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NATURAL THEOLOGY.

B o

CHAPTER I.

STATE OF THE ARGUMENT.

I~ crossing a heath, suppose I pitched my
foot against a sfone, and were asked how the
stone came to be there; I might possibly
answer, that, for any thing 1 knew to the
contrary, 1t had lain there for ever: nor
would 1t perhaps be very easy to show the
‘absurdity of this answer. But suppose L
had found a watch upon the ground, and it
- should be inquired how the watch happened
to be in that place; I should hardly think of
the answer which I had before given, that,
~for any thing I knew, the watch might have
always been there. Yet why should not this
- answer serve for the watch as well as for the
stone? why 1s it not as admissible in the se-
cond case, as in the first? For this reason,
L



2 STATE OF THE ARGUMENT.

and for no other, viz. that, when we come to

inspect the watch, we perceive (what we could
not discover in the stone) that its several
parts are framed and put together for a pur-
pose, e. g. that they are so formed and ad-
justed as to produce motion, and that motion
so regulated as to point out the hour of the
day; that, if the different parts had been
differently shaped from what they are, of a
different size from what they are, or placed
after any other manner, or in any other order,
than that in which they are placed, either no
motion at all would have been carried on in
the machine, or none which would have an-
swered the use that is now served by it To
reckon up a few of the plainest of ﬁ.ﬁmm parts,

and of their offices, all tending’ to ‘one re-

suit :—We see a cylindrical box containing
a coiled elastic spring, which, by its endea~
vour to relax itself, turns round the box.
We next observe a flexible chain (artificially
wrought for the sake of flexure), communi-
cating the action of the spring from the box
to the fusee. - We then find a series of wheels,
the teeth of'.which catch in, and apply to,
each otlier, _no:acnm:m the motion from the
fusce to the balance, and from the balance

to the pointer; and at the same time, by the
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size and shape of those wheels, so regulating
that motion, as to terminate in causing an
index, by an equabl> and measured progres-
sion, to pass over a given space in a given
time. We take notice that the wheels are
made of brass in order to keep them from
rust; the springs of steel, no other metal be-
ing so elastic; that over the face of the watch
there is placed a glass, a material employed
in no other part of the work, butin the room
of which, if there had been any other than a
transparent substance, the hour could not be
secn without opening the case. This mecha-
nism being observed (it requires indeed an
examination of the nstrument, and perhaps
some previous knowledge of the subject, to
perceive and understand it; but being once,
as we have said, observed and understood),
the inference, we think, 1s inevitable, that
the watch must have had a maker: that
there must have existed, at some time, and
at some place or other, an artificer or artift-
cers who formed it for the purpose which we
find 1t actually to answer; who comprehend-
“ed its construction, and designed its use.
1. Nor would it, I apprehend, weaken the
conclusion, that we had never seen a watch
made; that we had never known an artist

52




STATE OFf THE ARGUMENT.

capable of making one; that we were alto-
gether incapable of executing such a wmmo.o
of workmanship ourselves, or of understand-
ing in what manner it was performed ; all this
being no more than what is true of some ex-
quisite remains of ancient art, of some lost
arts, and, to the generality of mankind,
of the more curtous productions of modern
manufacture. Does one man in a million
know how oval frames are turned? Igno-
rance of this kind exalts our opinion of the
unseen and unknown artist’s skill, if he be
unseen and unknown, but raises no doubt in
our minds of the existence and agency of
such an artist, at some former time, and in
some place or other. Nor can I perceive
that 1t varies at all the inference, whether
the question arise concerning a human agent,
or concerning an agent of a different species,
or an agent possessing, in some respects, a
different nature.

IL. Neither,  secondly, would it invalidate
our conclusion, that the watch sometimes
went wrong, or that it seldom went exactly
right. The purpose of the machinery, the
design, and the designer, might be evident,
and in the case supposed would be evident,

in whatever way we accounted for the irregu~
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larity of the movement, or whether we could
account for it or not. It is not necessary
that a machine be perfect, in order to show
with what design it was made: still less ne-
cessary, where thie only question is, whether
it were made with any design at all.

II1. Nor, thirdly, would it bring any un-
certainty into the argument, if there were a
few parts of the watch, concerning which we
could not discover, or had not yet discover-
ed, in what manner they conduced to the
general effect ; or even some parts, concern-
ing which we could not ascertain, whether
they conduced to that effect in any manner
whatever. For, as to the first branch of the
case; if by the loss, or disorder, or decay of
the parts in question, the movement of the
watch were found in fact to be stopped, or
disturbed, or retarded, no doubt would re-
main in our minds as to the utility or inten-
tion of these parts, although we should be un-
able to investigate the manner according to
which, or the connexion by which, the ulti-
mate effect depended upon their action or
assistance ; and the more complex 1s the ma-
chine, the more likely is this obscurity to
arise.  Then, as to the second thing suppos-
ed, namely, that there were purts which
might be spaved, withont prejudice to the
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moverhent of the watch, and that we had
proved this by experimient,—these superfluous
parts, even if we were completely assured
that they were such, would not vacate the
reasoning which we had instituted concern-
ing other parts. The indication of contriv-
ance remained, with respect to them, mearly
as it was before. :

IV. Nor, fourthly, would any man in his
senses think the existence of the watch, with
its various machinery, accounted for, by be-
g told that it was one out of possible com-
binations of material forms;.that whatever
he had found in the place where he found the
watch, must have contained some internal
configuration or other; and that this confi-
guration might be the structure now exhi-
bited, viz. of the works of a watch, as well as
a different structure.

V. Nor, fifthly, Goc_n it yield his inquiry
more satisfaction to be answered, that there
existed in things a _:.w:o._m_a of order, which
had disposed the parts of the watch into their
present form and situation. He never knew
a watch made by the principle of order; nor
can he even form to himself an idea of what
15 meant by a principle of order, distinct
from the intelligence of the watch-muker.

VL. Sixthly, he would be surprised to hear

$TATE OF TRE ARGUMENT. 4

that the mechanism of the watch was no

- proof of contrivance, only a motive to induce
- the mind to think so: ‘

. VII. And not less surprised to be inform-
‘ed, that the watch in his hand was nothing
‘more than the result of the laws of metallic

nature. It 18 a perversion of language to as-
sign any law, as the efficient, operative cause
of any thing. A law presupposes an agent;
for it is only the mode, according to which
an agent proceeds: it imples a power; for
it is the order, according to which that power
acts. Without this agent, without this
power, which are both distinct from itself,

“the law does nothing ; is nothing. The ex-

pression, “the law of metallic nature,” may
sound strange and harsh to a philosophic ear ;
but it seems quite as justifiable as some
others which are more familiar to him, such
as * the law of vegetable nature,” < the law
of animal nature,” or indeed as “the law

3y

of nature” in general, when assigned as the

‘cause of phwnomena, in exclusion of agency
“and power ; or when it 1s substituted into the

place of these.

VIII. Neither, lastly, would our observer
be driven out of his con¢lusion, or from lis
confidence in its truth, by being told that he
knew nothing at all about the matter. He
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knows enough for his argument: he knows

the utility of the end : he knows the subser-

viency and adaptation of the means to the
end. These points being known, his ignorance
of other points, his doubts concerning other
points, affect not the certainty of his reason-
mng. The consciousness of knowing little,
need not beget a distrust of that which he
does know. _

CHAPTER 1I.

STATE OF THE ARGUMENT CONTINUED.

SupposEk, in the next place, that the per-
son who found the watch, should, after some
time, discover that, in addition to all the

" properties which he had hitherto observed in
1t, it possessed the unexpected property of
producing, in the course of its movement, an-
other watch like itself (the thing is conceiv-
able); that it contained within ita mechanism,
a system of parts, a mould for instance, or a
complex adjustment of lathes, files, and othey
tools, evidently and mmw.:m:w_w calculated for
this purpose; let us inquire, what effect
ought such a discovery to have upon his fors
mer copclusion,

BTATE Qu_ THE bﬂc:_.xhz.u CONTINUED. 9

H The first effect would be to increase _:.m

_ .__Ewa:.mzon of the contrivance, and his con-
- .viction of the consummate skill of the con-
triver. Whether he regarded the object of
" _-the contrivance, the distinct: apparatus, the
_intricate, yet in many parts intelligible me-
- - chanism, by which it was carried on, he would
~perceive, in this new observation, nothing but
~ “an additional reason for doing what he had
~already done,—for referring the construction
" of .the watch to design, and to supreme arf.
¢ If that construction without this property, or

which is the same thing, before this property
had been noticed, proved intention and art

~to have been employed about it; still more

strong would the proof appear, when he came

- 1o the knowledge of this further property, the

crown and perfection of all the rest.
1I. He would reflect, that though the watch
before him were, in some sense, the maker of

_+ the watch, which was fabricated in the course
~.of 1ts movements, yet it was in a very different
~ sense from that, in which a carpenter, for

Instance, 1s the maker of a chair; the author
of its contrivance, the cause of the relation
of its parts to their use. With respect to
these, the first watch was no cause at all to
the second: in no such sense as this was it the
author of the constitution and order, either
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of the parts which the new watch contained,

or of the parts by the aid and _En:ua_m:n..rq
of which it was produced. We might possi-
bly say, but with great latitude of expression,
that a stream of water ground corn: but no
fatitude of expression would allow us to say,
no stretch of conjecture could lead us to think,

that the stream of water built the mill, though

it were too ancient for us to know who the
builder was. What the stream of water does
in the affair, is neither more nor less than this;
by the application of an unintelligent impulse
to a mechanism previously arranged, arranged
independently of it, and arranged by intelli-
gence, an effect is produced, viz. the corn is
ground. But the effect results from the ar-
rangement. The force of the stream cannot
be said to be the cause or author of the effect,
still less of the arrangement. Understanding
and plan in the formation of the mill were not
the less necessary, for any share which the wa-
ter has in grinding the corn: yet is this share
the same, as that which the watch would
" have contributed to the production of the new
watch, upon the supposition assumed in the
tast section. Therefore,

HI. Though it be now no longer ?.ogc_m.
 that the individual watch, which our observer
bad found, was made immediately by the hand

STATE OF THE ARGUMENT CONTINUED. 11

~of an artificer, yet doth not this alteration in
- anywise affect the inference, that an artificer
" “had been originally employed and concerned in
© “the production. The argument from design
" “‘yemains as it was. Marks of design and con-
- ‘trivance are no more accounted for now, than
” | they were before.  In the same thing, we may
" ‘ask for the cause of different properties. We
- “may ask for the cause of the colour of a

“body, of its hardness, of its head ; and these

causes may he all different. 'We are now ask-

S _Em for the cause of that subserviency to a
" use, that relation to an end, which we have
~ remarked n the watch before us. No an-
- “swer is given to this question, by telling us

that a preceding watch produced it. There

- " cannot be design without a designer; contriv-
" ance without a countriver; order without

choice; arrangement, without any thing ca-

~ pable of arranging ; subserviency and relation
' to a purpose, without that which could intend
~* "4 purpose; means suitable to an end, and ex-

ecuting their office, In accomplishing that end,

___.____ﬁiro:n the end ever having been contem-

plated, or the means accommodated to it.
Arrangement, disposition of parts, subservi-
ency of means to an end, relation of 1nstru-
ments to a use, imply the presence of intel-
ligence and mind. No one, therefore, can
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rationally believe, that the insensible, inani-
mate watch, from which the watch before us
issued, was the proper cause of the mechanism
we so much admire in it;—could be truly
said to have constructed the instrument, dis-
posed its parts, assigned their cz_mo? determin-
ed their vrder, action, and mutual dependency,
combined their several motions into one re-
sult, and thgt also a result connected with
the utilities of other beings. All these pro-
perties, therefore, are as much unaccounted
for, as they were before.

IV. Nor is any thing gained by running
the difficulty farther back, <. e. by supposing
the watch before us to have been produced
from another watch, that from a former, and
so on indehnitely.  Our going back ever so
far, brings us no neurer to the least degree of
satisfaction upon the subject. Contrivance
is still unaccounted for. We still want a
contriver. A designing mind is neither sup-
plied by 'this supposition, nor dispensed with.
If the &m_n::% were diminished the further
we went back, by going buack indefinitely we
might exhaustit.  And this is the only case
to which this sort of reasoning applies. Where
there is a tendency, or, as we increase the
number of terms, a continual approach to-
~wards alimit, there, by supposing the num-

STATE OF TITE >§¢Hm§. CONTINUED, 13

ber of terms’ to be what'is called ::.::»m, we
may conceive ?e limit’ to be’ mzm_:mm but

- where there is no such tendency, or mvwaomnr

nothing i 13 effected by _mzmﬂrmc_:m the series.
There is no difference as to the point in ques-
tion (whatever there may be as to many
points), between one series and another; be-
tween a series: which is finite, and a series
which is infinite. A chain, composed of an
infinite number of links, can nomore support
itself, than a chain composed of a finite num-
ber of links. And of this we are assured
(though we never can have tried the experi-
ment), because, by increasing the number of
links, from ten for instance to a hundred, from
a hundred to a thousand, &c. we make not the
smallest approach, we-observe not the smallest:
tendency, towards self-support. There is no
difference in this respect (yet there may be a
great difference in several respects) between
chain of a greater or less length, between one
chain and another, between one that 1s finite
and one that is finite.  This very much re-
sembles the case before us. The machine

-which we are inspecting, demonstrates, by its

construction, contrivance and design.  Con-
trivance must have had a contriver; design, .
a designer; whether the machine imme-
diately proceeded from another machine or
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pot. That circumstance alters not the case.
That other machine may, in like manner, have
proceeded from a former machine: nor does
that alter the case; contrivance must bave
had a contriver. That former one from one
preceding it: no alteration still; a contriver
is still necessary. No tendency is perceived,
no approach towards a diminution of this ne-
cessity. It is the same with any and every
successton of these machines; a suceession of
ten, of 2 hundred, of a thousand ; with one se~
ries, as with another; a series which is finite,
as with a series which is infinite. In what-
ever other respects they may differ, in this
they do not. In all equally, contrivance and
design are unaccounted for.

The question is not simply, How came
the first watch into existence? which ques-
tion, it may be pretended, is done away by
_supposing the series of watches thus pro-
duced from one another to have been in~
finite, and consequently to have had ne-
such first, for which it was necessary to
provide a cause. This, perhaps, would have
heen nearly the state of the question, if no
thing had been before us but an unorgan-
ized, unmechanized substance, without mark
<r indication of contrivance. It might be
difficult to show that such substance could

ATATR OF THE ARGUMENT CONTINUED, ¥

not have existed from eternity, either in suc-

cession (if it were possible, which I think it is

‘not, for unorganized bodies to spring from

one: another), or by individual perpetuity.

‘But that is not the questionnpw.  To suppose
it to be so, is to suppose that it made no dif-

ference whether we had found a watch or a
stone.  Agitis, the metaphysics of that ques-
tion have no place; for, in ?m watch which we

- are examining, are seen coutrivance, design ;

anend, a purpase; means for the end, adapt-
ation to the purpose. And the question which
irresistibly presses upon our thoughts, is,
whence this contrivance and design? The
thing required is the intending mind, the .
adapting hand, the intelligence by which that
hand was directed. This question, this de-
mand, is not shaken off, by increasing a number
or succession of substances, destitute of these

- .. properties; nor the more, by increasing that

number to infinity. If it be said, that, upon
the supposition of one watch being produced

o from another in the course of that other’s

movements, and by means of the mechanism
within 1t, we have a cause for the watch in my
hand, viz. the watch from which it proceeded.

I deny, that for the design, the contrivance,

the suitableness of means to an end, the
adaptation of instruments to a use (all which
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we discover in the watch), we have any cause
whatever. It is in vain, therefore, to assign
a series of such causes, or to allege that a se-
ries may be carried back to infinity ; for I do
not admit that we have yet any cause atall of
the phenomena, still less any series of causes
either finite or infinite. Here is contrivance,
but no contriver; proofs of &mmmmsu but no
designer.

V. Our observer would further also reflect,
that the maker of the watch before him, was,
in truth and reality, the maker of every watch
produced from it; there being no difference
(except that the latter manifests a more ex-
quisite skill) between the making of another
watch with his own hands, by the mediation
of files, lathes, chisels, &c. and the disposing,
fixing, and inserting of these instruments, or

of others equivalent to them, in the body of*

the watch already made in such a manner, as
to form a new watch in the course of the move-
ments which he had given to the old one. It
is only working.by one set of tools, instead of
another.

The conclusion of which the first examina-
tion of the watch, of its works, construction,

and movement, suggested, was, that it must

have had, for the cause and author of that
construction, an artificer, who understood its

APPLICATION- 03 THE ARGUMENT, 7

shechanism, and designed its use.  This con-
~clusion 13 invineible. A second examination
presents us with a new discovery. The watch
is found, in- the course of its movement, to
produce another watch, similgr to itself; and
ot only so, but we perceive in it a system ot

‘organization, separately calculated for that

purpose. . What effect. would this discovery
have, or ought it to have, upon.our former
inference? 'What, as hath already been said,
but to increase, beyond measure, our admi-
ration of the skill, which had been employed
in the formation of such a machine? Or shall
it, instead of this, all at once turn us round
to an opposite conclusion, viz. that no art or
skill whatever has been concerned in the busi-
ness, although all other evidences of art and
skill remain as they were, and this last and
supreme piece of art be now added to the rest?
Can this be maintained without absurdity?
Yet this 1s atheism.

CHAPTER II1.

AFPLICATION OF THE ALRGUMENT.

Tuais is atheism: for every indication of
contrivance, every manifestation of design,
c S
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which existed in the watch, exists in the works

of nature; with the difference, on the side of -
nature, of being maownm_. and more, and that

in a degree which exceeds all ‘computation.

I mean that the contrivances of nature sur-

pass the contrivances of art, in the complex-

ity, subtility, and curiosity of the mechanism ;

and still more, if possible, do they go beyond

them in number and variety; yet, ih a mul-
titude of cases, are not less evidently mecha-
nical, not less evidently contrivances, not less
evidently accommodated to their end, or suit-
ed to their office, than are the meost perfect
productions of human ingenuity.

I know no better method of introducing so
large a subject, than that of comparing a sin-
gle thing with a single thing; an eye, for ex-
ample, with a telescope. As far as the ex-
amination of the instrument goes, there is pre-

~cisely the same proof that the eye was made
 for vision, as there is that the telescope was
made for assisting it: They are made upon
the same principles; both being adjusted to
the Jaws by which the transmission and re-
fraction of rays of light are regulated. I
speak not of the origin of the laws them-
sclves; but such laws being fixed, the con-
struction, in both cases, is adapted to them.
‘For instance ;" these laws require, in order to

AFFLICATION OF THE ARGUMENT 19

w..omsow the same effect, that the rays.of :wmr
in pessing from water into the eye, should be
tefracted by a .more convex surface, than
_g_&mw it passes out of air into the eye. Ac-
cordingly we find that the _a%m of a fish, in
that pait of it called the nq_.wm_ﬁEzm lens, 13
‘much rounder than the eye of terrestrial anj-
mals.. - What plainer manifestation of design
can there be than this difference? Whag could
a mathematical-instrument-maker have done
more, to show his knowledge of his principle
his application of that w:cé_mmmm, his suitin .
of his means to his end ; I will not say to &M
play the compass or excellence of his skill and
art, for in these all comparison is indecorous
but to testify counsel, choice, noE..Eman:.
purpose? | | .
. To some it may appear a difference sufficient
to destroy all similitude between the eye and
the telescope, that the one is a w_mwomwium or-
gan, ._Urm other an unperceiving instrument. The
fact is, that they are both instruments, ba_m
as .8 the mechanism, at least as to EmormEmB_.
vm..:m employed, and even as to the kind of it
this circumstance varies not theanalogy at m=w
.m. or observe, what the constitution of the eye
18. It is necessary, in order to produce dia
ﬁ.:.zu_“ vision, that an Image or picture of the
object be formed at the bottom of the eye.
c2
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Whence this necessity arises, or ~.5€ the pic-
ture is connected with' the sensation, or no_.d..
tributes to it, it may be difficult, nay we will
confess, if you please, impossible *..c_. us to
search out. But the present question is not
concerned in the inquiry. It may be true,
that, in this, and in other msmS:.omm, we trace
mechanical contrivance a certain way ; and
that then we come to something which is not
mechanical, or whicli is inscrutable. .Hw_:
this affects not the certainty of our investiga-
tion, as far as we have gone. The ..:m.m_.m:na
between an animal and an automatic statue,
consists in this,—that, in the waBm,r we trace
the mechanism to a certain v&:.ﬁ and then
we are stopped ; either the mechanism becom-
ing too subtile for our discerment, or some-
thing else beside the known laws of mechan-
ism taking place; whereas, in a_..m m_:oiﬂw:.
for the comparatively few Ecn:.v:m of which
it is capable, we trace the mechanism erz.z_mma
out.. But, up to the limit, the reasoning is
as clear and certain in the one case, as 11 the
other. In the example before us, it is 2 E.ﬂ?
vt of nml&:.“,%_, because it is a matter which
evnerience and observation demonstrate, that
the formation of an image at the bottom of
the eye is necessary to perfect vision. The
image itself’ can be showns ~ Whatever affects
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“ the distinctness of the image, affects the di-
stinctness of the vision. The formation then
of such an image being necessary (no matter
how) to the sense of sight, and to the exer-

“cise of that sense, the apparatus by which it
is formed is constructed and put together, not
only with infinitely more art; but upon the
self-same principles of art, as in the telescope
or the camera obscura. The perception aris-
ing from the image may be laid out of the
question; for the production of the mmage,
these are instruments of the same kind. The
end is the same; the means are the same.
The purpose in both is ulike; the contrive
ance for accomplishing that purpose is in both

‘alike. The lenses of the telescope, and the

humours of the eye, bear a complete resem--
blance to one another, in their figure, their
position, and in their power over the rays of
light, viz. in bringing each penctl to a point
at the right distance from the lens; namely,

in the eye, at the exact place where the mem-

brane is spread to receive it. How is it pos-

sible, under circumstances of such close afii-

nity, und under the operation of equal evi-

dence, to exclude contrivance from the one;

yet to acknowledge the proof of contrivance

having been employed, as the plainest and

clearest of 4]l propositions, in the othey?
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The resemblance between the two cases 13
still more accurate, and obtains in more points °
than we have yet represented, or than we are,
on the first view of the subject, aware of. In
dioptric telescopes, there is an imperfection
of this nature. Pencils of light, in passing
through glass lenses, are separated into differ-
ent colours, thereby tinging the object, espe-
ctally the edges of it, as if it were viewed
through a prism. To correct this inconvwg.
nience, had been long a desideratum in the
art. At last it came into the mind of a saga-
cious optician, to inquire how this matter was
managed in the eye; in which, there was ex-
actly the same difficulty to contend with, as

in the telescope. His observation taught him,
that, in the eye, the evil was cured by com-
bining lenses composed of different substances,
i. e. of substances which possessed different
refracting powers. Ourartist borrowed thence
his hint; and produceda correction of the de-
fect by imitating, in glasses made from differ-
ent materials, the effects of the different hu-
mours through which the rays of light pass
before they'reach the bottom of the eye.

Could this be in the eye without purpose,.

which suggested to the optician the only ef-
fectual means of attaining that purpose?
But further; thete are other points, not
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80 much vm..g.g of strict' resemblance be-

- tween the two, as of superiority of the eye

over the telescope; yet of a superiority
which, being founded in the laws that regu- -
late vo_“.r, may furnish topics.of fair and just
comparison. Two things were wanted to the
eye, which were not wanted (at least in the
same degree), to the telescope ; and these

- were, the adaptation of the organ, first, to

different degrees of light; and, secondly, to
wrm vast diversity of distance at which wv-
Jects are viewed by the naked eye, viz. from
a-few inches to as many miles. These dif.

ficulties present not themselves to the maker

of the telescope. He wants all the light he
can mw_& and he never directs his instrgment
to objects near at hand.  In the eye, both
these cases were to be E.odﬁamm for ; w”_m for
the w..:.@o%.cm providing for them, a subtile
and appropriate mechanism is introduced :

. _ In order to exclude excess of light, when
1t 15 excessive, and to render objects visible
under obscurer degrees of it, when no more
can be had, the hole or aperture in the eve
through which the light enters, is so *.o_.g..wa,,
as to contract or dilate itself for the ?:. .oﬁm.
of admitting a greater or less number of W_ :
at the same time. The chamber of the Mui
18 & camera obscura, which when the mmf.ﬂ“
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too small, can enlarge its wvmamsm“ érmz.ﬂﬂo
strong, can again contractit; and sn.sm sa_hSM
out any other assistance z.:.: that o -_w "
exquisite machinery. It is further also, N
the human subject, to be observed, nr.m._n this
hole in the eye, which we n:.z the pupil, =..M..
der all its different %Bm:m.ﬂcsmw retains 1ts
exact circular shape. This 15 wms.:n.(,z_,.m m“
tremely artifictal. Let an artist c:._% MJH i
exécute the same ; he will find :.Ee his threads,
and strings must be disposed ,....a_r...#_.m:ﬁ.oo_ﬂu
sideration and contrivance, to :.:_rm a circle,
which shall continually crﬁ..ma. its A_E..ummﬂ._
yet preserve its form. This is @oﬂmn:w: mo
eye by an application of fibres, 7. . of stri rm.:”
similar, in their position and mcccs., to s_ o
an artist would and must mE.w_c.g._ if rm 1
the same piece of workmanship .8 wo:o:Mm.
II. The second difficulty which has been
stated, was the suiting of the same .S.mm.: Mo
the perception of ohjects »&3 lie near at m;”r ,
within a few inches, we will suppose, c. e
eye, and of objects i_wov. are placed ,_.n a
considerable distance from it, ﬂrw_n. for exam-
ple of as many. furlongs (I mv.mw_.ﬂ in v.o..& om..wam
of the ‘distance at which distinct vision can
be exercised). Now this, mnoo_i._:n to n”o
principles of optics, that is, .aono&_.s,w to M. m..w
Jaws by which the transmission of light 1s

.
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gulated (and these laws are fixed), could not
be done without the organ itself undergoing
an alteration, and receiving an adjustment,
that might correspond with the exigency of
the case, that is to say, SME the different ip- -
clination to one another under which the
rays of light reached it. Rays issuing from
ponts placed at a small distance from the
eye, and which consequently must enter the
eye in a spreading or diverging order, can-
not, by the same optical instrument in the
same state, be brought to a point, 7. e. be
made to form an image, in the same place
with rays proceeding from objects situated at
a much greater distance, and which rays ar-
1ve ‘at the eye in directions nearly (and
physically speaking) parallel: It requires a
rounder lens to do it. - The point of concourse
behind the lens must full critically upon the
retina, or the vision is confused ; yet, other
things remaining the same, this point, by the
Immutable properties of light, is carried fur-
ther buck when the rays proceed from near
object, than when they are sent from onc
that is remote. A person who was using an
optical instrument, would manage this mai-

ter by changing, as the oceasion required,

his lens or his H&%now@m or by z&:m::m the
istance of his glasses with his hand or Lig
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screw: but how is it-to be managed m the
eye? What the alteration was, or in what
part of the eye it took place, or by what
means it was effected (for if the known laws
which govern the refraction of light be main~
tained, some alteration in the state of the
organ there must be), had long formed a sub-
ject of inquiry and conjecture. The change,
though sufficient for the purpose, is so minute
‘as to elude ordinary observation. Some
very late discoveries, deduced from a labo-
rious and most accurate inspection of the
structure and operation of the organ, seem
at length to have ascertained the mecha-
nical alteration which the parts of the eye
undergo. It is found, that by the action
of certain muscles, called the straight mus-
cles, and which action is the most advan-
tageous that could be imagined for the pur-
pose,—it is found, I say, that, whenever the
eye is directed to a near object, three chan-
ges are produced in it at the same time, all
severally contributing to the adjustment re-
quired. The cornea, or outermost coat of

the eye, is rendered more round and promi-

nent; the crystalline lens underneath is push-
ed forward: and the axis of vision, as the
depth of the eye is called, is elongated.
These changes in the eye vary its power over
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the rays of light in such a manner and mmm..mm

a8 to produce exactly the effect which s

wanted, viz. the formation of an image upox
msa retina, whether the rays come to the eye
in a state of divergency, which is the case
when the object is near to the eye, or come
parallel to one m,soﬁrmﬁ which is the case

when the object is placed at a distance, Can

any thing be more decisive of contrivance

than this is? The most secret laws of optics .
must have been known to the author of a
structure endowed with such a capacity of
change. It is as though an optician, when

he had a nearer ohject to view, should rectify
his instrument by putting in another glass, at

the same time drawing out also his tube to a |
different length.

Observe a new-horn child first lifting up
its eyelids. What does the opening of the
curtain discover? The anterior part of two
pellucid globes, which, when they come to
be examined, are found to be constructed
upon strict optical principles; the self-same
principles upon which we ourselves construct
optical instruments. We find them perfect
for the purpose of forming an mmage by re-
fraction ; composed of parts executing dif--
ferent offices: one part having fulfilled its
office upon the pencil of light, delivering it
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over to the action of another part; .Em_” to
a third, and so onward: the _u_.om_.mmm_qm. ac-
tion depending for its success upon the nicest
and minutest adjustment of ;_.o parts con-
cerned ; yet, these parts so in fact .m&__mnmﬂ“..
as to produce, not by a simple .mo:m: or ef-
fect, but by a combination of actions and
effects, the result which is ultimately wanted.
And forasmuch as this organ would rm:.m..“c
operate under different n.:n:ﬁ..mﬁm:omm. with
strong degrees of light, and with weak de-
grees, upon near objects, and upon remote
ones, and these differences nga:mmP.mn.oo_.m..
ing to the laws by which the transmission of
light is regulated, a corresponding diversity
of structure ; that the aperture, for example,
through which the light passes, should be
larger or less; the lenses rounder or flatter,
or that their distance from the tablet, upon
which the picture is delineated, should .60
shortened or lengthened : this, I say, being
the case and the difficulty, to which the eye
was to be adapted, we find its several parts
capable of rmjm cnamm_osm:w.ormsm&.. and a
most artificial apparatus provided to produce
that change. This is far .ow%o:m er.m com-
mon regulator of a watch, which ...m@:...mm.?.a
touch of a foreign hand to set 1t: v_mn % 19
not altogether unlike Harrison’s contrivaiice
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for making a watch regulate itself, by insert.
ing within it a machinery, which, by the art-
ful use of the different expansion of metals,
preserves the equability of the motion under
all the various temperatures of heat and cold
in -which the instrument may happen to be
placed. The ingenuity of this last contriv-
ance has been justly praised.  Shall, there-
fore, a structure which differs from it, chiefly
by surpassing- it, be accounted no contriv-
ance at all? .or, if it be a contrivance, that
it is without a contriver!

But this, ..Hro:m.r much, i3 not the whole ;
by different species of animals the faculty we
are describing is possessed, in degrees suited
to the different range of vision which their
mode of life, and of procuring their food, re-
quires.  Birds, for instance, in general, pro-
cure their foad by means of their beak ; and,
the distance between the eye and the point
of the beak being small, it becomes necessary
that they should have the power of seeing
very near objects distinctly. On the other
hand, from being often elevated much above
the ground, living in air, and moving throu gh
it with great velocity, they require, for their
safety, as well as for assisting them in des-
erying their prey, a power of sceing at a
great distunce ; 4 power of which, in birds of
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rapine, suiprising examples are given. The
fact accordingly is, that two wmncra:awmw are
found in the eyes of birds, vﬂr 8_&5.@ .”na
facilitate the change upon i_:or. the m&:h -
ment of the eye to different a..._mg:nmu e-
pends. The one is a bony, yet, in n:.um_” mm—m..
cies, a flexible rim or hoop, mE..-.o::n_Em .:a
broadest part of __“rm eye; which, oo:m.:.un
the action of the muscles to that part, in-
creases the effect of their _wnm..m.p__ pressure up-
on the orb, by which pressure its axis1s elon-
gated for the purpose of _ocr:wm. at very near
M_&mnﬁm. The other is an additional Ecm.n_P
called the marsuptum, to draw, on occasion,
the crystalline lens back, and H.o fit nrﬂ wmu.n_”
eye for the viewing of very m_.mw_m:_:.. 0 ._mnm.”w
By these means, the eyes of U:.ma. can pa :
from one extreme to another of their mos.rw o
adjustment, with more ease and readiness
than the eyes of oero_. animals. "
The eyes of fishes also, ncE.mmHnm@ wit
those of terrestrial -animals, exhibit 822.:
distinctions of structure, adapted to their
state and element. We have m_qmm&u‘ ob-
served upon the figure of the n—.%m«&.r:m .M.SM‘
pensating by its roundness nra.w Qm.:EQ of the
medium through which, their hght vmmmmu.m
To which we have to &E., that the eyes o
fish, in their natural and indolent state, ap-
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pear to beadjusted to. near objects, in this
respect differing from. the human eye, as well
as those - of quadrupeds and birds. The or-
dinary shape of the fish’s eye being in a. much
higher degree convex than that of land-ani-
mals, a corresponding difference attends jts
muscular conformation, viz. that it is through-
out calculated for Slattening the eye.

The éris also in the eyes of fish does not
admit of contraction. This is a great dif-
ference, of which the -probable reason is,
that the diminished light in water is never too
strong for the retina.

In the eel, which has to work its head

“through sand and gravel, the roughest and

harshest substances, there is placed before
the eye, and at some distance from it, a trans-
parent, horny, convex case or covering,

which, without obstructing the sight, defends .

the organ. To such an animal, could any

thing be more wanted, or more usefy] ?

Thus, in comparing the eyes of different
kinds of animals, we see,
blances and distinctions,
down,

L]

in their resem-

one general plan laid
and that plan varied with the varying
exigences to which it is to be applied.

There is one property however common,

I believe, to all eyes, at least to all which
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have been examined®, namely, that the optic
nerve enters the bottom of the eye, not n
the centre or middle, but a little on one side : .
not in the point where the axis of the eye
meets the retina, but between that point and
the nose. The difference which this makes
is, that no part of an object is unperceived
by both eyes at the same time.
In considering vision as achieved by the
means of an image formed at the bottom
of the eye, we can never reflect without won-
der upon the smallness, yet correctness, of
the picture, the subtility of the touch, the
fineness of the lines. A landscape of five or
six square leagues is brought into a space of
hulf an inch diameter ; yet the multitude of
objects which it contains, are all preserved ;
are all discriminated in their magnitudes,
positions, figures, colours. -The prospect
from Hampstead-hill is compressed into the
compass of a six-pence, yet circumstantially
represented. A stage coach, travelling at
its ordinary speed for half an hour, passes, in
the eye, only over one-twelfth of an inch,
yet is this change of place in the image di-
stinctly perceived throughout its whole pro-

* The eye of theseal or sea-calf, I understund, is an excep-
tion. DMem, Acad. Paris. 1701, p. 123.

. . ) .
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gress for it is only by means of that |
Smho: ermh the motion of the coach mgmww ”
made sensible to the eye, I .
m.vmnm our admiration o.w.mnro MM.M&H.W\:M”:AW, cM:
visual n.mEmH compared with ‘the exte ot
MHMP _; @M a reflection, i.mo._m the &m“w MM..
re leads us, eyer i
a.rmr mn the hands of nwmrm_“whw e
little are nothing, 7 great and
Sturmius held, that the examination of th
eye Was a cure for atheism, Beside that :
formity to optical principles which its j onw?.
nal constitution displays, and which _“ -
amounts to a manifestation of intell; »mo:m
rm.szm v.mm: exerted in the structyre - _umm@.Mom
this, which forms, no doubt, - nrw. _mm&_. .
w_EBQma of the organ, there is to be s o
In mqmu.% thing v&osmmzm. to it and mw.ocnmm.u.
an extraordinary degree of care, an anxi Hﬁ.
»9..:& prescrvation, due, if we may so g m_W. _
.p.o 1ts value and its tenderness, ~.M 18 meﬂm
m“mm H__MMW_ mmm? bony mwn_wﬂhu noEwOmmmmrw
lowed out at ther odgen, e e 1O
: es. In
cies, as that of the noMQ.Bon&.ﬂwH”Momwwww M
M_rooﬂ owwwu\:”ﬂ_:ozmro:ﬁh wﬁ ‘.iasmqﬁ. this is
e . € upper, Sr_mr is the deficient
» 18 supplied by a cartilaginous ligament ;
* Heister, sect. 8.+ Mem, R. Ac, Paris, p, 117,
B
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a substitution which shows the same eure.
Within this socket it is imbedded in fat, of
all animal substances the best adupted both
to tts repose winl motion. It is sheltered by
the eyebrows: an arch of hair, which, like
a thatched penthouse, prevents the sweat and
moisture of the forehead from running down
into it. :

But it is still better protected by its lid.
Of the superficial parts of the 315& frame,
I know none which, in its office and struc-
ture, is more deserving of azmzmo_.ﬂ Hrm.z ﬁr.m
eyelil. It defends the eye; 1t wipes it
closes it in sleep. Are there, in any work
of art whatever, purposes more evident than
those which this organ fulfils? oran apparatus
for executing those purposes more mzemmrm_;
ble, more appropriate, or more mechanical ?
If it be overlooked by the observer of nature,
it can only be because it 15 obvious and fa-
miliar. This is a tendency to be guarded
against. We pass By the plainest instances,
whilst we are exploring those which are _.m_.m,
and curious ; by which conduct of the undes-
standing, we sometimes neglect the strong-
est observations, being taken up dqmﬁ__.oau.m..m.
which, though more recondite and scientific,
are, as solid arguments, entitled to much less
consideration,
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In order to keep the eye moist and clean
(which qualities are necessary to its bright-
ness and its use), a wash 1y constantly sup-
plied by a secretion for the purpose; and
the superfluous brine is conveyed to the nose
through a perforation in the bone as large as
A goose-quill. When once the fluid has en-
tered. *he nose, it spreads itself upon the in-
side of the nostril, ard is evaporated by the
current of warm air, which, in the course of
respiration, is continually passing over jt.
Can any pipe or outlet, for carrying off the
waste liquor from a dye-house or a distillery,
be more mechanical than this is? It is easily
perceived, that the eye must want moisture :
but could the want of the eye generate the
gland which produces the' tear, or bore the
hole by which itis discharged,—a hole threugh
a bone? .

It is observable, that this provision is not
found in fish,—the element in which they live
supplying a constant lotion to the eye.

It were, however, injustice to dismiss the

"tye as a piece of mechanism, without noticing

that most exquisite of all contrivances, the

E.na.«aaaﬁw membrane, which is found in the

eyes of birds and of many quadrupeds, Its

use is to sweep the eye, which it does in an

instant, to spread over it the lachrymal hu-
‘D2
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mour; o defend it also trom sudden mjuries ;
vet not totally, when drawn upon the pupil,
to shut out the light.  The commodiousness
with which it lies folded up i the upper
corner of the eye, rewdy for use and action,
and the quickness with which it. executes its
purpose, are properties known and obvious to
every. observer: but what 1s equally admi-
rable, though not quite so obvious, is the
combination of two kinds of substance, mus-
cular and elastic, and of two different kinds
of action, by which the motion of this mem-
brane is performed. It is not, as in ordinary
cases, by the action of two antagonist mus-
cles, one pulling torward and the other back-
ward, that a reciprocal change is effected ;
but it 15 thus: The membrane itself is an
elastic substance, capable of being drawn out
by force like a piece of elastic gum, and by
its own elasticity returning, when the force is
removed, to its former wom:mo:. Such being
its nature, in order to fit it up for its office,
it is connected by a tendon or thread with a
muscle in the back part of the eye: this ten-
~don or thredd, though strong, is so fine, as not
to obstruct the sight, even when it passes
across it; and the muscle itself, being placed
in the back part of the eye, derives from its
situation the advantage, not only of being se-
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cure, but.of being out of the way; which it .
would hardly have been in any position that
could be assigned to it in the anterior part of
the orb, where its function lics, When the
muscle behind the eye contracts, the mem-
brane, by means of the nc.sazrmmmnm:m_ thread, -
i3 instantly drawn_over the fore-part of it.
When the muscular contraction (which is a
positive, and, most probably, a co._cznm_.w ef-
fort) ceases to be exerted, the elasticity alone
of the membrane brings it back again to its
position®.  Does not this, if any thing can do
it, bespeak an artist, master of his work, ac-
quainted with his materials? “ Of a thousand
other things,” say the French Academicians,
“ we perceive not the contrivance, because we
understand them only 3\ the effects, of which
we know not the causes: but we here treat
of a machine, all the parts whereof are vigible ;
and which need only be looked upon, to dis-
cover the reasons of its motion and action}.”
In the configuration of the muscle which,
though placed behind the eye, draws the nic-
titating membrane over the &E_g there is, what
the authors, just now quoted, deservedly call

¢ Phil. Trans. 1796.

+ Memoixs for a Natural History of Animals, by the Royal
Academy of Scicnces at Paris, done into English by Order of
the Royal Socicty, 1701, page 249.
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a marvellous mechamsm. I suppose thic
structure to be found in other animals; but,
in the memoirs from which thiz account 13
tuken, 1t 13 anatomically demonstrated only
in the cassowary. The inuscle 18 passed
through a loop formed by another muscle :
and 1s there inflected, as #f 1t were round a
pulley.  This is a peculiarity ; and observe
the advantage of it. A single muscle with a
straught tendon, which is the common mus-
cular form, would have been sufficient, if it had
had power 10 draw far enough. But the con-
traction, necessary todraw the membrane over
the whole eye, required a longer muscle than
could lie straight at the bottom of the eye.
Therefore, in order to have a greater length
in 2 Jess compass, the cord of the main mus-
cle makes an angle. This, so far, answers the
end ; but, still further, it makes an angle, not
round a fixed pivot, but round aloop formed by
another muscle ; which second muscle, when-
ever it contracts, of course twitches the first
muscle at the point of inflection, and thereby
assists the action designed by both.
., —t—

One question Emu#.@cmm.__u_% have dwelt 1n
the reader’s mind m:..mzm the perusal of these
~ observations, namely, Why should not the
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Deity have given to the anima] the m-n::..w of

....mmmos at once? Why this circuitos perce
tion; the ministry of so many means ; Mﬂ
element provided for the purpose ; ..m:oh..nm&
from opaque substances, refructed z:.o:mr
transparent ones ; and both a¢
cise laws ; then, a ncS_Emw 0
,and._artificial apparatus, in
om..mnw;o: of this element, an
" with Hrm. restrictions of thege laws, to pro-
_n_:.um an !mage upon a membrane communi-
Mﬂ.ﬁsm with the brain? Wherefore all this?
. hy make the difficulty in order to w:nEoEL.
1t? If to perceive objects by some other mode
than that of touch, or objects which lay ou
of the reach of that sense, were the thin ¢ O~
posed ; could not a simple volition om».vﬁro
Creaior have communtcated the capacity ?
.S:H.& resort to contrivance, where wosm_.umm
omnipotent? Contrivance, by its very defi
nition and nature, is the refuge of imperfec-
tion.  To have recourse to expedients, implies
%@mo::.f mivm&smzr restraint, defect of

power.  This question belongs to the other
senses, as well as to sight;

P:nmo:m of animal bfe, as n
lion, respiration ; to the
tables; ang indeed to a)
tions of nature.

cording to pre-
Tgan, an intricate
order, by the

d in conformity

to the genera)
utrition, secre-
«economy of vege-
Aimost all the opera-
The question, therefore, is
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of very wide extent ; and amongst other an-
swers which may be given to it; beside reasons
of which ?c?..oq we are ignorant, one answer
is this: It is only by the display of contriv-
ance, that the existence, the agency, the wis-
dom of the Deity, could be testified to his ra-
tional creatures. This is the scale by which
we ascend to all the knowledge of our Crea-
tor which we possess, so far as it depends
upon the phenomena, or the works of nature.
Take away this, and you take away from us
every subject of observation, and ground of
reasoning ; I mean as our rational faculties
are formed at present. Whatever is done,
God could have done without the interven-
tion of instruments or means: but it is in the
construction of instruments, in the choice and
"adaptation of means, that a creative intelli-
gence is seen. It is this which constitutes
the order and beauty of the universe. God,
therefore, has been pleased to prescribe limits
to his own power, and to work his ends with-
in those limits. ‘The general laws of matter
have perhaps the natire of these limits ; its
inertia, its ..m.wﬁonmcsw the laws which govern
the communication of motion, the refraction
and reflection of hight, the constitution of
fluids non-elastic and elastic, the transmission
of sound through the latter; the laws of
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magnetism, of electricity; and probably
o.n.rm_.m. yet undiscovered. These are general
laws ; and when a particular purpose is to be
effected, 1t 1s not by making 4 new law, nor
by the suspension of the o,__m,_..‘ ones, nor by
making them wind, and bend, and yield to
the occasion (for nature with great steadiness

~ adheres to and supports them) ; but it is, as

we have seen in the eye, by the interposition
of an apparatus, corresponding with these’
laws, and suited to the exigency which results
from them, that the purpose is at length at-
tained. As we have said, therefore, God pre-
scribes limits to his power, that he may let in
the exercise, and thereby exhibit demonstra-
tions of his wisdom. For then, 7. e. such laws
and limitations being laid down, it is as though
one Bemng should have fixed certain E_mww
and, if we may so speak, provided certain
.5@81&5 ; and, afterwards, have committed
to another Being, out of these materials, and
1n subordination to these rules, the task of
drawing forth a creation : a supposition which
evidently leaves room, and induces indeed a
necessity for contrivance. Nay, there may
be many such agents, and many ranks of
@mwm. We do not advance this as a doctrine
either of E&%nvrw or of religion; but we
say that the mcv.,_.ocﬂ may-safcly be represent-
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ed under this view, because the Deity, acting
himself by general laws, will have the same
conseqilences upon our reasoning, as if he
had prescribed these laws to another. It
has been said, that the problem of creation
was, “attraction and matter being given, to
make 2 world out of them:”
explined, this statement perhaps does not

and, as above

convey a false idea.

We liave made choice of the eye as an
mstance upon which to rest the argument of
this chapter. Some single example was to be
proposed : and thé eye offered itself under
‘the advantage of admitting of a strict com-
parison with optical instruments. The ear,
it is probable, is no less artificially and me-
chanically adapted to its office, than the eye.
But we know less about it : we do not so well
understand the action, the use, or the mutual
dependency of its internal parts. Its general
form, however, both external and internal, is
sufficient to show that it is an instrument
adapted to the ,._q_mnmva._os of sound; thatis to
say, already knowing that sound consists in
pulses of the air, we perceive, in the structure
of the ear, a suitableness to receive impres-
sions from this species of action, and to
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propagate thee impressions to the “brain.
For of what does' this structure consist? An
external ear (the concha), calculated, like an
ear-trumpet, to catch and collect the pulses
of which we have spoken ; in large quadru-
peds, turning to the sound, and vommmmm:._m a
configuration, as well as motion, evidently
.m:wm for the office: of a tube which leads
mto the head, lying at the root of this out.
ward ear, the folds and sinuses thereof tending
and conducting the air towards it: of a HEM
membrane, like the pelt of a drum, stretched
across this passage upon a bony rim: of a
nr&: of moveable, and nfinitely curious,
bones, mo..:_m:m a communication, and the onl y

communication that can be observed, between

:z.” membrane last mentioned and the jn.

tertor channels and recesses of the skull : of
mminmmm, similar in shape and form to wind

Ea.:..:Sm:nm of music, being spiral or portions

of circles: of the eustachian tube, like the

hole in a drum, to let the air pass freely into

E:m out of the barrel of the ear, as the co-

vering membrane vibrates, or as the tempe-
rature may be altered ;: the whole labyrinth
hewn out of a rock: that is, wrought into the
m:ﬁ.mﬁz.nm of the hardest bone of the body,
This assemblage of connected parts consti-

tutes together'an apparatus, plainly enough
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relative to the transmussion of sound, or of
the ::m:?m..m received from sound, and only to
be lamented in not being better understood.
The communication within, formed by the
small bones of the ear, is, to.look upon, more
like what we are accustomed to call ma-
chinery, thun any thing I am acquainted with
n animal bodies. It seems evidently design-
ed to continue towards the sensorium the
tremulous motions which are excited in the
membrane of the tympanum, or what is bet-
ter known by the name of the “drum of the
ear.” The compages of bones consists of
four, which are so disposed, and so hinge up-
on one another, as that if the membrane, the
drum of the ear, vibrate, all the four are put
in motion together; and, by the result of
their action, work the base of that which is
the last in the series, upon an aperture which
it closes, and upon which it plays, and which
aperture opens into the tortuous canals that
lead to the brain.  This Iast bone of the four
is called the stapes. The office of the drum
of the ear i3 to spread out an cxtended sur-
face, capable of recciving the impressions of
sound, and of being put by them into a state
of vibration. The office of the stapes: is to
repeat these vibrations. It is a repeating fri-

gate, stationod more within the line,  From
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which account.of its action may be under-
stood, how the sensation of sound will be ex-
cited, by any thing which communicates a vi-
bratory motion to the stapes, though not, as
n all ordinary cases, through the intervention
of the membrana tympani. This is done by
solid bodies applied to the bones of the skull,
as by a metal bar holden at one end between
the teeth, and touching at the other end a
tremulous body. It likewise appears to be
done, in a considerable degree, by the air it-
self, even when this membrane, the drum of
the ear, is greatly damaged. Either in the
natural or preternatural state of the organ,
the use of the chain of bones is to propagate
the impulse in a direction towards the brain,
and to propagate it with the advantage of a
lever ; which advantage consists in increasing
the force and strength of the vibration, and at
the same time diminishing the space through
which it oscillates: both of which changes
may augment or facilitate the still deeper ac-
tion of the auditory nerves.

The benefit of the eustachian tube to the
organ, may be made out upon known pneu-
matic principles. Behind the drum of the ear
is a second cavity, or barrel, called the tym-
panum. The eustachian tube is a slender
pipe, but sufficient for the passage of air,
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leading from this cavity into the back part of
the mouth. Now, it would not have done to
have had a vacuum in this cavity ; for, in that
case, the pressure of the atmosphere from
without would have burst the membrane
which covered it. Nor would it have done
to have filled the cavity with lymph or any
other secretion; which would necessarily
have obstructed, both the vibration of the
membrane, and the play of the small
hones. Nor, lastly, would it have done to
have occupied the space with confined air,
because the expansion of that air by heat, or
its contraction by cold, would have distended
or relaxed the covering membrane, in a de-
gree inconsistent with the purpose which it
was assigned to execute. The only remain-
ing expedient, and that for which the eusta-
chian tube serves, is to open to this cavity a
communication with the external air. In one
word ; it exactly answers the purpose of the
hole in a drum. :
The membrana tympani itself likewise, de-
‘serves all the examination which can be made
of it. Itis q.,o‘n. found in the ears. of fish;
which furnishes an additional proof of what
indeed is indicated by every thing about it,
that it is appropriated to the action of air, or
of an elastic medium. It bears an obvious
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resemblance to the pelt or head of g dru
from which it takes its name. [t B%BEMM
also 2 drum-head in this principal propert
em.p.“ 1ts use depends upon its tension. ﬂ%..wm
sion is the state essential to it. Now we
‘know that, in adrum, the w&”ﬁ is carried over
a _.oc?, and braced as occasion requires, h
the means of strings attached to its o?n:E.mnM
ence. __w the membrane of the ear, the same
purpoese 18 provided for, more stmply, but
not Em.m mechanically, nor less mznommm.?:
by a different expedient, viz. by the end Mm
a voa.a (the handle of the malleus) pressin
‘uponits centre. It is only in very large E.M
B&m. that the texture of this membrane can -
@n discerned. In the Philosophical Transac.-
tions for the year 1800 (vol. i.), Mr. Everard
Home bas given some curioys observations
upon the ear, and the drum of the ear of an
&&%ai. He discovered in it, what he calls a
radiated Hw.:uo_m, that is, straight muscular fi-
7.89 passing along the mémbrane from the
n.ﬁnE:wE.o:nm to the centre ; from the bon
rum which surrunds it towards the handle cuh.
the malleus to which the central part is at-
tached. This muscle he supposes to be de-
e.m;&. to bring the membrane inta uniso
with different sounds: but then he also &H
covered, that this muscle . itself ?:so» act,

L
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unless the membrane be drawn to a stretch,
and kept in a due state of tightness, by what
may be called a foreign torce, viz. the action
of the muscles of the malleus.  Supposing his
explanation of the use of the parts to be just,
our author is well founded in the reflection
which he makes upon it: « that this mode of
adapting the ear to different sounds, is one of
the most beautiful applications of muscles in
the body ; the mechanism is so simple, and
the variety of effects so great.”

In another volume of the Transactions
above referred to, and of the same year, two
mest curious cases are related, of persons who
retained the sense of hearing, not in a perfect,
but in a very considerable degree, notwith-
standing the almost total loss of the mem-
brane we have been describing. In one of
these cases, the use here assigned to that
membrane, of modifying the impressions of
sound by change of tension, was attempted
to be supplied by straining the muscles of
the outward ear. *The external ear, we
are told, “had acquired a distinct motion
upward and fmo_ﬁqﬁ.m. which was observable
whenever theé patient listened to any thing
which he did not distinctly hear: when he
was addressed in a whisper, the ear was seen
immediately to move; when the tone of voice
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- was louder, it then remained altogether mo-
iio Bm.g.t ,. o ) , . !
It appears probable, from both these cases
that a collateral, if not principal,” use of ﬂrm._
membrane, is to cover and protect the barrel
of the ear which lies behind it. Both the
patients suffered from cold : one, “a great

increase of deafness from catching cold;”
the other, “very considerable pain from 9“..
posure to a stream of cold air.” “Bad effects
therefore followed from this cavity being left
open to the external air ; yet, had the Author
of nature shut it up by any other cover, than
!.rﬁ.. was capable, by its texture, of receiving
S_?.m:o:m from sound, and, by 1ts connexion
snEu the interior parts, of transmitting those
vibrations to the brain, the use of the oammw.

8o far as we can judge, must have been en-
tirely obstructed.

CHAPTER 1V,

OF THIE SUCCESSION OF PLANTS AND ANIMALS

THE generation of the animal no more ac-

counts for the contrivance of the eye or ear
.o “

than, upon the supposit'on stated in a pre- -

‘ceding chapter, the production of a watch by

E

.Vm...
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the motion and mechanism of a former watclr,
would account for the skill and intention evi-
denced in the watch, so produced ; than ir
would account for the disposition of the
wheels, the catching of their teeth, the rela-
tion of the several parts of the works to one
another, and to their common end, for the
suitableness of their forms and places to their
offices, for their connexion, their operation,
and the useful result of that operation. I do
insist most strenuously upon the correctness
of this comparison ; that it holds as to every
mode of specific propagation; and that what-
ever was true of the watch, under the hypo-
thesis above-mentioned, is true of plants and
animals. .

I. To begin with the fructification of plants.
Can it be doubted but that the seed contains
a particular organization? Whether a latent
plantule with the means of temporary nutri-
tion, or whatever €lse it be, it encloses an or-
ganization suited to the germination of a new
plant. Has the plant which produced the
seed any thing more to do with that organi-
zation, than the!watch would have had to do
with the structure of the watch which was
produced in the course of its mechanical
movement? I mean, Has it any thing at all
to do with the contrivance ? The maker and
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.no:ﬁ.?m.. of one watch, when he me...n& with.
n it & mechanism. suited to the production
of another watch, was, in truth, the maker and
contriver. of that other watch. _ All the pro-~
perties of the new watch were. to be referred
to his agency : the design- manifested in it,
to his intention: the art, to him as the
artist: the collocation of each part to his
placing: the action, effect, and use, to his
counsel, intelligence, and workmanship. In

producing it by the intervention of a former
watch, he was only working by one set of
tools instead of another. So it is with the

plant, and the seed produced by it. Can
any distinction be assigned between the two

cases; between the producing watch, and

-the producing plant; both passive, uncon-

scious substances; both by the organization
which was given to them, producing their
like, without understanding or design ; both,
that is, instruments ? B
IL. From plants we may proceed to ovipa~
rous animals ; from seeds to eggs. Now I
say, that the bird has the same congern in
the formation of - the egk which she lays, as
the plant has in that of the seed which it
drops ; and no other, nor greater. The in-
ternal constitution of the egg 1s as much a
secret to the hen, as if the hen were inani-
£ 2 |
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mate. Her will cannot alter it, or change a
single feather of the chick. She can neither
foresee nor determine of which sex her brood
shall be, or how many of either: yet the
thing produced shall be, from the first, very
different in its make, according to the sex
which it bears. So far, therefore, from adapt-
ing the means, she is not beforehand apprised
of theeffect. If there be concealed within that
smooth shell a provision and a preparation for
the production and nourishment of a new ani-
mal, they are not of her providing or prepar-
ing : if there be contrivance, it is none of
hers. Although, therefore, there be the dif-
ference of life and perceptivity between the
animal and the plant, it is a difference which
enters not into the account. It is a foreign
circumstance. It is a difference of proper-
ties not employed. The animal function and
the_vegetable function are alike destitute of
any design which can operate upon the form
of the thing produced. The plant has no de-
sign in producing the seed, no comprehension
of the nature or use of what it produces: the
bird with _.ma,_m__qcnn to its egg, i3 not above the
plant with respect to its seed. Neither the
one nor the other bears that sort of relation
to what proceeds from them, which a joiner
" does to the chair which he makes. Nowa
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cause, which bears #his relation to the effect,
15 what we want, in order to account for the
suitableness of means to an end, the fitness
and fitting of one thing to another; and HEW
cause the parent plant or apimal does not
supply. !

It is further observable concerning the pro-
pagation of plants and. animals, that the ap-
paratus employed exhibits no resemblance to
the thing produced ; in this respect holding
an analogy with instruments and tools of art,
The filaments, anthere, and stigmata of flow-
ers, bear no more resemblance to the young
plant, or even to the seed, which is mo..::&
by their ms_“m_.qm_:amcau than a chisel or a
plane does to a table or chair. What then
are the filaments, anther®, and stigmata of
plants, but instruments strictly so called? .

III. We may advance from animals which
bring forth eggs, to animuls which bring
forth their young alive; and of this latter
o._mwmu from the lowest to the highest ; from
irrational to rational life, from brutes to the
human species; without perceiving, as we
proceed, any alteration whatever in the terms
of the comparison. The rational animal does
not produce its offspring with more certuinty

or success than the irrational animal : a man
than a quadruped, a quadruped than a bird ;
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nor (for we may follow the gradation through
its whole scale) a bird than a plant; nor a
plant than a watch, a piece of dead mecha-
nism, wonld do, upon the supposition which
has already so often been repeated. Ration-
ality therefore has nothing to do in the bu-
ciness. If an account must be given of the
contrivance which we observe ; if it be de-
manded, whence arose either the contrivance
by which the young animal is produced, or
the contrivance manifested in the young ani-
mal itself, it is not from the reason of the pa-
rent that any such account can be drawn.
He is the cause of his offspring, in the same
sense as that in which a gardener is the cause
of the tulip which grows upon his parterre,
and in no other. We admire the flower ; we
examine the plant; we perceive the condu-
civeness of many of its parts to their end and
office : we observe a provision for its nourish-
ment, growth, protection, and fecundity ;
but we never think of the gardener in all this.
We attribute nothing of this to his agency ;
yet it may still be true, that without the
gardener, we shbtld not have had the tulip :
just so it is with the succession of animals
even of the highest order. For the contriv-
ance discovered in the strncture of the thing
produced, we want a contriver. The pa-
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rent .18 not that contriver. His conscious-
ness. decides that question. He is in total
ignorance why that which is produced took its
_.q.mumﬁ form rather than any other. Iuis for
him.only to be astonished by: the effect. We -
cari no more look thérefore to the intelligence
of the parent animal for what we are in search
of,a cause of relation, and of subserviency of
w.ﬁ..au...ﬁc their use, which relation and subser-
viency we see in the procreated body, than
we gan refer the internal conformation of an

‘acom_to the intelligence of the oak from
-which it dropped, or the structure of the

waigh to the intelligence of the watch which
proguced it ; there being no difference, as far
a3 argument is concerned, between an intelli-
gence which is not exerted, and an intelli-

gence which does not exist,
i,

CHAPTER V.

ATPFLICATION OF THHE ARGUMENT CONTINUED.

EvERY observation which was made in our
first chapter, concerning the watch, may be
repeated with strict propriety, concerning
the eye; concerning animals; concerning

~ plants; concerning, indeed, all the organized

parts of the works of nature. As,




