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PKEFACE.

The primers, class-books, and text-books on all

branches of science now publishing are, I think,

calculated to do a great deal of good. They

show how compendiously the most part of what

is ascertained to be real and important in science

may be intelligibly stated, and how interesting

to minds of general culture an acquaintance with

nature is when the statement of it is freed from

the laboured scaffolding which usually surrounds

it, and is deemed necessary to support it, in sys-

tematic treatises.

It may, indeed, be alleged that these primers

present to their readers merely a smattering of

science. But may it not with truth be replied,

in similar terms, that the actual science of the

day, in all its details, when viewed in reference

to a satisfactory view of nature and its economy,
is itself merely a smattering ?

The following pages, which, to perpetuate a
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title very general among the short treatises of

the philosophers of ancient India and Greece,

and familiar to us in Latin, I have named

" De Eerum Natura,"

are presented to the reader (who is not preoccupied

and satisfied with science commonly so called) as

appearing to their author much better calculated

to satisfy that legitimate curiosity which the ob-

servation of nature and patient thought about it

tend to awaken ; and that for the following among

other reasons :

—

I. When in the progress of the development

the field of physics and chemistry is reached,

without the aid of the balance the specific grav-

ities of masses and the atomic weights of their

elements, their atomicities and chemical affinities,

their abundance or rarity in nature, and their

natural affinities have been deduced as functions

of the form and structure of the least parts of

matter ; and the results thus obtained being there-

after compared with those of observation and ex-

periment, such agreements present themselves on

all hands as to constitute a striking verification of

the theory advanced in its principal features, and

in that branch of the subject—namely, the physi-

cal—which alone admits of a palpable verification;

for what is advanced as to spirit and the world of

spirits can commend itseK to scientific acceptance

only by its verisimilitude or general harmony with

thought and things.
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IT. The train of thought is a cyclical develop-

ment which, while it possesses continnity from

first to last, is based upon a homogeneous unity

into which it returns, with perfect conservation

of energy and attribute ; so that the popular view

of things which looks only to a development all

in one direction, issuing, in the opinion of some,

in its own abolition and ruin, gives place here to

a self-restoring, seed-producing system, homologous

on the great scale with what we see in the small

scale, and to what we should expect where im-

mensity and eternity supply the field of existence

and action, and the ever- living God is the Author

of the economy.

III. Most of the views here advocated have been

advanced in previous epochs of philosophy and

science, but that only in broken and unconnected

portions giving no mutual support, while here

they are given in connection, falling into their

places as parts of one systemic whole. And
though the unhistorical and uncritical way in

which they are here presented may seem disre-

spectful to modern science, and even revolution-

ary in some of its branches, yet on the part of

an author whose home is far from all Kbraries,

this was unavoidable ; and if it be found on an
adequate study of them that the changes pro-

posed are all in the interests of objective sim-

plicity, distinctness of conception, and facility of

acquisition, with an ample responsiveness of na-

ture, these literary faults may well be condoned.
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IV. The author has extended the application of

a law already familiarly known, hut referred to in

biology only, so as to he all-embracing and cosmical,

and, indeed, as alone needed for the explanation of

phenomena. And if he has succeeded, surely some

such consummation is most devoutly to be wished.

If it be said that he tends to make the science

of mechanics coextensive with material nature,

and to supersede chemistry except as an art ; that

he aims at presenting atoms and molecules, and

ultimately tissues, as structures distinctly visible

in the mind's eye, their modes of action, af&nities,

atomicities, and other affections being clearly ex-

plicable on weH-known statical and dynamical

principles, and their analysis and synthesis a sort

of clearly-seen mental fingering,—surely this is a

state of science against which the only thing that

can be said is that it is not possible to be ac-

complished—an objection which only reminds one

of the remark which Bacon somewhere makes, that

he is a bad mariner who concludes that, when all

around is sea to him, there is no land beyond.
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—
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Quartz of

fusion,

(OSiOSiOP _ 12x300

AQ ~" 1620
= 2-2 Exp. 2-2.

Crystal-

lised

quartz.

(OSiOSiO)^+^2+l _ 14x300

AQ 1620
= 2-59 Exp. 2-6." 1

1 See ' A Sketch of a Philosophy,' Part IV. p. 170.



PERSONAL NOTE.

The Author desires to account for tlie obvious faults in the com-

position of this little Work by stating that, as he found his views

extending and at the same time improving in unity and simpUcitj'

more and more, year after year, since 1830, when they were first pro-

pounded in a very immature state, he was tempted to put off the

composition of this epitome too long (set. 78). And when engaged

in it he was warned of imfitness for sustained study, too soon to do it

well, too late to refrain from doing it altogether.

Moffat, Dxtmfriesshiee,

June 1878.



ON THE NATUEE OF THINGS.

CHAPTEE I

INTRODUCTORY.

1, Existence, its characteristic.— That something

exists is the basis of all knowledge, aU philosophy, all

science. And as to the characteristic of existence, or

that which makes an object to he, it is enough for our

progress if we regard it as that which the term itself

expresses—viz., that which outstands ; which can only

mean that which manifests itself, that which is pos-

sessed of manifestiveness or a manifestive power. This
in its turn implies, no doubt, a corresponding recep-

tivity. But this is not a complication; or, if it be,

let it be granted, for it is inevitable; and let us con-

clude that a manifestive power, with an. appropriate

receptivity, is the characteristic of existence or 'beiTig.

2. A classification of existing objects.—This view
of the nature of existence enables us at once to classify

the objects of knowledge, of philosophy and science.

No doubt such a step as classification cannot be taken
without violating the continuity of all tilings; but it
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is a necessity for tlie human memory in which know-

ledge exists only as a thread requiring to have knots

on it, in order to be caught up as wanted.

Class I. Includes those objects in which existence,

viewed in its characteristic, culminates—namely, those

which are manifestive to the full, manifestive to them-

selves as well as otherwise, conscious as well as per-

cipient and perceptible. These are Spirits or mentally

endowed beings.

Class II. Includes those objects which are perceptible

but not percipient; whose manifestive power investR

them with impressiveness and impressibility only—viz.,

Bodies.

Class III. Includes those objects (maintaining the

continuity of the cosmos so far as is compatible with

their individuation) which intercede and mediate be-

tween spirits and bodies, and supply substance for con-

stituting both

—

Yiz., Ethereal Elements.

3. The relation between substance and power or

energy.—The nature of things now advocated, inas-

much as it holds that manifestive j)ower is the criterion,

the evidence, the essence of being, imphes that that

essence is power or energy. As to substance (another

familiar term), it is not to be inferred that there is any-

thing else in it. Substance is merely power or energy

when conceived, as in a statical, quiescent, or potential,

not an active, cogitative, volitional, or kinetic state ;
and

it is to be regretted that in forming languages from the

Latin, along with " existence " the term " sistance " was

not preserved as expressive of the statical, the quiescent,

the unobtrusive state of existence.

The last word in this field is thought But yet

thought vanishes under the attempt to conceive it as

a being or thing in itself, or otherwise than as an

efflorescence or function of something else.



3

CHAPTEE 11.

A SUPREME BEING.

4. Energy, when individualised and possessed more
or less of its full complement of attributes, constitutes

a spirit.—Of the three orders of being which have been
indicated, plainly spirit is that in which the criterion of

existence is most fully possessed. It is that in which
existence is most perfect. On this ground, therefore,

spirit claims our attention in the first place. And
surely this claim shoiild be welcomed by us ; and that

not only on account of its dignity, but because in all

our pursuits we ought to come as near to our object as

we possibly can. Now the object of science is know-
ledge, and it is by the action of spirit alone that we can
know anything. Why not, then, a knowledge of spirit

in the first instance ? The answer is not a contradiction

of the order just proposed abstractly, but merely an
evasion in consequence of the difficulty of observing
and investigating phenomena which are at once invisible

and impalpable, as is the case with the phenomena of

spirit.

5. The first of spirits is Infinite and One.—The idea
of finite implies a boundary or limitation. IN"ow this is

a subsequent idea, implying that there is before it that
which is unbounded, infinite in this case in all the
attributes of a perfect spirit. Among these unity pre-
sents itself in the first instance, for two or more infinites
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are impossible. Moreover, the constitution of intelli-

gence itself, which is ever aiming at unity and identity,

proclaims that at the fountain-head of thought and

Being there is One, and not more than one.

6. Along with unity He possesses omnipresence and
omnipotence.—The first specific object, therefore, of the

philosophy and science which we advocate, is that Being

whom all the human race is ever seeking, and who is

most shortly named God. And here it is necessary to

enter so far into theology as to affirm that not only is

this Supreme Being One and infinite, but that He is

also everywhere present, possessing throughout all im-

mensity the characteristic of existence, self-manifestive

power, implying power bounded only by what is self-

contradictory or impossible, and therefore all that is

rationally expressed in the idea, of omnipotence.

7. He also possesses supreme happiness or ever-

blessedness.—^Without insisting on a demonstration or

even an illustration here, it is necessary for our progress

to state, and let it be granted, that when an omnipotent

spirit is freely and fully outpouring itseK in the normal

exercise of self-manifestive power, without restraLut or

arrest, it is in that state of mental action which is

familiarly known as happiness or blessedness. Now
this is a state of mind for the sake of which alone,

in a greater or less degree, existence, so far as we can

see, possesses any value. If the consciousness of in-

congruity do not forbid, let us just suppose a universe

fiUing aU space it may be, but which all through and

all over is wholly apathetic, with no one at all either

over it or in it capable of feeling,—a universe, there-

fore, which could not be characterised either as grand or

beautiful or by any other attribute implying sensibility

either in the objects of it or the beholder of it, would it

not be a most inane thing, nay, the very realisation of

an abortion, on the largest possible scale 1 But there is
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no sucli thing. In point of fact, feeling exists in the

actual universe to a vast extent. And how could this

be unless it also existed in the First of Beings 1 But if

in Him it existed at all, we must regard it as existing

in perfection, since He is in His every attribute perfect.

Along with unity and omnipresence, therefore, we ascribe

to the .Almighty, ever-blessedness, and that not merely

as a point of theology, but as a step indispensable to

our progress, as will presently appear.

Though it is not necessary to our progress, it may be
here mentioned that all the attributes of the Supreme
Being which enter into theology, along with those men-
tioned above, may be reached as manifestations or de-

velopments of the attribute of almighty power. Thus,

not only omnipresence but omniscience appears on this

ground; for certainly, if in an almighty Being there

were any points of darkness or ignorance, the first forth-

putting of His omnipotence would be to light them up
into perfect knowledge, and thus to provide Himself
with omniscience. But the knowledge of all things

implies also perfect knowledge of their right relations.

Thus, omnipotence impKes a perfect knowledge of Tight-

ness or righteousness. And on the supposition of a
change among these relations, it stiU implies a perfect

knowledge of the forthcoming relations contemplated.
But this is perfect wisdom. An omnipotent Being,
therefore, has a knowledge of perfect wisdom. And
these attributes, when informing His wiU, imply that
He is perfectly righteous and wise, no less than su-

premely actuated by love, as will be presently shown
to be implied in His ever-blessedness. And so on in
fidl detail
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CHAPTEE III.

THERE ARE REASONABLE GROUNDS FOR A CREATION

OP BEINGS CAPABLE OE ENJOYMENT.

Suppose a mind or spirit to be every way perfect

witMa himself, as we have supposed the Divine Being

to be, it is not easy on first thoughts to see how he

could be led to award existence to anything such that

it was not either himself or wholly his own. As

in a perfect miad all possible systems of thought,

the scheme of every possible universe, must present

itself in the clear light of pure unencumbered idea,

in one boxmdless panorama, at once revolving and

simultaneous, may it not be asked, What could be

better or so good? Why award existence to that

which, being finite, cannot but be comparatively de-

fective, and in fact an intrusion upon that which is

more perfect without it 1 Such thoughts suggest dif-

ficulties as to a creation. They suggest Pantheism,

which maintains that all that exists has existed for

ever, and that a belief in a creation is a mistake.

IS'ow this is a view of things which merges all moral

distinctions, and, instead of being a solution, is merely

a dissolution of aU important questions. Let us see,

then, whether there are not reasonable grounds for a

creation, at least of a certain kind, or with certain

contents and characteristics.
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8. Perfect "blessedness is essentially extensive or

communicative, and develops into benevolence or

love—Personal or private happiness arising from the

spontaneous and unresisted flow of self-manifestive

power is such a state of mind that it tends to go

ever on and to seek a medium beyond itself which

(under the cosmical law, see Chap. lY.) it may assimilate

to itself in this respect. For this the only evidence ac-

cessible to us (exclusive of the cosmical law) is indeed

the conscious or observed disposition of the human mind

when it is itself in this happy state ; but in the circum-

stances this ought to be held sufS.cient.

The ever-blessedness of the Supreme Being, therefore,

occupying immensity internally tends to manifest itself

externally also, or somehow beyond the Divine mind

itseK. But the existence of happiness anywhere implies

individuahty there. Where one only exists one only

can be happy. The ever-blessedness of the Almighty,

considered as existing alone, leads us therefore to infer a

disposition in Him to award existence to other individu-

alised beings with a view to their happiness also. Thus,

in the permanent wellbeing of the Almighty as to feel-

ing, even in His own ever-blessedness, divine love is co-

eternally or before aU worlds implied.

Here, however, a limitation to ever-blessedness or

permanent enjoyment in creatures presents itseK, which,

in so far at least as creatures possessing definite forms

are concerned, it does not appear how even omnipotence

can remove.

9. The antithetic relationship of space to time

imposes limits on beneficence.—A multiplicity of in-

dividualised beings capable of feeling being supposed,

it is important to remark that restrictions on their

enjoyment emerge from the very conditions of their

existence. Thus, that there shall be room for them,

that they shall exist in space, is unavoidable, llyfow
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this room, this space, be it what it may, is wholly-

inexorable to the most benevolent designs. It is ab-
solutely stereotype to its own laws, and imperative that
everything which enters its domain shall obey these
laws.

Moreover, it is to be remembered that in the case of

sentient beings there is another condition of existence

also, namely, time. And although in philosophical

treatises time is usually presented along with space as

if - it were co-ordinate, yet here at any rate we must
remark how completely space and time differ. Unlike
space, which we cannot but conceive as everywhere
present and everlasting, time exists only where there

is change, and is indeed merely a generalised concep-

tion of change, affirming change all irrespective of

what is changing. Time is not, therefore, a condition

of existence with respect to all individualised objects.

Provided these objects themselves and the whole horizon

of their existence be perfectly still and unchanging there

is no field for the consideration of time. It is only

when change occurs that time emerges; and by that

change it is constituted. Time, therefore, is in its origin

and nature antithetic to space.

'Now life in its very essence and aU its phenomena
is a continual succession of changes. Consciousness is

merely a changeful acknowledgment of changes, and so

is aU feeling and every mental function. That a mate-

rial organism may live, it will also in due time appear

that changes must be continually going on in it.

Here, then, in the very nature of things, we are led

to anticipate some of the most striking issues that the

actual creation displays, such as death along with life.

As used popularly and theologically these terms do not

indeed express the phenomena themselves so much as

the happiness or the suffering usually associated with

them. Wlien thought of in themselves, Ufe and death
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change their aspect very much. They do not imply any

defect or degradation of creation. They merely imply
,

that its economy is not purely continuous, but is cycli-

cal. As might be expected in the creation of an ever-

living Creator—unless we regard space as something

—

there is nothing in the universe that is everlastingly

dead. The incidence of death on structures which are

essentially transient is not an evil. It is the suffering

which is the usual harbinger of death and usually ac-

companies it which has gained for death the name of

the " king of terrors." And now we are in a position

to understand how there may be such a state of things

without any detraction from the perfect goodness of the

Creator.

10. Hence, unavoidably perhaps, in creatures occu-

pying space, suffering along with enjoyment.—From
what has been advanced it appears that the properties

of space and those of any individualised being whose
wellbeing or enjoyment implies change (as, for instance,

the exercise or development of its own self-manifestive

power) are essentially antagonistic. Space is immobile
and indivisible. Perfect and imperturbable stability and
repose are its characteristics. And hence everything
which is to exist in space, if it is to be in harmony with
its place in nature, must be stable, and, if not stable

already, must be ever tending towards stability. 'Now
this stability exists in the mineral kingdom, and the
tendency towards it is illustrated by crystallisation.

That seK-manifestiveness, on the contrary, of which the
wellbeing constitutes enjoyment, is a continual change-
fulness, instability, restlessness, and motion. There is,

therefore, a constitutional antithesis between the nature
of space and the nature of enjoyment. And since space
cannot be willed out of the way, nor enjoyment made to ^

he another thing than it is, even by Omnipotence, there
is already ground for the apprehension that there may
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be mucli suflfering in a world teeming -with sentient

creatures existing in space. And should such suffering

be met with in such a creation, it does not prove any
defect either in the wisdom or the goodness of the

Creator; nor does it need, in order to explain its ex-

istence, the violation of His laws. In such creatures,

simply because of their situation in space, a liability to

suffering is a condition of their existence. And thus is

a basis laid for theodicy as a branch of science.

11. This liability to suffering is not to bo regarded

as a limitation of power in the Creator.—The proper-

ties both of space and time are aboriginal. They are

indeed manifestations of the Divine mind itself in

these respects. !N"o one insinuates that the principles

of geometry and the calculus are limitations of power

in the Almighty. !N"ow it has been shown that it is

out of these principles, when embodied in material

organisms, that suffering may, if not must, emerge.

Let not any one, then, who feels himself on other

grounds called to the love of God, permit any abate-

ment of that love from what he sees in. the creation,

in so far at least as the observation of suffering in

general is concerned. In order to the existence of

enjoyment in localised organisms it may be inevitable.

12. To suffering, which is consecLuent on the violation

of law, no reasonable objection can be taken.—There

are, however, many forms of suffering between which

and space, with its inexorable demands, no relation

whatever can be discovered. But such cases are always

violations, either conscious or unconscious, of some ap-

pointment or law of the Supreme. Theologians do

indeed often maintain that in consideration of its value

as discipline, as a means of raising the sufferer to a

higher state, suffering is consistent with perfect good-

ness even as a direct infliction by God, and although

neither ignorance nor guilt on the part of the sufferer
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has had anything to do with it. ISTow, no douht, to

bring good out of evil is the very characteristic of God.

But it is not admitted that any one may do evU that

good may come. And it cannot be denied that suffering

is an evU.

As to the possibility of suffering in consequence of

the violation of law, that is implied in the very idea of

a law which may possibly be broken, if without a penal

sanction, there is not a law, but merely a dictate or

advice. And for such laws as those, on the fulfilment

of which the order and wellbeing of the universe

depend, it is plainly a needful and a right thing that

the penal sanction should be severe.

It is also plainly necessary, that in an economy

administered by law, the penalty of violation should

fall upon the violator all independently of his know-

ledge or his ignorance of the law which he may have

broken. Even in mundane legislation, ignorance of a

law is not admitted as an adequate ground of pardon

for breaking it, although in this case pardon is far more

easily exhibited than punishment ; while in reference to

the laws of nature it is entirely the reverse.

"We maintain then, that, so far as appears, there is

nothing yet to contradict the belief that universally the

design of creation is the institution and maintenance of

a system of things best calculated for the wellbeing of
sensibility wherever it exists

—

that is, happiness to the

full extent that the unavoidable relationship of time

and space, energy and a specific form, life and death,

will permit.
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CHAPTEE IV.

THE GRAND LAW OP CBEATION : ASSIMILATION.

In the actual state of science the mind of the student is

quite bewildered and burdened by the multitude of laws

of nature which he has to learn and to commit to memory.

Some of these laws claim to be rational—that is, in har-

mony with the laws and expectations of reason itself

;

others are merely empirical—that is, generahsations

obtained from the observed phenomena, with no claim

but this, that the related phenomena are supposed to

imply as much. In these circumstances, it cannot be

denied that it would be a great step in science if it

could be shown that these manifold laws admit of being

resolved into one another ; and still better if into laws

more general and therefore fewer in number ; and best

of all if into one grand law ! After the shock which

the very thought of such an attempt could not fail to

give to adepts had passed away, it could not be denied

that such a step in science would be a step indeed.

Something of this kind is claimed in that view of the

nature of things which is given in this primer, the

reader being referred for detailed illustrations and veri-

fications to another work. Meantime here is the cos-

mical fact or law :

—

13, Creation is a medium to embody, a mirror to

reflect, the will (that is, the being and attributes con-

sidered as active) of the Creator.—Since existence is a
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self-manifestive power, and before creation the Creator

alone existed, how could it be otherwise than that

creation shovdd manifest His being and attributes as

active—that is, His will? To an aU-seeing eye and
perfect inteUigence, the being and attributes of the

Creator will assuredly be reflected in creation as in a

mirror, which, however, being finite, cannot, even to

Him, fully represent His mind. As to such defective

beings as we are, ever prone to swing from credulity

into unbelief, it may be most truly said that

—

" Blind unbelief is sure to err,

And scan His work in vain.
God is His own interpreter.

And He will make it plain.

"

14. Creation must be a thing of grandeur and beauty,
a cosmos.—This, however, we may at once safely con-

clude that creation must be a thing of beauty and
grandeur, and so may be well named a cosmos. And
adopting a term already in familiar use to signify that

process by which the growth and wellbeing of our
organism is secured as long as life lasts, we may say that
the law of the creation is assimilation. And in har-
mony with this one idea alone, and as its product under
those attributes of the Creator which have been adduced
(Sects. 5 and 6), it is here proposed to explain all the
phenomena of which an explanation has been hitherto
attempted by invoking the aid of many laws, both
rational and empirical, and of others as well which have
hitherto been left to stand over as unexplained or in-

explicable.

15. The productive and conservative agency in
creation as it exists and acts, does not consist of two
things, " idea " and " power," but of a unity embrac-
ing both, for which there is no special name.—Here let
it be confessed that the relation between the Creator and
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the creation, the First Cause and what He has effected, is

altogether inscrutable. When it is said that God made

all things of nothing, the meaning can only be t^t

nothing was there (except of course HimseK) before He

made them. IntelUgence, however, acting analyticaUy

as it cannot be kept from doing, insists on these two

elements in the problem—viz., idea and power. But it

is desirable here to remark that this separation of agency

into two betrays the analytical and dichotomising ten-

dency of the embodied mind, with neglect of subsequent

synthesis and reversion to a unity. Instead of idea as

reo-ulative, and power as effective, it is desirable to think

of°efficiency in the idea itself, and to admit such a con-

ception as operative idea. No doubt this is an obscure

and unsatisfactory conception. But it is useful ]J_ it

exclude, as it is meant to do, the hypothesis which

ocular observation, grown into a habit, tends to insist

upon in most minds—namely, that motion can only

be effected mechanically—that is, by pressure or traction

or contact of some kind. The utter helplessness of such

a hypothesis to explain many, even familiar, movements

fully appears. Gravitation itself, the grandest and most

prevailing phenomenon of the material universe, has set

aU genius at defiance when attempting to conceive a

mechanism which might account for it. But when we

look at it in the light of the cosmical law, as operative

in its own way—that is, as an influence or tendency to

assimUate, then this most grand phenomenon presents

itself just as one of a thousand others, being merely

the tendency of two or more atoms or masses of atoms

to be assimilated as to the place they occupy-a view

wHch, moreover, as I have elsewhere shown, gives also

the mathematical law of the phenomenon.
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CHAPTEE V.

THE FIRST LINES OP THE COSMOS.

Since the characteristic of existence is manifestive

power, it follows that existence is a power, a force, an
energy. And since the law of the cosmos is assimila-

tive action, and its chief end the extension of thought
and feeling in a state of wellheing—that is, enjoyment
which implies individuality in the snhject of it, the
synthesis of these ideas gives the following as the first

lines of the cosmos.

16. The created substance in itself must he a purely
plastic element—a true protoplasm.—The suhstance of

creation, viewed in itself and apart from the action in
and upon it of the cosmical law, must be wholly amor-
phous or indifferent as to its form, and perfectly plastic,

a mere and pure plasm,^ so that if the term had not
been already appropriated to signify a substance, which
is indeed a product of assimilation to the primal sub-
stance, but far from the fountain-head, the primal
substance might have been called protoplasm.

If it had been otherwise, if the primal substance had
been endowed with permanent properties of its own,

+»,^-n^'-^
conception is to be found well expressed in the opening of

the Done Tract of Timceus Locnas, nepi xj/vxaf Koanu Kai (jyva-io^ -whicli is
80 much nearer the truth than Plato's own Timseus, that it is difficult
for me to believe that Plato was the real author.
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there would have been no field for the operation of the

cosmical law. There could have been that which, what-

ever might come out of it, would have been beyond the

control °of the Creator, except by the forthputting of

His power as special miracle. Now, however prevalent

such a conception of creation may be, it presents^ insur-

mountable difficulties to all sound theology and scientific

progress.

17. It is a thing of energy.—It has been shown from

the characteristic of existence that the substance of

creation, viewed generally, must be an energy. When it

is conceived, therefore, as individualised or partitioned,

every element of it must be a thmg of energy. And

with regard to the amount of energy in each, the

simplest hypothesis, and that which is alone in harmony

with the cosmical law, is to the effect that the amount of

energy in each individuaUsed being or thing is assmu-

lated to the quantity of substance in each—the amount of

energy being estimated not merely by units and incre-

ments or decrements of force of the same kind, but also

by the higher or lower attributes of energy, as for m-

stance, mental attributes as the higher, merely mechani-

cal attributes as the lower, manifestations of energy.

18 No attempt should be made to define the ex-

tent of an element of energy.—Here let us caution the

student, while we speak of quantity of energy, to keep

altogether away from Ms mind aU ideas of a measurable

voliSne proper to that amount of energy as includmg the

whole of it. These two things our habit of observation

by the senses tempt us to associate together and to

regard as equaUy definite and parallel. But from the

conception of an element of energy, whether more or less

powerful, the conception of si^e or volume or absolute

limitation in the space which it occupies, should be

carefully excluded. HappHy for this purpose the popu-

lar conception as to the extent of universal attraction
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will suf3&ce. Thus it is popularly held that every atom

of matter extends as an attractive agency to the extreme

horizon of the solar system and to an unknown distance

beyond. Let the same extent he granted to every

element of plasm as an agent in the cosmos. Or rather,

let no attempt whatever be made to ascribe to an ele-

ment of energy, whatever its amount, a limited volume

"svithin which alone it exists as a power. Its centralised

manifestation or centre of energy or force is all that we
can discover, with increments or decrements around that

centre as we recede from it.

19. Energy is variously modifiable and transformable,

the extremes being mental energy on the one hand and
material energy on the other.—"We have already seen the

tendency of energy to manifest itself in couples, as for

instance, statical and dynamical, or potential and kinetic,

as also within the same sphere, positive and negative.

Kor is it a less eminent feature in the economy of the

cosmos that when the proper conditions of existence

arise, each form of energy shows itself capable of trans-

formation into another that is equivalent. On this the

variety in the unity, the unity in the variety, in a word,
the harmony and beauty of the cosmos mainly depend.
But here it is important to remark that the pair in

which this functioning of energy culminates is not
merely the development of couples in the same sphere,

such as statical and dynamical, &c., but into the extreme
pair of mental, that is, feeling -and -thought-producing
energy on the one hand, and material or motion-produc-
ing energy on the other ; the basis of the former being
the monad when constituted by an adequate store of
energy, and the basis of the latter being the molecule-
forming atom—two modes of being diifering remarkably
not only in their functioning but in their destiny in the
cosmos

;
the monad, the mother of mental energy, being

a true unity not subject to dissolution and naturally im-

B
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mortal, the molecule, on the contrary, decomposable and

subject to manifold changes of properties,

20. As the first state of creation, the cosmical law

gives the world of spirits and the universal ether or

realm of light.—As to the form, structure, and distribu-

tion of the whole of the substance of creation, viewed in

its normal and primeval state and its most general fea-

tures, what we are to expect under the cosmical law, is

assimilation to the Creator in respect of these two seem-

ingly antithetic attributes—His unity on the one hand

and his omnipresence on the othet, l^ow these attri-

butes viewed as imminent and operative in the cosmos,

and constitutive of beings who shall be capable of enjoy-

ment, and who must therefore be individualised beings,

give in the first place a series of beings graduated so as

to violate as little aS possible the law of continuity (im-

plied in the Divine unity viewed in relation to time),

that series consisting, nearest the Creator Himself, of be-

ings of the highest endowments and therefore Spirits or

intellectual and immortal beings ; but also in the second

place, in virtue of the omnipresence of the Creator and

under assimilation to that attribute, falling away (since

the quantity of created substance is finite and space or

immensity infinite), until each individualised element

has been attenuated to the utmost and has become next

to nothing, thus answering the conception of an element

of ether

!

Our method of the development of the cosmos, then,

by reference to the attributes of the First Cause, gives us

simultaneously a hierarchy of sphits constituting a world

of spirits, and along with that world, diff'used through

immensity to the utmost, a most rare medium in which

these spirits may live and enjoy their life by reciprocal

assimilation or communion, for which the ether must be

eminently suited ; its elements, no longer able to see and

so to spend energy on themselves, but yet of a spirit-
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substance and well fitted for forming a medium of vision,

thus assisting others to see,

Now, however contrary to the spirit of our day, the

method of developing the first lines of nature from the

attributes of the First Cause may be, however many men
devoted to scientific research there may at present be

who give no place in their minds to a belief in a world

of spirits or who still have doubts even as to the ex-

istence of the ether, it is not to be forgotten that obser-

vant and reflective minds from the most ancient epochs

have generally believed in both ; so that, viewing this

chapter in the light of the history of philosophy, it has

a standing of which neither the author nor the thought-

ful reader need be ashamed.

21. The economy of creation implies an opening for

miracles.—According to the view which has just been
given, both the world of spirits and the universal ether,

or realm of light, are the immediate creation of the

Almighty, who has constituted them so that they may
be manifestations of His wiU and mirrors of Himself,

in so far as the finite can manifest and mirror the in-

finite. But in reference to such a matter are we right

in using the past tense, and in speaking of creation and
its economy as that which has been rather than that

which is? If the Creator be and has been almighty
in all past time and from all eternity. He is also ever-

present and ever-living throughout the universe, ever
imminent to aU that exists. Since, then, the individual

spirits in the world of spirits, and the elements of ether
constituting the reakn of light, exist with nothing be-
tween and in all possible continuity with the Divine
mind and wUl, we are called upon to regard that mind
and will, not as standing apart, but as normally and
naturally in intimate relation with every individual
spirit and with all the elements in the reabn of light,

so that He, as it were, always touches them and they
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always feel His touck And any movement in His will,

if He proposes tliat it shaU. affect, be it an individual

spirit in the world of spirits or a special field in the

realm of light, or special element of ether, or some of

its phenomena, shall do so normally, naturally, and as

part of the economy of creation, l^ow when we reach

the existence of matter we shall find that the atom

is a product of ether, its dynamisphere still an atmo-

sphere of ether investing a nucleus of unified ether. In

virtue of His relation to the ether, therefore, which is as

His immediate breath, the Divine will bears normally

and naturally and in the economy of nature upon mat-

ter. Those unusual and striking occurrences, therefore,

which go by the name of miracles, in which something

takes place contrary to what previous observation led

to expect, are not interferences with nature, much less

are they contradictions of it. They are simply manifes-

tations of the same mind and will as conducts natm-e

usually in a uniform course without them. !N'ature

usually proceeds in a uniform course for the same rea-

son as it, on singular occasions, supplies unusual or strik-

ing phenomena or miracles—namely, that on the one

hand, by its uniformity it may be answerable to the per-

fect and perfectly foreseeing intelligence of the Omnis-

cient, and on the other to the finite intelligence of crea-

tures who need to be reminded of the Divine liberty

and power to act and to manifest Himself as he may

please. There is no logical or scientific warrant for

affirming that the uniformity of nature never is nor can

be departed from. True, when now we observe the

commencement of a phenomenon which we have seen

completed in our previous experience, we expect it to be

completed now as it was before. Both as to time and

space, the law of assimilation leads us to infer identity

so long as no difi'erence appears, and this being a cos-

iiucal law leads other creatures to do so as well as our-
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selves, A dog wliich has been previously beaten howls

when a whip is held over him. And in virtue of the

same law most creatures are easily lured by baits or

objects between which and others that have served as

food for them previously they see no difference. !Now
this is all the basis on which an inexorable uniformity

in nature is affirmed by many men of science, for liistory

is quite against them.

Besides, whereia does a miracle differ from the ordi-

nary course of nature but that it is unusual and striking,

and striking because it is unusual, and therefore cal-

culated to arrest the attention and fix it on the lesson

accompanying it or implied in it 1 I know nothing (said

once an intelligent friend to me when eating an egg) in

that class of things which go by the name of miracles

that is really more miraculous than that an egg, such as I
am now eating, should merely, by being kept for a cer-

tain number of days at a moderate temperature, change
into a feathered fowl and run away from me in a fright

under the wings of the fowl that kept it warm.
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CHAPTER VI.

THE MODES AND LIMITS OP MOTION AS DETERMINED

BY THE OOSMICAL LAW.

Passing "by for the present the highest functions of

energy—those, namely, which constitute mental pheno-

mena, perception, feeling, thought, and vohtion—let ns

here proceed to develop those which are commonly des-

ignated as physical, and which have forms and move-

ments for their object,—not because the latter are either

more important or more iuteresting, but because they are

more in popular favour at present, and their exhibition

is more easy, and because they open more directly iuto

molecular science, where, I beheve, there occur, step after

step, such verifications of the views here advanced that

I cannot but regard it as certain, that in their prmcipal

details they are representative of the nature^ of things in

many important particulars, and give an insight into the

structure and economy of nature, which will be one of

the highest enjoyments of Hfe to future physicists and

chemists, as it has long been to myself, and is now. The

view here advanced was not possible to be verified until

the atomic theory had been brought to the state in which

it is now. And that it should not be known or re-

ceived, except by slow degrees, the whole history of

science leads us to expect. HappHy the private dehght
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of increasing, ultimately satisfying, insight, is reward

enough for the greatest discoverer. Let us, then, passing

by for the present the phenomena of mind, proceed to

develop the laws of motion and form as they emerge

under the appHcation of the cosmical law to the elements

of the substance of creation or plasm.

22, As to locomotion : inertia.—Suppose a mere ele-

ment of plasm existing in space not actuated by itseK

from within nor by anything from without, then,

whether it be now at rest or now changing its place,

the cosmical law requires that in the next moment it

must assimilate itself to what it is or is doing in the

moment now extant : if now it be at rest it must con-

tinue at rest ; if in motion it must continue in the same

motion. Now that motion viewed in reference to an

instant or moment of time is a change from one point in

space to the next point adjacent to the first ; and this is

and cannot but be an element of a straight line lying in

a certain direction; and so—in virtue of the law of

assimilation—with all the succeeding elements of motion

they must all lie in the same direction. The motion con-

sidered as a whole, must therefore be straight or recti-

linear. Moreover, all the elements of motion are ac-

complished in equal times. The velocity of genesis of

the motion, therefore, more shortly the motion itself,

must be uniform as well as rectilinear. E"ow this is

what has hitherto been designated as the first law of

motion or inertia, and which has proved to be of the

greatest value in astronomy and mechanics generally. It

has, however, hitherto been considered merely as an em-
pirical fact or institution of which no rationale could

be given, a view which has induced some physicists of

late to regard it as an inconvenience in rational me-
chanics and to ignore it. But we see that it is merely
a imiform phenomenon—one of a thousand—resulting

from the cosmical law.
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23. As to individuation : permanent properties.—Li

the mode of motion just laid down it is implied that in

the object which rests or moves, there exists a power of

assimilating itseK to itself as it is or acts in successive

moments of its existence, and that for ever, unless it be

changed. Now this is precisely a self - conservative

power, an individuahty-and-species-preserving power.

It forbids, to an extent proportional to the energy of the

object considered, the absorption or fusion of that object

with others, or its being confounded with them. In a

word, it implies permanent properties in every object

that is and acts and does not tend to change from the

reaction of its own parts, if that object be let alone.

24. As to volume : isodynamic boundaries.—Let us

here remark that each individualised object has an ap-

propriate sphere in space which may be regarded as its

own, and from which other individualised objects, of the

same kind, at least, are excluded. And hence the fa-

miliar idea of size or volume. Except for economic or

experimental purposes, however, this matter of size or

volume is generally misunderstood. Thus with regard

to an element or a mass of matter, it is generally thought

to be something small or large as it appears to the sight

or the touch, with nothing of it at aU on the outside of

its visible or tangible boundary. And no doubt such

information as to the visible and tangible dimensions of

objects is most useful But cosmically and scientifically

considered, these limits of objects indicated by the ex-

ternal senses are only the isodynamic, not the absolute,

boundaries of these objects. They indicate the region

all round their centre, axes, or medial planes, where

they manifest their presence to the senses of sight and

touch. Their boundaries in reference to the sense of

smeU may be very different. And indeed the bound-

aries of an object as given even by sight and touch to-

gether do not always coincide. Thus one heavy body,
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as, for instance, a ball of metal, may be made to rest

upon another, as, for instance, a plate of metal, wliile yet

light -will be seen to pass between them at the point

where the one rests on the other. Thus following, as

is usual, the sense of sight, the observer is tempted to

affirm that though the one is resting on the other, still

they are not in contact. And in this way there arise in

science many puzzles and paradoxes, good for feeding
the popular demand for wonder, but very detrimental
to the progress of true knowledge.

The isodynamic boundaries of objects commonly re-

garded as their external forms or volumes are at best
only guides to the position of their palpable parts. The
true boundary of any individualised thing viewed as an
energy, that is, viewed in its true nature, cannot be dis-

covered were it only because it is so remote from its

centre. This may seem a strange statement ; but it is

in reality nothing else than what is commonly beHeved.
Thus it is commonly believed that every atom of matter
in this planet, and every atom in the solar system, acts
on every atom however far away as luminous or illu-

minated objects they may be from one another, lN"ow
what is such a belief but a concession of that illimit-

able agency, that widely extended energy around every
centre of energy, which is here affirmed 1 The popular
belief that the true boundaries of things are the limita-
tions of these which the eye gives, not only creates the
puzzle of actio in distans, but sadly violates the highly
favoured law of continuity, demanding as it does the
belief of something on one side of a certain boundary
and of nothing at all on the other side, a step in thought
which for my own part I find it difficult if not impos-
sible to take,

25. As to rarefaction: dissociation, isolation, the
aeriform state.—Before proceeding further, it may be
as well to recall to mind that inasmuch aa the extension
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of enjoyment is the main aim of creation, and that a

recipient of enjoyment must be an individualised being

or thing, so are "we to expect in creation, multitude.

'Sow, to effect expansion to the utmost, the cosmical law

gives the imminence of the First Cause as present

throughout immensity, and therefore as active to assimi-

late the substance of creation to Himself in this respect.

But being finite in quantity, that substance, after accom-

plishing a certain expansion towards fiUing all space,

must \mdergo partitionment, iN'or does any limit to

this dissociative analytical tendency appear until the

elements of plasm have become mivima naturce, ele-

ments of being as small as possible. . But however small

in quantity and in energy, each element wiU stiU be

able to assimilate itself to that attribute of the First

Cause which is co-ordinate with His immensity, namely,

His unity. Each element will be a truly individuahsed

thing, tending to possess permanently its specific pro-

perties. Now, of these, its proper volume wiU be one

;

nor win any one, if not urged, tend to encroach upon

the volume of another ; for they are all similar to each

other. They have all fulfilled the cosmical law to the

same extent. They cannot, by their coalescence or

union, fulfil that law to a greater extent than they have

done already. They will therefore each tend to main-

tain its own portion of space; and under pressure to-

gether they will, as is commonly said, repel each other.

And so with regard to individualised elements generally,

atoms and molecules, when they are in free juxtaposi-

tion and assimilated or similar to one another.

But if they are dissimilar, and if by their coalescence

the cosmical law may be further fulfilled, then, instead

of reciprocal repulsion, interpenetration may be expected,

of which the limit is, in the language of Dalton, that

they shall be as vacua to each other.

This paragraph proceeds on the supposition that it is
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action tending towards the fulfilment of natural law that

keeps nature agoing ; and that when an object has ful-

filled all the natural law with which it is in relation, it

becomes a quasi universe to and in itself, and has a

definite portion of space assigned to it as its legitimate

field of existence, into which others in the same condi-

tion cannot intrude spontaneously. This may make
this paragraph seem more objectionable on the ground
of its mysticism than the other paragraphs of this work,

though all have a burden to bear in this respect. But
it is beheved that this objection will vanish when it is

seen how satisfactorily it explains the varying amounts
of activity manifested by different objects in nature, of

which, in the actual state of science, no account can be
given at all For what has been laid down impKes that

objects iu general are active or changeful in proportion
to their crudity or their distance from having fulfilled

natural law hitherto. "Why, for instance, is oxygen so

active as compared with azote ? It will appear as we
proceed that it is only and all because the form and struc-

ture of the atom of oxygen are much farther away from
that form and structure which the cosmical law pre-
scribes as the culmination of molecular action than are
those of azote. Oxygen has much more work to do
before it has fulfilled the design of nature. It is there-
fore much more active and urgent to do it.

26. As to integration : sociality, attraction, concre-
tion, unification.—Since the First of Beings, the Author
of all, is a unity, it follows under the cosmical law of
assimilation that, along with a tendency to the utmost
possible diffusion and the individuation of each ele-

ment, when aU have fulfilled the cosmical law and been
assimilated to each other, and become as omnipresent as
possible, that there must be at the same time in all,

when occupying different positions in space, a tendency
to come together into one and the same place. Is^'ow
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there is no phenomenon in the cosmos that is more

conspicuous than this. It manifests itself in univer-

sal aggregation and sociahty, in consecutive polarity,

in chemical affinity, in cohesion and fusion, &c.

As to gravitation, that tendency in atoms and masses

considered as possessing inertia, when they are at such

distances as are visible and the intervals between them

capable of being measured, it is of all phenomena, both

in nature and science, the most important. Manifold

have been the attempts to explain it mechanically by

traction or pressure, the familiar causes of locomotion.

But these attempts have all been quite unsuccessful, if

not also fantastical. It is time for science to content

itself with ascribing such a phenomenon to a design in

the cosmos, rendered operative in some way which tran-

scends mechanism as commonly understood. For my own

part, I am much better satisfied with ascribing it simply

to the operation of the WiU of the Author of aU. When
seeking for a unifying apparatus of an atomic structure

to explain universal graAdtation, one is receding from

the source of information, not approaching it. To find

a first cause for motion, one must, in every case, in the

last resort, come to WiU, that is, to mind. Now no-

thing can be more consentaneous to mind than a ten-

dency to universal unification. To aim at unity, carried

even to the length of identity, is the very characteristic

of mental action. This tendency is not manifested in

material nature for the first time. Material nature in

this respect, as in so many respects, is modelled after

mind as its mo\ild. If there be Reason in nature, a

belief which with some meaning or other is universally

admitted, then a most comprehensive demand for lonity

is precisely what is to be expected. Not but reason

tends to separate again the thoughts and things which

it has brought together, and to examine each in detail

now viewed in its known place in nature. Mind is
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analytical as well as synthetical And just so with

regard to the cosmos, as has been shown.

Gravitation is not the last word of nature and science.

Its operation is not to leaye the universe in the lurch

at last one vast dead mass, as some physicists ap-

prehend. Co-ordinate with the tendency to fall to-

gether throughout all space and time, there is the

tendency to the utmost possible separation and diffusion

through all space and time. The fall together awakes a

separative action (heat), whose function is not exhausted

until an aeriform state, nay, the former nebula, nay,

the original ether, has been restored, the falling in

meanwhile going on simultaneously in other elements of

matter. Development is never universally all in one

direction, but in two opposite directions, which, taken

together, are conservative of the cosmos, as assimilated

to the Creator, who never dies but liveth for ever.

There is no danger of the cosmos rushing spontaneously

into ruin at last. Each separate star, like every indi-

vidualised being or thing that has had a beginning, may
also have an end. Perhaps it could not be as a created

thing on other terms. But as to creation, as a whole, in

some form or other manifesting the Almighty, it can
never be a ruin. And indeed, even in the midst of the
chaos of modem science, it may be gathered that the
economy of nature is truly cyclical, competent in its

own working for developing new life and new beauty,

evermore expressive of the inexliaustible resources and
will of Him who presides over all.

27. As to redintegration : elasticity, heredity.—The
cosmical law of assimilation operates, not only in refer-

ence to space, but in reference to time as well. It

tends to assimilate forthcoming states and structures
to those of the same order that have gone before them.
Of this mode of action memory is the most perfect
example. But it has a signal place in the merely
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physical and molecular, as also most eminently in the

organic sphere.

Its most simple illustration is its immediate action

where it restores a form which has been deformed, con-

stituting the phenomenon of resihence, and, along with

inertia, that of elasticity.

It also acts secularly as well as instantly, thus giving

rise to the phenomena of heredity, and developing indi-

vidual structures and functions assimilated to those that

were antecedent, the continuity being usually maintained

by memorial elements, germs, seeds, or ova, microscopic

mirrors impressed by assimilative traces of the structures

which produced them, and to which they, in their turn,

tend to become assimilated when growth is permitted,

though with variation implying comprehensive and not

merely individual mirroring and a nisus towards a more

perfect form and structure than that of ancestors, as will

presently appear.

For this action of the cosmical law in reference to

time or the history of objects, there is no term in use

that is sufficiently comprehensive. The terms memory

and habit belong exclusively to psychology, the term

heredity to biology, and resihence and elasticity to

physics. Meantime, let it not be supposed that it has

no hand in determining the phenomena of chemistry,

though it has no name, nor has, indeed, been at all

recognised there. Its phenomena are perhaps covered

by the term atomicity, but so much the worse, for that

term is used for two orders of phenomena which are

entirely different. If its use were restricted to signify

the number of points or regions on an atom which are

suitable for the attachment of others, it would have a

definite meaning, and would express a scientific function

of the form of the atom or molecule considered. But

it is also used to signify states or aptitudes for union

which arise from the previous history of the atom or
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molecule. And many of those most interesting experi-

ments of the laboratory, consisting in substitutions to a

great extent without change or destruction of the type,

are due to redintegration, attempts to restore or to fill

with some kind of matter at least a mould or memorial

of the primal structure which, during a state of depriva-

tion, appears to survive in some ethereal form or mode
of action. Thus, in order to saturation in the laboratory,

sHicium takes two atoms of oxygen and aluminium three,

not because their atomic forms dictate these numbers

respectively, but because during the genesis of silica and
alumina in the crust of the earth and the course of

nature these were the numbers of atoms of oxygen
which fell to their respective lots. And in the labora-

tory the cosmical law of assimilation called for the redin-

tegration of the primal species or some substitutionary

structvire to similate it.

28. As to form: sphericity, spherical cellularity.

—

A very cursory consideration of the cosmical law of assim-

ilation is sufficient to show that, under it any individ-

ualised element, or any number of such elements, must
tend to assume overhead a spherical form and to become
a spherical cell or shell ; for the spherical form surpasses

aU others in the amount of assimilation which exists

among its parts or particles. Thus all the points in it

are assunilated in their relation to one and the same
point, namely, the centre. They are also assimilated in

position in their relation to one another as far as is

possible in any form that encloses space. The cosmical
law, therefore, leads us to expect in nature the construc-

tion of spheres and spherules, cells and cellules, to the
fuU extent that existing forces and material will permit.

But there are many opposing forces and defects of mate-
rial. Thus the construction of a sphere demands the
incidence or excursion of a system of forces equally aR
round one and the same centre, which on the surface of
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a planet that is kept in the concrete state by gravita-

tion from below, and which is constantly borne upon by
the sunbeam from above, is not easy to be obtained. It

is therefore, generally speaking, on the surface of our

planet, only among objects which are small and light, or

whose specific gravity is nearly the same as that of the

medium in wliich they are developed and which are se-

cluded from the direct impact of the sunbeam, that the

spherical in form is successfully reached. But in places

where there are no such hindrances, there is no reason

why the forms of the individualised objects existing

there should not be as spherical as their counteractive

motions will permit. Accordingly, looking to nature

with the aid of the microscope and the telescope, which

the too great nearness or too great distance of the fields

of view render indispensable, it is found that the objects

in both fields are little else but spherules and spheres

on all hands. Indeed it would appear that the whole

concrete, and still more the whole liquid and aeri-

form worlds, whether molecular or massive, consist of

spherules and ceUs which previously to alteration were

spherical.

As to the external and cleavage forms of crystals, they

seem, at first sight, an exception to this general state-

ment. They are angular ; and of these angular forms

only a part are monometric, or such that a sphere may
circumscribe them. But this, as wiU. appear hereafter,

is only a seeming opposition to the general law of

sphericity. It arises from the defective structure of

their integrant molecules, which being themselves in-

capable of sphericity, are unfit for the purposes of life

and motion, being residuary and angular. Meantime

the nisus at the spherical in crystals, though they are

incapable of attaining it, explains what has never been

explained hitherto, namely, their niarveUously multi-

plied beveLments and truncations, all which are plainly
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improvements of form in relation to a spherical form as

the type, which, however, canilot be reached by crystals.

Thus the cosmical law verifies the soundness of the

ancient opinion ia favour of the sphere as the most perfect

form, and the circle as the corresponding figure. Thus

it is the most perfect form ideally in so far as mathe-

matics are true expressions of the properties of portions

of space, its perfection being indicated by the comparative

simplicity of its equation. Mechanically considered,

also, the same character of its superiority to all other

forms appears. Thus the sphere is equal arch all over

and everywhere, and therefore to destructive forces in-

cident ia any one, or in all directions, it is the strongest

to resist destruction. Moreover, its interior or capacity

also as compared with the extent of its exposed surface,

is a maximum. It is therefore the best of all forms for

a vessel destined to contain precious material ; as also

for secluding that material from unfriendly external

agencies. It is the best form for hibernating organisms,

germs, cells, spores, ova, &c. The filled or solid sphere

also secures the development of its contents when the

conditions of existence permit ; for every departure from

the spherical in form must imply an extension of di-

mensions in the matter constituting the spherical solid.

The sphere is therefore of all forms the best suited for

holding, conserving, and developing an element of such

a precious thing as living substance. And that the cos-

mical law should culminate in its construction is a veri-

fication of our theory that life and its wellbeing (which
is enjoyment) is the end and aim of creation.

And here it may be remarked, in passing, that our

theory calls for a change of terms in one of the leading

conceptions of the theory of evolution as generally enter-

tained. Instead of a tendency to a general or aimless

variation in organisms, which is the ordinary conception,

our theory implies a tendency to radiation or radiant

0



34 SPHEEICITY PKEVENTED.

evolution from a centre or centres, an axis or axes, in a

form which is ever aiming at its improvement, though

succeeding but slowly, partly in consequence of the lim-

itations imposed by the law of heredity, partly by the

reaction from within of its own structure, and partly

from the reaction from without of its environments.

29. As to symmetry : it results where sphericity is

prevented.—Except in the case of a simple monad or

element of plasm, the sphere is very difficult to con-

struct. Moreover, where it has been constructed of ele-

ments which are themselves also homogeneous or assimi-

lated to each other and spherical, the structure having

fulfilled the cosmical law is ready for the separate indi-

viduation or isolation of its constituent parts or particles,

an issue which, though it is a step upwards in the econ-

omy of nature, implies the dissolution or explosion of

the spherical group {see sect. 25). Thus the homogene-

ously constructed spherical cell cannot be permanent in

nature. It cannot but be short-lived. Its change of

form from the spherical is essential to its preservation

in the concrete state. And upon the whole, structures

assimilated to each other or composed of homogeneous

elements cannot be stable. They must be ever living

and ever dying ; and a tissue composed of them must

be maintained by a succession of particles under the

cosmical law of assimilation.

But where the spherical can neither be constructed

nor conserved, the cosmical law must none the less be

ever working, and multitudes of forms must be forth-

coming, which, while they fall short of the spherical,

stiU show in their shapes, parts, or particles, which are

assimilated to each other in their position, that is, placed

so as to balance each other on opposite aspects of some

point, or plane, or axis of the forms. But this is merely

to affirm that the forms are never devoid of some land

of symmetry. And such, then, according to the vieAvs
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here advanced, is the rationale of the symmetry which,

in a greater or less degree, all the truly individualised

objects in nature display. It is the result of a nisus at

the spherical. !N"o doubt symmetry is also that form or

structure which is most statical when viewed mechani-

cally as a case of the composition of equal and similar

forces.

But a phenomenon, considered as a manifestation of

a fact or process in the economy of nature, is not fully

accounted for when it is solved as a problem in statics.

The question is. What is the structure of the forces,

and whence do the forces come, which render such a

branch of science as statics possible t

The science of mechanics is good as a gymnastic in

applied mathematics; but it does not either reach or

teach the grounds of the science of nature. The greatest

mathematicians have sometimes gone the farthest in

framing and in maintaining the most irrational and even
ridiculous hypotheses.

The precision of mathematical thinking exerted such
a charm even upon such a mind as that of ]S"ewton as

to induce him to countenance the theory of emanation
of Hght, which was nothing less than the conception

that light was produced by the emission from luminous
bodies of certaia particles which darted through space,

and continued darting for many years in straight lines

with a uniform velocity at a rate of nearly 200,000
miles in a second of time ! And in our day a hypothesis
has been conceived as to the constitution of aeriform

media which looks too like the spawn of the theory of

emanation, and is no less extravagant. But it has a
charm of admitting of a mathematical discussion.
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CHAPTEE VII.

THE UNIVERSAL ETHER.

The cosmical law in assimilating the created substance

as far as the finite can be assimilated to the infinite

ia respect of the Creator's immensity or omnipresence,

distributes it in space as far and wide as possible, thus

constituting the universal ether. The elements of which

the ether consists, then, must be the minima naturce,

and each of them next to nothing both ia being and

energy. It is not easy to deduce the structure of the

medium in. detail, so subtle it must be ia aU respects

compared with any material medium with which we are

acquainted; but, happily, details are not necessary for

our present purpose. It is, however, desirable to notice

a few points, especially as these are calculated to relieve

this medium, the medium of Hght, of some of the anoma-

lies or seeming contradictions which popular conceptions

and the existing state of physical optics assign to it.

We may remark, then,

30. As to form, when in a state of repose, the ethereal

elements are spherules identical with each other ex-

cept as to their position in space.—From what has been

advanced in the sixth chapter, this conclusion foUoAvs.

And although one is tempted when reflecting on the

extreme minuteness of the ethereal elements to infer that

their sphericity consists merely in their being solid
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centres of ethereal force without any vacuole in the in-

terior, yet since forms are possessed of all their pro-

perties, independently of magnitude or minuteness, it

is safest to regard the ethereal elements as fulfilling the

cosmical law like larger structures in this respect, and

to infer that the source or centre of force in each ethereal

element is a shell or cell or hollow sphere—^how in-

finitesimally minute it is vain and unprofitable to waste

time and thought in attempting to conjecture. It is

more important to remark that a state of universal re-

pose, such a state of the medium as is here conceived,

never actually exists. It implies universally the zero,

both as to light and heat, and what not—a dreadfid con-

ception which need not be considered.

31. Urged in one linear direction (or in two such

directions exactly ecLual and opposite) the ethereal ele-

ment being pure plasm, will change its shape from

spherical to annular.—If the ethereal element had been

a hard body, as it is usually conceived to be, it would,

of course, if urged by a linear force in one direction,

change its place (not its shape), and proceed in that

direction tiU it was stopped by the reaction of its environ--

ments. But being not at all hard, but, on the contrary,

purely plastic, it wiU embody the disturbance imposed

upon it by a change of form expressive of that disturb-

ance. And such a change of form developing under the

cosmical law, is a change from a sphere to an oblate

spheroid, the Hmit being an annulus, its axis in the

direction of the incident force, itself at right angles to it.

32. The return change of form will be the counter-

part of this, passing through spherical towards prolate

spheroidal, its limit spicular.—As soon as the primary

agitation has expressed itseK in developing its appro-

priate change of form, the cosmical law will recall that

form back to the spherical. But its particles being

actuated by inertia, they will encounter each other
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when they have reached the centre, and now they will

develop an axial form, a prolate spheroid, in its limit a

spindle or spicula, equivalent in the length of its axis

to the dimensions of the annulus generating it.

33. Hence from radiant ethereal action, three classes

of phenomena are to be expected.

—

The first, which
models the ethereal element into an annulus (a form

which the iris in the organ of vision may be regarded

as representiiig), must be propagated at right angles to

the direction of the ray. Now this, the mode of radia-

tion which is luminiferous, has been found to be. The

second, which models the same element immediatelj'-

after into a spicula, suggests the calorific; while the

third, occurring between these two, and twice as often

as either (the same element becoming spherical twice),

must, under the cosmical law, tend to assimilate the

matter on which the incident ray is falling, into or

towards the construction of spherical molecules—^that

is, it must manifest a normal chemical agency. But

here there opens on us . a field of inquiry on which

we are not as yet prepared to enter, and must leave

to others. We only make suggestions on the subject.

It may perhaps be thought that the structure and

action here assigned to the ether is more like that of a

living organised tissue, or at any rate more like that of

a crystallised medium than that of a compressed aeri-

form such as common air, with wliich the ether is more

usually compared ; and that is true. But whatever the

analogies between sound in compressed air and light in

the ether, the attempt to regard sound and light as

phenomena resulting in similar media by a similar un-

dulatory mechanism raises more difficulties than it

satisfies, and is, besides, based on an incredible sup-

position. How could the universal ether exist for ever

in a state of identical and extreme compression all

through the universe as the regular and uniform pro-
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pagation of light requires 1 1^'ay, how could it come to

exist in a state of compression at all 1 But if
^

it be

uncompressed, and each ethereal element occupies its

full volume, motion cannot be propagated in it as it

is in compressed air, where sound-waves are possible.

The ethereal elements may indeed be steadied in theix

relative positions, so that the whole may form a lace-

work or tissue, or an ethereal crystalline medium. But

in this case the propagation of radiant action in it can

only be very rudely compared to that of sound. That

there will be a resemblance in the phenomena is certain,

because there is but one cosmical law which determines

aU phenomena. And phenomena of motion taking place

in conditions which are similar in any degree are simi-

lar to the same degree. But it is time now to give up

the undulatory theory of light when referred to that

of sound as the type.

Instead of large gross waves, it is time to ask what is

meant by the constantly recurring term electricity, and to

decide whether those physicists are not in the right who

compare the streaming of light with that of electricity

rather than of sound. If this is successfully done, it

wiU at any rate relieve physics of a great embarrass-

ment considered as a rational study. In that case the

hypothesis of an indiscriminate and objectless radiation

equally into all space falls to the ground. In that case

there is no such thing as an enormous waste of energy

every hour since the beginning of time, as most phy-

sicists are content to admit, but only giving, receiving,

and making return, conservation of energy, action and

reaction equal and opposite, throughout the whole uni-

verse, as we see on the small scale around ourselves.
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CHAPTER YIIT.

MATTER AKD THE MATERIAL ELEMENT.

34. Matter or body is molecular and multiple, mind
or spirit is monadic.—In the nisus of the cosmic plasm
or " mind-stidf," when partitioned into ether to escape

from the state of extreme attenuation and corresponding

defect of energy in the individuahties of which it consists,

implying in them the absence of feeling and want of a

capacity for enjoyment, and leaving in them only a resid-

uum of dynamical force, matter and the material system

make their appearance. This consists in a marvellously

beautiful system of molecules, with changes of form and
structure as their function, instead of a system of

monads, with perception, feeling, and voHtion as their

function, which latter demand unity as well as energy

in the object which manifests them, a condition of exist-

ence which molecules have not and only monads have.

Here, then, is one elementary difference between mind
and matter, though there may be but one sort of

"mind-stuff" to constitute both. The smallest por-

tion of matter is a multiplicity, a molecule or molecular

aggregate of elements, each of which is most feeble, so

as to have nothing to spare to the others, whence the

aggregate manifests no modes of energy not found in the

constituents. The monad, on the contrary, is a unity.

All the elements of energy which enter into it conspire
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together and concur in the same direction. And thus,

step after step of newly added energy, the modes in

which the energy shall manifest itself becomes exalted,

and by-and-by, when the quantity of energy belong-

ing to the monad has attained a certain amount, the

original, the mental modes of energy will make their

appearance.

35. Matter is inadequate to produce the phenomena
of mind.—It is a favourite hypothesis at present, and

one which excites alarm in the thoughtful, involving as

it does the belief that at his bodily dissolution a human
being ceases altogether to be. This is a melancholy view

which, while it is claimed as one of the inductions

of science, is apprehended to have the most injurious

bearings on philosophy and ethics. It afl&rms that

molecules, when aggregated into a certain configuration

(the myo-cerebral system), acquire new powers which

they have not separately or otherwise
;
that, in fact, this

material organism in its own right as a material tissue,

has become capable of perceiving, thinking, feeling,

willing, and, in a word, manifesting all known mental

phenomena. The belief ia a mental principle coexisting

and co-ordinated with the organism is thus superseded.

Mental phenomena of every kind are regarded as simply

the functioning of the organism, ceasing altogether and
for ever, when the organism ceases to function.

In illustration of this view, those who advocate it

class the brain with the hver, the kidneys, &c.—each,

it is said, having its specific function and terminating in

it. But plainly this illustration goes against the hypo-
thesis to support which it is adduced. The normal
function of these glands is the birth of a peculiar sub-

stance—viz., bUe, &c. And to make the illustration

good, the function of the brain ought to be the birth of

a peculiar substance, not necessarily of a material and
molecular nature, but yet something possessing reality
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and individuality, and possibly capable of existence

elsewhere and otherwise than in the brain, as bile, &c.,

may do elsewhere than in the liver. The hypothesis at

present so popular does not stand on a logical or

scientific basis. 'No scientific analysis of any organism
can find more in it or get more out of it than forms and
movements with their changes. To these an addition

even of force as their cause, is a hypothesis not given

by the organism, but inferred by the observer from what
he finds in his own consciousness ; for it is from this

source alone, in consequence of the character of volition,

that the idea of force is derived. All that the materi-

alist finds in the organism, and all that he admits, is

machinery ; and how machinery is to see, to feel, and
to will, and how perception, feeling, and volition could

make for the first time in the universe their apparition

as the products of machinery, is surely quite incompre-

hensible and in the highest degree improbable. How
could an aggregate of atoms, themselves admitted to be

all blind and wholly apathetic, merely by beiag arranged

as a tissue without any true imification or exaltation of

energy in the individual, acquire sight and sensibility 1

A chain is capable of fewer functions than its several

members when free. A gang of prisoners when chained

together is not capable of the same amount of action as

the same number of the same men if they were free.

And besides evidence of this kind, who can say that it

is a scientific step to connect matter and motion with

perception, feeling, and volition as cause and efi'ect?

There may be a co-ordination and parallelism in the two

classes of phenomena, which indeed the universal homo-

logy of creation leads us to expect. But to identify

them, or to say that the one is the sole cause and sub-

stratum of the other, is not to reason, for the two tilings

are manifestly disparate, but to escape from reasoning

merely to indidge the mind in its often unwarrantable
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love of simplicity, having no sanction but a merely sub-

jective law of parsimony.

36. The place in nature of a molecular system —
But it may be asked why matter and a molecular system,

and not monads and spirits at once as an immediate and

direct return of the created substance (after it had been

partitioned) to the Creator who is Himself a spirit, and

whose omnipotence and universal imminence in creation

might thus be expected, under the cosmical law (assimi-

lation), to give birth to spirits at once and spirits only ?

Let it be granted that the material universe is a truly

beautiful cloud-work in the azure of the world of spirits.

Let it be granted that it is (as will soon appear) enlisted

in the grand design of creation, the extension of en-

joyment, becoming as it does even in this small and
weak world of ours, the mother and nurse of spirits in-

numerable, yet why not such beings, beings capable of

enjoyment, not merely at and near the fountain-head of

creation, but aU thi'ough and from first to last ?

Accepting as the true grounds of creation those

which have been assigned in this work, this question

is not imreasonable. To find the answer, we must call to

mind what .has indeed been oftener than once laid down
already—namely, that among the many bearings of the

cosmical law it tells in reference to time as well as

space. It assimilates to the past, the present, and the

future, not absolutely, indeed, but under those limita-

tions under which heredity acts ; for the law of heredity,

which has of late justly claimed so much attention from
biologists, is merely this historical or memorial operation

of the cosmical law. In short, the cosmical law is

mthin limits an individuality-preserving, species-pre-

serving power. Hence the ethereal elements, though
they be in every respect the minima naturce, stiU have a
certain amount of power to maintain their individuality,

and to be in the future as they have been in the past.
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But they cannot altogether refuse to obey that action of

the cosmical law which calls for unij&cation. Hence
they come together. But in these first groupings they
come together by juxtaposition only, not by fusion. In
a word, they form, not indeed as yet, a material mole-
cule, only an ethereal molecule, which, conceived as in

the celestial spaces, and more or less luminiferous, we
may for shortness call a nebular speck.

37. The material element : its structure under the
cosmical law.

—

As the primal molecule of ether, the

nebular speck grows and consists of a greater number of

ethereal elements, the tendency of all of them to be
assimilated as to a position in space must constitute a
pressure towards the centre of the group. And plainly,

when a certain though undiscoverable number shall have
concurred in exerting this centrad pressure, those ethereal

elements which are most central, having no longer an
individuality - preserving force sufficient to resist the

pressure, will yield to it and fulfil the cosmical law as

to its unifying clause more completely than they have
done hitherto by becoming confluent into one, and thus

constituting a monad of a certain power in the centre of

an ethereal atmosphere. This new order of being or

thing constitutes the material element in that view of

the nature of things which is here most shortly stated.

And here certain features important for our future

progress present themselves. Thus, since all ethereal

elements are identical except as to their position in

space, the same must hold good in reference to material

elements, at least as to the quantity of ether conserved in

their genesis and attaching to them, when none of it has

been abstracted, crushed out, or vaporised away. More-

over, each material element being a differentiated struc-

ture, consisting as it does of a molecular atmosphere and

a monadic nucleus, does not fulfil the cosmical law

which calls for assimilation all through, and therefore
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for homogeneity of structure. As not having fulfilled

the cosroical law therefore, and as having that yet to

do, the material element is secure against partitionment

and the individuation of its ethereal particles either by
deliberate solution or by explosion (sect. 25). It is in

short a very permanent thing. 'Not but the paramount
assimilative influence of the universal ether in which it

exists may secularly dissolve and resolve into ether again

each material element after it has existed for a certain

epoch. But as fast as aged elements vanish new ones

will be generated; for the analytical and synthetical

operations of the cosmical law are co-ordinate and equal.

And thus, though vitally as it were and cycKcaUy as

everywhere in creation, the permanence or " persistence
"

of matter and force will be maintained, at least within
such limits as no mere physics can reach either to affirm

or to contradict.

38. An alternative in its structure.—On arranging
a number of equal and similar spherules in harmony
\vith the cosmical law—that is, in such a way that the
group shall be ceUular as weU as spherical—it becomes
a question whether the wall of the central vacuole shall

be bunt up of twelve or of twenty ethereal elements,
the former group being that which, as a geometrical con-
ception, gives the dodecahedron, the latter the icosa-

hedron, two of the Platonic polyhedra which are so
beautifully related that each circumscribes and inscribes
the other or tends to generate it. Considering the im-
portance of a difierentiation of structure as a means of
imparting stability to any structure, and the exquisitely
harmonious relation of these two polyhedra to one
another, we are led to conclude that the unified nucleus,
of the material element will consist of both—that is,

of 12-1-20 = 32 ethereal elements dovetailed into each
other. But still the inquiry remains, Which of the
two, twelve or twenty, shall be innermost 1 To this no
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solution can be found by a reference to wbat is known
in physical science. Electricity, as "induction," that

mode of action by which one state or current tends to

develop a state or current which is consecutive, and
both, such that they tend to exalt one another, and
when they normally concur to produce repose and a

better state, explains many things. The phenomenon is

included among the modes of differentiation, and it has

no new Hght for us here. Let us, then, only state in

connection with our present subject that, supposing one
material element to be generated with twelve material

elements centrad in its nucleus and twenty overlying

them, this would tend by induction to bring it about

that the next course of elements generated in juxtaposi-

tion should have its twenty centrad, its twelve overlying.

And thus eventually there would be about equal num-
bers of material elements internally differentiated, not

as to quantity or as to specific character, yet so that, as

dissimilars (under the weU-known law of chemistry),

they would tend to unite in couples, thus providing so

far at least for the union of material elements.

39. Sex ?—As soon as we enter on the details of mo-
lecular synthesis, it will appear that this mode of union

by coupling or conjugation is the very characteristic of

that synthesis and the key to molecular construction

and chemistry. But does it terminate in the purely

chemical sphere, and is it not manifested at all in ani-

mals and plants'? l^ay, does it not prelude and pre-

pare the mind for the discovery and existence of sex ?

Viewed as a free institution, one for which there was

no necessity nor reason in the natm-e of things, the

apparently universal existence of sex, more or less

developed in every organism, an institution by which

half of the individuals in the liighest species are ren-

dered incapable of continuing the species if left with-

out the presence and concurrence of others of the same
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species, seems a very strange and tmaccounta'ble feature

in the economy of nature. But the difficulty disappears

at once if it be that in the structure of the atom itself

there exists an alternative structure such as might be

expected in organisms to manifest itself in constituting

a difference of sex. If it be said that this is surely

going too far, generalising beyond measure, the same
fault may be found with every paragraph of this work.

The law of heredity, for instance, is here claimed to be

coextensive with the sphere of chemical as well as bio-

plasmic action; and it is, in fact, maiatained that a

homology pervades the whole creation, the whole being

the consequence of only one cosmic law and of only one
Creator.
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CHAPTEK IX.

THE FIRST AND THE LAST ELEMENTAL STRUCTURES IN

THE MOLECULAR SYSTEM OF NATURE THE TETRAD

AND HYDROGEN.

40. Molecular synthesis and analysis is normally a

process of doubling and-dedoubling under tlie cosmical

law. Under the tendency to be assimilated as to the

place they occupy, the material like the ethereal elements

tend to come together and to form molecules—the term

molecule being here, and throughout these pages generally,

used for any structure composed of two or of any number

of material elements, whether that structure be decom-

posable by the chemist or so stable as to have hither-

to defied his attempts to decompose it. It includes the

"atoms" or elements of chemistry as well as its molecules.

The number of molecules which may be constructed

and continue individually in existence for a considerable

time in the earth, sun, moon, and stars, must be aU but

infinite. In our own planet they are very numerous.

But in whatever region of the universe, if the condi-

tions of existence be highly unfavourable to molecular

synthesis—as, for instance, extreme heat, or vastitude of

space as compared with the quantity of matter in it

—

they are but few. In fact, the alternative structure in the

nucleus of the material element stated in the last chapter

(sect. 38), together with the operation of the cosmical

law, brings it°to pass that the first and the last members
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of the molecular system shall be only two, and in this

planet at least, all the intermediate structures, products

of these two ! Possibly in other spheres where gravi-

tation and heat are very different from what these agen-

cies are here, other modes of molecular synthesis may

prevail. But by all that appears as yet, the earliest and

the latest elements of the molecular system which are

in harmony with the cosmical law are universally the

same. Of these, the first has not, however, as its nu-

cleus a pair of material elements coupled in juxtaposi-

tion more or less with their two ethereal atmospheres

confluent on the peripheral regions, as might have been

hastily expected. Such a structure does not accord with

the cosmical law. That law calls for sphericity of form
;

while a single couple when united, their nuclei still dis-

tract, cannot but form an ellipsoid, whence, if they be

not succoured by other couples, the cosmical law will

sooner or later separate them again into two free atoms.

41. The Tetrad.—But when one such couple meets

with another similar couple, and

the two couple again crosswise or

symmetrically, there results the

nucleus of a molecule, the four

centres of force of which it con-

sists forming the angles of an ele-

mental tetrahedron. This nucleus

is therefore the first of the regular

polyhedra and as spherical as pos- TheTetrad i

sible, while the peripheral region

consisting of the four confluent ethereal atmospheres of

the foiir constituent atoms may be perfectly spherical.

^ The white diagram means the nucleus poised as a trigonal

pyramid. The four white points, the positions of the centres of

the four constituent elements. The white lines joining them, the

last resultants of the powers which keep them in equilihrio. The
black circle, the near portion of the ethereal atmosphere, which,
however, should have been shaded.

D
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Here, then, is a molecular structure eminently in har-

mony with the law of sphericity, presenting as it does in

its central and its peripheral parts the two extremes of

that whole series of forms and structures which can be

in perfect harmony with the cosmical law, of which

the most eminent geometrical members are the Platonic

polyhedra, to which is to be added the sphere itself

as the monometric polyhedron with an infinite number

of faces.

And here the reader may be already impatient to ask,

If our molecular system represents that of nature, what

known substance does this tetrad represent 1 To this

the answer is, that possibly far out in space, where

matter exists in utmost rarity, there may be a homo-

geneous medium composed wholly of tetradic molecules.

But the tetrad or elemental tetrahedron, as the crystal-

lographer has long ago discovered, is a hemiform, and it

may be shown that it must either be its own universe or

be essentially parasitic. Unless it be whoUy beyond

the influence of other matter, and its calorific action

have its centre for the centre of symmetry of the form

which it actuates, that form will by that action be

driven hither or thither until it clap down on some

other molecule by some one or other of its four bases.

Possibly, therefore, in very high and rare regions

—

as, for instance, high above the solar atmosphere—

a

medium composed of such rare molecules may exist, and

thus certain unknown coloured Hght indicated by the

spectroscope may be accounted for by it. But if in

the same region there should be a single material

element along with the tetrad, a new molecule may be

expected.

42. Hydrogen.—Given a single material element in

the neighbourhood of a tetrad, being dissimilar, the two

wm (in accordance with the prevailing law of chemical

action) unite. And the mode of union which the cos-
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mical law suggests is that the single material element,

or, let us say at once, the single atom, shall place itself

opposite the centre of one of the four bases of the tetrad,

poised at the same distance as the atom on the other

side which enters into the structure of the tetrad. Now,

by this accession the tetrad or trigonal pyramid, a hemi-

form aU angles and bases, is transformed into a crystal-

line or easily insulable form—a bipyramid, the simplest

possible in structure, consisting of two similar poles,

each constituted by a single atom (the smallest number

which can determine an axis), and an equator evenly

balanced between them, consisting of three atoms (the

smallest number which can determine a plane). (See

fig. H.) Its atomic weight is

4+1 = 5. The form of its ethereal

atmosphere at the zero of temper-

ature is a slightly prolate spheroid.

And so rich and manifold are its

modifications of form and its modes

of action that a volimie would be

required to indicate them all. Suf-

fice it here to say as to form, that-

it is eminently dimorphous. It

may exist, as here represented, with

an axis and similar poles as weU The micieusofHydrogen.

as an equator, a structure perfectly well suited for indi-

vidualised, free, or aeriform existence. Or it may exist

as a form, consisting merely of five atoms in the same

plane equidistant from one another and from their com-

mon centre. And this latter form we may regard as its

coronal, parasitic, or occluded state. And in this case

its form overhead (the form of its ethereal atmosphere)

is an intensely oblate or negative spheroid, or, it may
be, sometimes an annular or life-buoy form

43. The tetratom of hydrogen.—In order to the

genesis of an atom of hydrogen according to the pre-
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Tlie Tetratom ofHydrogen.

ceding view, there must be in the region of genesis and

in each other's neighbourhood not only tetrads, but also

single elements of matter or atoms. But hydrogen may
be generated in a medium which consists of tetrads only.

Thus, let five tetrads aggregate themselves in such a way
that the group shall be at once most spherical and most

fully expanded or cellular—that is, let there be a cen-

tral tetrad with four others

^^^^^^^^^^^ around it, each with a facet or

J^^^^^^^^^t^^^ ^^^^ fronting the four angles
«^^^^^^!^^^^^^^ of the central tetrad, and

poised at the same distance

as the atom or angle on the

other side of that base; we
have then a molecular struc-

ture which is eminently in

harmony with the cosmical

law. Its atomic weight is 5 x 4 = 20, and, just accord-

ing to our object in looking at it, it may be designated

a group of five tetrads or of four atoms of hydrogen

—

4 X 5 = 20. In the tetradic arrangement, resulting from

its mode of genesis, it is difficult to represent in a dia-

gram. But when adjusted in har-

mony with incident forces—that is,

when one of the four atoms of hy-

drogen stands as an axis and the

other three as equatorial arms, at

right angles to the axial atom

—

the accompanying diagram of a tet-

ratom of hydrogen may give some

idea of it.

44. The hexatom of hydrogen.—

The tetratom viewed overhead or in

its ethereal atmosphere is, however,

obviously oblate. To fulfil the cosmical law, by being

spherical, it is in want of something on each pole. If,

The Hexatom.
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then, hydrogen be the only substance in the neighbour-

hood, an atom of H will attach itself to each pole of

H^. And there will be generated a hexatom of hydro-

gen. (See the diagram.)

45. The hexatom differentiated by the poles.—But

this hexatom is simply the reproduction of the single

atom on a large scale. In aiming at the spherical,

therefore, the tetratom of H ia becoming the hexatom

has overstepped the spherical, for the single atom of H
is, as has been stated, prolate. And besides, this hexa-

tom is a homogeneous structure, whereas a condition of

permanence in molecular struc-

tures is differentiation. Let

some element, then, be found

which is at once different from

H and has a shorter axis, and

let two atoms of this new sub-

stance substitute the two atoms

of H on the poles of the hex-

atom of H, and then there will

be a structure possessing in

an eminent degree the condi-

tions of stability, and which we may confidently look

for in nature. (See the diagram named " Marsh-gas.")

It is of course impossible at this stage of our molec-

ular synthesis to show how the two difi'erentiating

elements on the poles have been obtained, or how felic-

itously they represent two atoms of carbon, which,

however, as they are usually required by the law of

symmetry to go and come and move in couples, have of

late unhappily been taken for one atom only.

But already, although as yet we have reached a

structure to represent hydrogen only, many phenomena
of the laboratory explaia themselves, which otherwise

and hitherto have seemed quite arbitrary or unaccount-

able. The following may be glanced at.
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Since tlie atoms of carbon, as may be seen in the dia-

gram of marsh-gas, are oblate or short of sphericity, they

will (as atoms in general tend to do on other grounds)

tend to couple on the poles of that atom. Now this

gives C4H4 (Cahours) an atom of olefiant gas, an aeriform

which for a long time was confounded with marsh-gas.

If, again, instead of merely a naked second atom of

carbon on each pole of the atom of marsh gas there

be added an atom of CHO (of which the dodecatom

C^gHigOig is a sugar) there results an element of

alcohol C4Hg02 (Cahours).

And if, instead of CHO there be added COg, that

is, an atom of carbonic acid on each pole, then there

results an atom of acetic acid C4H4O4.

And if, instead of CO there be added the eq[uivalent

N", there results an atom of urea C2^i^2^2'
Some conception of the structure of these substances

which play such an important part both in nature and

art, may be formed by writing them as under, a couple

or two atoms of carbon or of oxygen being indicated by

a black-faced letter.

Marsh gas

Olefiant gas

Alcoliol .

Acetic acid

Urea

Pole. Body.

^ 1HOC > H*

Chem. formula, C = 6, 0= S.

[0 ^C,B.^
C =C4H4

<'COH= C4HeO„
]C0 =C4H40;
^CN =:C2H4N„0„

46. The hexatom differentiated on the ecLuator also.—

It is still more in reference to substances which are pro-

ducts of the substitution of atoms of hydrogen by some

other element on the equators of the hydrogen molecule

that the value of our theory of hydrogen appears as

giving great insight into many molecular structures, en-

titling, justly, chemical formulae to the name of rational.

Thus the sight of a tetratom of hydrogen (p. 52)

shows that the three equatorial hydrogens (in marsh-gas,
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for instance) may be easily detached and carried off,

their places under the law of redintegration being filled

up by something else ; while the axial atom, on the con-

trary, is so secured, that notwithstanding this substitution

of the equatorial arms, the type of the molecule shall

remain unchanged. Thus let a halogen, as, for instance,

chlorine, be presented to marsh gas in the requisite

conditions at once of change and of regulated action,

and it may be expected that the equatorial structure

H4 = HH3 will be changed into HCI3. Preserving the

poles as before, we thus obtain

—

CHCI3C = C2HCI3 = Chloroform.

And similarly, when the poles are further loaded, as

they are in alcohol and acetic acid, or otherwise, we

obtain a host of " trichlors," of which chloral and its

hydrate may be mentioned as of no less interest and

value than chloroform.

But these substances, most precious as they are for

quenching aU organic feelings, when the state or action

or treatment of the organism would otherwise impose

suffering, are but products of art, and are but few and

small compared with those products of nature in which

the three equatorial arms of an axial tetratom of hydro-

gen are substituted by another substance. This sub-

stance, however, is not a halogen, but simply carbon

itself. And it is constructed in the organic, specially

the vegetable kingdom during the autumnal period of

life, when both oxygen and hydrogen have been elimin-

ated to the utmost. Not but such a structure may be

also expected among the ultimate products of the animal

kingdom also. And in point of fact so it does occur

there, developing uric acid instead of urea, &c.

( Uric acid.

UreaCiHSsTSTjOj becomes CjHCaNaOj^CBHN'aOa ]
Monobasic.

( Anhydrous.
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But, linliappily, methane (marsh-gas) when the three

equatorial hydrogens are substituted by three carbons, is

so loaded with fixed matter that it cannot be raised into

the aeriform state, so that it has often to be passed in

the laboratory merely as a carbonaceous residuum con-

taining some hydrogen.

When duly aggregated in its appropriate molecule,

however, this element, C2HC3 = Cgll, and when its poles

are mailed in oxygen and thus the molecxde protected

from that almost universal disturber in the terraqueous

globe, it assists in constituting all the most interesting

alkaloids and the most beautiful colorifics.

47. The hexatom preserved but differentiated less

or more or altogether.—When the poles of the hexatom

carry matter of sufi&cient weight and af&nity to hydrogen,

the hexatom of hydrogen retains its integrity. Thus
given for a polar element an atom of phosphorus or

of arsenic or other suitable substance, and there are

obtained gases or other isolable structures containing

not four but six atoms of hydrogen. In consequence

of an unaccountable disregard of the law of synmietry,

which all nature proclaims aloud, and which demands

two poles and an equatorial region in every individual-

ised structure, chemists, for the sake of the lowest

possible numerals in their formula, commonly set down
polar elements as one only instead of two, so that these

formulae require to be doubled in order to represent the

entire structure of the substance ia hand. And thus

we have

—

Chem. formulfe. Entire structure.

Phosphuretted hydrogen PH3 PHgP^PjHg
Arsenicated hydrogen AsHg AsHgAs^AsjHb

&c. &c. &c.

Here also those ammonias which have stability sufficient

to survive the ordeal of the laboratory find their place.

But the nitrogen of chemistry, including as it does both
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the zote, the antizote, the azote, and the bizote of oiir

molecular system, forbids our touching on ammonia in

this place. And with one remark more we will leave

for the present hydrogen behind us.

48. Hydro-carljons of the more perfect type of marsh-

gas, when "broken down assume a linear type, function-

ing like simple hydrogen—viz., methyl, ethyl, acetyl,

ficc—Referring to the diagram of marsh-gas (p. 53) it will

be seen at once that four atoms of hydrogen are neces-

sary to construct it. If one of them be anyhow with-

drawn, the residue can conform to the law of symmetry

only by the transference from the equator to the poles

of the two atoms remaining. And such moniliform

structures may be extended till they consist of a con-

siderable number of alternate atoms of hydrogen and

carbon without violating the law of sphericity too much,

because the length of the axis of the atom of hydrogen

depends to a great extent on its situation.

And here it may be stated that a good deal may be

done for constructing diagrams of molecules by the use

of types which are already in the hands of the printer

—

a method which, of course, saves much trouble and ex-

pense. Thus, as hydrogen is a prolate axial simple struc-

ture, let us take as its symbol its conventional atomic

weight, figure 1. And as carbon is an oblate form, let

us take as its symbol a cipher with its long axis horizon-

tal. "We may thus give diagrams of the simpler members
of the series—methyl, ethyl, acetyl, &c.

1
o

1 1

Methyl 1 f Ethyl
0 o
1 1

o
1

CjHs C4H5

"Now, as to the functioning of such hydro-carbons,
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since their equators, as also both their poles, are hy-
drogens, keeping in mind that these are the regions of

molecular functioning in general, it will be at once per-

ceived that, however numerous their elements, they will

function merely as extended atoms of hydrogen, but with
this difference in favour of experimental chemistry, that,

being loaded by carbon, they will be less volatile and
mobile, and capable of enduring without the decom-
position of the molecular structures into which they

enter, the ordeals of the laboratory. Hence, by the in-

gentdty of chemists there has aheady been obtained a

multitude of molecular structures in which the body
consists of a hexatom of hydro-carbons of this type,

while the poles are those of the ammonias, simple or

capped with other elements, and which, therefore, func-

tion as alkalis, or otherwise, according to the structure

of the poles. Of these, .the simplest are the methyl-

amines, which, indeed, have been met with elsewhere

than in the laboratory. DoubHng the usual chemical

formula to give the molecule two nitrogen poles instead of

one only, and arranging the symbols, as far as possible, in

accordance with the law of symmetry, we obtain for

—

Ammonia when
-j^ j

most stable

Methylamine

Dimethylamine N

Trimcthylamine N

2.N.

2.N.

ii

,

CoHq
[
H

C2H3

Product of the
decomposition
ammonia.

The half mole-
cule.

Do.

Do.

do.

do.

Experimental chemists have exercised themselves very

much in trying how many of such molecular structures

they can succeed in obtaining. Thus, as in hydrate of
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ammonia, wHch. consists of an atom witli one of HO
on each pole, so the dexterity of chemists has succeeded

in further fixing a moniliform hydro-carbon, as also

aqueous matter, on each pole of these compound am-

monias. JS'ay, they have constructed such a hydrate as

this

—

Methyl-ethyl-propyl-amylammonia!

\ C2H3 \

AZ < n^S® ( OH The half molecule.

Their results, however, are of little scientific interest,

as they are neither natural nor cosmicaL JSTature, in this

planet, does not award existence to any of them, though

some of the simplest may be obtained from natural sub-

stances by dry distillation, &c. And they are not cosmi-

cal, but proper to a small range of pressure and tem-

perature only. Instead of spending years on the get-

ting up of merely factitious substances (the Admirable

Lawrent is said to have spent ten years of his precious

and too short life in experimenting on the combina-

tion of naphthaline with chlorine and bromine, which,

moreover, in consequence of his method not enabling

him to detect the true structure of molecules, he sadly

misinterpreted), would it not be far better to bestow

more serious and logical thought (than that which is com-

monly bestowed nowadays) on such questions as whether

there be really two or only one atom of hydrogen, as has

been maintained till lately by the greatest chemists, in

the least element of aqueous matter, or whether there

be three or only two atoms of oxygen in the least ele-

ment of silica ] Can a method of molecular representa-

tion be equal to what it ventures upon, which cannot

determine the structure of the most facile and abundant

substances which nature gives to form both sea and
land % What experimental chemistry has done is indeed
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much to be admired, and tlie arts and consequently the

amenities of life have reaped much advantage from it.

But the scientific interpretation of experiments has not,

of late, been so successful Experimenters have ventured

to determine molecules on too few and too obscure data,

and without co-ordinating their thoughts with the an-

alogy of nature and the principles of mechanics, which

are, no doubt, regulative of molecules, as they are of

masses. Practical chemists are very adverse to the

theoretical attempt to discover the actual structure of

molecules. The foremost of them all, indeed, has pro-

posed, and carried out his proposal in his four-volume

organic chemistry, to note the constituents of a molecule

by the initial letter of their names set down in the

formulee in the order in which they occur in the

A, B, C, &c.—the first literature of infancy. I think

there is occasion to go back to the alphabet of thought

upon this subject, but not in this way. The mental

eye can see a structure much better than the mortal eye.

It can see all that is within it as well as all that is out-

side of it, and can exercise its judgment upon it in every

scientific aspect. In order to this, all that is needed

is an adequate conception of the least separable particles

of matter and the forces which actuate them or the

movements which are normal to them. And why
should such a construction be looked upon with despair

in our day 1 It was not so regarded by men of science

either in ancient times or at the revival of thought in

modern Europe. And though it is usual nowadays to

think and to speak very slightingly of the physicists of

ancient Greece and of the chemists of early Europe, I do

not think that their insight into the economy of nature

is to be altogether undervalued in comparison ^vith that

of our day.
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CHAPTEE X,

ON ORGANIC LIFE ITS ECONOMY AND ULTIMATE PRODUCT.

There are between sixty and seventy particles of mat-

ter which chemists, down to the present day, have not

succeeded in decomposing, and which, strange to say, on

this negative evidence they have concluded to differ

from all the thousands of other particles which, in the

progress of analytical chemistry, they have succeeded in

decomposing, and hold to be simple and solid unities,

or true natural atoms of matter. Surely it is most im-

probable that human creatures in this small planet

should be able to accomplish in their chambers the

destruction of particles on which the economy of nature

out in the universe has mainly been devolved, and

whose stability, before they come into the hands of the

chemist at all, has been secured by the consolidating

power of an abyssal pressure for innumerable ages, and

tested by the dissociative ordeal of the central heat and

the volcano when in the mass, and by the white heat of

star and sunbeam when in the aeriform state, as also

by a state of rarity in which they are far from filling

adequately the region in which they float,

49. The laboratory residua of living organisms : oxy-

gen, hydrogen, nitrogen, carbon.—The atoms of the

j
chemist are usually regarded as either inorganic or

organic elements, of which, unhappily, the former are
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usually discussed in detail in chemical works before the

latter. About one-third of the entire number are in-

deed obtained, though most of them in small quantity

only, from the analysis of dead matter which once had
lived ; but there are only four which are obtained in

large quantities, and which appear to be essential to liv-

ing tissue : these are hydrogen, oxygen, nitrogen, and
carbon. Such are the eminent organic elements of chem-

istry. And this name, " organic," has been assigned to

them, not from the discovery of any peculiar fitness in

them, so far as I am aware, for constructing living tissue,

but merely because when such tissue has been destroyed

and decomposed to the utmost which chemical analysis

can at present effect, these foiu- substances emerge and

display themselves as residua or last survivors in the

chemist's destructive processes.

50. The least elements of living tissue are aqueous

and ammoniacal vapours detained in the non-aeriform

state by carbon.—From what we know of the habits of

oxygen and hydrogen when coexisting in the same

region in the non-aeriform state, we look for aqueous

matter as the result. In this state, therefore, in the

main, it is to be inferred that the large quantity of

oxygen and hydrogen in every living organism exists.

As to hydrogen and nitrogen, also, when in the same

region and in the same non-aeriform or nascent state,

there is good reason for concluding that they exist as

ammonia. Thus, for three of the chemical organic ele-

ments considered as entering into living tissue, we ob-

tain only two, aqueous and ammoniacal matter, of which

it is impossible to speak more particularly here, because

they are so easily transformable and so polymorphous.

As to carbon, when compared with these elements,

whether viewed as the permanent gases of the labora-

tory, or the tenderly-constructed vapours of nature, it

exists in most remarkable contrast. While they are
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eminently mobile and volatile, carbon is eminently fixed.

Nature does indeed possess the means of rendering car-

bon volatile too—namely, by uniting it either with oxy-

gen or with hydrogen—and therefore of getting rid of it

from the organism when it has served its purpose there.

But plainly the state in which it is wanted for the con-

struction of living tissue is the naked state. Thus, in

union with oxygen gas it is given off into the atmo-

sphere abundantly as fixed air wherever there is fixe or

animal life ; but coming into contact with the vegetable

clothing of our planet it is appropriated ia the naked

or half -naked state, and the oxygen is restored ia a

state of purity to the atmosphere.

ITow this remarkable contrast in the functioning of

carbon as compared with that of the vapours which

along with it go to constitute living tissue, explains

what organic life is, and its principal phenomena. It

shows also that an organism is not an urn for ashes

merely, but how it may be an eminently mobile syn-

thetic apparatus, possibly well suited to be the mother

and nurse of an order of beings adequate to manifest

mental phenomena, of which the characteristic is un-

ceasing activity and change.

51; Organic life is a state of intimate movement in

the organism, more or less normal to it as such ; and
death is a cessation of that movement, and a lapse into

mere molecular motions.—In order to organic life there

must be a plastic - concrete, or at least a non - aeriform

structure, and that structure, at least in its living parts,

must be actuated by unceasing movement in its con-

stituent particles, productive of unceasing change. And
of that change during the first epoch (the flowing tide)

of life, the characteristic is growth by the accession and
assimilation of matter from without (food), under the

cosmical law assimilating the growing form to its ante-

cedents (heredity), modified on the one hand by the
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cosmical law ever tending to develop tlie most perfect

of forms (cellidarity with spherical contour), and on the

other hand, by the reaction of its own particles and of

its environments, ever tending to establish mechanical

stability issuing in degeneration of tissue.

Meantime, duruig the whole of this epoch of the flow-

ing tide of life, while matter is coming in to add to the

mass of the organism, the volatile elements constitutive

of the organism, and carbon furnished with two wings

by oxygen, are constantly going out, so that a living

organism is continually the focus or locus at once of a

radiant and entrant current.

But the cosmical law, as heredity, as soon as the

ancestral structure has been fuUy developed, including

certain particles not involved in the trammels of the

individual, and though sometimes so minute as to be

even invisible, yet under the cosmical law of assimila-

tion assimilated so as to be mirrors of these ancestors

—

the cosmical law, as heredity, having been now fulfilled,

further development ceases. The tide of life has flowed

up to the full. And no reason appears why an organ-

ism, having reached this stage of maturity, provided the

period of growth and development were slow, might

not live very long if only the balance could be main-

tained between itself and its environments as to income

and outflow.

But sooner or later the law of assimilation, having im-

pressed the organism during aU the period from the time

when it was a single cell to its maturity, will begin to

tell upon the fully developed structure, and, as a law of

redintegration, call upon it to live its life over again back-

wards. Hence decay falling into a second childhood, and,

ultimately, dissolution, into separate molecules or dust.

It is in these words, therefore, " in sorrow thou shalt

bring forth cJdldren," that the sentence of death exists

as science.
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52. It is not organic life itself, but development

under the law of heredity, that involves death and

dissolution.—If an organism as perfect as possible were

created at once in a state of fuE development and ma-

turity, so that it should not be subject to the law of

heredity, and if its environments were so adjusted as to

supply all its needs in answer at once to its normal

activities m relation to them—so perfect, as appears to

me, is the molecular economy, that such an organism

would, I thiuk, be immortal. And consequently, there

is nothing unscientific in the conception of immortality

when applied to an organised frame viewed in itself.

53. Organic life, and the economy of molecular

nature generally, is not development all in one direc-

tion, but is cyclical.—The cessation of the movements

or currents proper to the organism as such, is usually re-

garded as the end of life or the death of the individual.

But it has been seen that before this normally takes

place, that organism has produced zopyra or living embers,

capable, when the conditions of development are suitable,

for continuing the life of the species. And thus the

system is not a mere fall into death, but also a revival

and restoration of life ; in a word, it is cyclical.

And this order of things does not hold good in refer-

ence to organisms only, it applies to the whole molecular

economy, mineralogical as well as biological. Thus, with

regard to silica itself, its molecular structure, as obtained by
our method,shows that it is not destined to remain for ever

dead, giving to nature notliing but barren rock and sand.

Every atom of it is capable of development into coupled

atoms of oxygen and carbon and a tetratom of hydro-

gen. This the actual chemistry must assent to, thus far

at least, as to admit that their atomic weights are the same.

( 2 Oxygen 32
)

Silica, at. weight 60 = •] 2 Carbon 24 > = 60
/ 4 Hydrogen 4

)

E
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"With this view the recent doctrine advocated by a

few physicists of a contiaual dissipation of energy, and

universal death and darkness at last, is quite at variance.

But that view is based upon mere suppositions or

postulates, which neither have been nor possibly ever

can be verified. And inasmuch as the nebular theory

enters into the same view, the alleged finale is incom-

patible with it ; for if there be heat enough at first to

maintain the material universe in the state of a cosmic

gas, and the doctrine of the conservation of energy be

sound, then it foUows that, after all the condensations and

concretions effected by gravitation or otherwise, and all

the heats and chills occurring during the life of nature,

the last result must be a return to the first, a general

aeriformation of matter and the nebular state ; for that

alone can have capacity for a,ll the heat-energy that was

in the system at first. l^"ot development in one direc-

tion only, issuing in universal death and darkness, but

life and death and revival, light and darkness and light

again, cycle after cycle, is the economy of nature respon-

sive to the breathing of the Creator who liveth for ever-

more.

54. The easily transformable and volatile elements

of tissue (aqueous and ammoniacal matter) tend to

keep up organic life, but that life tends to be quite

ephemeral.—^Aqueous matter generally, in all its non-

crystallised states, and they are many, is known to be

intensely " quick " and penetrative, and always bent on

getting into the free aeriform state, or state of vapour.

The same is no less, nay, still more true, of ammoniacal

matter. Its functioning, indeed, when it has not been

interfered with by the chemist so as to transform it, is

curiously analogous to that of aqueous matter. Thus it

enters into heavy molecules as aqueous matter does into

light ones, as a quasi hydrating element. If, then, of

these volatile elements alone (which, as laboratory residua,
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are oxygen, hydrogen, and azote) an organism were com-

posed, it could not in our planet, at least, at ordinary

temperatures and pressures, remain long as a concrete

or solid body. Its organic life would be very intense

wbile it lasted, but it would be quite ephemeral

55. The fixed and fixing character of carbon detains

the volatile elements in the dense state and prolongs

life.—It is very remarkable, and has hitherto remained

wholly inexplicable, that so light an element as carbon

when by itself should refuse as it does to rise into the

aeriform state. "Why it comes to do so will appear

afterwards. Meantime we see why it is justly regarded

as the special organic element. In virtue of its very

fixed character, if it be suited for entering into union

with aqueous and ammoniacal elements, it must be very

valuable for fixing, bolting, or soldering them together,

and for preventing them from going immediately off

into the aeriform state, as they tend to be when left to

themselves. 'Now the atom of carbon, as will be seen

by the mind's eye when we reach its structure, is not

spherical, and therefore is not a reposing or inactive

element Hke azote, which is eminently spherical. Car-

bon tends to enter into union with other elements, both
by its equator and its poles. And we shaU find that

when it enters into union with the organic vapours, so

as to constitute living tissue and regulate their life, it

unites with them equatorially. "When, on the other

hand, it has done its duty and is exhausted, and re-

quires to be removed from the organism, it unites with
the residua of the organic vapours (that is, with oxygen,
hydrogen, and azote) by its poles, and along with oxygen
at least becomes capable of the aeriform state, and of
leaving the organism for the atmosphere as carbonic
acid. In union with hydrogen, also, carbon becomes
very mobile, and only remains in the organism long
enough, normally, for the oxygen which circulates in
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the body everywhere to resolve the hydro-carbon into

aqueous matter, and carbonic acid as before.

It would not suit if the effete carbon in union with

azote were to escape into the atmosphere ; such combina-

tions are eminently poisonous and destructive of organic

life. This carb-azotic combination is therefore conveyed

away downwards, encased in abundant water (the normal

percentage being the same as that of salt in the sea) and

in such circumstances, that by the aid of the carbonic

acid, which is always present in the same regions,

ammonia is speedily regenerated, and food is supplied

for the living parts of vegetable nature wherein ani-

mal nature is appointed to find its food.

As to the characteristics of those molecules which act

as poisons and destroy organic life, it were premature to

attempt to define them. This cannot be done until the

ultimate structure of living tissue, especially the nerve-

tissue, is known. It is obvious, however, that carbon,

when in such a state of combination that it enters into

the living organism otherwise than in food, is an em-

inently poisonous substance. It may then be truly said,

and it is no paradox to say, that it is by the presence

and operation of a slow poison in the organism that life

is prolonged. Still, for the most vigorous organic life,

plainly carbon should not accumulate in the body more

than is needed. It should not be allowed to enter into

the living and working tissue when its structure is com-

plete, but as a reserve in some innoxious form, such as

spherical and reposing molecules of fat or oil

56. Hydro-carbons, fats, and oils: their place in

nature, and their value.—When thus kept mobile, car-

bon may be very valuable to meet the demands of the

tissue (which^ in order to live, must be always xinder-

going transformation) during periods of respiratory or

assimilative derangement. There is, moreover, good

reason to believe that molecules which can be got rid of
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by oxidation, and which, meantime, as spherical and

stable, are, in virtue of their form, thus so far fulfilling

the cosmical law of form, are valuable when generally

diffused throughout the organism, in assisting molecular

synthesis in the right direction by what has been called

catalytic action. Spherical oU-molecules may also be

valuable as dunnage and as friction wheels.

As to the normal course and place of fat in the sys-

tem, it may be viewed as carbon moving from the liv-

ing tissue, not by oxygen but by hydrogen, mobile, but

not so volatile as to admit of escape like carbonic di-

oxide by expiration
;

yet, like the matter of expiration,

bent on pursuing an outward course, when it is arrested

by the skin-tissue and deposited in the cellular sub-

stance beneath, where, being lodged, besides being a

store to support respiration when food or its assimila-

tion is low, it forms a valuable protection of the blood

and vital organs against external cold.

57. The growth and continued coherence of organ-

isms, and all other non-aeriform bodies, depend, in

great measure, on their differentiation.

—

'No fact is

more familiar in molecular science than that the con-

dition of union, and of continuing thereafter united, is

a difference in the parts or particles in relation.

When the difference vanishes on union being ac-

complished, as in electrical phenomena, the parts or par-

ticles forthwith separate again. But when the differ-

ence continues, as in cases of chemical union, they

remain united.

The differences, either in internal structure, surface, or

external form, are infinite. Of surface, the most re-

markable differences are metaUic and non-metaUic ; and
of form they are positive or negative—that is, prolate or

oblate spheroidal. Under one or other of these two
forms all isolable molecules overhead—that is, viewed

in their ethereal atmospheres—may be ranked, if they
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have not attained the fulfilment of the cosmical law in

respect of form by being spherical already.

Hence the first case of union is that of prolate with
oblate molecules, so as to develop the spherical if they

be already assimilated as to surface. If they have
not been assimilated as to surface, then the most urgent

case of union is that of non-metaUic with metallic, that

they may be assimilated, or, at least, while they remain

in union, merge their difi'erences in this respect by
their fusion.

But here it may be justly remarked, that without a

solution of both, or at least a penetration of oblate by
prolate as axial matter, sphericity cannot be approached

by a couple merely, nor even symmetry attained. The
first of such binary combinations that can be symmetrical

and isolable, or possibly aeriform, must consist of two,

and hence a sanction, so far at least, for the doctrine of

modern chemistry, that all aeriform units are coupled

molecules. Thus, since hydrogen, as has been seen, is

prolate, and is known to be positive, while oxygen is

known to be negative, they will unite. But there could

be no such aeriform unit as HO. In order to full indi-

viduation such binary combination must couple again,

which, writing the symbols symmetrically, will give

HOOH = HOH = HgO = HgO of the common notation.

And here it may be remarked in passing, that very

oblate or negative structures like oxygen, in order the

better to fulfil the cosmical law and approach the spheri-

cal, couple when they can. And thus the aeriform unit

of 0 is 0, consisting of two atoms, its volume under the

cosmical law, assimilated and consequently equal to that

of hydrogen and azote and others; as aeriform units

generally are, at least in simple dichotomous ratio, such

as 1 : 2 : 4 : 8, &c.

When the aeriform state is not attained, or conden-

sation takes place, then the molecular unit is no longer
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the binary, no longer the aeriform unit, be what it may.

In order to attain the spherical as nearly as possible, the

aeriform units unite again into molecules composed of

many aeriform units, which, when they are isometrical

or undifferentiated on the poles, are either 4, 12, or 20,

or 12 + 20 = 32, these numbers being determined, not

merely by the particular shapes of the aggregating atoms

as being the numbers generative of the spherical, but

because they are the number of ethereal elements con-

stitutive of the nucleus of every material element (sect.

38) ; whence every molecule, by the action of the law

of assimilation, is called upon by a chorus within itself

to construct itself so as to consist of these numbers.

It is well known that organisms, in proportion as they

become larger and more capable of enduring fatigue

without dissolution, become more and more differentiated,

or constituted of a greater variety of dissimilar parts.

Although composed of little else but water, yet how

curiously, and otherwise how inexplicably, differentiated

by variety of organs is a Medusa ! And in the mammalia,

what preserves the ovum as a solid amid the liquid of

the womb (which is known not to be devoid of solvent

power) often for many months 1 It is because aU the time

it is receiving more and more differentiation. New and

different organs are all the time being added to those

that were before them. And here we see one of the

reasons of the complication of organisms, and why a

philosopher should not complain if he finds that the

digestion of his food costs him more trouble than it does

to an Amoeba.

58. Organic differentiation and the molecular system

in this planet culminate in the construction of the

cerebral, or rather myo-cerebral system.—Along with

comparative stability as a concrete, there are gained

many other advantages by differentiation or multiplica-

tion of tissues and organs. And ultimately there is
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constructed a tissue and organ capable of repeating in
the material sphere, and that much more powerfully,
that synthesis in which the material system took its rise

in the ether of the celestial spaces—namely, the complete
unification of ether into monads so powerful that, unlike
the monads generated in the centre of the nebular speck,
which are actuated only by attractions and repulsions,

those monads, of which the most highly dififerentiated

organism is the parent, though still ethereal as to their

substance, are actuated not merely by attractions and
repulsions, but by desires and aversions, and sooner or
later by all the phenomena of mind.

are the mental beings in which the material

system effloresces and fructifies normally transient like

the organisms which exist for their sake. Previously,

indeed, they existed as separate elements of ether or

light, and therefore, if they possess the fatal power of

withdrawing themselves from the ever-living source of

unity in creation, and of losing His unity-preserving

influence, they may, under the law of heredity (calling

for their lapse into ether again), secularly sufi'er dissolu-

tion, and after existing in a sad state (unless opportunity

were afforded them of seeking to the source of unity and
life) they may vanish from creation as sentient beings.

And thus the material economy, an unavoidable

incident perhaps in creation, but a beautiful cloud-work

in the azure of the spirit-world, is made its own re-

deemer, the mother and nurste of beings capable of

enjoyment, suited, as soon as th6y put off their mortal

coil, for entering the world of spirits. And thus is the

grand cycle of creation completed. What was given

to creation originally by the Creator, after a departure

from the fulfilment of His design, yet by a development

of harmony and exquisite beauty, returns to the world

of spirits and to the Creator Himself again.
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CHAPTEE XL

ON THE PRINCIPAL TISSUE ELEMENTS, AQUEOUS MAT-

TER AND AMMONIA, WITH THEIR ANTECEDENT AND

GENETIC PRINCIPLES AND RESIDUA IN THE LABOR-

ATORY, SULPHUR AND OXYGEN AND OXYGEN GAS,

ZOTE AND AZOTE AND CARBON.

59. The bitetrad—Our first stable molecule, the

tetrad, the important position of which in every molecu-

lar system is shown by Boscovich,^ is not to be expected

in the free or uncombined state in a cold dense planet

such as ours, but only, if at all, in a region of intense

heat, where matter is very rare and consists of tetrads

only, and molecular structures are dissociated and refined

to the utmost, as, for instance, possibly high in the at-

mosphere of the sun and stars. If

a single material element come in

the way, the two (the tetrad and

the atom) unite, as has been shown
(sect. 42), and constitute an atom

of hydrogen. But if pressure or

other cause bring two tetrads near

enough to unite, this they may do
symmetrically by the apposition of

their bases, in which case there will result an element

almost isomorphous with hydrogen, its poles identi-

1 Theoria Philosophise Naturalis, &c. Auctore J. Boscovlch.
Pars ii. sect. 329.
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cal, and differing ordy in this, that in each of the
angles of the trigonal equator there are two atoms in
the bitetrad instead of the one in hydrogen. Whence
the bitetrad is capable of extending its axis so that it

may become a trigonal prism terminated by trigonal

pyramids, while hydrogen must always remain pyra-
midal without a prismatic part. For its literal symbol
(seeking some type which is in the hands of the printer

already) we may take ^, the astronomical sign of the
planet Uranus; its resemblance to H, the sign for hydro-
gen, showing the affinity which there is between the
two elements themselves.

60. Sulph and oxygen; sulphur, oxygen gas, and
ozone.—The form of the bitetrad departs farther from
the spherical than that of hydrogen. It is more prolate

or positive ; it is therefore more restless or active when
existing alone. But it is not under the same necessity

to exist alone. Its equatorial- elements, inasmuch as

they consist of coupled atoms, are dissimilar to its polar

elements, which consist of one atom only. Bitetrads

existing in the same medium will therefore tend to

unite by their dissimilar parts—that is, poles to equa-

tors. And thus there wiU be generated, all through the

resulting molecule, triangles of forces, which will secure

an intimate equilibrium, and a general stability.

And what are the simplest numbers in which bitetrads

may combine so as to construct a symmetrical molecide 1

Inspection will show that this lowest number is 5. But
5 may unite symmetrically, and give rise to one or other

of two very remarkable structures. In one of them the

bitetrads are united poles to equators, so that the axes of

aU are both parallel to one another and to the axis of

the resultant structure, (See fig. S.) In the other they

are united poles to equator as before, and their axes

parallel to each other as before, but lying obliquely to

the axis of the resultant structure. (See fig. 0.)
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The atomic weight of both, these new elements is the

same—viz., 2 x 4 x 5 = 40, hydrogen being 5, and there-

fore 8 when H is assumed as 1. But both of them

depart from the spherical farther than the bitetrad itself.

(S) Sulphur. (0) Oxygen Gas.

They will therefore both of them be very active chemical

agents, and this their simplest state is not that in which

they wiU be found free in nature or the laboratory. It

ifl to be remarked, also, that they depart from the form of

inactivity or repose (the sphere) in opposite ways. S is
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prolate or positive ; 0 is oblate or negative. Suppose a

medium, then, in which both coexist, they will unite

;

and it is easy to see that a host of molecular structures

will be generated, on which it would not be suitable for

us even to touch here. Let us therefore, as we have
done with respect to tetrads and bitetrads, suppose a

homogeneous medium consisting wholly of atoms of S

;

they may obviously, after the example of hydrogen,
correct their too positive or prolate form by uniting into

tetratoms (see fig. S), which tetratoms will be much
more stable than those of H, inasmuch as the three

equatorial atoms of S pierce to the very centre of the

axial atom, and all four are held together by many
points of union. But the form is now highly negative

or oblate. It now resembles 0 in this respect, and its

atomic weight is 4 x 40 = 1 60, ie., 32 whenH = 1. Now,
have we not here the very atomic weight, and an expla-

nation of the seemingly anomalous properties of sulphur

hurrying, as it tends to do, into union with oxygen on
the one hand, and with hydrogen and other metals on
the other ; and what not on both hands 1

As to 0, plainly its atoms will greatly improve theii'

condition as to sphericity simply by the normal process

of coupling on the same axis (see fig. 0). By this

their activity must be greatly lessened, and their fitness

for the aeriform state greatly improved. In this state the

atomic weight of 0 is 2 x 40 = 80, i.e., 16 when H = 1.

And have we not here a representation of oxygen
gas and a solution of its anomalies also? And are

not the agreeing yet contrasted properties of sulphur and

oxygen in relation to each other happUy explained by
this molecular development of both, and of their respec-

tive functioning under the same cosmical law ? I^ay,

what has been advanced is but a little that is illustrative

of their relations. Thus, so oblate is S, that in rising

into the free aeriform state, as is weU known, tlu-ee
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atoms of S rise into tlie same unit volume, though at a

higher temperatixre they are dissociated.

The natural aeriform of sulphur is not with an atom

of siTlphur but with an atom of hydrogen on each pole.

Sulphuretted

hydrogen

61. Ozone.—The tendency of sulphur to rise into the

aeriform state in triplets occupying one aeriform volume is

not a wholly singular phenomenon. It has been lately

found that 0 tends also in certain circumstances to acquire

an accession of half its normal weight (aeriform ozone),

thus giving as the aeriform unit 000, homologous with

SSS, but ever tending, in our atmosphere, to lapse into

0 + 0 ; thus presenting to nature, though happily in very

small quantities, the single atom of oxygen, this stimulus

to life, but often corroder and universal parasite, in its

most active form.

62. Aqueous matter.—In order to the genesis of the

substances of the last paragraph there must be, as has

been shown, a rare homogeneous medium composed

wholly of bitetrads. ISTow, considering the facility with

which hydrogen makes its appearance everywhere, such

a purely tetradic medium must ever have been and ever

be of small extent and of rare occurrence ui nature. In
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fact it has been shown tliat a group of five tetradg,
simply by separation, constitute four hydrogens. Specks
of ethereal condensation, therefore, in a medium of
tetrads will develop hydrogens ; and wherever there are
bitetrads, hydrogens may be expected to accompany
them. The production of sulphur, therefore, and of
oxygen, in the way that has been given in the last
paragraph, is not the normal course of the development
of the molecular system of nature. But it was fair to
touch on sulphur here, as it is an important chemical
agent, and in this primer we shall not meet with it again.

In order to find the normal course of nature, we must
consider how bitetrads behave when hydrogen is present
where they are. But, first, let us say a word as to how
they behave when oxygen is present, both for the sake
of chemistry and because it has been seen that oxygen
may be^ a very primeval element. Looking, then, at
oxygen in the free state—that is, a coupled atom or unit
volume of oxygen gas (see 0, p. 75)—it may be observed
that it is wholly defective in its polar regions. They
are, in fact, concave or re-entrant. An atom of H in each
pole would plainly improve them greatly ; and since 0
and H are so dissimilar, it is only to be feared that HH
will plunge in upon the centre of 0 with too much
force and cause a transformation. But say that they do
not, then to save the trouble and expense of woodcuts,
as before, and as we have adopted a dash or figure 1

as a symbol for hydrogen, so now let us adopt a figure

8 as the symbol for oxygen, which, as it happens, is

both its atomic weight on the hydrogen scale, and not a

bad representative of its section at right angles to tho
axis. In this way we obtain, as the product of the union
of hydrogen and oxygen gas, the symmetrical molecule—

I
H

-88- or °8 or 0 or HOH or HgO
I H
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Its atomic weigM on the hydrogen scale is 1 + 8 + 8 + 1

= 18, and if each of the outstanding atoms of hydrogen

on the poles retains its aeriform volume, while the medial

atom of 0 lies in the interval between them, its unit

volume will be double that of hydrogen, and its speci-

fic f^ravity in the aeriform state will be the half of 1

8

that is, nine times that of hyd]'ogen, under the same

temperature and pressure. Now, does not all this

accord wonderfully with the most modern views of

chemistry as to the composition of water 1 Whether it

explains the place of water in nature, or many or even

any of its wonderful powers and properties as it is seen

functioning in nature, is another question. Meantime

what has been shown should, I think, prevail with the

adept in chemistry to show some respect for, or, at least,

to look into, my method, especially when the experimen-

tal method, considered as insight into nature, is so much

at its wits' end. Nevertheless, however much to the dis-

advantage of my views in the present day, I fear I must

give up this, the chemist's, theory of the constitution of

water almost if not altogether. Perhaps, indeed, such a

structure may exist in regions of great cold and calm.

But nature poiuts to another structure as that of the

least element of aqueous matter or an atom of common
vapour. And to the development of this let us now
proceed.

63. Common vapour.—Suppose, then, a rare medium,

consisting in the main of bitetrads, but in which atoms

of hydrogen make their appearance, the question is,

"What will be the first molecular structure resulting,

which wiU fulfil the cosmical law in a manner so

superior to others that we may expect it abundantly

in nature as compared with them'? Looking to the

atom of hydrogen, then, we see that there are on it five

regions suitable for the union and attacliment of some

other element, such as the bitetrad—three on its equator
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and one on each pole. This structure, when existing in

the highest temperature it can stand, must have the

form of the hexatom of hydrogen (fig. p. 52), and imder

the ever-operating law of assimilation may be expected
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to occupy the same aeriform volume as marsh-gas (fig.

p. 53), or HgO—tliat is, a douhle volume as compared

with H or 0. But as the region in which it has been

generated cools, or pressure increases, it can condense

into a much smaller and more compact form, and one

which fulfils in a wonderftd way cosmical law in many

of its clauses. The six nearly isomorphous and there-

fore harmonious elements of which it consists may

place themselves so that the axes of all of them shall be

parallel and the equator of all of them ultimately in the

same plane as in the first two diagrams on the opposite

page (both being badly drawn as to the positions of the

equatorial atoms). Here, then, we obtain a structure

at once of exquisite tenderness and stability, and which,

if it represent anything, may be regarded as the first

" resting-spore " of the molecular system.

That structure, consisting as it does of six separable

parts, shows that it must be tender. But the atom of

H entering into the circle of H^g difi'erentiates it, and

so tends to hold it together. Being so compact as

compared with the same elements in their most fully

expanded state, we may expect its aeriform volume to

be haK what it was then, and therefore assimilated to

the surrounding elements in the atmosphere—that is,

the same as that of H and 0, and, as we shall see, of

JJ". It has, then, two successive aeriform volumes, in

this respect resembling sulphur, acetic acid, &c.

Now, does this new molecular structure, let us ask,

represent anything in nature or the laboratory 1 And
in answer, first let us inquire what is its atomic weight.

Now that is plainly = 5 + (5 x 8) - 5 + 40
= 1-1-8 = 9 when H= 1. Its aeriform specific gravity

is therefore nine times that of hydrogen. In this re-

spect, then, it agrees with common vapour

!

And here, supposing that it does represent common
vapour or steam, a cause is indicated for those terrible

p
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explosions of steam-boilers wHcli are so frequently oc-

curring and which so often seem unaccountable. Thus,
from what has been said as to the dimorphous character
of this structure, implying that at a certain high tem-
perature each atom suddenly assumes a double volume,
the raising of steam in a boiler, up to a certain temper-
ature, must render it explosive to a degree far beyond
that which depends on its density and heat merely.

Further, the appearance of this structure, so like an
element of lace -work, resembles very much that of

organic structures and material structures in general
when they are sliced as thin as possible and seen through
the microscope. But what comes nearer a verification,

when looked right down upon (see the middle diagram
on the left and that below it, on p. 80), it looks very like

a minim snowflake. It reminds us also of the ternary

arrangement of the fructification of monocotyledonous
plants as compared with dicotyledonous plants, in which
an aqueous instead of a carbonaceous tissue prevails.

And here a remark occurs having important bearings

on a preceding paragraph (sect. 60). From that para-

graph it is inferred that, in a rare medium, composed
wholly of bitetrads, nothing could be developed but
sulphur and oxygen, and consequently sulphuric sub-

stances; and that although hydrogen should be admitted,

and unite with the oxygen and generate aqueous matter,

still quantities of sulphur would remain, which, as a

primeval element, does not accord well with our theory

of the end and aim of creation, inasmuch as sulphui',

though in small quantities it is an organic element, yet

in large quantities may be regarded as physiologically

useless, and when in union with hydrogen deleterious in

a high degree. But sulphur, when expanded and dis-

sociated to the utmost by rarity or heat, gives as its

constituent sulph, which, when further urged by the same

conditions of existence, separates into five bitetrads,
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which in sulph, indeed, are united only by their edges.

By the complete expansion of sulphur, therefore, in the

presence of hydrogen, there will result HI^s = aq; so

that from a primeval nebula, though consisting for a

time of sulphur and sulphurics, there wiU result only

common vapour.

64. The dimorphism of the aqueous element.—A ver-

ification as to our aqueous element, one into which the

observer has a more definite insight, arises from its di-

morphism. Thus, suppose there come in its way another

element, of which the polar regions or those regions pre-

senting themselves for union are not hexagonal but pent-

agonal, like those on the poles of the atom of marsh-gas

(see diagram, p. 53), then our hexagonal structure and

it, while they will tend to unite in consequence of being

dissimilar, cannot do so in con-

sequence of being so unconform-

able. How, then, will their union

be accomplished 1 Considering

the tenderness of our hexagonal

element, it is easy to believe that

when it and a pentagonal ele-

ment rush towards union in the

direction of their axes, the hex-

agonal structure, which is plainly very mobUe, and

has a weak side consisting of an atom of hydrogen

merely, will undergo a transformation. The weak side,

the atom of H, will be thrown out of the circle of six

into the line of the axis of incidence and reaction, and

the five atoms of 13 will fall upon the pentagonal pole

conformably to it, which they may do, constructing at the

same time a symmetrical, oblate, or equatorial coupling-

joint or life-buoy -shaped element, held together as a

unity by no fewer than sixty points of union ; in a word,

an element which we have met with already as co-ordi-

nate with sulphur—in fine, an atom of oxygen. Thus,
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when becoming fixed and entering into union with
molecules of the pentagonal order (which includes the
great majority,) our atom of vapour is transformed into
one of HO. And although both sides have been
hitherto regarded as identical, there is not, either in

natural or laboratory chemistry, an equation of greater

importance than

aq = HO.
HO set free, aided by the law of heredity, easily redinte-

grates aq ; but even when the H and 0 meet, nay, H
and 0 (if the temperature be high enough) though they
have never met before, H being so dissimilar to 0 and so

penetrative, will plunge into the heart of 0 (which comes
to meet it) with such force as to shiver 0 and drive the

axes of its five constituent bitetrads into parallelism

with the incident H and with one another, and so to

give the counter equation

HO = aq;

heat being generated by the plunge sufficient to satisfy

the superior capacity or requirement of aq for heat.

65. Water.—The atom of vapour, consisting as it does

of a set of six nearly isomorphous elements on the same
level, of which five are bitetrads, their atomic weight = 8,

and the sixth an atom of hydrogen, its atomic weight

= 5, may be said to have a weak side. In this respect

it differs both from oxygen and hydrogen. While the

latter two aeriforms, therefore, except under the greatest

pressures, may continue in the fully isolated or aeriform

state, it may be expected that a comparatively low pres-

sure will be sufficient to cause the atoms of common
vapour to coalesce, thus gaining for aqueous matter in

the aeriform state the name, not of a permanent gas, but

of a vapour ; and what is the form and structure of the

aqueous molecule that must resiilt 1 To answer this

with convincing deductive detail would require too great

a lengthening of this primer. Suffice it to say that the
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region for union, the equator, in the atom of vapour

being a hexagon, it is not suitable for forming small

spherical molecules with a periphery closed on all sides.

Hexagons, whatever their number, are suited for in-

definite extension in planes which may indeed interlace

with one another, but cannot turn round within a small

compass so as to construct spherical molecules or cells.

Aqueous matter is therefore suited in a peculiar manner
for forming laminae and tissues, and therefore for gen-

eral use in forming extended organisms, consisting so far

of non-brittle tenacious tissue. In fact, by following up
the synthesis, it comes out that to form a spherical mole-

cule of condensed vapour, no fewer than six times six

atoms are required ; and after all, it is not a molecule

with a continuous surface that is constructed, but an
open capsular form consisting of six aqueous ribs or

meridians, so mobile as to sphericity, that it is only at

a temperature (4° C.) that it is truly spherical, and oc-

cupies a minimum volume. And, curiously enough, that

volume, when newly condensed from steam at ordinary
pressure, has just the same relation to a single material

element as the generating steam had to the number of

material elements constituting it, which is 36 x 45 =
1620, so that a unit volume of water at boiling-heat
gives about 1620 equal volumes of steam—an expan-
sion far greater than is known in reference to any other
substance—showing what the unit volume of water must
be, and how minute each unit of vapour. I only add that
the molecule of aqueous matter, like the single atom of
vapour, is dimorphous, the two molecules possessing
very different properties, the equator being

—

AQ = aq36 = (0HaqH0)i2 = IS.H^O.

66. Aqusefonu ammonia: aquammonia. — The ex-
perimental chemist experiences no greater difficulty in
his pursuit of exact analyses than to obtain possession
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of a considerable quantity of mere or pure water. Let
him distn water over and over again, if only the distillate

have stood for a time, he finds ammonia La it. And
how many millions of atoms of ammonia must there not

be before our senses can make us aware of their presence

!

This phenomenon the pojDular chemistry, which maintains

the sohdity, simplicity, and non-developable character of

the sixty-three chemical atoms, is obliged to ascribe to

the previous existence of organic matter in the water,

notwithstanding all the chemist's care to exclude it—

a

hypothesis which our view of nature would hail mth
satisfaction, if there were ground for it. At any rate it

cannot but be provoking to the chemist that this sub-

stance, which it baffles him so much to obtain from

what he regards as its elements—azote and hydrogen

—

should infest his purest water so persistently.

But ammonia is not so far to seek. The molecular

theory here presented to the reader claims it as a pro-

duct of pure water itseK, and, immediately after common
vapour itself, a primeval substance. In short, according

to the views here advocated, the normal process of coup-

ling of two atoms of reduced common vapour with the

discharge of an atom of hydrogen, or the union of two

atoms of reduced common vapour on the poles of an

atom of hydrogen obtained from without, with the dis-

charge of two atoms of hydrogen from within, gives the

following equation :

—

The genesis of ammonia
|
^^^^^ -^ |

~

By reduced common vapour is meant its most symmet-

rical and statical structure, when its central group of

material elements has been reduced from 11 to 6 by

the development of the 5 which are supernumerary

to the symmetry into an atom of hydrogen which may
be given off—a process taking place abundantly in natm-e
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and the laboratory, and lately recognised to a certain

extent in cliemistry as " the emission of occluded hydro-

gen." According to this Adew, ammonia has for

Atomicweight =
j
fstf+,L(2x5)\

l7whenH= l

Ammoniacal vapour, then, according to this view, is a

double and therefore doubly powerful vapour, which

may be expected to present homology with common

vapour, as both exist and function in nature. Now
this is eminently the case. Thus, being so different and

yet conformable to each other, the

two vapours ammonia and water rush

together like ^ and H to constitute

common vapour, the most normal pro-

ducts being also homologous—viz. HI^s
and AmAq^, though in the latter case

there is no end of it. It is also Avell

known that in heavy molecules am-

monia plays the same part that water

does in Hghter molecules, acting the

part of a hydrating element. But it

is in constituting organic structures that the homology
appears in all its perfection. Thus, in the zoic mole-

cule, ammonia holds the same place that water does in

the vegetal molecule.

But how, it may be weU asked, can a structure so like

aqueous matter, and derived from it by such slight

change, give, on decomposition, azote instead of oxygen 'i

To perceive that this ammonia cannot yield oxygen, it

is only necessary to study the difference between com-
mon vapour and that which enters into the constitution

of ammonia, and which I have called reduced vapour

—

vapour from which an atom of occluded hydrogen has
been given off. In consequence of this, each of the
five bitetrads, which, along with the constitutional atom
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of hydrogen constitute the reduced vapour, has lost an
atom from its equator. Constituting two of the angles
of

^

that equator there are two atoms
; constituting the

third—the angle in the centre of aq—there is only one.
Hence, through their dissymmetry, these five defective
bitetrads must continue to cohere at the centre to sup-
port each other as they are now doing. They cannot
leave each other and turn round so as to unite poles to
equators, which is needful to the genesis of an atom of
oxygeru From the decomposition of ammonia, therefore,

oxygen is not to be expected.

67. Zote.—When the atom of hydrogen has left the
hexagonal system in which, along with the five bitetrads,

it constituted an atom of vapour, the latter, when reduced
as has been described, in the atom of ammonia, can
neither leave their present engagement, so as to con-

struct an atom of oxygen, nor can they form a symmet-

rical structure at all. If they close at one pole they

must open wide at the other. And thus there results a

structure with one closed and one 5-partite polar region,

dissymmetrical in the highest degree, plainly a hemiform,

reminding one of the tetrad itself, though it is trigonal,

while this is pentagonal It must therefore be active in

the highest degree. But it cannot be isolable by itself,
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and therefore, if kno-\vii to the chemist at all, can only

be known in a state of union, but, like the tetrad ele-

ments of this kind, may couple, and that very insepar-

ably, when nothing interferes. Thus we obtain two new

elements.

68. Azote.—When destroyed, an atom of ammonia

will, of course, give them coupled. (See the diagram on

the right.) Its atomic weight is 2 reduced Aq - 2H =

(2 X 40) - (2 X 5) = 70, i.e., 1 4 when H = 1. ISTow this is

the atomic weight of azote. In its form it is eminently

spherical, and it is empty in its centre, or cellular, and in

its internal structure it is eminently reposing or stati-

cally constituted. In nature, therefore, when let alone,

it must be eminently permanent and reposing, or, in

chemical language, inactive. ISTow in all these features

it represents azote. And thus we see the beautiful

homology there is between the two constituents of the

atmosphere. They are both coupled elements. And on

this fact it rests that they are both capable of remain-

ing permanently aeriform, with only moderate activity,

whether mechanical or chemical, while yet they both

enclose a store of potential energy, such that, if the

two particles of which each consists were opened up

and parted from each other's embrace, universal destruc-

tion of organic life would ensue. Still the hemiform

being so active, and therefore, when rightly introduced,

such a stimulus to life, I have named by dropping the

privative letter of azote—a term which in these pages

refers to a definite structure—thus reserving the term

nitrogen for this same element when it is not known
whether it exists as zote or azote, and, I will add

—

69. Antizote.—To illustrate the meaning of these new
terms, and save trouble and expense in woodcuts, let us

take as a symbol for zote the pharmaceutical mark for

20 grs.—viz., (i) or 9 . Its form will serve to remind of

the hetero-polarity of the atom of zote, one polar region
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of which is closed and the other cleft (though with five
points instead of three, as in the apothecary's symbol).
This granted, it is obvious that the positions of the
two zotes in azote may be inverted. They may possibly
cohere by their closed poles. And thus there will result
an atom of what we may caU

Antizote

It would not indeed be so natural as azote. But
to effect differentiation in the midst of homogeneous
azote, and possibly in the atmosphere, some few elements
of this structure might be brought into existence. And
its physiological action imtil it was resolved into azote,
as it speedily would be, would certainly be the very
opposite. It would certainly be most injurious to the
organism

; while, in consequence of its immediate return
into azote, under every possible manipulation it could
not have been detected by any of the chemical trials of
the air which have been hitherto practised.

Thus, when steadied by the placing of an atom of
carbon on each of its 5-fid poles, this antizote constitutes
the basis of the most active poisons,—viz.

o
2

Cyanogen = CZC = CN chem.
o

70. Atoms, their relations with metallicity.—In con-
nection with zote and elements in general, possessing
one or more 5-fid poles, an important feature in our
molecular morphology comes out, which it is desirable to

notice even in this primer. I aUude to that condition

which affects both the appearance and the functioning
of elements, and has long since served and still serves

for their classification into non-metaUic or metalloidal

and metallic. Suppose a structure whose whole surface



THE CONDITIONS OF METALLICITY. 91

consists of elements presenting 5 -fid poles to the inci-

dent light, then it is to be expected that that light will

be repelled from it and reflected and refracted with much

greater force than from a stirface composed of elements

with closed poles such as azote or oxygen. For in this

case there is, as we might say, an atmosphere above the

general concrete periphery, consisting of single units of

matter each invested with its complete atmosphere of

ether. The upper or outer surface of such a structure,

therefore, is assimilated to the ether itself in the highest

degree that any material surface can be. Isolation, there-

fore, between it and the ether incident as light will take

place (sect. 25) to the greatest degree possible—that is, it

will repel, reflect, or refract light in the highest degree ; in

other words, it will be most lustrous or metallic. When,

on the contrary, the surface of a structure consists of ele-

ments with closed poles, the material elements must exist

in groups of three or five, deprived, it may be, of much

of the ether proper to their genesis, and all lying on the

general surface of the molecule. Being comparatively so

dissimilar to the ambient ether the incident light will not

be repelled to the same degree, and instead of intense

reflection or refraction there wiU be a tendency in it to

penetrate the mass and render it less lustrous, trans-

lucent, or transparent. As to the respective functioning

of the two classes of elements, the most obvious must be

their general demand for union, the union of non-metal-

lic or metaUoidal with metallic, and that simply, and in

the first instance, in consequence of the great difi'erence

that there is between them.

The atom of zote thus possesses the potency of both

metallic and metalloidal (oxygen and fluorine are the

only non-metallics). Azote is metalloidal; antizote is

metallic. Now both are symmetrical, and therefore

possibly aeriform. Azote constitutes four-fifths of the

atmosphere, and happily is lustrous compared with oxy-
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gen, wiiich constitutes the remaining fiftL But along
with these the spectroscope detects, though in the small-
est quantity, a metallic element, the light emitted by
which is affirmed to he the same as that emitted by
lithium, and it is consequently judged to be lithium.
Now of lithium the atomic weight (H=l) is seven-
and that is the atomic weight of our zote. Maj not
the^ atoms of both these possess the same structure,
while the great difference in their mode of genesis and
their whole history (zote, aerial and organic, Hthium
mineral merely) will explain by the law of heredity any
differences in their habits and functioning 1 Zote hav-
ing been first given to nature in union with hydrogen,
will prefer this element to oxygen. Lithium having
been first given in union with oxygen, will prefer oxy°
gen again. It may be remarked, however, that having
been satisfied as to hydrogen, zote has a demand for
oxygen too, as in the amines of the laboratory; and
even where no carbon is present, as in hydroxylamine.
As to the lithium of the laboratory, it is obtained after
a very severe ordeal only, in the concrete molecular state

of differentiated dodecatoms (sect. 74), which it is not
to be expected that any heat that we have tried could
dissolve so as to show lithium in the coupled elements
of the aeriform state.

71. Zotammonia.—There can be no doubt that the
atom of aquammonia (see fig. p. 87), as it exists in living

tissue, is supported by three atoms of aq, one on each
alternate facet of its equator or waist, and these in their

turn supported and steadied by six atoms of carbon
symmetrically appHed to their equators. (That this is

not a merely morphological construction or an xinacknow-
ledged hypothesis, will presently be shoAvn by chemi-
cal analysis.) But when thus equatorially charged, the
axis of the structure is too short. The form is oblate.

Under the law of sphericity, therefore, the axis will
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tend to lengthen. Now this it may do without destruc-

tion of the tissue, simply by the transformation of the

axial atom of aquammonia into an atom of zotammonia,

the three aq with their carbons now adhering to the

three equatorial edges of the central atom of hydrogen.

Zotammonia.

Additional to the equatorial charge of water and car-

bon, an atom of carbon will now plainly tend to settle

on the poles of each of the zotes. The whole structure

will then be fixed or dead, and possibly stable enough
for enduring the earlier stages of organic analysis in

the laboratory. It consists of CZHgZC + 6C + 3aq =
CgHgNOg. IsTow this is precisely the formula which
C. Schmidt found for the matter of the muscles of the

most muscular of creatures—viz., insects ! Such struc-

tures will, however, form into dodecatoms or icosatoms,

giving the two classes of chemical formula for proteine.

But my object here is to show the singular value of

ammonia as an element in a highly vitalised organism.

It can lengthen or shorten its axis. It can change a
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spheroidal molecule from oblate to prolate ; and a fibre

consisting of a moniliform series of such, spheroidal

molecules, it may both shorten and lengthen as a func-

tion of organic hfe, and so keep a heart beating or make
bones approach each other or separate.

72. Bizotammonia : bizote.—Two atoms of zote may
obviously couple in either of two ways. Their 5-fid

poles may face each other and touch at the equator

of the coupled form, thus locking up the possible metal-

licity of zote in the interior, so that in this case the

structure is a metalloid. It is also eminently sym-

metrical and spherical, and suited for the free or aeri-

form state. It represents azote, as has been shown.

But two atoms of zote may couple on thimble-wise or

in parallel positions, and in this position the combina-

tion may be very stable, for the 5-fid pole of the one is

precisely a mould for the closed pole of the other.

This couple we may call bizote. And by the use of

this more stable structure there are produced in the

laboratory those ammonias of which the axial body is

the hexatom of hydrogen (see diagram, p. 52), and

which are as fixed, as aquseform ammonia is mobile

and transformable, and which are therefore useless for

the purposes of life. Their structural beauty and sta-

bility are, however, very great. It is not wonderful,

therefore, that they are great favourites with the chem-

ist, and a very cat's-paw for substitution without de-

stroying the type. With the printer's type already in

use, we may thus attempt to represent this admirable

structure :

—

!
Bizotammonia >J— =NH]S' = 2NH3

I
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73. Potassium, sodium, lithium.—And here, were

we to go into details, it would be seen how close and nat-

ural is the relation of the volatile with the fixed alkalis.

Suppose, then, instead of a hexatom of hydrogen as

the interior of an atom of the most stable ammonia,

there is simply an atom of oxygen as a coupling-joint

between the two atoms of bizote, which will thus still

constitute the poles of the new element : then this being

so, it may be expected to function in the laboratory like

ammonia ; but it will differ iu this respect, that while a

body of hydrogen must be easily dispersed, and the struc-

ture which it holds together easily decomposed, so perfect

is the fitness of an atom of oxygen to function as a

coupling-joint when convex pentagonal poles, such as

those of zote, are inserted into its negative poles, which

are perfect moulds for the closed pole of zote, that this

new structure is not to be expected to be decomposable

in the laboratory.

Potassium oo

O)

Moreover, its atomic weight—according as all the four

zotes that enter into the construction of one particle are

all crude with the atomic weight of 8, when H = 1, or

one or two of them purified or reduced to difi'erentiate

the structure—its atomic weight is 5x8 = 40, or 39

or 38, the mean 39. I^'ow this is the atomic weight of

natrium, ridiculously named potassium, whose wonderful

agreement in its action with ammonia is constantly re-

marked; while, physically and analytically, it has seemed
hitherto to differ in every particular.

Suppose, again, that, instead of double zotes or lith-

iums in the poles of the atom of oxygen the coupling-

joint, there are only single atoms, there will plainly be an
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analogous element whose atomic weight, according as it

is crude or fully reduced, will be 8 + 8 + 8 = 24, or

7 + 8 + 7 = 22j or, when half reduced so as to be most
perfectly differentiated, and therefore most stable, is

7 + 8 + 8 = 23. It therefore represents

Sodium o)
(T)

IS, again, as the medial body, instead of a single atom

of oxygen there be a coupled atom, the functioning of

the structure while in this, the free or aeriform state, will

be analogous to that of sodium. Eut it wiU. admit of

being dedoubled, and the hetero-polar or non-symmetrical

structures resulting may form into coupled molecules,

each half of which is an oxide of a metallic element

whose atomic weight when purified is seven, and which,

therefore, represents

Aeriform hthia ^

74. The density of substances deduced without the

use of the balance.—Here, by reference to the alkalis

in their concrete state, an illustration may be given of

a remarkable verification of our molecular morphology.

From the structure of the material element or atom of

nature itself, as also from observing the forms of the

regions for union in the molecular elements constructed

of this,—atoms which, with but one exception (water),

are either triangular, as in hydrogen, sulphur, sUenium,

and a few others—or pentagonal, as in oxygen, zote,

carbon, and most elements—it will be seen that, when

they condense and gather symmetrically round a com-

mon centre so as to constitute their condensed or dense

state, the group completing the form must consist of twen-

ty or of twelve particles—a beautiful form, of Avhich the



DENSITIES DEDUCED, 97

linear skeleton or ideal is either the icosahedron or the

dodecahedron, the two most perfect of the regular poly-

hedra or Platonic bodies. It is to be remembered, how-
ever, that such structures are eminently spherical and
homogeneous. They are therefore, under the cosmical

law, insecure as concretes. They are ready to liberate

their constituent elements into the more fully indi-

vidualised, the aeriform state. To retain them in the

concrete state, especially in order to survive the ordeal of

mundane or laboratory action, they must be made to de-

part from the spherical and the homogeneous. They must
be differentiated, l^ow this is most easily and symmet-
rically done simply by the doubling of the constituent

particles, on the poles of one of the isometrical axes of

the molecule. By this, eminence is given to that axis,

and a centrahsed and conservative course to the specific

heat and other physical currents of the molecule. In
this way a monometric dodecatom will be steadied by
being made to consist of fourteen instead of twelve
particles. Let us further add that the cosmical law of

assimilation leads us to expect that the units which
impart individuality to the molecules of solids and
liquids, no less than in the case of aeriforms, will occupy
assimilated volumes—that is, volumes either equal or
in simple dichotomous ratio, such as 1 : 2 : 4 : 8 : 1 6, In
chemistry, indeed, it has been lately assumed that the
unit volumes of all aeriforms are fuUy assimilated or
equal. But such absolute uniformity would be contrary
to the whole economy of nature, of which the character-
istic is unity in variety, sameness with difference. The
volume of an aeriform unit depends on its ethereal
atmosphere as well as on the weight of its atomic
nucleus. Equal variations in the volumes of dissimilar
gases, accompanied by the same variation in the volume
of the thermometer or the pressure, may perhaps indicate
that in equal volumes of these gases and vapours there
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are the same number of aeriform units; but as to the

composition of these units, the number of chemical

atoms of the same kind into which each aeriform unit

may possibly be separable, the phenomenon referred to

says nothing.

As the unity for the specific gravity of aeriforms is

naturally common air, so that for condensed aeriforms,

whether solids or liquids, is naturally water. Air and

water, so abundant everywhere in nature, both in former

epochs and in this world now, must have exerted and

still exert a powerful assimilative influence upon unit

volumes subsequently formed or still forming. I have

shown reason for assuming that the unit of ice consists

of a differentiated dodecatom of water with an atom of

water in the centre—that is, of fifteen atoms of water

occupying sixteen volumes. The mineral kingdom, then,

has range enough for the unit volumes of its elements,

having ratios on its ojjposite extremes of 1:16.

The unit of water (sect. 65) = aqgs = 1620 = 9 x 36

= 324 when H = 1. Adopting the hydrogen scale as

most famihar, we obtain as the specific gravity of the

alkalis the following table, which is copied from a small

volume accessible to the public since 1868. How long it

may be before scientific chemists mind it remains to be

seen. The author has given up hopes of it in his own

day. Happily he does not need such consolation.

Lithium, ^ . . . G = = = -60 Exp. '59

Sodium, I . . . G =^ = = -99 Exp. -97

Potassium, oo

ft)

Li

"

7x14

iAQ - 4x324

23x14
AQ 324

39x14
2AQ ~ 2x324^ . . . G = = = -84 Exp. -86
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Ammonia, ^ ^

Amm.i^ _ 17x2x14
2AQ

G =

Am^
AQ

2x324

17x14
324

-73 Exp. -7 +

" As to rubidium and caesium they are baric and bary-

tic potassiums respectively; while thallium comes out

as an icosatom of sulph (sulphium analogous to seUiun

or metallic selenium) with an atom of sodium locked in

each pole (Tl = ]S"a S^^^ISTa). Its molecule appears to be

that which is most prevalent in the mineral kingdom

—

viz., a compound dodecatom occupying 8 aqueous or half

an ice-volume, thus :

—

Thallium G
12(Tl^^)

8 AQ
= 11. 44 Exp. 11. -t-

»

1

75. Carbon, hydro-carbons, oxy-hydro-carbons.—

A

single atom of zote (see diagram, p. 88) may symmetrise
itself and become capable of individualised existence,

and of moving about, by the movement towards the line

of its axis, of the five atoms now constituting its 5-fid

pole, and by the construction there of an atom of de-

veloped or aeriform hydrogen, instead of the atom
occluded in constituting the 5-fid pole. This residuary
structure, given to nature in union with an atom of

hydrogen, has for its atomic weight 35 - 5 = 30, i.e., 6
whenH^l. It wiU presently appear how completely
it represents carbon.

The same element may come out of unreduced zote.

This atom, consisting of 5]^, can symmetrise by assimi-

1 See ' A Sketch of a Philosophy,' Part II. p. 96 (the last pa?e).
Williams & Norgate : 1868. ^ °
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lating its 5-fid to its closed pole, opening at tlie same

time at the equator. We tlius obtain a minute metallic

element which, we shall not here investigate but merely

signify by the letter X, which may be regarded as some-

what resembling it. Now of this form the axis under

the law of sphericity is too short, it will therefore, as in

the former case, tend to develop the matter of its two

5-fid poles into an atom of hydrogen on each pole, a

short pentagonal bipyramid lying between them the

same as formerly, and which is figured in the diagram

named nascent marsh-gas.

CH,

Biliydride of Carbon.
Nascent Marsh-gas.

ISTow there are many features in this new bipyramid

which point it out as representing carbon. It is true,

that though the atomic weight of carbon was long,

and in the best days of philosophic chemistry, taken

as six, it is now more generally taken at twelve, which

is the weight of a coupled atom. But this is easily

explained. The single atoms are so flat or oblate that,

like oxygen, &c., they will, when free, usually go in

couples under the law of sphericity. Besides, there

has of late been a disposition in chemists to double
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almost all atomic weights, whicli lias just removed

them twice as far as they were before from any pos-

sible insight into their nature and relations.

More important than the fluctuations of chemical

hypotheses it is to remark that, according to the genesis

assigned to carbon, this element is of a residuary kind.

Before it can be given to nature, two atoms of hydrogen

must have left the parent 5^. i^ow, compared with all

other elements, hydrogen, for its quantity of ponderable

matter, has by far the most perfect atmosphere of ether.

This, then, in this case it must have taken from what it

left behind. It has carried off the wings of that atom.

Hence the ethereal atmosphere of carbon is too defective

to allow it to ascend into the aeriform state or to liber-

ate carbon-atoms from cohering together, except by the

help of hydrogen or oxygen, or something else.

Add to this what has just been insisted on, that

carbon is first developed or given to nature in union

with hydrogen, and it will be found that the func-

tioning of carbon in nature and the laboratory beauti-

fully explains itself.

It has seemed very strange that certain nebulous ap-

pearances in the celestial spaces should give Hght in the

spectroscope as if coming not merely from hydrogen but

from nitrogen, but stranger still, from hydro -carbon.

Now the view here given of the comparative stability of

hydrogen and nitrogen, and the genesis of hydro-carbon

from the latter, resolve the mystery. When extreme

heat or the demand for partitionment to occupy a vacu-

um exists to the utmost degree possible, of aU mo-

lecular structures, hydrogen wiU be the last survivor,

or at any rate the last but one (the tetrad) not isol-

able at the earth's surface. And after hydrogen, that

which fulfils most perfectly the cosmical law by its

sphericity and ceUularity, and consequent repose and

exemption from change, is azote. Azote is, however.
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as we have seen, liable in certain circumstances to invert
into antizote. And of this the normal educt is the
first symmetrical hydro-carbon, the doubling of which
gives an atom of olefiant gas of the same type with
marsh-gas (see diagram, p. 53), but with doubled car-
bons on the poles.

[

Antizote g = § nascent olefiant gas = ^C^H^.

Marsh-gas, whose diagram has just been referred to,
holds a most eminent place in the molecular economy.
Thus, tetrads, when under pressure and existing in
sufficient numbers (instead of merely coupling into bi-
tetrads, and, along with hydrogen, giving birth to the
organic elements), and when compelled to group sym-
metrically round a common centre, must do so to the
number of 20, thus constituting an icosahedron, which
is eminently spherical, and so far fulfilling the cosmical
law. But instead of being cellular, and fulfilling it in
this respect also, there is a group of 20 material elements
in its centre, one belonging to each of the 20 tetrads of
which it consists. It may therefore be compared to a
round seed with an embryo, or matter bent on a speci-
fic development within it. I^ow 20 atoms of matter,
when most fully developed and individualised, give a tet-

ratom of hydrogen (see diagram, p. 52). Moreover, the
surface of the icosatom—the coat of the seed—which
consists of 60 atoms, or two parts of 30 each, ia con-
nection with each pole, when opened symmetrically like
seed-leaves, and these parts, consisting of 5 triangles of
atoms, come close to the axis by their loose points so
as to be assimilated to the polar regions which remain
undisturbed, constitute 2 atoms of carbon. So from
this quasi seed, under pressure or in the bowels of the
earth, when developed under the cosmical law and its
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oAvn specific heat secularly actuating it, gives the

lo-wing equation :

—

Crude Silicon.
Marsh-gas.

This hydro-carhon is so perfect under the cosmical law

in every respect—sphericity, ceUularity, differentiation

that, though so tenuous ia structure, it possesses great

repose or stability, l^ot only can it exist in the atmo-

sphere without being liable to the attacks of oxygen,

but, maintaining its integrity while on the poles of

many other hydro-carbons generated in the strata, it

preserves them also, and gives the rock-oils to nature

;

for, as has been frequently stated already, it is the poles

of molecules that chemical action usually attacks.

76. Oxides of carbon with hydrogen.—The 5-fid hol-

low polar regions of the atom of oxygen (see diagram,

p. 75) are precisely moulds for the short pentagonal

pyramids which constitute the polar regions of the

atom of carbon. They are therefore perfectly conform-

able while they are at the same time different. Carbon

and oxygen will therefore readily unite.

In the case of oxygen gas, when it comes into a

region where loose atoms of carbon exist in moderate

quantity, what is to be immediately expected is the

filling of both the external poles by an atom of carbon

in each. This forms a symmetrical structure, having

many analogies with azote, but exactly double the
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weight, and with a longer axis. We may expect it
therefore, to occupy a double volume. Its specific
gravity will therefore be the same as azote. It is
plamly an atom or molecule of carbonic oxide COC =
C2O2, or in prevalent notation, CO. And in this struc-
ture we see the basis for the first products of vegetable
nature.

Thus, supplying an atom of H to each pole, we obtain
the saccharine element found in vernal sap, &c. Its
molecules are manifold and subject to many modes of
differentiation on the poles. The simplest molecule of
aU is the simple dodecatom of CHO.

A coupled saccharine g Its molecule, Cj^U^^O,^, a sugar.

T
Let the atoms of H on the poles be carried off by the
incidence of 0 on each, while one atom of H, by being
placed in the centre, is conserved, there results, as in
simplest vegetations :

—

00

Oxalic acid °° o
(monohydrated) " CsOgHO. And g in oxalates = C2O3

o 00
00

But if hydrogen do not secure a permanent position,
the whole organic world is for the time omitted. The
carbon poles of the coupled atom of carbonic oxide,
as soon as a unit of oxygen gas can reach them and
open into ite two constituent atoms by heat or other-
wise, are immediately covered by the oxygens possibly
with the genesis of 2 aq. And thus mailed in oxy-
gen both on the poles and equator, the carbons are
secure from aU fm-ther attacks of this parasite. And
now we have a molecular element which possesses great
perfection of structure. Its form is no doubt prolate.
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though its axis is scarcely longer than that of carbonic

oxide. But as, in consequence of the structure of our

molecules, it may be said that there is a spiral spring

between each couple of the constituent atoms, the axes

of molecules can be lengthened or shortened to as great

extent as the law of sphericity may dictate. Supposing

it to exist as an aeriform, its volume may be expected

to be the same as that of carbonic oxide, that is, two at-

mospherical unit volumes. But it will be heavier than

nitrogen or carbonic oxide in the ratio of 22 : 14, and

therefore more than times heavier than common air.

oo

Carbonic dioxide g = OCOCO = 2.CO2 = CO^ chem.
o
GO

If it cannot depress its axis so as to be spherical, it is

much in its favour that it is ceUular, the vacuole be-

tween the two equatorial atoms of oxygen being empty.

As it has poles similar to one another, and the polar

element doubled for its equator, while it is differen-

tiated in the intermediate regions by two elements which

are dissimilar to the polar and equatorial matter and

yet similar to one another, the whole structure is at

once symmetrically constructed and its parts beautifully

balanced. Hence, it may be easily understood that it

should be difficult to decompose it in the laboratory. But
when nature offers an atom of hydrogen to each pole, as

is probable on the incidence of this substance on the

vegetable tissue when apt for receiving it, nothing more
easy than for the medial oxygens to escape as a unit of

oxygen gas, whUe what remains goes immediately into the

tissue or remains on the surface as saccharine matter.

\ I /
,

Carbonic dioxide
| g J, Saccharifies

with hydrogens

on its poles

00 _ / o
GO - \ ,

CO I CO
00 Oxygen gas
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77. Carbonic dioxide.—It is obvious, however, that

the dioxide which we have been considering is a coupled

atom without any bond between its two parts but that

which apposition and the law of heredity impart. Under
many conditions of existence, therefore, it may be ex-

pected to dedouble, while each of its two parts will be no
less, if not more suited for the aeriform state, than they

were when coupled.

Cai'bonic dioxide

(a single element)

In this case, in fact, there is obtained an aeriform ele-

ment almost isomorphous with oxygen gas, only its in-

terior or stomach, not now empty, but filled and weighed
down by that substance which, of all the organic ele-

ments, is most opposed to vitality. Its physiological

relations must now, therefore, be entirely changed from
those of oxygen gas. But since its poles aie stiU.

isomorphous and wanting in matter to fill them, it may
be expected to be like oxygen, a parasitic element, or

element tending to settle upon others. Accordingly

there is a strong analogy in the appearance and place

in nature among stones, between those which are mere

oxides and those which are carbonates of oxides
;
while,

except in those cases where the metallic element is already

mailed in oxygen on both poles, and thus protected from

its further attacks, as in silica and alumina, oxides tend,

when carbonic dioxide comes in the way, to grow into

carbonates, the latter being more symmetrical, consisting

as they do of five members, an atom of oxygen both in
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the equator and on each pole, separated, and the structure

differentiated, by an atom of carbon and one atom of

metal lying between. The most interesting feature in this

minim element of carbonic dioxide is its equivalence to

oxygen gas in volume and form, and its complete dis-

similarity to it in its relation to vitality. The oxygen,

though its interior is now filled with a deadly element,

may yet pass through and find egress from the organism

by any channel by which the vitalising oxygen may
have entered. And accordingly, oxygen having found

its way into the blood through the lungs, and having

picked up the used and effete carbon in the blood,

escapes from the lungs again and leaves the blood

ready for receiving a fresh charge of oxygen, vitalis-

ing the organism by the very act by which itself be-

comes charged by the death-producing element, which

(clothed in oxygen so that it shall not hurt in tro/n-

situ), it immediately carries out into the external air,

there to become the food of the vegetable kingdom.

78. Carbonic acid.—In the actual chemistry, carbonic

dioxide and carbonic acid are supposed to be the same

molecule, or at least substances differing only by the

absence or presence of water. But the theory of mole-

cules of this work, together with the power which it

imparts of calculating the specific gravity of the masses

from the atomic structure of the molecule, has led to the

discovery that the dioxides of carbon and of silicon, in

important parts they play both in the organic and min-
eral world (so beautiful as pearl and crystal), are not

simply CO2 and SiOa, but differentiated dodecatoms,

each eight times the weight of a single atom of dioxide,

and yielding eight such when in construction or when
broken down. Moreover, carbonic, silicic, and phos-

phoric acids, whose place in nature is so analogous,

exhibit in the light of our theory a form and structure

which are homologous.
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CHAPTEE XII.

THE THEATEB FOR LIFE : THE OCEAN THE AIR

THE SOLID SURFACE OP THE GLOBE.

79. The Ocean.—Of material media our moleciilar sj""!!-

thesis gave a world of common vapour (which, we called

the first " resting-spore " of nature), and, of course, of

water in a central region. Our theory of the genesis of

the elements is, however, such that in a region of aque-

ous pressure condensation wiU give other elements in

the water. Of these, as may be inferred from what has

heen advanced (sect. 73), two that are very early to be

expected are sodium and potassium, of which the latter

has an axis so long that the cosmical law of sphericity

must tend to shorten it. ^Tow this may be done by in-

dividualising its 5-fid or metallic poles into atoms of

hydrogen, and giving them off, by which the poles of

the potassium become similar to carbons. It is there-

fore now a metalloid instead of a metal. And as we
saw that the atomic weight of potassium, when fully

reduced, might possibly be 38, or even lower, so tliis its

residuary metalloid, having given off 2 atoms of hydro-

gen, will be 36, or even less. The axis of the atom of

sodium being much shorter, it will continue as a metal

when potassium has been demetallised. These two will

therefore now be eminently dissimilar, and will hurry

into union with one another. When separated by chem-
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ical analysis, tlie demetaUised element, with the atomic

weic^ht of about 36 when H = 1, which may be expected

in the aeriform state to constitute a green vapour hke

potassium itself, and which, as it has carbon-hie poles

and a long axis, may be expected to function like car-

bon, though much more powerfuUy, represents chlorine

So that what we have found developed in the world_ of

waters is chloride of sodium, or sea-salt. Supposing

this salt to exist in isometrical dodecatoms, we obtain,

as its specific gravity,

, ,

p_iNaCiP 12(23^^^2.18 Exp. 2.15.
Rock-salt,. . -

—

- ^

That the ocean must contain many other elements in

smaller quantities I have elsewhere shown (see ' Sketch

of a Philosophy,' Part III, "The Chemistry of Natural

Substances," p. 71).

80. The Air.—It seems, on fkst thoughts, a very dii-

ficult problem how to obtain an atmosphere for our

world in which hydrogen may be expected to be given

off everywhere, and to be ready everywhere to rush into

union mth oxygen, and cause it to lapse along with

it into common vapour. But no doubt a single atom of

oxygen avUI be safe in the presence of hydrogen, if both

its concave poles be fiUed by an atom of azote, for whose

convex poles those of oxygen are precisely a mould.

ISTow we have seen that the relation between aqueous

matter and azote is very close. Thus, we may easily

conceive that there may result in the heat and pressure

of the abyss the combination

AzOAz,

which will form into differentiated dodecatoms, and escap-

ing from the pressure of the abyss, and coming up, will

break up into 24 atoms of azote and 6 of oxygen gas, with

a small excess of oxygen—that is, 4 volumes of azote with

1 of oxygen gas, with a small excess of oxygen. Now this
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IS the well-known constitution of the actual atmosphere;
and thus its composition is accounted for, which has been
hitherto regarded as unaccountable, inasmuch as four-
fifths of it seem to consist of a purely useless substance.

81. Rocks and Sands—For a world which is to be
a theatre for living creatures, not only fluid media such
as water and air, in which they may swim and fly, but
a^ solid surface also, on which they may run about, is

highly desirable. And such is the provision which is

made for them ia the terraqueous globe.

When condensation into water has taken place in the
centre of a globular nebula of vapour, the pressure in
the central parts of that water must by-and-by become
so great that the aqueous matter must undergo transfor-
mation into denser elements. The tetrads into which
every element (except hydrogen) is ultimately dissolv-
able, must pack themselves together more closely. In
this way molecules are given to nature suitable for

forming for the world, when it has become cellular, a

permanently solid surface or crust. In this place we
shall illustrate this only in reference to a single mineral
species, which, however, is at once that which our theory
suggests as the first and most important, and that which
nature presents to us in the greatest abundance.

It has been already stated, and immediately appears
from the form of the tetrad or triangular pyramid itself,

that when elements of this form are pressed together, or

aggregate symmetrically around a common centre, 20
must concur to complete the form. "When they unite,

with summits centrad, there results a metalloidal ele-

ment whose form is icosahedral, of which a diagram
has already been given (p. 103). At that place it was
shown how that element, by the most complete expan-
sion and individuation of the 20 units of matter iu its

interior, might be developed into an atom of marsh-gas,

and gain the aeriform state, and ultimately become an
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important member in vegetation. But the 20 units m
its interior, in being repeUed from each other by then-

specific heat, must usually pursue a much simpler course.

They must radiate symmetrically and sunilarly from the

centre outwards, untH, having passed through the centre

of the triangles on the periphery, they stop at the same

distance above it, as the original central position was

beneath it. Thus the position

of the 20 tetrads has become

inverted. Their summits, instead

of being centrad, have become

peripherad, and the molecule,

from being metalloidal, has now

become metallic. But it is now

cellular, and as spherical and ho-

mogeneous as possible. It has

therefore fuMUed to the utmost ExpioHon.

the cosmical law. Its constituent

tetrads have become entitled to individuation, and to

occupy each its own separate place in space. This

molecule, therefore, as soon as it is constituted, is on the

eve of explosion—food for the volcano. We are not,

therefore, to expect that it has ever come into the hands

of the chemist. But that it may be preserved in nature,

all that is necessary is that it shaU be differentiated in

its structure, and its cellularity wiU be very favourable

for its perpetuation. Let it then be actuated along any

one of its six axes by one of those linear currents of

force by which nature is everywhere traversed, and let

the 5 units of matter on the poles of that axis, at present

constituting 2 atoms of coronal or occluded hydrogen, be

raised up into two atoms of aeriform hydrogen, and the

molecule wiU be most effectually differentiated, the polar

regions being metalloidal, and the equatorial region

metallic. Its atomic weight is now (20 x 4) — 2 x 5 = 70

—i.e., 14 when H = l. It therefore agrees in atomic
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weight and semi-metallic character with silicium. And
if this hydiide could maintain itseK in nature, plainly

Nascent Bihydride ofSilicium. Binoxide ofSilicium. Silica.

it would double itself like nascent marsh-gas (see dia-
gram, p. 100), and constitute

Hydride of silicium, SiH^Si = SiH^ chem.

But on the first attack of oxygen gas, plainly the hydi-o-
gens on the poles will be carried off by the nearest
atoms of oxygen that are incident, and lapse along Avith
them into aqueous matter, while the second elements of
oxygen in the coupled atom wiU perch upon the poles
of the silicium, and fix themselves there. Thus we ob-
tain an atom of siHca, the most abundant substance in
the mineral kingdom, bringing aqueous matter along
with it, both together to constitute

THE TERRAQUEOUS GLOBE.

PRINTED BV WILLIAM BLACKWOOD AND SONS.
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ETYMOLOGICAL DICTIONARIES.

I.

AN ETYMOLOGICAL AND PKONOUNCINO

DICTIONARY OF THE ENGLISH LANGUAGE.
Including a very Copious Selection of Scientific, Technical, and
other Terms and Phrases. Designed for Use in Schools and Col-

leges, and as a Handy Book for General Reference. By the Rev.
JAMES STORMONTH. The Pronunciation carefully revised

hy the Rev. P. H. PHELP, M.A. Fourth Edition, revised, and
enlarged with a Supplement of many additional words ; and a List

of Scripture jjroper names, and other names, all respelt for pronun-
ciation. Crown 8vo, pp. 785, 7s. 6d.

n.

THE SCHOOL ETYMOLOGICAL DICTIONARY AND
WORD-BOOK. Combining the advantages of an ordinary Pro-

nouncing School Dictionary and an Etymological Spelling-Book.

Containing : The Dictionary—List of Prefixes—List of Postfixes

—

Vocabulary of Root-words, followed by English Derivations. By
the Same. Fcap. 8vo, pp. 260. 2s.

nr.

i'HE HANDY SCHOOL DICTIONARY. For Use in

Elementary Schools, and as a Pocket Reference Dictionary. By
the Same. Pp. 268. 9d.

THE DAILY CLASS-BOOK OF ETYMOLOGIES.
Being a Reprint of the Appendix to the 'School Etymological

Dictionary and Word-Book.' For Use in Schools. By the Same.

6d.

OPINIONS OF TEE PRESS.

ETYMOLOGICAL AND PEONOUNCING DICTIONAEY.

" This Dictionary is admirable. The etymological part especially is good

and sound. . . . The work deserves a place in every English scliool, viicilicr

boys' or girls'."

—

Westminster Review.

"A good Dictionary to people who do much writing is like a life-belt to

jieople who make ocean voyages : it may, perhaps, never be needed, but it is

always safest to have one at h&nd. This use of a dictionary, though one of the

humblest, i.s one of the most general. For ordinary purposes a very ordinary

dictionary will serve ; but when one has a dictionary, it is as well to have a
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STORMONTH'S DICTIONAEIES—Ojjwu'ows continued.

good one. . . . Special care seems to have been bestowed on the pronun-
ciation and etjTnological derivation, and the ' root-words ' which are given

are most valuable in helping to a Imowledge of primai-y significations. All

tbiough the book are evidences of elaborate and conscientious work, and any
one who masters the varied contents of this dictionary wiU not be far ofl" the
attainment of the complete art of 'writing the English language with pro-
priety,' ui the matter of orthography at any rate."

—

Belfast Northern Wliig.

"A full and complete etymological and explanatory dictionary of the English
language. . . . We have not space to describe all its excellences, or to point
out in detail how it differs from other lexicons ; but we caimot with justice

omit mentioning some of its more striking peculiarities. In the first ))lace, it

is comprehensive, including not only all the words recognised by the best
authorities as sterling old English, but all the new coinages which have passed
into general circulation, with a great many scientific terras, and those which
come under the designation of slang. . . . The pronunciation is carefully and
clearly marked in accordance with the most approved modem usage, and in

this respect the Dictionary is most valuable and thoroughly reliable. As to the
etymology of words, it is exJiibited in a form that fixes itself upon the memory,
tlie root-words showing the probable origin, of the English words, their primary
meaning, and their equivalents in other languages. Much useful information
and instruction relative to prefixes, postfixes, abbreviations, and phrases from
the Latin, French, and other languages, &c., appropriately follow the Diction-
ary, which is throughout beautifully and most correctly printed."

—

Civil Service
Gazette.

"A really good and valuable dictionary."

—

Journal of Education.
" I am happy to be able to express—and that in the strongest terms of com-

mendation—my opinion of the merits of this Dictionary. Considering the ex-
tensive field which it covers, it seems to me a marvel of painstaking labour and
general accuracy. With regard to the scientific and technical words so exten-
sively introduced into it, I must say, that in this respect I know no Dictionary
that so satisfactorily meets a real and widely felt want in our literature of re-
ference. I have compared it with the large and costly works of Latham,
Wedgwood, and otliers, and find that in the fulness of its details, and the
clearness of its definitions, it holds its own even against them. The etymology
has been treated throughout with much intelligence, the most distinguished
authorities, and the most recent discoveries in philological science, having been
laid under careful contribution."—JJic/iord D. Graham, Esq., English Master,
College for Daughters of Ministers of the Church of Scotland and of Professors in
tlie Scottish Universities.

SCHOOL ETYMOLOGICAL DICTIONARY.
"This Dictionary, which contains every word in ordinary use. Is followed up by

a carefully prepared hst of prefixes and postfixes, with illustrative examples, and
a vocabiUary of Latin, Greek, and other root-words, followed by derived Enghsh
words. It will be obvious to every experienced teacher that these lists may
be made available in many ways for imparting a sound knowledge of the English
language, and for helping unfortunate pupils over the terrible difficulties of out
unsystematic and stubborn orthography. We think this volume will be a valu-
able addition to the pupil's store of books, and, if rightly used, will prove a safe
and suggestive guide to a sound and thorough knowledge of his native tongue."—The Schoolmaster.

" Mr Stormonth, in this admirable word-book, has provided the means of
carrjnng out our principle in tlie higher classes, and of correcting all the in-
exactness and want of completeness to which the English student of English
is liable. His book is an etymological dictionary curtaUed and oondensed. . . .

The pronunciation is indicated by a neat system of symbols, easily mastered
at the outset, and indeed pretty nearly speaking for themselves."—So^iooZ Board
Chronxcle.
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GEOQHAPHY.
Seventh Thousaud.

New Edition, thoroughly revised and brought down to the present time.

MANUAL OF MODEKN GEOGRAPHY: Mathemati-
OAL, Physical, and Political ; on a new plan, embracing a com-
plete development of the River Systems of the Globe. By the
Rev. Alexander Mackay, LL.D., F.R.G.S. Revised to date of

publication. Crown 8vo, pp. 688. 7s. 6d.

This volume—the result of many years' unremitting application—is

specially adapted for the use of Teachers, Advanced Classes, Candidates
for the Civil Service, and proficients in geogi'aphy generally.

In this edition the entire work has been subjected to another
thorough revision. All political changes are carefully represented ; the

social, industrial, and commercial statistics of all countries are brought
down to the latest dates ; and the rapid progress of geographical dis-

covery is duly notified. In short, no pains have been spared to render

the work wholly reliable in every department.

Fortieth Thousand.

ELEMENTS OF MODEEN GEOGEAPHT. By the Same.
Revised to the present time. Crown Svo, pp. 300. 3s.

The 'Elements' form a careful condensation of thb 'Manual,' the

order,of arrangement being the same, the river-systems of the globe

playing the same conspicuous part, the pronunciation being given, and
the results of the latest census being uniformly exhibited. This volume
is now extensively introduced into many of the best schools in the

kingdom.
One Hundred and Sixth Thousand.

OUTLINES OF MODEEN GEOGEAPHT. By the Same.
Revised to the present time. 18mo, pp. 112. Is.

These ' Outlines '—in many respects an epitome of the ' Elements '

—

are carefully prepared to meet the wants of beginners. The arrange-

ment is the same as in the Author's larger works. Minute details are

avoided, the broad outlines are graphically presented, the accentua-

tion marked, and the most recent changes in political geography ex-

hibited.

Fourth Edition, Revised.

THE INTEEMEDIATE GEOGEAPHT. Intended as an
Intermediate Book between the Author's ' Outlines of Geography'

and 'Elements of Geography.' By the Same. New Edition, to

which is appended an abridgment of 'Scripture Geography.'

Crown 8vo, pp. 244. 2s.

Sixty-Ninth Thousand.

FIEST STEPS IN GEOGEAPHT. By the Same. Eevised
to the present time. 18mo, pp. 56. Sewed, 4d. In cloth, 6d.

GEOGEAPHT OF THE BEITISH EMPIEE. By the

Same. 3d.

ELEMENTS OF PHTSIOGEAPHT. By the Same.
Seventh Thousand. See page 11.
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OPINIONS OF DR MACKAY'S GEOGRAPHICAL SERIES.

each tract by a sketch of its true basis or geological stn.ct^^^^^^^ It is. indeed,

a most useM school-book in opening out geographical knowledge.

Saturday Review.-It contains a prodigious array of geographical facts,

and will be found useful for reference.

T-n^lisli Journal of Education.-Of all the Manuals on Geography that

havefofne u^dS^^r notice, we place the one whose title is given above m the

first For Xess of information, for knowledge of method in arrange-

ment, ISfthe manner in which the °^ ^""^

that can, in these respects, compete with Mr Mackay s Manual.

A TT-prrTT TnTTN-^TON LLD F.R.S.E., F.R.G.S., H.M. Geographer

fo^sSd iSr of the 'Royal Atlas,' &c., &c.-There is no work

Kt^i^nt™any other language, known, to me, yl^c^-XofwMch U
mv iJcai of nerfection in a school-book, on the important subject of which it

Seats In Sgement, style, selection of matter, clearness, and tliorough

acci^acy of Sent ft is without a rival; and knowing as I do the vas

amount of labour and research you bestowed on its production, I trust it will

be s^ppreciated as to insure, by an extensive sale, a weU-merited rewai'd.

G BICKERTON, Esq., Edinburgh Institution.—I have been led to form

a v^'rv high^pin^n of Macka/s ' Manual of Geography '
and Elements of Geo-

grlphy,' pai^y from a careful' examination of them, and partly from my expe-

rience of the latter as a text-book in the Bdikburgh Institution. One of

Sr most valuable features is the elaborate Table of I^'^er-Basins and Towns

which is given in addition to the ordinary Provmce or County I'st, so that a

good idea may be obtained by the pupil of the natural as well «i^e Pd'J
relationship of the towns in each country. On all matters connected « th

Physical Geography, Ethnography, Government, &c., the information is full

acdS-ate, and well digested. They are books that can be strongly recommended

to the student of geography.

RICHABD D. GRAHAM, English Master, College for Daughters of

Ministers of the Church of Scotland and of Professors in the Scottish

Univer8ities.-No work with which 1 am acquainted so amply fulhls tlie con-

ditions of a perfect text-book on the important subject of which it treats, as Dr

Mackay-s 'Elements of Modem Geography.' In fulness and accuracy of de-

tails, in the scientific grouping of facts, combined with clearness and simplicity

of statement, it stands alone, and leaves abnost nothing to be desired in the

way of improvement. Eminently fitted, by reason of this exceptional variety

and thoroughness, to meet all the requirements of higher education, it is never

without a living interest, which adapts it to the inteUigence of oidmaiy pupils

It is not the least of its merits that its information is abreast of all the latest

developments in geographical science, accurately exhibiting both the recent

political and territorial changes in Europe, and the many important results of

iiiodcni travel aud research.

Spectator.—The best Geography we have ever met with.
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HISTORICAL READIISrG-BOOKS.

EPITOME OF ALISON'S HISTORY OF EUROPE, for
THE USE OF Schools. Sixteenth p:clition. Post 8vo, pp. C04.
7s. 6(1., boiuid in leather. Atlas to ditto, 78.

THE EIGHTEEN CHRISTIAN CENTURIES. By the
Rev. James White, Autlior of ' The History of France.' Seventh
Edition, post 8vo, mth Index. 6s.

" He goes to work upon the only true principle, and producRS a picture that
at once satisfies triitli, arrests the memory, and fills the imagination. It mil
be difiBcult to lay hands on any book of the kind more useful and more enter-
tain ing."— Times.

HISTORY OF FRANCE, from the Earliest Times, By the
Same. Fifth Edition, post 8vo, with Index. 6s.

HISTORY OF INDIA : From the Earliest Period to the
Close of the India Company's Govehn'ment, with an Epitome
OP Subsequent Events. Abridged from the Author's larger
"Work. By John Clark Marshman, C.S.I. Cro^vn Svo, pp. 568.
6s. 6d.

" ' There is only one History of India, and that is Marshman's,' exclaimed a
critic when the original three-volume edition of this book appeared some years
ago. He had read them all, and a whole library of books referring to periods
of the history, and this was his conclusion. It is a wise and a just verdict."

—

haily Review.

THE LIFE AND LABOURS OF THE APOSTLE PAUL.
A Continuous Narrative for Schools and Bible-Classes. By Charles
MiCHiE, M.A. Second Edition Revised and Enlarged. Fcap.
8vo, cloth. Is.

"A succinct, yet clear and comprehensive, view of the hfe and labours
of the great Apostle. The story of Paul's life, so replete with spirit-stirring

incidents, is told in a manner extremely well fitted to arrest the attention of
advanced pupils, and we can with confidence commend this little work as an
admirable text-book for Bible-classes."

—

Natiortal Educational Gazette.

ENGLISH PROSE COMPOSITION ; A Practical Manual
for Use in Schools. By James Currie, M.A., Principal of

the Church of Scotland Training College, Edinburgh. Twenty-
Seventh Thousand. Is. 6d.

" We do not remember having seen a work so completely to our minds as this,

whicli combines sound theory with judicious practice. Proceeding steji by
step, it advances from the formation of the shortest sentences to the composi-
tion of complete essays, the jiupil being everywhere furnished with all needful

assistance in the way of models and hints. Nobody can work through such a

book as this without thoroughly understanding the structure of sentences,

<Tnd acquiring facility in arranging and expressing his thoughts appropriately.

It ought to be extensively used."

—

Alhenamm.

A MANUAL OF ENGLISH PROSE LITERATURE,
Biographical and Critical : designed mainly to show characteristics

of style. By W. Minto, M.A. Cro^vn 8vo. 10s. 6d.
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CLASSICAL TEXT-BOOKS.

ADITUS FACILIORES : An Easy Latin Construing Book,

with Complete Vocabulary. By A. W Potts, M A., LL D.,

Head-Master of the Fettes College, EcUnburgh, aiid sometime

FeUow of St John's College, Cambridge ;
and the Rev C Darnell,

M. A., Head-Master of Cargilfield Preparatory School, Edinburgh,

and late Scholar of Pemljroke and Downmg Colleges, Cambridge.

Fourth Edition. Fcap. 8vo. 3s. 6d.

ADITUS FACILIORES GRAECI. An Easy Greek Con-

struing Book, with Complete Vocabulary. By the Same Authobs.

.Fcap. 8vo. 3s.

A PARALLEL SYNTAX. Greek and Latin for Beginners,

with Exercises and a Greek Vocabulary. By the Rev. Hebbbbt

W Snetd-Kynnerslet, LL.M., Trin. Coll., Cambridge ;
Head-

Master of Suuninghill House, Ascot; Author of 'Greek Verbs for

Beginners,' &c. Crown 8vo. 3s.

CAMENARUM FLOSCULOS IN USUM FETTESIAN-
ORUM DECERPTOS Notis quibusdam illusteavebunt A.

Gul. Potts, M.A., LL.D. ; Gul. A. Heabd, M.A. Second

Edition. Fcap. 8vo. 2s. 6d.

PRA.CTICAL RUDIMENTS OF THE LATIN LAN-
GUAGE- Or Latin Forms and English Roots. Compnsmg

Accidence, Vocabularies, and Latin-English, English-Latm, and

Eucrlish Derivative Exercises, forming a complete b irst Latin

CoSrse, both for EngUsh and Latin Classes. By JOhn Ross, M.A ,

Rector of the High School of Arbroath. Crow 8vo, pp. 164. Is. bd.

INTRODUCTION TO THE WRITING OF GREEK.
For the use of Junior Classes. By Sir D. K. Sandford, A.M.,

D.C.L. New Edition. Crown 8vo. 3s. 6d.

RULES AND EXERCISES IN HOMERIC AND ATTIC
GREEK ; to which is added a short System of Greek Prosody.

By the Same. New Edition. Crown 8vo. 6s. 6d.

GREEK EXTRACTS, WITH NOTES AND LEXICON.
For the Use of Junior Classes. By the Same. New Edition.

Crown 8vo. 6s.

A TREASURY OF THE ENGLISH AND GERMAN
LANGUAGES. Compiled from the best Authors and Le.xico-

graphers in both Languages. Adapted to the Use of Schools, Stu-

dents, Travellers, and Men of Business ; and formmg a Companioi)

to all German-English Dictionaries. By Joseph Cauvin, LL.D.

& Ph.D., of the University of Giittingeu, &o. Crown 8vo. 7s. 6d.,

nound in cloth.
" An cxcolleiit English-Geniian Dictionary, which supphes a real want. —

Saturday lUvUw.
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NATUEAL HISTORY.

A MANUAL OF ZOOLOGY, for the Use of Students.
With a General Introduction ou the Principles of Zoology ByHenry Alleyne Nicholson, M.D., D.Sc.,M.A., Ph.D., F.R.S.E.,
F.G.S., Professor of Natural History in the University of St
Andrews Fifth Edition, revised and greatly enlarged. Crown

^

ovo, pp. 816, with 394 Engravings on Wood, lis

n^i^'TA"*"
^""'"^y 5'^* published, uoj, merely in England, butm Europe. —Pall Mall Gazette.

Lancet^
treatise on Zoology In moderate compass that we possess."—

TEXT-BOOK OF ZOOLOGY, for the Use of Schoolr
By the Same. Second Edition, enlarged. Crown 8vo, with 188
Engravings on Wood. 6s.

"This capital introduction to natural history is illustrated and well got up
in every way. We should be glad to see it generaUy used in scliools."-jl/e(ii-
cal Press and Circular.

INTKODUGTOEY TEXT -BOOK OP ZOOLOGY, for
THE Use of Junior Classes. By the Same. A New Edition,
revised and enlarged, with 156 Engravings. 3s.

" Very suitable for junior classes in schools. There is no reason why any one
should not become acquainted with the piiuciples of the science, and the facts
on which they are based, as set forth in this volume."—iancet.

'.' can be bettor adapted to its object than this cheap and well-
written Introduction."—Z,o?ido7i Quarterly Review.

OUTLINES OF NATURAL HISTORY, for Beginners;
being Descriptions of a Progressive Series of Zoological Types. Bv
the Same. With 52 Engravings. Is. 6d.

"There has been no book since Patterson's well kno^\-u 'Zoology for
Schools' that lias so completely provided for the class to which it is addressed
as the capital little volume by Dr J^icholson."—Popular Science Review.

EXAMINATIONS IN NATURAL HISTORY; being a
Progressive Series of Questions adapted to the Author's Ititroiluc-
toiy and Advanced Text-Books and the Student's Manual of Zoo-
logy. By the Same. Is.

INTRODUCTION TO THE STUDY OF BIOLOGY.
By the Same. Cro\vn 8vo, with numerous Engravings. 5s.

A MANUAL OF PAL.ailONTOLOGY, for the Use of Stu-
DENTS. With a General Introduction on the Principles of P.ala?o!)-

tology. By the Same. Crown 8vo, with upwards of 400 Engrav-
ings. 15s.

" This book will be found to be one of the best of guidp.s to the principles of
Pateontology and the study of organic remains."

—

AtheiKxium.

THE ANCIENT LIFE -HISTORY OF THE EARTH.
An Outline of the Principles and Leading Facts of Palaionltjlogioal

Science. By the Same. With a Glossary and Index. In crown
8vo, with 270 Engravings. 10s. 6d.
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GEOLOGY.
Eleventh Edition.

INTKODUOTOEY TEXT -BOOK OF GEOLOGY. By
David Page, LL.D., Etc., Professor of Geology in the Durliaiu

University College of Physical Science, Newcastle. With Engrav-

ings on Wood, and Glossarial Index. 2s. 6d.

"It has not been oiir good fortune to examine a text-book on science of

wliich we could express an opinion so entirely favourable as we are enabled to

do of Mr Page's little \York."—AthencBum.

Sixth Edition.

ADVANCED TEXT -BOOK OF GEOLOGY. Descriptive

AND I>-DUSTRiAL. .With Engravings, and Glossaiy of Scientific

Terms. By the Same. Revised and enlarged. 7s. 6d.

"We have carefully read this truly satisfactory boolj, and do not hesitate to

say that it is an excellent compendium of the great facts of Geology, and writ-

ten in a truthful and philosophic syiviV—EdinUirgh Philosophical Journal.

"As a school-booli nothing can match the Advanced Text-Book of Geology

by Professor Page of Newcastle."—Jl/ec?iamcs' Magazine.
" We know of no introduction containing a larger amount of information m

the same space, and wliich we could more cordially recommend to the geologi-

cal student."

—

Athenceum.

Seventh Edition.

THE GEOLOGICAL EXAMINATOE. A Progressive

Series of Questions, adapted to the Introductory and Advanced

Text-Books of Geology. Prepared to assist Teachers in framing

their Examinations, and Students in testing their own Progress and

Proficiency. By the Same. 9d.

Sixth Edition.

THE CEUST OF THE EAETH ; A Handy Outline of

Geology. By the Same. Is.

"An eminently satisfactory work, giving, in less than 100 pages, an admir-

able outline sketch of Geology, . . . forming, if not a royal road, at least

one of the smoothest we possess, to an iuteUigent acquaintance with geolo-

gical phenomena."

—

Scotsman.
" Of singular merit for its clearness and trustworthy character."

—

Standard.

Third Edition, Enlarged.

GEOLOGY FOE GENEEAL EEADEES. A Series of

Popular Sketches in Geology and Palaeontology. By the Same. 6s.

"This is one of the best of Mr Page's many good books. It is written in a

flowing, popular style. Without illustration or.any extraneous aid, the narra-

tive must prove attractive to any intelligent reader."— GeoJojicaZ Magazine.

SYNOPSES OF SUBJECTS taught in the Geological
Class, College of Physical Science, Newcastle-on-Tyne, University

of Durham. By the Same. Fcap. cloth. 2s. 6d.

Second Edition, Enlarged.

HANDBOOK OF GEOLOGICAL TEEMS, GEOLOGY,
AND PHYSICAL GEOGRAPHY. By the Same. 7s. 6a.
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GEOLOGY—Conimwed

CHIPS AND CHAPTERS. A Book for Amateurs and
Young Geologists. By David Page, LL.D., Etc. 5s.

THE PHILOSOPHY OF GEOLOGY. A Brief Review of
the Aim, Scope, and Character of Geological Inquiry. By the
Same. Fcap. 8vo. 3s. 6d.

From the 'Saturday Review.'
" Few of our hand-books of popular science can be said to have greater or

more decisive merit than those of Mr Page on Geology and Palaeontology.
They are clear and vigorous in style, they never oppress the reader with a
pedantic display of learning, nor overwhelrn him with a pompous and super-
fluous terminology ; and they have the happy art of taking him straightway
to tlie face of nature herself, instead of leading him bj^ the tortuous and bewil-
dering paths of technical system and artificial classification."

BOTANY.
A MANUAL OF BOTANY, Anatomical and Physiological.

For the Use of Students. By Robert Brown, M.A., Pu.D.,
F.R.G.S. Grovra 8vo, with numerous Illustrations. 12s. 6d.

"Tliis is a work of very meritorious character."

—

Scientific and Literary
Revieiu.

"We have no hesitation in recommending this volume to our readers as

being the best and most reliable of the many works on botany yet issued. . . .

His manual will, if we mistake not, be eagerly consulted and attentively

studied by all those who take an interest in the science of botany."—CiviJ
Service Gazette.

AGRIOULTURB.
CATECHISM OF PRACTICAL AGRICULTURE. By

Henry Stephens, F.R.S.E., Author of the 'Book of the Farm.'

A New Edition. With Engravings. Is.

"Teachers will And in this little volume an admirable course of instruction

in practical agriculture—that is, the outlines which they may easily fill up

;

and by following the hints given in Mr Stejiheus' preface, the course would
scarcely fail to be quite interesting, as well as of gi-eat practical benefit.

Landed proprietors and farmers might with proiiriety encourage the introduc-

tion of this work into schools."—^(*erdee7i Journal.

PROFESSOR JOHNSTON'S CATECHISM OF AGRI-
CULTURAL CHEMISTRY. Seventy-Hfth thousand, edited Ly

Professor Voelckeu. With Engravings. Is.

PROFESSOR JOHNSTON'S ELEMENTS OF AGRI-
CULTURAL CHEMISTRY AND GEOLOGY. Tenth Edition,

revised and brought down to the present time, by Coaules A.

Cameron, M. D. , F. R. G. S. I. , Etc. Foolscap, 6s. Gd.
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PHYSICAL GEOaRAPHY.

INTRODUCTORY TEXT-BOOK OF PHYSICAL GEO-
aRAPHY With Sketcn-Maps and Illustrations. By Uavid

Page, LL.'d., Etc., Author of Text-Books of Geology. Eighth

Edition. 2s. 6d.
' The divisions of the subject are so clearly defined, the explanations are so

lucid the rdXns of one portion of the subject to another are so satisfactorily

sLw^i anr aCve al . the bearings of the allied sciences to Physical Geo^aphy

ire toou^ht out with so much pfecision, that every reader will feel that d^ffl-

"l tfes h°ave beerremoved, and the path of study smoothed before him. -

"'Aether as a school-book or a manual for the private student, this work

has no equal in our Educational literature. —Iron.

ADVANCED TEXT-BOOK OF PHYSICAL GEOGRAPHY.
With Engravings. By the Same. Second Edition. 5s.

" A thoroughly good Text-Book of Physical Geograrhy."-Sotercia2/ Broieiw.

EXAMINATIONS ON PHYSICAL GEOGRAPHY. A
Pro'Tessive Series of Questions, adapted to the Introductory and

Advanced Text-Books of Physical Geography. By the Same.

Third Edition. 9d.

ELEMENTS OF PHYSIOGRAPHY AND PHYSICAL
GEOGRAPHY With express reference to the Instructions

recently issued by the Science and Art Department. By the Rev

Xlex. Mackay, LL.D., F.R.G.S., Author of 'A Manual of

Modem Geography, Mathematical, Physical, and Political &c

With numerous Illustrations. Seventh Thousand, pp. 150. Is. bd.

COMPARATIVE GEOGRAPHY. By CARL RITTER.
Translated by W. L. Gage. Fcap. Ss. 6d.

METEOROLOGY.
INTRODUCTORY TEXT-BOOK OF METEOROLOGY.

By Alexander Buchan, M.A., F.R.S.E., Secretary of the Scot-

tish Meteorological Society, Author of ' Handy Book of Meteor-

ology,' &c. Crown 8vo, with 8 Coloured Charts and other Engrav-

ings. Pp. 218. 4s. 6d.

" A handy compendium of 'Meteorology by one of the most competent autho-

rities on this branch of science, "—/'efermarm's Geographisehe MiUheilungen.
" We can recommend it as a handy, clear, and scientific introduction to tho

theory of Meteorology, written by a man who has evidently mastered his sub-

ject."

—

Lancet.
" An exceedingly useful volume."

—

AtTiencewn.

HANDY BOOK OF METEOROLOGY. By the Same.
Third Edition.

In this Edition the Charts of the Distribution of Atmospheric Pres-

sure and of Terrestrial Temperature will be thoroughly revised ; the

Relations of Temperature to Atmospheric Pressure and Winds will,

with the aid of Illustrative Charts, be more fully discussed. Charts

will be given showing the Distribution of Rain over the Continents of

the Globe
;
prevailing Winds will be pointed out ; and otherwise the

Book will be revised throughout. [In preparation.



1 2 William Blackwood and Sons'

MATHEMATICS, &c.

THE THEORY OF ARITHMETIC. By David Munu,
F.R.R.E., Mathematical Master, Royal High School of EdinLurgh.
Crown 8vo, pp. 294. 5s.

ELEMENTARY ARITHMETIC. By Edward Sang,
F.R.S.E. This Treatise is intended to supply the great desider-
atum of an intellectual instead of a routine course of instruction iu

Arithmetic. Post 8vo. 5s.

THE HIGHER ARITHMETIC. By the Same. Being
a Sequel to ' Elementary Arithmetic' Cro'".'n 8vo. 5s.

FIVE - PLACE LOGARITHMS. Arranged by the Same.
Sixpence. For the Waistcoat-Pocket.

TREATISE ON ARITHMETIC, with numerous Exercises
for Teaching in Classes. By James Watson, one of the ISIasters

of-Heriot's Hospital. Foolscap. Is.

PRIMER OF GEOMETRY. An Easy Introduction to the
Propositions of Euclid. By Francis Cdthbertson, M .A. , LL.D.,
late Fellow of Corpus Christi College, Cambridge ; Head Mathe-
matical Master of the City of London School. Is. 6d.

" The selection is most judicious, and we believe the plan will be success-

ful."

—

Spictaior.

A GLOSSARY OF NAVIGATION. Containing the De-
finitions and Propositions of the Science, Explanation of Terms,
and Description of Instruments. By the Rev. J. B. Harbord,
M.A., Assistant Director of Education, Admiralty. Cro^\•n Svo,

Illustrated with Diagrams. 6s.

DEFINITIONS AND DIAGRAMS IN ASTRONOMY
AND NAVIGATION. By the Same. Is. 6d.

ELEMENTARY HAND-BOOK OF PHYSICS. With 210

Diagrams. By William Rossiter, F.R.A.S., &c. Crown Svo,

pp. 390. 5s.

"A singularly interesting Treatise on Tliysics, founded on facts aii'l

iilienomoua gained at first hand by tlio Aullior, and cxi)Ounded in a style

which is a model of that simiilicity and ease iu w-riting which betokens mas-

tery of the subject. To those wlio require a uon-iuatlicmatical oxpositinu of

the principles of Physics, a better book cannot be recommended."- I'aU Mali

GazetU.
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MENTAL PHILOSOPHY.

Sixth Edition.

LECTURES ON METAPHYSICS. By Sir WILLIAM
HAMILTON, Bai't., Professor of Logic and Metaphysics m the

Sniversi y of Edinburgh. Edited by the Very Rev. H. L Man-

SEii LL. D., Dean of St Paul's, and John Veitoh, M.A., Professor

of Logic and Rhetoric, Glasgow. 2 vols. 8vo. ^4s.

Third Edition.

LECTURES ON LOGIC. By Sir WILLIAM HAMIL-
TON. Bart. Edited by the Same. 2 vols. 8vo. ^is.

Third Edition.

DISCUSSIONS ON PHILOSOPHY AND LITERATURE,
EDUCA'^^ AND UNIVERSITY REFORM. By Sir Wil-

liam • Hamilton, Bart. 8vo. 21s.

New Edition.

PHILOSOPHICAL WORKS OF THE LATE JAMES
FREDERICK FERRIER, B.A., Oxon., LL.D., Professor of Moral

Philosophy and Political Economy in the University of bt

Andrews. 3 vols, crown Svo. Sis. 6d.

The following are sold Separately :—

INSTITUTES OP METAPHYSIC. Third Edition. 10s. 6d.

LECTURES ON THE EARLY GREEK PHILOSOPHY. Sec-

ond Edition. 10s. 6d.

PHILOSOPHICAL REMAINS, includinq the Lectures on

Early Greek Philosophy. Edited by Sir Alex. Grant,

Bart, D.C.L., and Professor Lushinqton. 2 vols. 24s,

Seventh Edition.

PORT ROYAL LOGIC. Translated from the French

:

with Introduction, Notes, and Appendix. By Thomas Sfencer

Batnes, LL.D., Professor of Logic, Rhetoric, and Metaphysics

in the University of St Andrews. 12mo. 4s.

DESCARTES : On the Method of Rightly Conducting the

Reason, and Seeking Truth in the Sciences, and his Medi-

tations, AND Selections from his Principles of Philosophy.

Post Svo. 4s. 6d.

THE PHILOSOPHY OP HISTORY IN EUROPE. Vol.

I. ,
containing the History of that Philosophy in France and Ger-

many. By Robert Flint, D.D., LL.D., Professor of Divinity in

the University of Edinburgh. Svo. 15s.

A SCIENCE PRIMER.

ON THE NATURE OF THINGS. By JOHN G. MAC-
VICAR, LL.D., D.D. Crown Svo, with illustrations.

[/n the Press.
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Ancient Classics for English Readers,

Edited by the Rev. W. LUCAS COLLINS, M.A.

In 20 vols., price 2s. 6d. each, in cloth (sold separately) ; or bound ia 10

vols., with calf or vellum back, for £2, 10s.

CONT
HOMER : THE ILIAD. By the Edi-

tor.

HOMER : THE ODYSSEY. By the
Editor.

HERODOTUS. By G. 0. Swayne,
M.A.

XENOPHON. By Sir Alexander
Grant, Bart.

EURIPIDES. By W. B. Donne.
ARISTOPHANES. By the Editor.

PLATO. By C. W. Collins, M.A.
LUCIAN. By the Editor.

.ffiSOHYLUS. By Reginald S. Cop-
leston, D.D. (novr,Bishop of Col-

ombo).

SOPHOCLES. By Clifton W. Col-

lins, M.A.

E N T S.

HESIOD AND THEOGNLS. By
the Rev. J. Davies, M.A.

GREEK ANTHOLOGY. By Lord
Neaves.

VIRGIL. By the Editor.

HORACE. By Theodore Martin.

JUVENAL. By Edward Walford,
M.A.

PLAUTUS AND TERENCE. By
the Editor.

THE COMMENTARIES OF C^SAR.
By Anthony Trollope.

TACITUS. By W. B. Donne.

CICERO. By the Editor.

PLINY'S LETTERS. By the Rev.

Al&-ed Church, M.A, and the Rev.

W. J. Brodribb, M.A.

"It is difficult to estimate too highly the value of such a series a.s this in

giving 'English readers ' an insight, exact as far as it goes, into those oldeu
times which are so remote and yet to many of us so cIosq."—Saturday Review.

" It is impossible to praise too highly the conception and execution of this

series of the Classics. They are a kind of 'Bibhotheca Chissicormn' for

unlearned readers, but executed by men of the most accomplished scholar-

ship, and therefore conveying the very colour and tone of tlie authors. They
will be as pleasant to scholars as they are valuable to those who know
only their mother tongue."

—

British Quarterly Review.

" A series which has done and is doing so much towards spreading among
Englishmen intelligent and appreciative views of the chief classical authors."—Standard.

" We gladly avail ourselves of this opportunity to recommend the other
volumes of this useful series, most of which are executed with discrimination
and ability."—Quarterly Review.
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SUPPIiEMENTARY SERIES
• OF THE

ANCIENT CLASSICS FOR ENGLISH READERS.

Edited by the Eev. W. LUCAS COLLINS, M.A.

Crown 8-vo, 2s. 6d. each.

I. LIFT. By the Editor.
••
It could not possibly be better done. Within a very small compass

there is not only a lucid summaiT of Liv/s nai-ratiye with some well-

chosen eSracts sufficient to give a notion of the picturesque and rhe-

torical power which constitutes the author's chief claim to immortality

hut fdso a fair intimation of his merits and demerits as^ a historian and

of the havoc which modern criticism has wi-ought in the splendid and

captivating romance."

—

Guardian.

II. OVID. By the Eev. A. Chdbch, M.A.

"Mr Church had a delicate work to do, and he has done it well. This

excellent little book right wori;hily fills a vacant niche m a series which,

on the whole, richly merits the popularity that it has gained. -.Spectator.

III. CATULLUS, TIBULLUS, AND PROPERTIUS. By

the Eev. James Davies, M.A.
•' It is indeed a fascinating Uttle volume—one that will be readily taken

up and reluctantly laid down, and that must not be missed by those who

desire to make familiar and loving acquaintance with the brilliant trio

portrayed in its pages."—Cii;iJ Service Gazette.

IV. DEMOSTHENES. By the Eev. W. J. Brodribb.

"To give In a few pages to the unlearned reader anything like an

adequate idea of an oratory so potent, yet so subtle, is a task of enormous

difficulty It is one which Mr Brodribb, in our judgment, has pertormed

with singular success. . . . Were it indeed only for the single chapter on

'Demosthenes at the Bar," his volume would more than repay the most

exacting purchaser."

—

Graphic.
" Mr Brodribb's sketch of Demosthenes brings into moderate compass

the main features of a memorable life, and that with great tact, fairness,

and impartiality."—Safwrdai/ Review.

V. ARISTOTLE. By Sir Alex. Grant, Bart., LL.D.

"We part with this interesting volume with a just tribute of praise.

The greatest Aristotelian scholar, perhaps, of our age has written with

all the plainness and the simplicity of a good teacher of unlearned people.

His style is the vei7 reverse of pedantry ; it is high learning stoopmg to

the faculties of the unlearned ; and as such it is a model of the ' diffi-

cult made easy.' "

—

British Quarterly Review.

VI. TEUCYDIDES. By the Editor.

VIL LUCRETIUS. By W. H. Mallock.

Other Vohimes in preparation.
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BLACKWOOD'S
FOREIGN CLASSICS FOR ENGLISH READERS.

Edited by MRS OLIPHANT.

In course of publication, price 28. 6d. each.

I. DANTE. By the Editor.

Examiner.—"It is, for its size, scope, and aim, one of the best works on
Dante in English. . . . Is an admirably-written short account of the
great Florentine poet, such as wUl give those who have no lime to study,
or are about to begin, his works, a clear and comprehensive understand-
ing of the man and of his labours. At the same time it will remain a

charmingly readable essay for those to whom the works of Dante are

familiar."

Spectator.—"On the whole we consider Mrs Oliphant's to be exactly the book
which its authoress intended, and a very grateful and opportune boon to

all who are beginning the study of Dante, as well as to the far larger class

of readers who, without having either time or energy for so arduous a

task as that, are still anxious to acquire a clear and (for their purpose)
adequate knowledge of the genius and writings of an author of whom—far

more truly than of Montaigne—it may be said that he is the first author
whom a gentleman is ashamed of not knowing."

II. VOLTAIRE. By "Major-General E. B. Hamley.

Saturday Review.—" A work in which all the salient points of a complicated

and puzzling existence are brought in a clear and striking manner into a

general view."

Westminster Review.—"A bright and judicious little book, which gives us

a clear picture of all that is most interesting and most useful about the

patriai-ch of Ferney. Col. Hamley has given a special charm to his book
by writing at considerable length on Voltaire's visit to this country on his

' Letters on the English.'

"

III. PASCAL. By Principal Tulloch,

Pall Mall Gazette.—" The result of Principal Tulloch's labours is a little

voliime which is excellently pitched for English readers, and, avoiding

critical questions, collects into a charming miniature all that can be most
interesting to them."

IV. PETRARCH. By Henry Reeve.

V. GOETHE. By A. Hayward. Q.C.

IN PREPARATION.

MOLIERE By the Editor, and F. Tarvee, M. A.

MONTAIGNE By the Rev. W. Lucas Collins, M. A.

RABELAIS, ' By Walter Besant, M.A.

CERVANTES By the Editor.

"WILLIAM BLACKWOOD & SONS, Edinburgh and London.










