
It i placed south of the line between latitudes 13- and 40 .
Near it are several other islands of less magnitude, the principal
of which is New Zealand.  South of it is a smaller island, formerly
called Van Inewen's Land, and now denominated Tasmania.

“4. Australasia. - The group consisting of Australia, Tas-
wania, New Zealand, und the smaller islands near them, are
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called by modern geographers Australasia, being the most con-
siderable tracts of land in the southern latitudes. The various
islands sprinkled in countless numbers over the Pacific Ocean,
comprising Australasia itsclf, have reecived the gencral name of
Occania.

76. Polynesia..- Those which lic between the Indian Archi-
pelago and the western eoast of America, taken collectively, have
been ealled Polynesia,

76. British Oolony: its tcrritory and physical features.—
From the circumstance of the recent gold diseoveries, and the con-
sequent emigration from the United Kingdom to Australia, this
eolony has acquired a greater interest than any which its mere
goographical pretensions could elaim for it It may therefore
be desirable here to notiee its physieal character and eonditions.

Notwithstunding the immense immigration which has taken
place, and the excitement attending the mineral rescarches, of
which it has become the theatre, the surface of this great island
has been but very imperfeetly explored,  One of the most remark-
able and geographical eharacters it prosents ds the complete
ubsence of Jarge nuvigable rivers, and the uniform outline ot its
coast, which has no indentations fornimg bays, gulfs, or other
inlets, It is surrounded by a chain of mountains, the sum-
mit-ridge of which is from 30 to 40 miles from the shore.  The
chain running along the eastern coast, which is best known,
is called the Australian Alps at the eaxtreme south, the Blue
Mountains near Sidney, and the Liverpool chain towards the
north,  From the slopes of these mountains a few small rivers
descend, which are so inconsiderable as to be nearly dry in
summer. The interior eonsists of a series of low plains, which
include good pasturages, and large tracts covered with sand and
shells, which have an appearance such as would be presented by
a surfuce from which the sea bad reeently retired.  Some consider-
able streams have been seen in the interior, but whether they tlow
into an inland sca like those whieh run into the great Asiatic
lake, or are absorbed by the sands, has not been ascertained.

One of the most curious physical characters connected with this
island is the existence on its north-castern coast, at a distance of
from 20 to 70 miles, of the longest coral reef in the world, measuring
about 1200 miles in length, and rising out of the bosom of a sea
said to be fathomless.  The breadth of this reef varies from a few
hundred yards to several miles,

77. Ita climate.—When it is remembered that the extreme
latitudes of Australin are 15 and 40°, it may be expected that its
climate must be mild and salubrious. With a drier atmosphere
it has all the thermometric characters of Southern Italy. The
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vegatation seems to be maintained by the deposition of dew, for
¢ wftin happens that antervals of several years elupse without
rain  When ran docos veeur, however, 1t s periodic, and prevails
thvugh three months,

IS, Wegetable productions.- -The natural vegetable  pro-
au tems are neither consderable nor usctul; thore 18 nespeetes
of <hible trmat. The troos composinz the woods appear to be of
ene unttorn famaly, the doliage bong seanty and wmost shadow-
Lo Onthe other hund, transplanted ven tation is casily natu-
ralised. Dinstrrets are foand adapted to the cultivation of all sorts
ot gran. but, tor the presont, the mest advantigeous cmployment
ot the sl s tor pasturag,

9. The indigenous ammals are fow, being mostly of the
sauply ot marsupia, sneh as the opossum and hangaroo.  The
most romarhable and anomalous of thes animals s one called
the ormthorhynehus, whieh v a0 sort of conneeting link between
bards and quadrupeds, having the bl and toor of wodaek, and the
body and fur of & mok.

ML Mancrals Gold It iv woll huewn that gold in large
quantities s found e this renons 1t nay be added, however,
that_coul and iren also exist there e inovhaustible quantities, as
\h“ HE nurM« y ll ;Il]. .\n-l c'n”;w.

N1 Aboriginal Tribes. -1l nuative tithes, which appear to
prevatan but hmited numbcrs, are in the Jowest state to which
nature can sink.  They are gencrally nomadic, but sometimes
burld rude villuges, wied sabsist by tishing on the coast,

SNoutterly degradod s thear cmdition, moral and physical, that
many tribes are unprovided with dothing, practise canmbalism,
and arc wholly destitute of socaal and relizrons adeas,

THE WESTERN, ol NEW CoNTINENT.

SN2, Its extent and form.—Like the great eastern continent,
the wostorn s un oblong tract of land, the bongth of which inter-
sceta the parail I of lutitude obliquely, being directed first from
the 8. X k10 NUND WL and then turning castward in approach-
myg the pole. 1t catends from 50 S, lat. to the utmost limit of
polar disenry.

N3, Divisions—8outh Amcrica.- This continent consists ot
two. peninsulss, connected by a narrow tract of considerable
length.  The southern peninsula resembles Africa in its general
outline, having a triangular form, with its base towards the
nurth, and it< vertex to the south. It also resembles the African
eontinent in having coasts but little indented by bays or gulfs,
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but differs from it in being interwected by large and cxtensive
rivers.

84. Central America is the tract of land uniting South America
with the northern peninsula.  Its southern part heing not more
than 30 miles wide, ix denominated the isthmus of Darien or
Panama, o town of the lutter name being on its western coast.

N.—UNITEHE STATKE CANADYL

85. Morth America, like Furope, is indented with numerous
bays, and its northern division has the lurgest collections of fresh
water in the world, consisting of five extensive lakes,—called
Superior, Michigun, lHuren, Erie, and Ontario, which communi-
cate with cach other, and discharge their water through the
River 8t, Lawrence into the gulf of that name.

8. Its cxtont and limits.— North America is separated from
Asia by Behring Strait on the west, and from the large island of
Greenlund by Baflin’s Bay and Davis's Strait on the north and
cast,

A sort of northern archipelagu intervenes between this conti-
nent and Greenlund, into which numerous promontories project,
and the waters of which are variously denominated, the largest
of these inlets being Hudson's Bay.

87. Its politioal divisions.—in political geography North
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America oonsists of several divisions, the eontral part being the
I nited Mtates, the north-eastern British America, the north-
wow rnoangle near Behring Strait, Russian America, anld the part
ternung the southern point, Mexivo.

K. Gulf of Mcxico and Garibbean Sea.—The larze inlet of th

1 enclosed between the northern coast of South Americy, the
wouthern coust of North America. and the castern coast of Mexico
avi Central America, consists of the Gult of Mexico and the
¢ artbhean Sva, its castern part, sprinkled with the West Indian
islundy, torming an archipelago.

K4, Melation between the coasts of Old and New Continent.
- It has been obse ryved by Humboldt, that on comparing the castern
voast of South Mmerica with the wistern coast of Africa, the
sate eorrespondenee s observed between them as is usually seen
i the oppesite sudos of i valley or ravine . from which he argues
that the bottom of the Atlantic, which fluws between these conti-
nents, ought to be regurded as an oatensive valley, the sides of
which, rising to an elevation above the level of the water which
fills i, form the coasts of the two continents. Thus the coneavity
on the Ariean coast, called the Gulf of Guinea, has o correspond-
g convexity on the South Amcrican coast forming the territory
of Braal, and the conveasty at the north-western corner of
Afriea, of which the coast of Morocen forms a part, corresponds
with the opposite concavity formed by the Caribbean Sca and the
Gult of Mexieo. So that it the two continents were moved
towards cach other, and brought into contuct, thair coasts would
ntinte cach other, like the dove-tailed edges of carpentry. The
Atlantie, following the course of this submarine valley, entering
between the Cape of Good Hope and Cape Horn, flows first in a
northorly dircetion, a little towards the vast, next, after passing
the Gult of Guinea, in a north-westerly direetion, and finally,
atter passing the north-western coust ot Ameriea, in a north-
custerly direction,

™). The relief of the western continent is characterised by a
continuvus ridge of considerable elevation, which traverses it longi-
tudinally trum its northern to its southern lunit, lying much
neanr to the western than to the castern coast,

91. Chippewayan and Rocky Mountains.—The part of this
ridge or wountain-chain which traverses North America, com-
meneing at the Frozen Ocaan, is called in its northern division
the Chippewayan range, and in its southern division by the better
known name of the Rocky Mountains.

92. Cordilleras and Andes.— After passing along Central Ame-
rica, this ridge tukes the name of the Cordilleras and Andes,
aad rising to much greater heights, and throwing up vast peaks

151



THE SURFACE OF THE EARTH.

which arc frequently voleanie, it is continued in a direction
parallel to the western coast of the continent, until it terminates
in the Ticrra del Juego, the southern point of which is called
Cape Horn.

93. Andes of Patagonia and Ohili—Between this point and
Chili, returning northwards, the slopes of the Andes deseend to the
waters of the Pacifie, the coust being lined with numerous islands
and indented with arms of the sea, an outline which indicates
the continuation of the mountain range below the waters of the
ocean ; the capes, promontories, and islands being merely the
ridges and summits of the spurs and peaks of the main range,
whose bases are established at the bottom of the occan. Pro-
ceeding northward, the general direetion of the chain takes a
more inlund course, leaving between its base and the sca a long
and flat tract of land, whose coast is no longer broken by the
indentations just described, is completely destitute of islands, and
forms no shelter for navigators,

94. Andes of Bolivia and Peru.—till procecding northward
and approaching the Peruvian territory, the general elevation of
the Andes rapidly increases, and their summits rise to vast
clevations above the snow-line: among these is the Nevado
Aconcagua, having an clevation of 24000 fect, and being the most
lofty point of the western continent.  This peak was originally
voleanie, but within historie record it has not been active.

About latitude 24° south, the chain takes the nmame of the
Peruvian Andes, and here it is at a considerable distunce from
the western coast, from which it is scparated by a sandy
desert.

95. Gordilleras.—North of 21° lat. south, the chain of the Andes
diverges into two or three separate ridges, called Cordilleras,
which are connected at diflerent points by their common spurs
issuing transversely to their directions, so as to form a net-work
enelosing numerous valleys, the bottoms of which are elevated to
u considerable height above the level of the sea, forming in many
cases platenux and tablelands of great extent, the most remark-
able ot which is that of Desaguadero, which measures 400 miles
in length, with a breadth varying from 30 to 60, and a general
elevation of nearly 13000 feet above the level of the sea. Vast
peaks are thrown up from the borders of this immense plateau to
the height of more than 8000 feet above the surface, rising far
above the snow-line,

96. Potosi—Upon this extensive - tableland, whose area is
three times that of Switzerland, stands Potosi, the highest city in
the world, at an elevation of 13330 feet above the level of the
sea, with a population of 30000, This city is built on the
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northcrn deelivity of a mountain called ('erro de Potosi, which is
rich in mineral veins, and especially in silver.

97. Pampas of Patagonia and Buenos Ayres.—Since, as
has been explained, this great chain runs close to the western
coast, it may be expected that a vast tract of plains, or lowa
lands, must extend from the foot of its castern deelivity to
the castern coust of the continent.  This tract in South America
is covered with the deserts and pampas, as they are called, of
Patagonia and Bucnos Ayres, the surface of which is sandy and
marshy, or saline, producing nothing but a scanty pasture and
stunted trees.

U8, Sclvas of Amazon. -Another portion, consisting of
the valley of the great River Amazon, called Sclvas, consists of
a space of more than two millions of square miles, a part of which
is covered with natural forests, and the remainder with grassy
pampas.

99, Llanos of Orinoco.—The valley of the Orinoco, another
division, is characterised by vast flat launds, called Llanos,
covered with long grass, interspersed here and there with palm
trees, used by the traveller in these inhospitable regions as land-
marks.

100. Alleghanics.— Extensive lowlands streteh in like manner
over North Amcrica, between the chain of the Rocky Mountains
and the castern coast.  This division of the continent 1s also inter-
seeted in a direction parallel to the Rocky Mountains, and nearer
to the Atluntic by a chain of much lower hills calied the Alleg-
hanies, which, like the former, extend from the Gulf of Mexico to
the Arctic Occan, enclosing an area of more than 3,000000 of
square miles,

101. Bastern Plain of North America. - Between  the
chain of the Alleghanics and the Atlantic coast is another plain
parallel to the former, of nearly equul length from north to south,
but of less width, The eastern coast is indented and fringed with
numerous bays and crecks, which favour commerce and navigation.

102, Great Walley of the Mississippi—Ihe extensive valley
lying between the chain of the Alleghanies and the Rocky Moun~
tains is drained by the Mississippi, the largest and most important
river in the world, next to the Amazons, which, nevertheless, it
exceeds in length, though inferior to it in the extent and number
of its tributaries.

103. The Prairies.—Among the features which characterive
the land in the western continent, and more especially in its
northern part, the Prairies demand especial notice. These are
vast plains, generally covered by deep herbage, and which form a
level so dead and uniform, that it is impossible to resist the
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impression that they must have been once the bottoms of large
sheets of water, since nothing but sedimentary deposition could
produce a level so uniform. The extent of many of these plains
is so great, that in traversing them points may be attained
from which all the surrounding country will cease to be visible,
so that the prairie presents to the observer a circular horizon, like
that witnessed at sea from the deck of a ship.

As there are, in general, no roads or paths traversing these vast
plains, the traveller who ventures across them can only guide his
steps by a compass, or by the stars.

OUTLINES OF THE LAND.

104, The prevalence of the peninsular form with the point-
ing southwards is one of the most remarkable features in the
configuration of the land. The angular point is also generally
succceded or surrounded by one, or scveral islands; and where
such islands are not apparent, the tendency towards their forma-
tion is discoverable by the soundings, which prove the cxistence
of shoals in the places where such islunds would otherwise be
apparent. A general view of the map of the world will strikingly
illustrate these observations.

105. The South American Peninsula is an cxample of such
a form upon a grand scale. Like all the other forms of this class,
it is a triangle, having its base presented towards the north, and
its vertex jutting into the Southern Ocean, where it terminates in
the point called Cape Horn.

Its apex is broken by the ocean into a multitude of islands,
the largest of which, separated from the main-land by the Straits
of Magellan, is called the Ticrra del Fuego, or land of fire, from
several voloanic peaks which rise from it td the altitude of 4000
feet. The southernmostisland of the Fuegian archipelago termi-
z]x{at»s in the headland, or promontory, so well known as Cape

orn.

106. The Morth American Peninsula has a like form, its
southern point being Mexico; but instead of terminating in the
ocean, it is united with the South American peninsula by a tract
of land called Central America, which, taken as a whole, may
bo regarded as an isthmus, although geographers have, in this
case, limited that name to its southernmost and narrowest part,
called the lsthmus of Panama.

107. The West Indian Archipelago stands in the same rela-
tion to the North American peninsula as the Fuegian archipelago
to the southern peninsula. This group of islands, celebrated as.
being the theatre of the great discovery of Columbus, is included
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in the tract of water enclosed between the morthern coast of
South, and the southern coast of North, America. When
Columbus undertook his voyage, his purpose was to sail to India
round the western hemisphere of the globe, and when he arrived
at the island of St. Salvador, one of the Bahama group, he ima-
gined that he was on the coast of India; and hence this, and the
other islands of the archipelago subsequently discovered, came to
be called the West Indies: they are, however, more commonly
denominated by French and foreign geographers the Antilles.

The extensive tract of sea euclosed by the coasts of North
and South America, and the chain of West Indian Islands, is de-
nominated the Gulf of Mexico, and the Caribbean Sea ; the former
being included by the southern coast of North Amcrica, and the
northern of (‘entral America, and the latter by the northern coast
of South America, the West Indian Islands, and the eastern
const of Central Amecrica.

108. The Peninsula of Florida prescuts another cxample of
the like form. It is the southernmost point of North Ameriea,
jutting into the ocean between the Atluntic and the Gulf of
Mexico, and terminating in (‘ape Sable, directly north of the well-
known harbour and city called Havannah, in the island of Cubg.

109. Lower Oalifornia has the same peninsular form, directed
southwards. It lies on the western coast of Mexico, from which
it is separated by an inlet of the Pacific, called the Gulf of
California. It is terminated at its southern point in a headland
called Cape St. Lucas.

110. Greenland, in the cxtreme north, presents an example of
similar formation, being formed into an acute angle, jutting out
into the Atlantic towards the south.

111. Africa, in the Uld World, is a stupendous example of the
same peninsular outline. Like South Amcrica it is trinngular, the
base being presented to the north, and the vertex to the south.
There are no islands below its vertex, but the tendency to the
formation of onc is indicated by the shoul called the Lagullas
Bank, well known to mariners.

112. Australia has a similar form, terminating with the island
now called Tasmania, and formerly known as Van Diemen’s
Land.

113. Mew Zealand, on a much smaller scale, presents a like
example, terminating with an island called New Leinster.

114. It is very remarkable that this tendency to the peninsular
form with a southern vertex, not only prevails in the continents,
but is discoverable equally in the more minute outlines of the
land which determines the shores of gulfs, bays, and inland seas.

115. The Spanish Peninsula, including Portugal, is an ex-
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ample of the same prevailing form, its southern apex being
marked by the cclebrated rock of Gibraltar, scpurated from the
northern coast of Africa by the narrow neck of water called the
Strait of Gibraltar.,

116. The Italian Peninsula juts southwards into the Medi-
terranean, with the islands of Sicily and Maltu, and the small
archipclago formed by the Lipari Islands, at its southernmost
point.

117. The Hellenic Peninsula is a like examyple, terminated
by the Morea, and surrounded near its southernmost point by the
lonian Islunds.

118. The Orimca, in the Black Sea, is a peninsula of like form
and position, terminating with a southern vertex near Sebastopol.

119. The Scandinavian Peninsula consists of Norway and
Sweden, and enclosed between the Northern Atlantic on the west,
and the Baltie and the Gulf of Bothnia on the cast, presents, like
the others, an apex to the south, and Zealand, and other smaller
islands, lie off' its southern point.

120, Buropean Peninsula.—Humboldt observes that Europe
itself may be regarded as a great peninsula projecting from Asia,
and enclosed between the Mediterranean and Black Sea on one
side, and the Baltic and Arctic Occan on the other.

121, The Indian Pcninsula juts into the occan southwards,
having, like the others, a triangular form, and the island Ceylon
off its southern apex.

122, Purther India.-—The tract of land ealled Further India,
lying to the south of China, and including Cochin China, Siam,
and Burmah, is another example of like form, terminating in the
Malayan promontory with Ringapore at its apex, and the Indian
archipelago around its point.

123, Hemisphere of most Land.—There is a certain hemi-
sphere of the globe within which nearly the whole of the land is
included, the middle point of which is at the south coast of England.
If an obscrver were elevated directly above this point, so as to
obtain a bird's-vye view of the earth, he would sce the whole of
Europe, Asin and Africa, North America, and the chief part of South
Amerien, all comprised within the visible hemisphere: the only
parts of the land which would be included within the hemisphere
beyond his view would be the southern point of South America,
Australia, und the islands of the Indian Archipelago.

In Map 8, we have given these two hemispheres, having repro-
duced them from the Physical School Atlas of Alexander Keith
Johnston, a work which we strongly rccommend to students to aid
them in comprehending this tract.
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RIVERS.

124. Formation of Rivers.—The origin of all rivers is
the evaporation of the occan. The surface of the occans and
seas has an extent, as has been alrcady explained, equal to
nearly three-fourths of the whole surface of the globe. This
extensive mass of water is subject to an incessant process of
cvaporation.  In this proeess, the pure water is separated from the
salt and other solid matter whichit holds in solution. The vapour,
thercfore, which ascends into and mixes with the atmosphere, is
that of pure fresh water. Being lighter bulk for bulk than the air,
it rises into the higherregions, where it is transported in different
dircetions by atmosphieric currents. By the operation of tempera-
ture and electrieity, it is converted into clouds, which, attracted
towards the most elevated points of the land, colleet in dense
masses around the ridges and summits of the mountains, where,
beine condensed and reconverted into water, and sometimes con~
gealed, it is precipitated in the form of rainor suow. Irom these
heights it deseends by the common prineiple of gravitation, either
along the surface of the declivitics, or through the fissures and
interstices of the soil, finding its way to the lower levels ; and, fol-
lowing these in their devious and winding course, it at length
returns to the sca, with which it mingles, to be again evapo-
rated and sent once more through the same series of physical
changes.

125. Effect of a single ridge.—When a tract of country,
bounded on cither side by the sca, is traversed by an elevated
ridge or chain of mountains, the rain and snow deposited upon
them descends in streams along their slopes at cither side, forming
at first rivulets, which, coalescing, swell intv larger streams, and
acquire the character of rivers. These, following the declivities
and winding through the valleys, find their way on the one side
or the other to the sea. In this case, the general direction of the
rivers will be at right angles to the ridge which traverses the coun-
try. The rapidity of their streams will be proportionate to the
steepness of the declivity, and their length to the distances of
the prevailing ridge from onc or other coast.

126. Bxample in the Eastern Continent—An example
of the play of this principle is presented in the great eastern
continent, where, as has already been explained, the moun-
tain-chains running from west to east are much nearer to the
southern than to the northern coast. The rivers, therefore, which
flow towards the south, are generally shorter and more rapid,
while those which flow towards the north, passing over exten-
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sive tablelands and plains having little declivity, arc compara-
tively long and sluggish.

127. Bxample in South America.—South Amecrica pre-
sonts a similar example. The chain of the Andes traversing the
country north and south, and much nearer to the western than
the eastern coast, gives a similar character to the rivers, those
which flow to the west being short and rapid, and those which
flow to the cast being longer and slower.

In the northern part of South America, the principal moun-
tain chain, diverging into several distinet ridges of the Cordilleras,
produces a complicated system of ravines and valleys, which divert
the course of the waters in various dircctions, so that many of
the rivers flow northwards and north-westwards into the Carib-
bean Sca.

128. Bffect of Parallel ridges.—When a tract of coun-
try is traversed by two ridges in nearly parallel direetions, their
declivities, which look towards cach other, form a valley of greater
or less width. The rain precipitated upon these slopes, colleeting
in streams, deseends from cither side to the lowest point of the
valley where they coulesce, and scttling into a bed or channel,
flow along the lowest level of the valley, forming a river whose
course is parallel to the general direetion of the bounding ridges,
and which continues its course until it discharges its waters into
the sea. .

In ascending a river, it is found, as may be expected, that the
quantity of water which flows in it becomes less and less as the
distance from its mouth increases. Since the total collection of
water must be proportionate to the number and magnitude of the
tributaries above the point of observation, the higher that point
is, the less will the number of such tributarics be, and consequently
the less the quantity of water in the main stream.

129. Ohief tributaries considcrable rivers.—In the case
of all the great rivers, the principal tributariex themselves are
rivers of considerable magnitude and importance, and some
which have been classed as tributaries might with greater pro-
pricty have been considered as the main stream.

130. Example of Missouri.—Thus for example the Mississippi
reoeives as tributaries, streams so importunt as the Red River, the
Arkansas, the Ohio, the Missouri, and the Illinois. Now the
Missouri is itself a river of much greater length, width, and
depth than that which above their confluence has been denomi-
nated the Upper Mississippi, and if, of two confluent streams, the
greater be entitled to be regarded as the continuation of the
main stream, the river which is now called the Missouri ought to
be denominated the Upper Mississippi.
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131. It must not be inferred from what has been here stated
that the valley of every river is formed by slopes, having
declivities obvious to the eye, or limited by chains of mountains
of conspicuous elevation. Most commonly it is quite otherwise,
the declivities of the valley being so gentle as to be almost
imperceptible, and the summits of the ridges, which limit it,
having no elevation which entitles them to the name of mountains.

132. Portage.—\Where the navigation of a river is impeded by
waterfalls, rupids, shallows or other natural obstructions, the
space over which goods, and somectimes canoes or boats have to be
carried, to meet the navigable part of the stream again, is called
a portage.

133. Examples of rivers of North America.—This division
of the western continent being traversed by two ridges, the Rocky
Mountains and the Alleghanics, whose general directions are nearly
parallel, is divided into three zones, running north and south, the
centre and broadest of which is ineluded between the two ridges,
the eastern zone sloping dowpn from the Alleghanics to the Atlantic,
and the western from the Rocky Mountains to the Pacitic.

134, Bastern rivers.—The disposition of the general relief
of the continent, shown by a scction of it, running east and west,
determines three different directions for the rivers. Those which
are formed of the drainage of the eastern slopes of the Alleghanies,
flow eastward into the Atlantic, and the distance of the ridge of
the Alleghanics from the Atlantic coast not being great, and the
surface of the intervening zone being nearly plane, the lengths of
the rivers are inconsiderable, and their streams not rapid.

135. Western rivers.—In the same manner the drainage of
the western slope of the Rocky Mountains forms a series of rivers
which flowing westward fall into the Pacitic.

136. The Mississippi and its tributaries.—The great ex-
tent of the valley included between the ridges of the Alleghanies
and the Rocky Mountains, and its great capacity for cultivation,
confer upon it an importance which is immensely augmented by
the great length through which the rivers which traverse it, are
navigable.

13%. The drainage of the western slopes of the Alleghanies, and
that of the castern slopes of the Rocky Mountains, form two
systems of rivers, the one flowing from west to east, and the other
from cast to west, and meeting in a common bed in the centre of
the valley. They thus form a main stream traversing the valley
from north to south, the magnitude of which increases as it
descends southwards, in proportion to the number and magnitude
of the streams which flow into it from the one side or the other.
This central stream is the Mississippi, which gives its name
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to the entire vallcy, extending from the Gulf of Mexico, into
which its waters fall, to the great northern lakes.

138. Red River—Arkansas—Ohio.—Ncw Orleans, which is
the port of the Mississippi, is built at the confluence of the arms of
its Delta, about one hundred miles above its mouth.  Ascending the
river from this point, we encounter succeessively its vast tributaries,
the first of which is called the Ited River, which flows into it from
the slope of the Rocky Mountains upon its right bank. Procecding
upwards, the next is the Arkansas, on the same side, which itself
receives at various points of its course subordinate afluents, among
which the principal are the Canadian, the Red Fork, the Sult
Fork, &e. A little higher, we come to the Ohio, flowing from
the cast, after having traversed a vast extent of the great valley,
and receiving several large tributaries, such as the (‘umberland,
the Tennessce, the Wabash, &e.  The Objo carries the chief part of
the commerce of the states of Tennessee, Kentueky, Virginia,
Ohio, Indiana, 1llinois, and the western part of Pennsylvania. It
washes Pittsburgh, Cincinnati, and Louisville, while its tribu-
taries reach the principal towns of the interior of the adjucent
states. It is mavigated by steam-boats of the largest class as
high as Pittsburgh.

139. 8t. Louis.—llcturning to the confluence of the Ohio and
the Mississippi, and continuing to ascend the latter rviver, we
arrive at St. Louis, a city of the first importance, and likely one
day to become the great capital of the valley of the Mississippi
and the western division of the States, with New Orleans for its
port. Already we see ranged along its quays hundreds of steam-
boats of immense tonnage, which ply incessantly between it and
New Orleans, carrying down the stream the produce of the
interior, and up, innumerable articles of importation.

140. Ilinois.—Immediately above St. Louis we arrive at a
point marked by the contluence of three streams, one flowing from
the north-east, onc from the north, and the other from the
north-west, the last being the most considerable.  The first is the
Illinois river; the second, though less considerable than the third,
is taken by geographers s the continuance of the main stream of
the Mississippi; and the third and greatest is the Missouri, regarded
as a tributary of Mississippi.

The 1llinois river ascends the state of that name in a north-
easterly direction, and is navigable for a considerable distance to
a point where it is conncoted by a canal with Lake Michigan
at Chicago. By this means a continuous water-communication is
estublished between New Orleans and the northern lakes, and by
those lakes with the St. Lawrence,
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THE SURFACE OF THE EARTH.

141, Source of Mississippi—Ascending the main stream from
its point of confluence with the Missouri, after passing several
tributaries of less importance, we arrive at the falls of St. Anthony,
which constitute the limit of its navigable course. Above these
we find its source in a sheet of water, called Lake Istaca, situate
near the northern limit of the territory of the United States,
and at a short distance west of Lake Superior,

142, Missouri and its tributaries.—Returning to the con-
fluence of the Mississippi with the Missouri, and ascending the
latter stream, we find innumerable tributaries, variously denomi-
nated Smoky-hill-fork, Republican-fork, Platt-river, White-
river, Yellow-stone-river, &c., until the stream, reduced to a
number of diverging threads, loses itsclf in the flanks of the
Rocky Mountains.

Such is a brief and rapid view of this prodigious vein of inland
navigation. As shown in our gencral plan of the rivers, the total
length of the Mississippi and its chicf tributary is estimated at
4500 miles.

143. The Amazons.—Among the rivers of Southern America,
which flow from the western deelivities of the chain of the Andes,
by far the most important is the Amazons, which, considered
merely in its geographical character, ranks as the greatest of
rivers. The total length from the mouth to the source of any one
of its thousand tributaries, is less than the length of the
Mississippi similarly measured, but numerous and large as the
tributaries of the latter are, those of the Amazons are still
greater in number, width, and depth.

This immense stream, and its countless aflluents, drain a
vast plain lying between the tablcland of Brazil, on the south,
and the chain of mountains rising from a similar tableland of
leas extent, on the north, called the tablelund of Paramo. It
receives tributaries aoccordingly from an extensive series of
declivities completely surrounding it, from those of Brazil on the
south, from the Andes of Peru on the south-west, from the Andes
of Quito on the north-west, and from those of the mountain-
ohains of Paramo on the north.

The plain and surrounding declivities drained by this immense
river systom, is little less in extent than 3,000000 of square
miles, being ten times the magnitude of the French empire. Its
largest branch, considered as the commencement of the main
stream, is called the Maranon, a name which is sometimes applied
to the entire river. The main river and its tributaries are
navigable at distances of nearly 2500 miles from its mouth, and
its width, near its mouth, being nearly 100 miles, it resembles an
arm of the sea morc than a river.
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144. The tributaries of this river are severally so considerable
in magnitude and importance, that geographers are not agreed
as to which of them should be regarded as the main stream, and
the name Amazon is generally confined to the part of the river
below the confluence of several chief tributaries, which unite
nearly at the point where the Rio Negro or Black River joins the
Amazons, A view of a good map of this part of Southern
America, will give the reader a more clear idea of the course of
this river and its tributaries, than could any mere verbal deserip-
tion. The greater tributaries are above twenty in number,
all of which are navigable to a point near their sources, while
the lesser ones are countless.

Notwithstanding the geographical superiority of the Amazons,
and its vast extent of navigable water, it is inferior in commercial
importance to the Mississippi; the districts of country traversed
by the river and its branches consisting of tracts of natural
forest, and uncleared and uninhabited ground.

145. The Orinoco, another of the great rivers of the
southern division of the new continent, drains a valley in-
cluded between the tableland of Paramo, the eastern chain of
the Cordilleras, and the plateau of Caraccas. This river,
baving its source near that of the Negro, tlows first north,
and then east, discharging its waters iuto the Atlantic, through
a delta, at the borders of the Caribbean sea, opposite the island
of Trinidad.

146. The Rio de la Plata.—The third great river of South
America is that which near its source is called the Parana, and
near its mouth the Plata. It discharges its waters into the South
Atlantic, at Buenos Ayres, after having flowed down a valley
included between the Andes of Chili and the Brazilian mountains.
"The length of this river is estimated at 2700 miles, and for 200
miles above its mouth it is nowhere less than 170 miles wide.

147. The River 8ystem of Burope is as inferior to that of
the new continent in geographical, as it is superior to it in com-
mercial and social importance. With the exception of some of
the lines of river-communication in the United States, the world
can afford no parallel for the spectacle of commercial and
social movement presented by the European rivers. The gentle
declivities of the water-sheds from which they derive their
sources, and the gencral flatness of the plains over which they
flow, are eminently favourable to their commercial utility.

In the western division of Europe, the chain of the Alps and the
German mountains form the ridge, along the slopes of which,
north and south, the waters flow towards the Atlantic on the one
side, and the Mediterranean and Black Sea on the other. In the
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CLIMATE.

eastern division there is no mountain-chain thus to divide the
drainage. A slight and imperceptible elevation of the gemeral
plain produces two opposite water-sheds, commencing in a low
range of hills separating the sources of the Dnieper from those

(of the Vistula, and winding along the plain to the tableland of
Valdai, which forms its summit, 1200 feet above the level of the
sea. The ridge then turns northward towards Lake Onega, and,
following a winding course, terminates in the Ural Mountains,
about 62° N. lat.

The drainage of the north side of this ridge forms the rivers
which flow into the Baltic and the White Sea, that of its southern
declivity those which flow into the Black Sea and the Caspian,

148, General Plan of the Rivers of the World.—The prin-
cipal rivers of the world, with their tributaries, their embouchures,
and their sources, are exhibited in one general plan on the oppo-
site page, where their lengths ar: indicated.

CLIMATE.

149, Since the prevailing character of the animal and vegetable
kingdoms, in each division of the carth’s surface, depends chiefly
on climate, it is necessary, on that account alonc, independent of
many other considcrations, that the student in geography should
be rendered familiar with the conditions, which in each part of
the globe determine the varying vicissitudes and temperature of
the seasons.

150. Dependence of Olimate on Latitude.—The first and
chief condition which determines the climate of a country, is its
position with respect to the equator. It may be stated, subject
to some special qualitications, that the nearer any country is to
the Line, or what is the same, the lower its latitude, the higher
will be the mean temperature of its seasons.

The reason of this is partly geographical and partly astro-
nomical,

The earth revolves diurnally upon an axis, so directed that
the equatorial parts are presented either exactly or nearly to
the sun. They are presented exactly to that luminary at the
epochs of the equinoxes, in March and September. From March
to June they are gradually more inclined from the sun towards
the south, the northern hemisphere inclining towards that
luminary, 8o as to receive its rays more directly, and in greater
quantity than the southern hemisphere. This inclination of
the globe inereases constantly from March to June, and then
decreases from June to September. The northern hemisphere
is thus more and more exposed to the light and warmth of the
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THE BURFACE OF THE EARTH.

sun, from March to Junc; the days during that interval are
gradually longer and warmer. It is constantly less inclined
from June to September; the days during that interval are
gradually shorter and less warm.

Hence it is, that in the northern hemisphere the longest days .
and highest temperature take place after June, the temperature
after March being more moderate. The interval between March
and Junc constitutes, therefore, the spring, and the interval
between Junc and Septemher, when the accumulated effects
of heat are greater, the summer.

161. This varying position of the carth towards the sun will be
rendered more casily intelligible by illustrative diagrams,

Let N s in these four figures represent the axis of the earth,
N being the north, and s the south pole. Let E @ at right angles
to N & be the equator, and let &’ be the dircction of the sun.

152. In fig. 8 is shown the position of the carth on the 21st of
March, the day of the spring equinox. The equator ® is then
presented exactly in the direction of the sun, the light and heat
of which are cqually distributed between the two hemispheres.

Fig. 8. Fig. o,
@ m
: Sl

> 8 — .
Yoo
A .

21st June.

Fig. 10. Fig. 11.

,)s
218t Septemter, 21st December.

The boundary of the enlightencd hemisphere passes through the
poles Njand &, and divides into two equal parts all the parallels
of latitude. As the carth revolves, therefore, upon its axis, each
place upon its surface is during cqual intervals exposed to and
withdrawn from the sun’s light. In other words, the days and
nights are equal in all parts of the earth.
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153. As the earth turns upon its axis N s, all the places upon
the equator E @ are brought successively to the point , directly
under the sun. In other words, at all such places the sun is
vertical daily at noon.

154. At all other parts of the earth between E and x, or
between E and 8, the sun is seen at noon obliquely, or what is the
same, it is at a distance greater or less ffom the zenith. And
the more distant the place is from the equator, the more distant
will the sun be from the zenith at noon.

155. But sincc the thermal influence of the sun depends in a
great degree upon its proximity to the zenith at noon, it follows
that this influence will gradually decrease in going from k to X,
or from E to 8. The temperature, therefore, of the climate at the
time of the equinox will gradually diminish as the latitude
increases. .

But since any two places at cqual distances from the equator,
north and south, would be presented towards the sun at noon with
equal obliquities. it follows that so far as depends on this circum-
stance, the thermal influence of the sun at places having equal
latitudes north and south, will be the same at the time of the
equinoxes.

156, The position of the earth with relation to the sun on the
21st of June is shown in fig. 9. The equator k in the interval
between the 21st of March and the 21st of June, has gradually
declined to the south. The north pole N has consequently been
turned more and more towards the sun «', and the south pole s has
been turned more and more from it. In this position, therefore, it
is evident that the sun shines more fully on the northern, and less
so on the southern hemisphere. The point T, to which it is
vertical at noon, is now, not as in the former case upon the
equator, but at the distance of 23}~ north of it. Places in the
northern hemisphere above this point are shone upon by the sun
at noon with much less obliquity than places having equal lati-
tudes in the southern hemisphere.

157. The circle which bounds the hemisphere of the earth
enlightened by the sun, divides all the parallels of latitude
unequally, the larger part of those in the northern hemispherc
being enlightened, and the larger part of those in the southern
hemisphere being dark,

It follows, therefore, that at this time the days are longer than
the nights in the northern, and the nights longer than the days in
the southern hemisphere,

158, Now the temperature of the seasons, in any given place,
depends conjointly on the altitude to which the sun rises, and on
the length of the day; for the greater the altitude is, the more

167



THE SURFACE OF THE EARTH.

directly will the solar rays fall upon the place; and the longer
‘the day is, the longer will be the interval during which the
thermal influence of the sun is exerted, and the shorter will be
the interval during which its presence will be withdrawn.

159. For all these rcasons, therefore, on the 21st of June, when
the northern hemisphere is most inclined towards the sun, and
the southern most inclined from it, the thermal influence of the sun
will be greater in the northern, and less in the southern hemi-
spherc, thun at any time from the 21st of March to the 21st of June.

During this interval the northern hemisphere is gradually
more and more inclined towards the sun, and therefore the length
of the day is continuully increasing, as well as the altitude to
which the sun rises at noon. These two circumstances combine
in gradually increasing the thermal influence of the sun from the
21st of March to the 21st of June. .

The same circumstances will show that during the same interval,
the thermal influence of the sun in the southern hemisphere is
gradually diminished ; the days being there constantly shorter,
and the altitude to which the sun rises at noon constantly less.

After the 21st of Junc the northern hemisphere is gradually less
and less inclined towards the sun, and the southern less and less
inclined from it, until at length on the 21st of September, the day
of the autumnal cquinox, the carth resumes the position, fig. 10,
with relation to the sun which it had on the 21st of March, the
equator E being then, as before, directed exactly towards the sun.

160. The two hemispheres therefore, as in March, being equally
exposed to the sun, reccive from it the same thermal influence,
and the parallels of latitude being all bisected by the ecircle
which bounds the enlightened hemisphere, the days and nights
are equal at all parts of the earth.

Since the altitude to which the sua rises. and the length of the
days at cqual intervals before and after the 21st of June, are
the snme, and therefore the thermal influcnce of the sun also the
same, it might be inferred that the temperature of the weather
would likewise be the same; and if this inference were just, it
would follow that the season from the 21st of March to the 21st of
June, would be similar in all its thermal characters to the season
from the 21st of June to the 21st of September, except that the
suocession of temperatures would be developed in a contrary
order. Thus it would be expected that the temperature of the
weather ten or twenty days after the 21st of June would be
identical with its temperature ten or twenty days before the 21st
of June. :

161. But it is notorious that the thermal phenomena are not at
all in acoordance with this; the season from the 21st of March to the
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21st of June, called the Spring, having generally 2 much lower
temperature than the season from the 21st of June to the 21st of
September, called the Summer. .

Let us see, then, whether we cannot render evident the cause
of this.

. The temperature of the weather in a given place, depends not
exclusively upon the thermal influence exercised by the sun
during cachday. It must be remembered that when the daysare
much longer than the nights, and the sun rises to a considerable
altitude, a greater quantity of heat is imparted to the atmosphere
and to all objects upon the surface during the day, than is lost
during the night, and, consequently, an increment of heat is
given to all such objects every twenty-four hours. The conse-
quence is, that the general effect of the sun’s thermal influence
during cach successive twenty-four hours is to augment the
temperature, and thus to inerease by accumulation the heat from
day to day ; and this daily increase will obviously continue until,
by tho shortening of the days and the decrease of the sun’s
altitude, the increment of heat during the day becomes equal to
its decrcment during the night. The day on which that takes
place will be the hottest day, because it will be that upon which
the daily accumulation will cease. After this, the days being
further shortened, and the sun’s altitude further diminished, the
inerement of heat during the day will be less than its decrement
during the night, and after each interval of twenty-four hours
there will be on the whole a decrease of heat, and so the tempe-
rature of the weather will be diminished.

162. Now, from a due consideration of these circumstanoes, it
will be easy to see why the season of summer is warmer than the
season of spring, although the sun’s altitude and the length of
the days are, on the whole, precisely the same hoth in one season
and the other, only succeeding each other in a contrary order.
Until the 21st of June the daily thermal influence of the sun con-
tinually inor , for the r just explained, and it is greater
on the 21st of June than on any other day before or after. But
although this thermal influence decreases after the 21st of June it is
still considerable, and from day to day adds something more or less
to the heat already accumulated in the atmosphere, and conse-
quently continues to augment the temperature; and this increase
only oceases, when the thermal action of the sun during the day,
begins to be counteracted and balanced by the loss of heat during
the night.

163. Hence it arises that a certain interval, from the 21st of
June to the latter part of July, is generally the hottest part of
the summer, being called the Dog-days, either because of the

169




THE SURFACE OF THE EARTH.

prevalence of canine madness during that period, or because at an
early epoch in astronomical history the Dog-star rose before the
sun in the morning at that season, and thus harbingered the God
of Day. It may even have happencd that the Dog-star took its
name originally, from the prevalence of canine madness at that
season,

164. The circumstances which explain the phenomena of summer
in the northern hemisphere, will also explain those of winter during
the same interval in the southern hemisphere, sinee the southern
hemisphere at all times is inclined from the sun, exactly as much
as the northern hemisphere is inclined towards it, as will be
apparent by reference to fig. 9.

1656. After the 21st of September (fig. 10), the day of the
autumnal equinox, the equator is gradually inclined towards the
north, and the northern hemisphere gradually inclined from the
sun, and this inclination constantly increases until the 21st
-of December, when it is greatest, as shown in fig. 11.

The solar rays, as will be apparent from the figure, then fall
with greatest obliquity on the northern hemisphere, and with
least obliquity on the southcrn.  The parallels of latitude are un-
equally divided, in both hemispheres, by the circle which bounds
the enlightened part of the eurth. In the northern hemisphere
the greater portions of these parallels are dark, and the lesser
portions enlightened, while the contrary takes place in the southern
hemisphere. The days are, therefore, shorter than the nights in
the northern, and longer in the southern hemisphere; and the
sun rises only to low altitudes in the former, but to considerable
altitudes in the latter. In fine, all the circumstances show that,
in this position of the carth, the summer commences in the
southern, and the winter in the northern hemisphere.

166, After the 21st of December, the inclination of the northern
hemisphere from the sun gradually and constantly diminishes
until the 21st of March, when the equator is once more presented
direetly to the sun, which affects both hemispheres alike.

Since the 21st of December is the shortest day, and that upon
which the sun rises to the least altitude, it is consequently that on
which its thermal influence is lcast, and it might therefore be
expected to be the coldest day, and cousequently to be mid-
winter. It is notorious, on the contrary, that the coldest weather
is at a later period. This is explained upon the same principles
exaotly, as those which show why the 21st of June is not the
hottest day.

167. The decrement of heatwhich takes place in the atmosphere
owing to the length of the night, the shortness of the day, and
the low altitude of the sun on the 21st of December, is greater
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than the decrement on any succeeding day; but still on these
suceeeding days thereis still a decrcment of heat, though a less
one, and therefore on the whole the temperature must continue to
fall, and it will so continue until by the increasing length of the
day, and the decreasing length of the night, and the increasing
altitude of the sun, the increment of heat during the day becomes
vqual to its decrement during the night; after that takes place, the
result of the sun’s influence during each twenty-four hours will be
on the whole an incrcase of heat, and the temperature of the
weather will accordingly be augmented.

Henee it is that the winter season in the northern hemisphere is
the interval betwecen the 21st of December and the spring equinox ;
the same interval being the summer scason in the southern
hemisphere.

The altitude to which the sun rises at noon constantly increases
until the 21st of June, when it becomes as it were stationary,
and afterwards decreases. In the same manner the altitude at
noon constantly decreases until the 21st of December, after which
it increases, having remained in like manner stationary for a
certain interval. These two cpochs have therefore been called
the solstices, onc being denominated the summer, and the other
the winter solstice, from a Latin word which signifies the standing
or stationary position of the sun.

168. When the northern hemisphere is most inclined towards
the sum, as shown in fig. 9, the sun is vertical at noon to all
places at 233° north of the equator. Bcfore that day, and after
it, the sun’s altitude at noon is less than 90°, and consequently it
does not reach the zenith. Tt may bc considered therefore
gradually to approach the zenith at such places until the 21st of
June, and then gradually to recede from it.

From this circumstance the parallel of latitude which passes
through such places has been ealled the ¢ropie.

Similar phenomena are produced at the corresponding parallel
of south latitude, and these parallels are accordingly called
respectively, the northern and southern tropic, or the Tropic of
Cancer and the Tropic of Capricorn.

169. It will be evident, by considering the diagrams, fig. 9 and
fig. 11, that the sun can never be vertical at noon to any part of
the earth except to places which lie between the tropics, and at
all such places it is vertical at noon twice in the year.

170. These astronomical causes of the vicissitudes of the seasons
may be further illustrated by the diagram, fig. 12, which pre-
sents a perspective view of the earth in twelve successive positions
which it assumes in one revolution round the sun, the observer
bheing supposed to view it from the north side of the plane of its
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orbit. Its motion in that cnse is in a direction contrary to that
of the hands of a clock, or to that of 2 common screw when turned
80 as to cause it to move inwards or forwards.

‘While the globe thus moves round the sun, its axis keeps coa-
stantly tho same direction, so that in any one position it is

Fig. 12.
21at Sopt.

21st Dex,

Feb, ulst March, April,

parallel to the dircetion which it had in any other position. On
the 21st of June, as shown to the right of the diagram, the
northern extremity of the axis, or the north pole, leans towards
the sun through an angle of 234° If we suppose a parallel of
latitude to be described at that distance from the pole, all places
within that parallel will receive the light of the sun, and the
rotation of the globe on its axis will not throw any of these places
upon the dark side of the earth, It follows, therefore, that on
the 21st of June the sun does not set at all to any place above
that parallel, and there is consequently twenty-four hours day.

By referring to the position of the earth, on the extreme left
of the figure, which it has on the 21st of December, it will be seeu
that then the north pole is inclined from the sun, just as much as
it was inclined towards it on the 21st of June, and that the same
places, bounded by the parallel of latitude 23}° from the pole,
which on the 21st of June lay altogether on the enlightened side
of the globe, and enjoyed twenty-four hours day, now lie on
the dark side, and have twenty-four hours night. As the sun
never sets to such places on the 21st of June, so it never rises
to them on the 21st of December,

In the positions successively assumed by the earth, in July and
Avugust, the north pole is less and less inclined towards the sun,
and the part around it, which has no sunset, is limited by a less
and less parallel of latitude. On the 21st of September, the equator
being presented to the sun, there is no part arodad the pole
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which has continual day, all places being twelve hours exposed
to the sun, and twelve hours removed from it.

After the 21st of September, the north pole begins to incline
from the sun, and in October, a small portion around it is entirely
deprived of the sun’s hght This portion, thus involved in con-
tinual night, constantly increases in extent until the 21st of
licecmber, when it extends to the parallel of latitude already
mentioned.  After the 21st of December, the north pole is less
and ess inclined from the sun, so that the portion involved in
vontinual night is less in January, and still less in February,
and on the 21st of March, as on the 21st of September, there are
twelve hours day and twelve hours night to all places.

After the 21st of March, the north pole begins again to lean
towards the sun, and a portion of the earth around it enjoys
continual day, this portion 1ncreasing in extent during the
months of April and May, and attaining its greatest magnitude
on the 21st of June, when its extent, as already explained, is
a circle 234" from the pole,

171, The parallel which is 234° from the pole, is 66} from
the equator, and consequently has the latitude north of 664°.

This parallel of latitude is called the _1retic or Polur Circle,
and the polar 1egion included by it is called the Frigid
Zone,

All the circumstances, which are here explained, respeeting the
north polar region, circumscribed by the arctic circle, will be
equally applicable to the corresponding region, circumscribed by
a circle 23)° from the south pole. Such a circle is called the
South Polar or Antarctic Cirele, and the polar region circum-
reribed by it is the Southern Friyed Zone.

172. Although the diurnal and noeturnal phenomena of the two
frigid zones, northern and southern, are preciscly the same, they
are not simultaneous, those which are identical being produced
at opposite epochs of the year, as will be rendered evident by
examining attentively the several positions of the illuminated and
dark hemispheres of the globe in the successive months, in
fig. 12. When the entire north polar circle is enlightened on
the 21st of June, the entire south polar cirele is dark. There is
continual day in the one, and continual night in the other. On
the contrary, when the entire north polar eircle is dark on the
21st of December, the entire south polar circle is enlightened.
There is continual night in the one, and continual day in the
other.

The phenomena on the 21st of June, therefore, in the northern
frigid zone, are identical with those of the 21st of December in
the southern frigid zone, and vice versd.

1738



THE SURFACE OF THE EARTH.

In the like manner, there is just so much of the northern polar
region cnlightened, and of the southern polar region darkened, in
July, as there is of the northern polar region darkened, and the
southern enlightened, in January. The diurnal and nocturnal
vicissitudes, therefore, of the northern frigid zone in July, arc
identical with thosc of the southern frigid zone in January, and
vice versd.

If the reader will take the trouble of following the position of
the earth from month to month, as shown in fig. 12, he will be
able to satisfy himself, that at all intervals of six months the
vieissitudes of light and darkness arc in the same way reci-
procated between the two frigid zones.

1t might be inferred, that the continual prescnce of the sun
above the horizon, would neccessarily produce a great calorific
cffect ; and at least during that portion of the year, during
which they are respectively inclined towards the sun, the polar
circles would enjoy intense heat. That such, however, is not
the casc is casily explained. The heat imparted by the sun
to any part of the earth exposed {o its influence, depends, a-
already stated, on two conditions: first, the altitude to which
it riscs, and secondly, its continuance above the horizon, or the
length of the day. But the former condition has a vastly
greater influence upon the thermal effects than the latter.
Although, therefore, the continuance of the sun above the
horizon, at the polar circles, is favourable to the development
of heat, yet the very low altitude to which it rises counter-
uots this effect; so that within the polar circles, even with
the influonce produced by the continmous presence of the sun,
the general temperature is invariably below that at which
water freezes.

It is from this continuance of a tempcrature so low that the
frigid zone has taken its name.

173, Torrid Zone.—The part of the earth included between
the tropical circles, which comprises all places having a latitude
less than 233°, is called the Zorrid Zone.

Although the exposure of these regions to the heat of the sun
varies within certain limits between December and June, being most
completely presented to that luminary in March and September,
they, nevertheless, receive the solar influence in a much more
powerful degree, than the parts of the globe having higher lati-
tudes in the one hemisphere and the other.

It is demonstrated in physics, that the heating power of the
sun’s rays falling upon any object increases in proportion as they
approach to the perpendicular direction upon it. At the time of
the equinoxes, therefore, the noon-day sun upon the Line, project-
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ing its rays perpendicularly downwards, produces the greatest
possible calorific effect.

At these times, also, the sum, rising preciscly in the cast,
ascends the heavens at right angles to the horizon, until at noon it
reaches the zenith ; after which it descends perpendicularly in like
manner, and sets precisely in the west.

174. Sun vertical twice a year in the Torrid Zone.—
Every point of the torrid zone is presented, at onc period or
another of the year, directly to the sun, so that there are two
days in the year upon which the sun at noon is vertical at such
places, and its extreme departure from the zenith at noon is
always very limited. Thus to places on the Line, the sun at noon
never departs from the zenith more than 23}°, and even at the
limits of the torrid zone, that is, at the latitude 233° north or
south, the sun which on the 21st of June is vertical at noon in
the northern, and on the 21st December in the southern hemi-
sphere, is not more than 47° from the zenith at noon on the 21st of
December in the northern, and on the 21st of June in the southern
hemisphere ; for all places within the tropies the extreme distance
of the sun from the zenith at noon must always be less than 47°.

Indeed it may be stated generally, that for places between the
tropics, the greatest distance of the sun at noon from the zenith
will be found by adding 23%° to the latitude of the place, and
that twice in the year it passes through the zenith at noon.

When it is considered that the temperature of the weather
mainly depends on the distance of the sun from the zenith at noon,
increasing as that distance decreases, it will be casily understood
why the climate of the torrid zone is charaoterised by that ex-
tremely eleyated temperature from which it takes its name; for
although the sun at noon, during a certain part of the year, is at
a distanee more or less considerable from the zenith, the interval
during which it has this distance is comparatively short, and that
during which it is in or near the zenith much more considerable.

The hottest seasons oceur, not as might be first supposed, upon
the Line, but at and within a limited number of degrees of the
tropics; because at such latitudes the sun at midsummer con-
tinues to cross the meridian very near to the zenith for a much
more considerable time than on the Line at the epochs of the
equinoxes, where its change of declination is much more rapid.

175. Temperate Zone.—The parts of the globe included
between the limits of the torrid and frigid zones,—that is between
the latitudes 23}° and 661°,—is exempt from the extremes of
temperature which characterise the one and the other of thesc
regions. Within its limits the sun never ascends to the zenith,
nor on the other hand are the phenomena of continuous day or
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continuous night ever witnessed. The warmth of summer is
produced by long days, combined with moderate meridian
altitudes, and the rigour of winter is mitigated by the presence of
the sun above the horizon for a considerable interval, even on the
shortest days.

It must not be understood, that within the limits of what is
thus called the temperate zone, the climates are uniformly the
same. On the contrary, in approaching those limits, at which it
is united with the torrid and the frigid zones, the character of
the climates approach gradually to those peculiar to the one extreme
zone and the other, so that the climates of the higher latitudes of
the temperate zone differs but little from those of the lower
latitudes of the frigid zone, while those of the lower latitudes of
the temperate zone, approximate gradually and insensibly to
thosc of the higher latitudes of the torrid zone. In fact, within
the limits of the temperate zone are included a much greater
varicty of climates than any which characterise cither of the
extreme zones.
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176. Olimate dependent on elevation. Snow Line.—It has
been explained in our Tract on Terrestrial Heat, that as we
ascend into the atmosphere from the level of the sea, the mean
temperature gradually decreases, and beyond a certain elevation
it falls even below the freezing point of water ; above this limit,
therefore water canuot exist in the liquid state, and must assume
the state of snow or ice. Such an elevation is accordingly
designated the limit of perpetual snow, and it is marked on all
lofty mountains by the limits of their snow-covered sides, This
boundary is accordingly called the Snow Line.

It may be stated as a general fact, subject nevertheless to
some local qualification, that the elevation of the snow-line is
greatest at those parts of the earth, where the climate at the level
of the sea is hottest, and that its elevation decreases with the
decrease of the mean temperature of the same level. The snow-
line, therefore, has the greatest clevation within the tropics, and
decreases gradually with the increase of latitude, until at the
polar cireles it falls to the surface.

Sinee climate therefore varies, not only with the latitude but
with the elevation of the place above the level of the sea, it
follows that in mountainous regions a variety of climates will
prevail, depending on the clevation of the summits, If that
elevation exceed the limits of the snow-line, all varicties of
climate between that which characterises the sea level, or
which is natural to the plateaux on which the mountains stand,
and the climate of the poles ure found, and consequently a
corresponding variety of natural productions, vegetable and
animal, and corresponding susceptibilitics of culture prevail.
This is & circumstance which gives much interest to mountainous
countrics, and often confers upon them great commercial and
social advantages,

It is evident, also, that the higher the mean temperature of
the plateaux is upon which snow-capped mountain ranges stand,
the greater will be the varieties of climates exhibited between
their summits and their bases, and the greater consequently will
be alsp the variety of natural productions and artificial culture.
Hence arises the magniticent display of vegetation exhibited in
thoso ranges of the Andes and Cordilleras, and other lofty ridges
which intersect the torrid zone.

177. Vegetation of the Mimalayas.—Although the chain of
the Himalayas far exceeds in elevation the Andes and Cordilleras
of South America, they are thus, from their geographical position,
being situate far beyond the limits of the torrid zone, excluded
from the advantages here noticed, and they present none ot
that inexhaustible variety of phenomena by which the ridges
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which rise to such vast altitudes from the plateaux of the
torride zone are characterised. Beautiful as are the valleys of
Kumaoon and Nepaul, they are not signalised by the presence of a
single palm-tree. On the southern slope of the Iaropamisan
range, which extends over 350 miles of Persia and Afghanistan,
and separates the deserts of Yezd and Turkestan, Nature nowhers
displays that profusion of arborescent grasses, tree-ferns, heli-
conias, and orchidere which are witnessed on the higher plateaux
of the tropical mountains. On the slopes of the Himalayas, under
the shade of the deodar and the large-leaved ouk peculiar to
these Indian alps, the rocks of granite aud mica-schist are clothed
with forms closely resembling those which charaeterise Furope
and northern Asia. The species indeed are not identical, but
they are similar in their aspect and physiognomy, ineluding
jumipers, Alpine birches, gentians, parnassias, und prickly species
of ribes. The chain of the Himalayas is also wanting in those
imposing voleunic phenomena, which in the Andes and the
Indian Archipelago often recall to the inhabitants, in characters
of terror, the existence of forces developed within the globe,
Morcover, on the southern declivity of the Himalayas, where the
vapour-loaded atmosphere of Hindostan deposits its moisture, the
region of perpetual snow descends to a zone the elevation of
which does not excced 13000 feet. Thus the region of organic
life ceases at a limit 3000 feet lower, than that to which it extends
in the equinoctial portion of the Cordilleras.

178. wegetation of the Andes.—The mountainous regions of
the Tyopics present a further advantage in being that part of the
globe, as alrcady mentioned, where the greatest possible variety
of impressions ave produced by the contemplation of nature. In
the Andes of Cundinamarca, Quito, and Peru, furrowed by deep
harrancas, iz is given to man to behold at onee ali the plants of
the earth, aud all the stars of the firmament.  There, at a single
glance, the beholder sees lofty feathered paling, humid forests of
bamboos, and all the beautiful family of musacem, and, above
these tropic forms, vaks, meddlars, wild roses, and wmbelliferous
plauts, us in our European homes. There, too, both the celestia!
hemispheres are open to his view, and when night arrives, he
sces displayed together the constellation of the Southern Cross, the
Magellanie clouds, and the guiding stars of the Bear, which
cirele round the Arctie Pole. There the different climates of the
carth, and the vegctable forms of which they determine the
succession, are placed one over the other, stage above stave, and
the laws of the decrement of heat' are indelibly written, on the
rocky walls and rupid slopes of tne Cordilleras, in characters easily
legible to the intelligent observer.
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Not only is the torrid zone by the abundance and luxuriance
of its organic forms most rich in powerful impressions, but i pre-
sents another and greater advantage, in the uniform regularity
which characterises the succession of its meteorological and organic
changes. The well marked lines of elevation which separate the
different forms of vegetable life, demonstrate in a striking manner
the same play of general and invariable laws, which govern the
cclestial motions refleeted in terrestrial phenomena.  Thus, in the
burning plains which stretch nearly on the level of the sea in these
regions, wo behold in profusion the families of bananas, of eyca-
dacem, and of palms, of which the number of specics included in the
¥loras* of the tropical regions, has been so wonderfully augmented
by modern botanic travellers.  To these suceced, on the slopes of
the Cordilleras, in the mountain valleys, and in humid and shaded
clefts of the rocks, tree-ferns raising their thick eyvlindrical stemns,
und expanding their delicate foliage, whose luce-like indentations
are seen projected against the deep azure of the firmament.
There, too, flourishes the einchona, whose fever-healing bark is
deomed the more salutary, the oftencr the trees are bathed and
refreshed by the light mists, which form the upper surface of the
lowest stratum of clouds,

Immediately above the region of the forests the ground is
covered with white bands of flowering soeial plants, small aralias,
thibaudias, and myrtle-leaved andromedas.  The alp-rose of the
Andes, the magnificent befaria, forms a purple girdle round the
spiry peaks. On reaching the cold and stormy regious of the
Paramos, shrubs and herbaceous plants, bearing large and rgehly-
coloured blossoms, gradually disappear, and are succceded by a
uniform mantle of monocotyledonous plants. This is the grassy
zone, where vast savannahs clothe the high tablelands and the
wide slopes of the Cordilleras, whence they reflect a yellow hue,—
savannahs, on which graze llamas and eattle deseended from those
formerly brought from the Old World. Trachytic rocks next
appear forcing the turf and rising high into those strata of the
atmospliere contuining a less proportion of carbonic acid, and
supporting only plants of inferior.organisation, such as thelichens,
the lecideas, and the many-coloured dust of the lepreria, which
forms small round patches on the surfacc of the stone.

Scattered patches of fresh fallen snow arrest the last feeble
traces of vegetation, aud are succeeded by the region of perpetual
suow, of which the lower limit is distinctly marked, and undergoes
but little change.

® The collection of vegetable productions natural to a country is called
its flora, and that of the animals indigenous to it its fauna.
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The clastic subterranean forces strive, for the most part in
vain, to break through the snow-elad domes which crown the
ridges of the Cordilleras, but even where these forces have
actually opened a permanent channel of communication with
the outer air, cither through crevices or circular craters, they
rarcly send forth currents of lava, erupting more frequently
ignited scorize, jets of carbonic acid gas, sulphurctted hydrogen,
uud’steam.*®

179. Animals of the tropics.—A corresponding variety is found
in the animal kingdom in these regionsut the Jevel of the sea:
upon the plains which extend over the tropical regions are found
the varieties of monkeys, crocodiles, the boa-constrictor, rattle-
snake, jaguars, and macaws. lHigher up, at a level rising from
H000 to 10000 feet, at the base of the Andes, are found the ocelot,
the strutheo rea, and the duck.  Higher still, the ape, the puma,
and the llama, and, in fine, about the snow-line, hawks, vultures,
bears, and the condor, which rises upon its vast wings above the
lofty summits of Chimborazo and Aconcagua.

180. The Himalayas are characterised, also, by animals dwell-
ing in & succession of stages one above the other.  Thus, upon
the plains are found the tiger, the peacock, and the Bactrian
camel,  Higher up the bat, the Cashmere goat, and the pheasant,
and just below the snow-line, the sheep, the yak, the pigeon, the
robin, &ec.

181. The local character of a climate depends on the mean
temperature of the atmosphere and of the surface of the carth,
And this temperature itself must depend chiefly on the heat
imparted to the atmosphere and the earth by the sun.  The solar
rays, in passing through the atmosphere to the carth, impart
to that very attenuated and transparent fluid an inconsiderable
quantity of heat, their chief thermal power being eaerted on the
surface of the carth, which forms the base of the atmospheric
occan. The carth, hike all bodies, absorbs a certain proportion of.
the heat thus transmitted to it, and what it fails to absorb it
retleets exactly as a surfuce wonld reflect light.  The heat which
it reflects, not entering it, does not aftect its temperature, and it is
warmed exclusively by the portion it absorhs. This portion is so
considerable, that if it were uniformly diffused over the entire
surface of the carth, it would be sufficient to dissolve annually a
shell of ice 100 feet thick covering the entire globe.

182, Heat received from celestial spaces.—But besides the
neat received from the sun, the earth also receives a considerable
portion of heat from the surrounding firmament, in other words,

* Humboldt's Cosmos. Introduction.
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from the countless myriads of suns composing the stellar universe
which are seen nightly sparkling in the heavens; and this latter
source of heat difters from that of the sun, inasmuch as all parts
of the earth are constantly exposed to it night and day, whereas
they are only exposed to the direot influence of the sun during
average intervals of twelve hours,

It has resulted from the experiments and observations of
M. Pouillet, that the quantity of heat thus received by the earth
from the eclestial spaces is such, that if it were uniformly diffused
over the surface it would be sufficient to melt a shell of ice,
enveloping the earth, 85 feet thick.*

183, Why temperature of the earth is not indefinitely
inercased.—It may be asked, therefore, how it happeus that if
the carth reccive and absorb an annual quantity of heat so
enormous, its temperature is not raised to such a point as to be
incompatible with the continued existence of the organised world
upon it. It might be expected that the heat absorbed in the
torrid zone, being transmitted by the process of conduction
through the solid matter composing the earth to the colder regions
of the poles, would first dissolve all the ice there colleeted, and
then gradually raise the temperature of the polar regions, to
which the animal world would first take refuge flying from the
seorching region of the tropies, and which would become at the
samo time the theatre of the present flora of the temperate and
tropical zones, and later would be raised to a tcmperature
destructive of all organisation.

Such a catastrophe is prevented, and the thermal condition of the
globe maintuined within the necessary limits, by a remarkable pro-
perty with which matter has been endowed by its Maker, in virtue
of which all bodies possess the quality of thermal radiation, in the
exact proportion in which they are endowed with that of thermal
absorption. The heat, therefore, which every part of the surface
of the earth absorbs from the solar rays, it throws back by the
process of superficial radiation, and if the atmosphere were every-
where cloudless, the heat thus radiated back would pass into the
cclestial spaces, and the atmosphere would then, in spite of the
solar rays passing through it, remain at a very low temperature.

184. Effect of clouds.—The existence of clouds, however,
modities this. The heat radiated from the surface of the earth is
in a great degree interoepted, and prevented from escaping into the
celestial regions, by the clouds, which reflect and radiate it back
again to the earth through the lower strata of the atmosphere;
and thus these thermal rays, being reverberated between the

* See Tract on Terrestrial Heat, Museum, vol. 3, p. 65,
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clouds and the surface, warm the lower strata of the atmosphere
through which they are so frequently transmitted.

185, Bffect of contact of air and earth.—But the atmosphere
ulso reoeives heat from the earth, by the contact of its lowest strata
with those parts of the terrestrial surface, which have a higher
temperature. When these lowest strata are thus warmed by
contaet, they ascend as heated air does in a chimney, air having o
lower temperature flowing in to take their place.

It is by these several means therefore, much more than by the
direct influence of the sun, that the temperature of the atmo:phere
1> maintained and regulated.

186, Thermal effects of an uniform surface.—If the whole
surtace of the carth consisted’ of one homogeneous material,
whether solid or Hluid, and were in one uniform condition, its
powers of retlection and absorption, and consequently its power
of radiation, would be everywhere the same. In that case
the thermal influence of the sun, governed by mo other con-
ditions than those of its altitude and continuance above the
horizon, would necessarily be the same at all points of the same
parallel of latitude, since, at all such points, the sun’s altitude
and the length of the day are necessarily the same. The equator
and each parallel of latitude would then be isothermal lines, a
word which expresses a line upon the surface of the earth, all
points of which have the same mean temperature. Not ouly
would the mean temperatures of all points on the same parallel be
the same, but the extreme temperatures of summer and winter
wonld likewise be the same. In other words, all places having
the same latitude would, under the conditions supposed, have
identically the same climate, They would have the same average
annual temperature, and would be subject to the same vicissitudes
of seasons.

In comparing parallel with paralle], the average annual tem-
perature, as well as the extremes of the scasons, would regularly
increase with the latitude.

187. Why this regularity does not prevail —But the con-
ditions which would produce such climatic phenomena do not exist
on the terrestrial surface. Instead of consisting of one uniform
material, that surface is diversificd,—first, by land and water;
and secondly, the land itself is still more diversified in its
character, according as it is more or mclothed with vegetation,
and even where it is destitute of veftation, it varies according
to the quality of the rocks or other strata which compose its
uncovered surface. The reflecting, absorbing, and therefore
radiating powers of the land,are infinitely diversified. In general
the foliage of vegetation is a powerful radiator, while the naked
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soil, or rocks, are comparatively feeble radiators and stronger
reflectors.  The water of the ooean, which covers three-quarters
of the terrestrial surface, is much more uniform in its thermal
properties than the land. But even those propertics of the ocean
are modified by the congelation which tukes place on so vast a
scale in the frigid zone.

All these circumstances combined, and many others which can
only be fully understood by a more profound study of physical
geography, render the actual climatic phenomena extremely dif-
ferent from those which would depend on the latitude alone, and
which would be developed on a globe the superficial aaterials of
which would be uniform.

The departure of the lines of equal, mean, and extreme tem-
peratures from the parallels of latitude, has been already ex-
plained in our Tract upon Terrestrial Ieat, and it will not,
thercfore, be necessary o insist further upon them here.

Vi1 —INDIA,
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MOUNTAINS.

155, Maps, and Globes in Relief.—Elementary instruction in
geography has been hitherto for the most part limited to the
description of the outlines of land and water. The varieties
of form depending on relief have been comparatively neglected.
This has arisen most probably from the difficulty of presenting to
the student visible representations of such forms. Maps and
giohes, showing in moulded relief the inequalitics of the land,
have indeed been constructed, and with suitable explanations may
be found uscful to the teacher and the pupil. Independently,
however, of their cost, which is necessarily considerable, they are
subject to grave objection, owing to the enormous violation of
proportion between the vertical and the horizontal dimensions,
which they must necessarily exhibit. It has becu explained else-
where, that the elevation of the most lofty mountain-summits does
not exceed the 1600th part of the Earth’s diameter, and conse-
quently such a summit, if formed in relief in its just proportion
on a l6-inch globe, would be represented by a protuberance not
excceding the hundredth part of an inch. All maps and globes,
therefore, presenting the inequalitics of the.land in moulded
relief, must, in order to render them pereeptible at all, give the
verticul magnitude exorbitantly disproportivnate to the horizontal
dimensions.  When such illustrations arc used for the purpose of
elementary instruction, the teacher should be careful to impress
upon the mind of the pupil this inevitable departure from the
natural proportions.

189. Johnston’s Physical Maps.—The expcdicnt adopted in
the physieal maps of Mr, A. K. Johunston renders them exempt from
this objection, although the same vivid illustration of the super-
ficial incqualities is not presented by them.  In these the plains,
valleys, and lowlands are coloured green, the clevated plateaux
and table-lands brown; ard the mountain-ridges and peaks are
distinguished by obvious marks indicative of their relative alti-
tudes, the actual heights being marked in numbers of English
feet. The sca is also everywhere distinguished from the land by
its blue colour. As a physical illustration, these maps are there-
fore, as 1 conceive, as perfect as the nature of the subject of
instruction allows.

190. Mountain.ranges not uniform.—Although each of the
great continental systems, which have been already described, is
characterised by a certain prevailing direction, it must not be sup-
posed that it follows one uniform and unbroken course, or even
that it consists of a single uninterrupted series. They are, on
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the contrary, liable to frequent changes of direction, are in many
places discontinuous, and are subject to still greater irregularity
in both height and width.

191, Spurs.—Each main ridge also throws out lateral ramifica-
tions at various angles with its general direction, called spurs.
Those are often themselves considerable chains of mountains,
throwing off secondary spurs parallel to the primary chain, or nearly
#0. These subordinate ranges, interseoting each other at various
angles, and broken by valleys and ravines, form a reticulation,
which usually covers a vast extent of country stretehing out at
cither side from the base of the principal chain. They decrease
gradually in their dimensions, both horizontal and vertical, with
their distance from the parent chain. Every one who has visited
the country on either side of the ranges of the Alps, the Pyrenees,
or Mount Atlas, will be familiar with these features,

192. Relief of the Barth’s surface.—Considering the Earth as
a globe formed of solid matter, subject to superficial incqualities,
and partially covered with water, the land must be regarded
merely as the morc elevated parts rising out of the waters, which,
according to the common law of gravitation, arce lodged upon the
lowest levels.  The level parts of the land must be considered as
plateaux, table-lands, or terraces formed upon vast mountains,
the bases of which are at the bottom of the Ocean.

The mountains, in like manner, which rise from the surface of the
land, must be considered as only the highest peaks of those whose
bases are established upon the bottom of the deep, and the plaing
around them, upon which they rest, as merely tcrraces or
plateaux forming steps, as it were, in ascending their acclivities.

In acoordance with these views, it is found that systems of
mountains, whether they form continued chains, detached groups,
or isolated peaks, seldom have their bases upon a low level. On
the contrary, the plains upon which they stand are almost
always platecaux or tablelands at a considerable altitude above
the level of the sea. The heights of mountain-summits being
always expressed with relation to the level of the sea, it must
therefore be remembered, that in estimating heights above the
general level of the plains on which the mountains stand, it is
necessary to deduet the heights of such plains from the tabulated
heights of the mountains,

That this correction is of importance, will be comprchended
when it is remembered, that the heights of the tablelands upon
which the great chains of mountains stand, above the level of the
sea, varies from 2000 to 12000 feet, Thus, for example, the
tabulated altitude of Kunchinjunga, the highest peak of the
Himalayas, and indeed the most lofty point hitherto discovered
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on the globe, is 28178 feet; but the tableland of Thibet, on which
it stands, has an altitude of about 11000 feet, so that the height of
the peak above the level of the surrounding plain is only
17000 feet,

In like manner, the height of Mont Blane is 15739 feet, but
the height of the Lake of Geneva being 1450 feet, and the base
of Mont Blane being several hundred feet more, it follows that
the summit of Mont Blane cannot be much more than 13000 feet
above the level of its base.

From the two examples here given, it will be apparent how
little relation the tabulated heights of mountains sometimes have,
to the appearance which they would present to an observer. The
highest peak of the Himnlayas, measured from the level of the
sea, is nearly double that of Mont Blane, and is sometimes there-
fore deseribed as being a mountain, such as would be produced
by piling two like Mont Blanc one upon the other. Such an
illustration, nevertheless, is most inappropriate, as appears from
what has been just stated, since an obscrver of Kuunchinjunga
must necessarily view it from a station about 11000 feet above
the level of the sea, while an observer of Mont Blanc can view it
from a station less than 2000 feet above that level. Mont Blanc
would, theretore, under these circumstances, have nearly as great
an apparent height as Kunchinjunga.

193. Effect of the contemplation of mountain scenery.—
The more the imagination and understanding are impressed with
the lofty and massive mountain ranges—as evidences of gréat ter-
restrial revolutiony which the globe has undergone at distant epochs
of its history—as the limits of varying climates—as the lines of
separation forming the watersheds of opposite regions—and in
fine, as the theatres of peculiar vegetation—the more necessary is
it to obtain a correct numerical estimate of their actual volume,
so as to demonstrate the comparative minutencss of their mass
beside that of the extensive platforms on which they stand.

194. The Pyrenees.—Take, for example, the chain of the
Pyrenees, the area of whose base and whose mean elevation have
been determined with great precision, Let us suppose that this
“entire mountain mass were spread equally over the whole surface
of France, and let it be required to determine what would be the
thickness of the stratum which it would then form. Nothing can
be more simple than such an arithmetical problem, and the result
of its solution is, that the whole surface of France would be raised
only 115 feet.

195. The Alps.—In like manner, if the chain of the Alps were
levelled, and the material composing it uniformly spread over the
wholesurface of Europe, it would form a stratum only 21} feet thick,

187



THE SURFACE OF THE EARTIL.

196. Average height of continents.—Baron Humboldt, by an
elaborate onlculation, obtained a pretty exact estimate of the
average height of the surface of the land, composing the principal
divisions of the world above the level of the sea. He found
that the average height of the land in Europe is 670 feet. In
North America, 748 feet. In Asia, 1132 feet; and in South
America, 1151 feet.

These results demonstrate that the land in the southern regions
is more clevated than in the northern. In Asia the low elevation
of the extensive plains or steppes of Siberia, is compensated by
the mountain masses between the parallels of 283° and 40° lat.,
extending from the Himalaya to the Kuenlun of Northern Thibet,
and to the Tianschian or Celestial Mountains. Some idea may be
formed from these calculations in what parts of the globe the
action of subterranean plutonic forces, as manifested in the
upheaval of contincntal masses, has been most intense.

197. New mountain ranges possible.—¢ There is no suf-
ficient reason,” observes Humboldt, ¢ why we should assume that
the subterranean forces may not, in ages to come, add new systems
of mountains to those which already exist, and of which Elie de
Beaumont has studied the directions and rclative epochs. Why
should we suppose the erust of the earth to be no longer subject to
the ageney, which has formed the ridges now perceived on its
surface? Since Mont Blane, and Monte Rosa, Sorata, Illimani,
and Chimborazo, the colossal summits of the Alps and the Andes
are cofisidered to be amongst the most recent elevations, we are
by no means at liberty to assumne that the upheaving forees have
been subject to progressive diminution. On the contrary, all
geological phenomena indicate alternate periods of activity and
repose ; the quiet which we now enjoy is only apparent; the
tremblings which still shake the surface in every latitude, and in
every species of rock—the progressive elevation of Sweden, and
the appearance of new islands of eruption—are far from giving us
reason to suppose that our planet has reached a period of entire
and final repose.”

THE OCEAN.

198. Greatest depth.—While the aerial ocean invests the entire
surface of the globe, having a depth of from forty to fifty miles,
the liquid ocean under it, as alrcady explained, covers only about
three-fourths of the solid surface, being deposited according to the
laws of gravitation, in the lowest parts. Aocording to the result
of soundimgs, already explained, the character of the solid surface
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which it covers is quite analogous to that which rises above its
surface, being similarly varied by hill and valley, mountain and
plain. The greatest depth of the ocean is still undiscovered.
The plumb-line, in one part of the Pacific Ocean, was let down to
the depth of 27600 feet by Sir James Ross without finding bottom.
It has been generally assumed, as most probable, that the greatest
depth of the ocean does not ditfer much from the greatest elevation
of the land above its surface, which being in round numbers five
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miles, would show that the extreme difference of level of the solid
surface of the globe dves not exceed ten miles, or about the 800th
part of its diameter.

199. Uses of the ocean.—The vast collection of water forming
the ocean miuisters in an infinite variety of ways to the main-
tenance of the orgafised world, and in none more so than in its
property of evaporation. It may be considered in a certain sense
as a vast apparatus of distillation, by which fresh water is
supplied in regulated quantity and suitable quality to all parts of
ine land, and in these pnenomena the mountains play a con-
spicuous part.

200. General system of evaporation and condensation.—It
is demonstrated in physics that when an aqueous solution is
cxposed to the atmosphere, the pure water which forms the chief
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part of it will be converted into vapour at the surface in contact
with the air ; and the rate of such evaporation, other things being
the same, will be proportionate to the extent of the surface, the
temperature of the air in contact with it, and the superficial
temperature of the solution.

The water of the occan is a solution of certain salts and alkaline
substances. The evaporation which takes place from its surface
affects only the pure water, leaving the saline and other similar
constituents still dissolved in it. The pure aqueous vapour thus
taken into the atmosphere, rising to the more elevated strata, is
transported by atmospheric currents, and attracted by the mountain
summits and other elevated parts of the land, upon which it is
precipitated in the form of rain or snow, from which streams flow
down the declivities, discharging the functions of irrigation, and
thus contributing to the maintenance of animal and vegetable life
upon the land.

201, Olimatio- effects.—Independently of the obvious advan-
tages which the ocean affords, as supplying the means of intercom-
munication by commeree between distant parts of the carth, it
also serves an infinite variety of purposcs in the climatic economy
of the globe. 1t has been already shown that from the unitormity
of its physical qualities, it has a tendency to equalise and regularise
climute, so as to briug the isothermal lines into closer proximity
with the parallels of lasitude.

202, Ocean currents.—Its liquid propertics, however, com-
bined with the effects of temperature, render it further sub-
servient to the gencral equalisation of the temperatures of the
oxtreme zones, moderating the heat of the torrid and the cold of
the frigid. This is accomplished by the great ocean currents,
the existence, directions, and limits of which huve been ascertained
by modern navigators, .

These currents are classed as constant, periodical, and variable,
the two latter classes being determined chiefly by the influence of
the winds and tides.

203. Antarctio drift current.—The constant currents which
arc by far the most important, have their origin chicfly in the
southern frigid zone, from which a vast strcam ‘ealled the antarctic
drift current, pours its cold waters first northwards into the
Pacitic and then eastwards towards the eastern coust of South
America. Striking upon the shores of Chili, opposite the island
of Juan Fernandez, it is diverted to the north, following the coast
of the South American continent, until it encounters the jutting
shores of Peru, by which it is turned westward, where it takes
the name of the equatorial eurrent.

204. Its equatorial course.—From that point, followmg the
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direction of the line westward, and passing among the islands of
the Indian Archipelago, it traverses the Indian ocean, and sweep-
ing round the Cape of Good Hope, turns northwards along the west
coast of Africa, until it encounters the shores of the Gulf of Guinea,
which again divert it westward, where it resumes the name of the
equatorial current. Traversing the Atlantio, it urrives at the
northern coast of South America, and enters the Caribbean Sea
through the chain of the West India islands, from which it arrives
in the Gult of Mexico. .

205. Gulf stream.—Iun this long course, after cooling the
waters of the tropical ocean, its own temperature is at length
raised to a high point, and in that thermal state it arrives in the
Gulf of Mexico., The direction of the¢ current is there changed
by the southern coast of North Amecrica, and it issues through
the channel between Cuba and Florida, flowing northward along
the coast of the United States, and about the 35th degree of lati-
tude turning north-east, it again traverses tho Atlantic, dividing
ity course into two branches, one directed between the British Isles
and Ieeland to Spitzbergen in the Arctic ocean, and the other by
the Azores and Madeira back to the coast of Morocco.

At the point where it issues from the Gulf of Mexico, the
current takes the well-known denomination of the Gulf stream.
Its temperature, as just stated, isso elevated that its existence
can readily be determined by navigators by mcans of the ther-
mometer. It becomes thus a means of transporting to the regions
of the northern frigid zone a portion of the tropical heat, so as to
produce the equahising effect already mentioned,

206. Course and limits of ocean currents evident.—¢ The
currents of the ocean,” observes Humboldt, ¢ present a remarkable
spectacle, maintaining a nearly constant breadth. They cross the
sea in difterent directions, like rivers of which the adjacent
undisturbed mnasses of water form the hauks. 'The line of
demarcation between the parts in motion, and those in repose, is
most strikingly shown in places where long Lands of sea-weeds,
borne onward by the current, enable us to estimate its velocity.
Analogous phenvmena are sometimes presented to our notice in
the lower strata of the atmosphere, when, after a violent storm,
the path of a limited aerial current may be traced through the
forest by long lanes of overthrown trees, whilst those on either
side remain unscathed.”

207, Ocean rich in animal life. —Although the surface of the
ocean is less rich in animal and vegetable forms than that ot
continents, yet when its depths are searched, perhaps no other
portion of our planet presents such fullness of organmie life.
Charles Darwin, in the agreeable journal of his extensive voyages,
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justly remarks, that our land forests do not harbour so many
animals as the low wooded regions of the ocean, where the sca-
weed rooted to shoals, or long branches of fuci detached by the
force of the waves or currents, and swimming free, upborne by
air-cells, unfold their delicate foliage. The application of the
microscope still further inercases our impression of the profusion
of organic lifo which pervades the recesses of the occan, since
throughout its mass we find animal existence, and at depths
exceeding the beight of our lofticst mountain chains, the strata
of water are alive with polygastric worms, cyelidiw, and ophry-
dine. Here swar countless hosts of minute luminiferous animals,
mammalia, crustacca, peridinea, and ciliated nereides, which,
when attracted to the surface by particular conditions of the
weather, convert every wave into a crest of light.  The abundance
of these minute creatures, and of the animal matter supplicd by
their rapid decomposition, is such, that the sea water itself becomes
a nutritious fluid to many of the larger inhabitants of the occan.

208. Moral impressions.—1f all this richness and varicty of
animal life, containing some highly organised and beautiful forms,
is well fitted to afford not only an interesting study, but also a
pleasing excitement to the faney; the imagination is yet more
deeply moved, by the impressions of the boundless and immeasnr-
able which cvery sca voyage affords. 1le who awakened to the
inward oxercise of thought, delights to build up an inner world
in his own spirit, fills the wide horizon of the open sca with the
sublime image of the Infinite; his eye dwells especially on the
distant sea line, where air and water join, and where stars rise
and set in ever renewed alternations: in such contemplations
there mingles as with all human joy, “a breath of sadness and
of longing.” *

* Humbolt's Cosmos, pp. 299, 303.
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SCIENCE AND POETRY.

1. Optieal error in the fable of the Dog and the Xhadow. - 2. Explanation
of the phenomena.—3. Table showing the reflection at diflerent
obliquities.—4. Effect of lovking down in still water over the
bulwark of a ship or boat.—5. Effect of the varying distance of
the observers.—6. Experiments with a basin of water.—7. Expla-
nation of their cffects.—8. Scientific errors in Moore's Irish melody,
“Oh, had we some bright little isle.”—9. Demonstration of the
physical impossibility of what the poct supposes.—10. Allusion in
Moore's Ivish melody, ¢ Thus when the lawmp that lighted,” explained.
—11. Allusion in Moore's melody, ““While gazing on the moon’s
light.”—12. Shakspearc’s allusion to the cricket.—13. Moore’s
allusion to the glowworm.--14. Shakspeare on the economy of the
bee.—15. Error of the phrase *“blind as a beetle.”-=16. Lines from
Campbell's ¢ Pleasures of Hope.”-—17. Error of the allusions to the
foresight of the ant—Lines from Prior.~-18. Veses from the Proverbs.
—19. Celebrated deseription of the war-horse in Job.- - 20. Unmeaning
language of the translation.—21. Examivation of the true meaning
of the original Hebrew by Dr. MeCaul and Professor Marks,—22,
Interpretation by !Gesenius.—23. By Ewall.--24. By Schultens.—
25, Correct meaning explained.

1. Ix a former Tract we observed, that although the illustrations

and images drawn by pocts from physical phenomena are generally

just and true, yet this is not always the case. They are some-
times altogether at variance with the prineiples of physies, and
involve suppositions totally incompatible with the laws of Nature.

The fable of the Dog and the Shadow, which has been handed

down through so many ages, diffused through so many languages,

and taught so universally in the nursery and in the school, was
given as an example of this.*

It was there stated, that this popular fable involved an optical
blunder,.inasmuch as no reflection which could be supposed to

* Sce vol. vii, p. 01,
LarpyER's MUsevM uF SUIENCE, [} 193
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procced from the water, could possibly be such as to make a real
dog behave itself as the dog of the fable did on that occasion.
Whether we were fully justified in this condemnation of the
ancient fable has been called in question, and some of our readers
think that an image may be reflected from the surfacc of water,
under supposable circumstances, with sufficient vividness to justify
Aisop, or whoever clse was the original author of the fable.

Instead of stopping herc to dispute this point, we shall consult
the bencfit of our readers better by explaining the principles on
which it depends, and indicating some simple experiments which
we have oursclves tried, and which any of our readers may casily
repeat.

2. When light falls upon a planc reflecting surface, the pro-
portion of the rays which are reflected is found by observation to
be less and less, the more perpendicularly the rays are incident.
The actual proportion reflected at different degrees of obliquity,
was dctermined by Bouguer, for different substances. The
results obtained by him in the cases of water and glass arc given
in the following table, where the ungle of incidence means the
angle which the incident ray makes with the perpendicular to the
reflecting surface.  In the fourth columm of the table is given for
each degree of obliquity the number of rays out of every thousand
whieh are reflected, and in the fifth column, the number which
are absorbed.

3. TanLy, showing the proportion of Light incident on vefleeting suifaces,
which are regularly refected at different angles of incidence.

of Ry « | No: of Rays
Specimen of reflecting ~ Angle ot No.of Rays L G lv ‘ wrregularly
Surfuce, { In ° Co Tocted. Imﬂgcte;)l tr‘ind
absorbe
i (89" 30 ! 1000 721 z§9
i ,
1) 75 .0 | 1000 211 789
Water 1 6o | 1000 65 935§
[l30 too®| 1000 18 982
I8 | 1000 543 457
i) 7s 1000 300 700
Glass . . . . 6o ‘ 1000 112 288
j0 teo® | 1000 25 975

Now it appears from these rcsults, tlmt whcn a ray falls so

obliguely upon the surface of water, as to make with the per-

pendioular to the surface an angle of 75°, and, therefore, with the

surfaee itself an angle of 15°, nearly a fourth of all the incident

rays are reflected. Ilence it is that the image of the banks of a
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lake or river, viewed by an observer (fig., page 193,) stationed
at a considerable distance on the opposite side, arc very vivid, the
rays which produce vision in that case being those which fall with
great obliquity on the water.

Since it appears, however, that when the angle of incidence is
60°, und, therefore, the obliquity 30°, less than a fifteenth of the
entire number of incident rays are rveflected by the water, the
image must become fifteen times less vivid. 1If, therefore, the
obscrver approach the opposite hank, as he may do in a boat, its
image refleccted in the water will be less and less vivid ; or the
same effcct may be produced in some cases by taking a more
¢levated position, without changing his distance. Indeed this
will give a more aceurate result than the former, inasmuch as the
change of distance of the eye of the observer from the point of
reflection ought strietly to be taken into the account.

If the observer assume such a position, cither by increasing his
clevation or by diminishing his distanee, that the angle of inci-
dence shall be reduced to 80° and, therefore, the obliquity to 60°,
no more than eighteen rays in a thousand will reach the eye ; and
if the obliquity be still further diminished, the number of reflected
rays will be much more inconsidcrable.

Thus, by gradually diminishing the obliquity of the incident
rays by the change of position of the obscerver, the reflected
image, at first vivid, will be gradually more and more faint, until
at length it will cease to be pereeptible.

4. If a person look down into still water, over the bulwark of
a vessel, he will not pereeive any reflected image of his person ;
but if he lean over the gunwale of a boat, at a much less dis-
tance from the surface, he will perccive a faint reflection of his
person under certain circumstances. The cause of this is casily
explained.

The image formed by reflection is as far behind the reflecting
surface as the object is before it, and the intemsity of the light
proceeding from such an image decreascs in the same proportion
as the square of its distance from the observer increases. When,
therefore, the observer looks over the bulwark of a vessel, the
distance of his face from the surface of the water being, for
example, 12 feet, the distance of the image formed by reflection is
24 feet. The obliquity of the peneils which, proceeding from his
face, are reflected by the water iswery small, the rays being nearly
perpendicular.  Not more, therefore, than about two in every
hundred of such rays are reflected to his eye, and these diverge
from an image at 24 fect distance. The intensity of such reflected
light is, thereforc, insufficient to produce a sensible effect on the
retina,
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When the observer, looking over the gunwale of a boat, is
within two feet, for example, of the water, the image produced by
the reflected rays is only four feet distant. The intensity of the
light is therefore greater, other things being the same, than in
the former case, in the proportion of the square of 4 to the square
of 24, or what is the same, in the proportion of 36 to 1.

5. But besides this, there is another circumstance to be taken
into account. The rays of the pencils which, diverging from the
person of the observer, are reflected by the water and received by
the eye, have a greater obliquity than in the former case, in the
same proportion nearly as that in which the distance of the observer
from the surface of the water is diminished, and consequently
according to the results given in the above table, a much greater
proportion of these rays will be reflected.  On both these accounts
the image, which was imperceptible from the bulwark of the
vessel, is often pereeptible from the gunwale of the boat.

In all such observations, however, there are numerous modify-
ing conditions which will vary the result in different cases. Thus,
if the water be clear and transparent, and the bottom strongly
illuminated, the light reflected from it will often predominate so
much over the rays which produce the image to the observer, that
this image will cense to be pereeptible,

6. We have tried some simple experiments on this subject, the
results of which are instructive, and which may be casily repeated
by any of our readers.

Fill a basin with water, and place it near an open window, look
down from a height of five feet vertically above the surface of the
water. You will not perecive any trace of your own image in the
water. Descend gradually towards the surface, and when your
face is at about four feet above it, the faintest conceivable image
of it will begin to be perceived. On approaching still closer, the
image will be a little, but a very little, more perceptible, but even
at the least distances the reflection will be so faint that it can only
be perecived by coneentrating the attention upon it.

Let the basin be now surrounded with a sheet or any other
expedient, by which the light falling from the window upon the
water shall be excluded, but so that your face being above the
edge of the sheet shall be still illuminated. You will then per-
ceive your retleeted image with tolerable distinctness in the water,
even at a distance of four or five feet above its surface, and this
distinetness will be increased as the distance of your face above
the surface of the water is diminished.

7. The explanation of thesc effects is obvious. When the water
in the basin is exposed to the light of the window, the quantity
of the light reflected from the bottom of the basin to the eve of
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the observer predominates so much over the reflected rays’which
form the image of his face, that this image ceases to be sensible ;
but when by surrounding the basin with a sheet or cloth, all light
proceeding from the window is excluded, no light arrives at the
eye of the observer except the rays which form the image of his
face, which image is therefore distinctly perceivable.

The basin of water may also be instructively applied to illus-
trate experimentally the results consigned to the above table by
Bouguer. If it be placed on the floor or table between the observer
and the window, the observer standing at a considerable distance
from the basin, the rays proceeding from the window will be
strongly reflected from the surface, and a vivid image of the
window will be perceived in the usual inverted position in the
water. As the observer approaches it, the basin at the same time
heing moved nearer to the window, the obliquity of the incident
rays to the surface of the water is gradually diminished, and the
vividness of the image will be found to decrease in a much more
rapid proportion, until at length the obliquity is so far dimiuished
that the image becomes altogether insensible.

‘Whether a reflection under any supposable conditions sufficiently
vivid to justify the ancient fable of the Dog and the Shadow is
probuble, may be questioned, and we do not quarrel with some of
our readers who aftirm this. We admit that the expressions used
by usin paragraph 18, p. 91, vol. 7, may have been too strong if
they are understood to imply that in no supposable case could any
image whatever be perceivable. We think nevertheless that a
dog, looking into a pond with meat in his mouth, the surface
of the pond being necessarily exposed to the broad light of day,
would not be likely to mistake the exceedingly faint reflection of
the meat for another and preferable piece of that aliment.

8. In one of his Irish Melodies, so familiar to all lovers of poetry
and music, Moore has the following lines —

¢ Oh ! bad we some bright little isle of our own,
In & blue summer ocean far off and alone,
Where a leaf never dies in the still blooming bowers,
And the bee banquets on through a whole year of flowers ;
Where the sun loves to pause
With so fond a delay,
That the night only draws
A thin veil o'er the dgy ;
Where simply to feel that we breathe, that we live,
Is worth the best joys that life elsewhere can give.”

Now this is good poetry, but bad science. An ““isle” in which
‘g leaf never dies,” and in which the flowers bloom through the
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year, must necessarily be within the tropics: a latitude to which
the succeeding lines about the ¢ fond delay ” of the sun, and the
night which only ¢draws a thin veil o’er the day,” which pro-
duces, in other words, only a few hours of twilight, are utterly
inapplicable.

9. In tropical latitudes the variation of the length of the day is
very inconsiderable. It is a little more or a little less than twelve
hours, and that is all. The night is, conscquently, subject to a
variation similarly limited. Instead therefore of the very long
days and the very short nights which the poet ascribes to his
“igle” in the blue summer occan, there would necessarily be
nights, the duration of which could never be much less than
twelve hours in any part of the year.

But this is not all. Instead of enjoying a constant nocturnal
twilight, so beautifully described by the poct as a veil drawn over
the day, the inhabitants of the tropics enjoy scarcely any twilight
at all, being plunged in nocturnal darkness almost immediately
after sunset. This arises from astronomical causes, which will be
very easily understood.

Twilight is produced by the reflection of the sun’s light from
that part of the visible atmosphere upon which the sun continues
to shine after sunsect until its depression below the horizon
amounts to about 18°. Now it is apparent, that the more ncarly
perpendicular to the horizon the diurnal motion of the sun is, the
sooner will its orb attain this depression of 18°. In the higher
latitudes, where the celestial pole is not very far removed from
the zenith, the sun is carried round in a diurnal circle, making
a very oblique angle with the horizon; consequently, after it
sets, its depression below the horizon inereases very slowly, and
a long interval clapses before the depression amounts to 18, In
some latitudes at the scason of Midsummer it is not so much
as 18° even at midnight; and in such places the poct might very
truly say,-—

¢¢ The night only draws
A thin veil o'er the day.”

But the latitudes in which this can take place are very differ-

ent indeed from those in which

““q leaf never dies in the still blooming bowers,
And the bee bunquets on through a whole year of flowers.”

The distance of the eclestial pole from the northern point of
the horizon being always equal to the latitude of the place, as may
be seen by reference to our Tract on Latitudes and Longitudes,
the depression of the sun below the horizon at midnight will be
found by subtracting the latitude of the place from the sun’s
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polar distance. Now the sun’s polar distance at Midsummer is
664°, and in order that its depression at midnight should not
exceed 18°, the latitude of the place must at least be equal to
661°, diminished by-18°, that is, 483°.

1t follows, therefore, that an entire night of twilight can only
take place at latitudes higher than 48;°. But to produce the
effect expressed by the poet, a twilight should be maintained
much stronger than that characterised by the scientific sense of
the term. A twilight which would be only a ¢ thin veil drawn
over the day,” would be such as can be only witnessed in lati-
tudes like those of Norway and Sweden, the northern parts of
Scotland, the Orkneys, &e.

In tropical latitudces, on the contrary, the cclestial pole has an
altitude less than 234", and the diurnal path of the sun makes
with the plane of the horizon an angle greater than 664°.  After
sunset, the sun therefore descends very rapidly, and the more
rapidly the ncarer the place is to the line. At the line itsclf the
sun attains the depression of 18° in about seventy-two minutes
after sunsct ; and although the twilight in the scientific sense of
the term would not terminate till then, it comes to a close much
sooner in the poetic sense of the ¢ veil drawn o’er the day.” In
short, an almost sudden darkness succeeds sunset, and, in like
manner, sunrise succeeds as suddenly to the darkness of night.

In a word, the poet, in the beautiful lines cited above, has eom-
bined incompatible astronomical and climatological conditions. The
perpetual summer necessarily infers tropical latitude, while the short
and twilighted night infers a high, not to say a polar latitude.

It would, perhaps, be decmed hypereritical to examine how far
the naturalist would justify the poet in his allusion to the industry
of the bee in a tropical climate. The honey-bee, which no doubt
was the insect alluded to by the poet, is, for the most part, con-
fined to ultra-tropicul latitudes. Sinee, however, there are certain
species of this insect found in the lower latitudes, it may be
admitted that the poct has, at least in this point, a locus stand:.

Having had the pleasurc of the personal acquaintance of the
author of the Melodies, I once pointed out to him these scientific
incompatibilities in his lines. He replied good-humouredly, that
it was lucky when he wrote the song that such inconsistencies did
not occur to him; for, if they had, some pretty thoughts would
inevitably have been spoiled, since he could not have been brought
knowingly to take such liberties with the divinities of Astronomy
and Geography.

10. The allusion and imagery which Moore loved to secek
in certain parts of physical science were generally much more
199



SCIENCE AND POETRY.

consistent with physical truth, without being less beautiful, than
that which we have quoted above.

How happily, for example, did he avail himself of that beantiful
property of the iris by which it accommodates the eye to greater and
less degrees of light, enlarging the pupil when the light is faint,
and contracting it when it is intense.

The iris, as is well known, is the coloured ring which sur-
rounds the dark spot in the middle of the cye; this dark spot
being not a black substance, but a circular orifice through which
the light is admitted to the membranc lining the posterior part
of the internal chamber of the eye. This circular orifice is called
the pupil, the retina being the nervous membrane which pro-
duges the visual perceptions. These, with other particulars of the
structure of the eye, will be found fully explained in our Tract on
that subject.

The iris which surrounds the pupil has a certain power of con-
traction and expansion, which is produced by the action upon it of
proper muscles provided for that purpose.

The quantity of light admitted through the pupil to the retina
is increased or diminished in the proportion of the area of the
pupil, which increases and diminishes in proportion to the square
of its diameter; a very small variation of which therefore pro-
duces a very considerable proportionate variation of the quantity
of light admitted.

If a person, after remaining for some time in a room dimly
lighted, pass suddenly into one which is strongly illuminated, he
will become instantly sensible of pain in the retina, and will
involuntarily close his eyes. After a short time, however, he will
be enabled to open them and look around with impunity.

The cause of this is easily explained. In the dimly lighted
room the pupil was widely expanded to collect the largest quantity
possible of the faint light, so that a sufficient quantity might be
received by the retina to produce a sensible perception of the
surrounding objects. On passing into the strongly illuminated
room the expanded pupil admits so much of the intense light as
to act painfully on the retina, before there is time for the iris to
adjust itself so as to contract the aperturc of the pupil. After
a short interval, however, this adjustment is made, and the area
of the pupil being diminished in the same proportion as the
intensity of the light to which it is exposed, has been augmented
in passing from the one room to the other, the action upon the
retina is proportionally mitigated, so that the eye can regard
without pain the surrounding objects.

The reverse of all this takes place when the eye suddenly
passes from strong to feeble illumination. The pupil contracted
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when exposed to the strong light is not sufficiently open to admit
the rays of feeble light necessary to produce visual peroeption,
and for some time the surrounding objects are invisible. When,
however, the proper muscular apparatus has had time to act upon
the iris so as to enlarge the pupil, the rays are admitted in greater
quantity, and the surrounding objects begin to be perceived.
These phenomena are beauiifully expressed by the lines of
Moore : —
¢‘ Thus when the lamp that lighted
The traveller, at first goes out,
He feels awhile benighted,
And lingers on in fear and doubt ;
¢ But soon the prospect clearing,
In clondless starlight on he treads,
And finds no lamp so cheering
As that light which Heaven sheds.™

Nevertheless there is at point in this which demands some ex-
planation. It isimplied in these lines that the source of nocturnal
illumination is chiefly, if not exclusively, starlight. This has
been in a great measure disproved in some memoirs published by
Arago in the ¢ Annuaire du Bureau des Longitudes,” in which he
shows that there must be some other source of nocturnal illumi-
nation than that of the stars. On nights, for example, which are
thickly clouded there is sometimes a stronger light than on those
in which the firmament is clear and sercnc. From this and other
circumstances Arago argues that there must be some power of
illumination in the clouds or in the atmosphere independently of
the light which proceeds from the stars. Thisis a point, however,
the full development of which would require more space and
time than we can spare for it on the present occasion.

11. In another of Moore’s pocms we find the following beautiful
lines :—
¢ While gazing on the moou’s light
A moment from her smile I turn’d,
To Jook at orbs that, more bright,
In lone and distant glory burn'd.
But too far
Each proud star,
For me to feel its warming flame,
Much more dear,
That mild sphere,
Wl:ich uear our planet smiling came.
* *

Thus, Mary, be but thou my own;
While brighter eyes unheeded play,
T’ll love those moonlight looks alone,
That bless my home and guide my way.”
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This is not only beautiful poetry, but sound astronomy. The
distances of the stars are many hundreds of millions of times
greater than that of the moon, but their actual splendour is in
many cases greater than that of the sun. Thus it has been shown
by calculations made upon observations which appear to admit of
no doubt, that the star Sirius, commonly called the Dog-star, is a
sun 1463 times more splendid than that which illuminates our
system. Its distance, however, is so cnormous that the actual
light which it sheds upon our firmament is less than the five
thousand millionth part of the sun’s light.

Another star, which is the principal one in the constel-
lation of the Centaur, has been ascertained to be a sun whose
splendour is 2} times greater than that of ours, but owing
to its cnormous distance the light which it sheds in our
firmament is twenty-two thousand million times less than that
of the sun.*

Sir John Herschel compared the light shed by this star from
our firmament, and found by exact photometric measurcment
that it was 27408 times less than the light of the full moon.

12, Shakspeare imputes to the cricket the sense of hearing—
¢« T will tell it softly, young crickets shall not hear me.

This was long considered as a scientific blunder on the part of
the poet, the most eminent naturalists having maintained that
inscets in general have no sense of hearing. Brunelli, an Italian
naturalist, however, has demonstrated that the cricket at least
has that sense. Several of these insects, which he shut up in a
.chamber, continued their usual crinking or chirping the whole
.day except at moments when he alarmed them by suddenly
knocking at the door. The noise always produced a temporary
silence on their part, le contrived to imitate their sounds so well
that the whole party responded in a chorus, but were instantly
silenced on his knocking at the door.

He also made the following experiment. Ile confined a male
ccricket on one side of his garden, while he put a female on the
other side at liberty. The moment the belle heard the crink of
her beau she showed no coyness, but immediately made her way
to him.

13. The female glowworm, which emits the phosphorescent light,
familiar to all who have dwelt in warm climates, remains com-
paratively stationary to await the approach of her mate, attracted

* Lardner’s Astronomy, pp. 749, 752.
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to her by the light which she holds out to him, a circumstance of
which Moore has availed himself with his usual felieity :—

‘¢ Beautiful as is the light
The glowworm hangs out to allure
Her mate to her green bower at night.”

14, The well-known economy of the bee was never more beauti-
fully described than by Shakspeare, who puts the following
comparison into the mouth of the Archbishop of Canterbury :

“True ! therefore doth Heaven divide
The state of man in divers functions,
Setting endeavour in continual motion ;
To which is tixed, as an aim or butt,
Obedience : for so work the honey bees ;
(‘reatures that, by a rule in nature, teach
The act of urder to a peopled kingdom,
They have a king, and ofticers of sorts :
Where some, like magistrates, correct at home ;
Others, like merchants, venture trade abroud ;
Others, like soldiers armed in their stings,
Make boot upon the summer’s velvet buds ;
Which pillage they with merry march bring home
To the tent royal of their emperor !
Who, busied in his majesty, surveys
The singing masons building roofs of gold ;
The civil citizens kneading up the honey ;
The poor mechanic porters crowding in
Their heavy burdens at his narrow gate ;
The sad-eyed justice, with his surly hum,
Delivering o’er to éxecutors pale
The lazy yawning drone.”

Henry V., Act. 1., Scene 2.

15. The phrase ¢ as blind as a beetle,” is as false as it is fami-
liar. In the rapid flight of this insect in the ¢venings of summer,
it often strikes the face of thosc who walk abroad, and hence is
erroneously inferred to be blind.

Collins describes this insect in the well-known lines of his
Ode to Evening :—

¢ Now air is hushed, save where
The beetle winds his small but sullen horn,

As oft he rises midst the twilight path,
Against the pilgrim borne in heedless hum.”

The poet, it will be observed, avoids falling into the popular
error of imputing blindness to the insect.
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16. In Campbell’s immortal poem, the Pleasures of Hope, we
find the following lines :—

¢¢ Angel of Life! thy glittering wings explore
Earth’s lJoneliest bounds, and Ocean's wildest shore.
Lo! to the wintry winds the pilot yields
His Vark careering o'er unfathom’d fields;
Now on Atlantic waves he rides afar,
‘Where Andes, giant of the western star,
With meteor standard to the winds unfurl’d,
Looks from his throne of clouds o’er half the world.”

Although it is difticult to assign a limit to the degree of exag-
geration allowed by the licence of poetry, it is quite clear that
there is some such limit, and we apprchend that if thesc lines,
so admirable as poetry, be curiously examined by the light of
scicnee, they will scarcely be considered as falling within such
limit.

We arc to imagine with the poet the genius of the Andes
enthroned upon the most lofty peak of that chain, looking round
him at the hemisphere, on the middle of which his throne rests.
To behold from such a position ‘“ half the world,” would be
a manifest optical impossibility, however clevated his seat might
be.  But if his range of view could in any degree approximate to
half, or even to a quarter of the globe, the exaggeration might
be allowed to pass. l.ct us see, however, what would be the
utmost possible range of view which could be obtained by an
observer placed upon the apex of the most lofty conc of the
Andes, supposing the surrounding mountains of less elevation not
to interrupt his general view of the earth’s surface.

The most lofty peak of the Andes is that of Aconcagua, which
rises immediately above Valparaiso, overlooking the Pacitic Ocean.
The extreme height of this summit is 23910 fect. Now let us
sce what would be the extreme range of view from such an
elevation ; and in making this calculation we shall, contrary to

our custom, introduce its mathe-

Fig. 1. matical details, so as to inspire

: our readers with greater confidence

in the result. Let us suppose the
semicircle here indicated to repre-
sent the section of the hemisphere,
near the middle of which the sum-
mit of the mountain is placed.
Let o represent the base, and T
the summit of the mountain. If a line Tz be drawn touching
the earth, the point z will be the limit of the range of view of

an observer looking from T in the direction of T z, and the
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terrestrial are z o will therefore represent the radius of the
circle round the observer, which will be seen visible to him. In
short, it will represent his terrestrial horizon, which the poet
in the lines quoted assumes to be half the globe. By calculuting
the arc z 0, the degree of exaggeration in the poetical illusion will
be rendered apparent.

The height of the peak of Aconcagua, reduced to geographicul
miles, is 3-935. The length, A z, of the carth’s semi-diamecter,
also expressed in geographical miles, is 3438, and, consequently,
of the line A T will be 3438 4 3°935 = 3441-935. Let the ter-
restrial arc z o be expressed by A, we shall then have

A Y 3438000
Cos, A = -— ———
AT 3441930

To compute the value of A, we shall have, therefore—
Log. 3438000 = 6.5363059
Log. 3441935 = 6+5368021
i - e

Log. Cos. A = 9-9995038

A= 2744 18" = 1643 miles,

It appears, therefore, that the range of view round such an
observer would be contined within a radius of 164 geographical
miles, whereas *¢ half the world,” supposing it to be spread out in
a cirele under the eye of the observer, would be measured by
radius of 90 X 60, or 3100 miles, so that half the world would Le
measured by a radius more than thirty-two times that whicl
would actually limit the view of Campbell’s ¢ giant of the western
star.” Weadmit, however, that the task is rather an ungracious
one, which consists in thus cutting down the splendid imagery of
Campbell’s poetry to the level of the severe limits of scientific
truth, and if we do so, it is more for the sake of exercising our
readers in physical enquiry, and habituating them to mathema-
tical precision, than with any intention of depreciating poctic
beauties of which we are as sensible as others.

17. No notion is more prevalent, respecting the insect economy,
nor more frequently embodied in the imagery of poets and in the
cloquence of moralists, than the industry and foresight imputed
to the ant:—

—*“Tell me, why the ant,
'Midst summer’s plenty, thinks of winter's want,
By constant journies careful to prepare
Her ~tores, and, bringing home the corny ear,
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By what instruction does she bite the grain,

Lest, hid in earth, and taking root again,

It might elude the foresight of her care !
Prror.

It has been ascertained, however, that these instincts are
erroneously imputed to the ant. That inscet passes the winter in
a torpid state, and does not lay up any store of provisions. Still
less does it take any such precautions as those commonly im-
puted to it, of biting off the ends of the grains which it lays in
store, to prevent them from germinating. It is supposed that
this crror may have arisen from the inscet being observed to
carry about their young in the pupa state, in which they have
some resemblance to a grain of corn, and also from their being
observed to gnaw off the end of the sheath which encloses the
pupa, in order to liberate the inscet, after it has attained its perfect
state, from its confinement.

18. The words of Solomon respecting this insect, which occur in
Proverbs, vi. 6, 7, 8, arc well known :—

6. Go to the ant, thou sluggard ; consider her wayvs and be wise,

7. Which having no guide, oversecr, or ruler,

8. Provideth her meat in the summer, and gathercth her food in the
harvest.

If the original Hcbrew word, which has been here translated by
the Saxon ant, properly signities the Kuropean insect of that
name, these verses of Solomon would undoubtedly involve an
error in zoological history ; but that cannot be affirmed until the
habits and manners of other species of the insect inhabiting
warmer climates have been examined and ascertained. For
although during the cold winters incidental to this climate, the
ants remaining in a torpid state do not need food, yet in warmer
regions, where they are probably confined to their nests during
the rainy season, a store of provisions may be necessary for them.
This supposition has been to a great extent verified by the dis-
covery made by Colonel Sykes, at Poonah, in India, of a species of
ant, which he denominates Atta providens, which store up the
seeds of a kind of grass culled panicum, at the time they are ripe
in January and February, which they expose on the outside of
their nests to the sun in the warm season, for the purpose of
drying them after they have been wetted by the rains of the
Monsoon. Such measures cannot be explained, except by the
supposition that these secds are destined for food, and though
there is no recorded instance of ants feeding on any vegetable
substances, except such as arc saccharine, yet, all experience
proves how constantly in entomology, exceptions to general laws
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are presented, and there seems to be good reason to believe that
this is one of them.*

19. Every reader who is duly sensible of the sublime poetry of
certain parts of the Hebrew Seriptures will be familiar witl: the
following splendid description of the war-horse in the Book o
Job, xxxix. 19:—

19. Hast thou given the horse strength 7 hast thou elothed his neck
with thunder ’

20. Canst thou make him afraid ns a grasshopper * the glory of his
nostrils s terrible.

21. He paweth in the valley, and rejoiccth in his strength : he goeth
on to meet the armed men.

22, He mocketh at fear, and i~ not affrighted ; neither turneth he back
from the sword.

23. The quiver rattleth against him, the glittering spear and the
shield.

24, He swalloweth the ground with fierceness and rage ; neither
believeth he that # is the sound of the trumpet.

52. He saith among the trumpets, Ha, ha : and he smelleth the battle
afar off, the thunder of the captains, and the shouting.

20. In reading these verses, one is so dazzled with their splen-
dour that it is difficult to submit them to the cold test of physical
truth. Nevertheless, it has always appearcd to us, that the
sccond member of the first verse ahove quoted is, as translated,
destitute of all meaning. Tv clothe an object with thunder would
be to clothe it with a sound, which obviously is destitute of all
meaning either literal or metaphorical. 1t might seem as though
the allusion intended in the original of the passage might have been
to lightning and not to thunder. One can concvive the waving
and flashing of the mane of the war-horse fuirly enough imaged
by lightning, especiully when considered in connection with the
roar of the battle-ficld and ¢*the thunder of the captains,” so
finely described in a succecding verse. 1If the original Hebrew
term which has been translated by the word thunder could bear
the signification of lightning, the objection here advanced would
be removed.

To say that a thing is clothed with a sound reminds one of an
anecdote to which we have alluded on a former occasion. A
blind man being asked what idea he had of the colour scarlet,
replied that he believed he had a very clear notion of it, for that
it was just like the sound of a trumpet.

21, Thinking it highly probable that the blemish which I have

* Trans. Ent. Soc., Londvn. Vel il p. 211,

[
<
-3



SCIENCE AND POETRY.

here indicated was attributable to the translators, rather than
the author, of the book of Job, I have had recourse to the original
Hebrew ; and desiring on such a point to be supported by higher
authority than I can myself lay claim to, I requested the aid of
two eminent Hebraists, Dr. Alexander McCaul, of King’s College,
and the Rev. Professor Marks, of University College, London,
both of whom have favoured me with their opinions and sug-
gestions on the subject; and, as they do not materially differ,
there can be no doubt that their interpretation is substantially
correct. It appears, as I anticipated, that the translation is
faulty; but, on the other hand, the Hebrew word which has been
translated thunder never means lightning.

22. Gesenius says that the primitive sense of the term used is
tremor, or trembling, being derived from the verb Raam, which
gignifies to tremble. In verse 19, he says, that it has the
primary sense, tremor, and that it is used poetically for the mane
of a horse, as in the Greek ¢é8n. Here, however, are his words
from the Thesaurus:

““mraf., 1, tremor; poet. projuba equi, qure in equis nobilioribus
propter cervicis obesitatem contremiscit, unde gr. ¢48n, juba, a
¢dBos. (Job. xxxix. 19.)”

23. The famous Ewald, the other great authority in Hebrew,
in his ‘‘Poctische Biicher des Alten-Bundes,” gives the same
sense, and translates the word by the German Zittern, trembling.
Both understand the trembling mane, and therefore find no
allusion to thunder or lightning. The word is by none inter-
preted lightning, and cannot have that meaning. The LXX have
¢dBov, tremor, which Gesenius supposes to be equivalent to ¢dBn,
mane. Symmachus has «Aayyiv. Theodotion, xpeuerioudy, which
sense is also given by the Vulgate, Hinnitum. The mnoderns,
who prefer this sense, take ‘“neck” as poetic for ¢‘ throat,” or
explain the thunder of the sound of the long shaking mane.

24, Schultens translates the word ‘¢ tremore alacri,” (with
rapid quivering). Puarkhurst translates the word thus, ¢ With
the shaking mane.”

25, On'the whole, therefore, it appears that the English version
of the second member of v. 19, chap. xxxix. is incorrect. ¢ Hast
thou clothed his neck with thunder?' is not the sense of the
original Hebrew, which would be correctly rendered thus, ¢ Hast
thou clothed his neck with a shaking (or flowing) mane ?”’

208






