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sun. Now the distance of the sun from our glabe is
ubout 96,000,000 of English miles,

It is impossible, undoubtedly, to think of this
inmense distance of the fixed stars, and of the extent
of the whole universe, without astonishment. What
must be the power of that Great Being who created
this vast fabric, and who is the absolute Master of
it? Let us adore Him with the most profound
veneration. .

V1th April 1762,

Lerrer CX.—Way po e Moox AND THE SuUN
APPEAR GREATER AT RISING AND SETTING TIAN

AT A CERTAIN ELEVATION? DIFFIcULTIES ATTEND-

ING THE S80LUTION OF THIS PHENOMENON,

You must have frequently remarked, that the
moon, at rising and setting, appears much larger
than when she is cousiderably above the horizon ;
and every one must give testimony to the truth of
this phenomenon, The same observation has been
made with respect to the sun. ‘This appearance hag
long been a stumblina-block to philosophers ; and,
viewed in whatever ligﬁt, difficulties almost insuper-
able present themselves.

It would be ridiculous to conclude, that the moon’s
body is really greater when she is in the horizon
than when she has attained her greatest elevation,
For, besides that snch an idea would be absurd in
itself, it must be considered, that when the moon
appears to us in the horizon, she appears to other
inhabitants of our globe move elevated, and conse-
quently smaller. Now, it is impossible that the
same body should be, at the same time, greater and
smaller, .

It would be ahnost equally ridiculons to attempt
the solution of this strange phenomenon, by sup-
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posing that the moon is nearer to us when she
appears in the horizon, than when she is arrived at
a great elevation, from our certain knowledge that a
body appears greater in proportion as it is nearer
us; and you know that the move distant any object
is, the smaller it appears. It is for thid reason pre-
cisely that the stars appear so extremely small,
though their real magnitude be prodigious. .

But however plausible this idea may seem, it is
totally destitute of foundation ; for it is undoubtedly
certain, that the moon is at a greater distance from
us at vising and setting, than when at a greater
elevation. The demonstration follows: {Prare VIL
Fig. 82.) .

Let the circle ABD be the earth, and the moon
at L. This being laid down, an inhabitant at A
will see the moon n his zenith, or the most elevated
point of the heavens. But another inhabitant at D,
where the line DL touches the surface of the earth,
will see the moon at the same time in his horizon ;
50 that the moon will appear, at the same instant, to
the spectator A in his zenith, and to the other
spectator 1) in his horizon. It is evident, however,
that the last distance DL is greater than the first
AL, and consequently the moon is more distant
from those who see her in the horizon, than from
those who see her near their zenith. Hence it clearly
follows, that the moon, when seen in the horizon,
ought to appear smaller, being then in fact farther
from us than when arrived af a great elevation, It
is astonishing, therefore, that observation should he
in direct contradiction to this, and that the moon
should appear much greater when viewed near the
horizon, than in the summit of the heavens.

The more this phenomenon is investigated, the
more strange it appears, and the more worthy of
attention: it being undoubtedly certain, that the
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moon, when most remote, that is, in the horizon,
ought to appear smaller, whereas, nevertheless, every
oue is decidedly of opinion that she then appears
considerably greater. This contradiction is evident,
and even seems to overturn all the principles laid
down in optics, which, however, are as clearly de-
monstrable as any in geometry. o

I have purposely endeavoured to set this difficulty
in its strongest light, in order to make you the more
sensible of the importance of the true solution.
Without entering into a discussion of this miversal
Judgment, formed from appearances, respecting the
prodigious magnitude of ‘the moon in the horizon, 1
shall confine myself to the principal question : Is it
true, in fact, that the moon, when near the horizon,
actually appears greater ?

You know that we are possessed of infallible means
of exactly measuring the heavenly bodies, by ascer-
taining the number of degrees and minutes which
they occupy in the heavens; or, which amounts to
the same thing, by measuring (Prate VIL Fig. 33.)
the angle EOQF, formed by the lines EO and FO,
drawn from the opposite points of the moon, to the
eye of the spectator OQ; and this angle EOF is what
we call the apparent diameter of the moon, We
have likewise imstruments perfectly adapted to the
purpose of exacily determining this angle. Nc_)w,
when we employ such an instrument in measuring
the moon’s diameter, first at her rising, and after-
ward, when she has gained her greatest elevation, we
actually find her diameter somewhat less in the first
case than in the other, as the inequality of distance
requires. There cannot remain the shadow of doubt
as to this; but, for that very reason, the dlﬁ'if:ult.y,
instead of diminishing, gathers strength ; and it will
be asked with so much the more eagerness—How
comes it that the whole world rgrees in imagining
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the moon to be greater when rising or setting, though
her apparent diameter is then in reality smaller ?
and, What can be the reason of this delusion, to
which men are universally subject ? The astronomer,
who knows perfectly well that the moon’s apparent
diameter is then smaller, falls nevertheless into the
same ceception as the most ignorant clown.
20th April 1762.

Lerrer CXI—Rrerircrions on THE QUESTION
RESPECTING THE MOON’S APPARENT MAGNITUDE.,
PRocRESS TOWARD A SOLUTION OF 7mE DIFFI-
CULTY. ARSURD EXPLANATIONS,

You would scarcely have believed that the simple
appearance of the moon involved so many difficul-
ties; but I hope I shall be able to clear the way
toward a solution, by the following reflections :—

L. It is not astonishing that our Judgment respect.-
ing the magnitude of objects should not always he in
correspondence with the visyal angle under which we
see it: of this daily experience furnishes sufficient
proof. A cat, for example, appears, when very near,
under a greater angle than an ox at the distance of
100 paces. I could never, at the same time, imagine
the cat to be larger than the ox: and you will please
to recollect, that our judgment respecting magnitude
is always intimately connected with that of distanee;
s0 that if we commit a mistake in the calenlation of
distance, our judgment respecting magnitude be-
comes, of necessity, erroneous.

2. In order to elucidate this more clearly, it some-
times happens that a fly passing suddenly before the
eye, without our thinking of it, if our sight is fixed
on a distant object we imagine at first that the fly
is at a great distance; and as it appears under a very
considerable angle, we take it for a moment to be
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a large lowl, which at the proper distance would
appear under the same angle. It is, then, incontest-
ably certain, that our judgment respecting the mag-
nitude of objects is not regulated by the 1;151‘_1{11 angle
under which they are seen, and that there is a very
grent difference between the apparent magnitude of
objects, and the caleulated or computed maguitude.
The first is regulated by the visnal angle, and the
other depends on the distance to which we suppose
the object to be removed.

3. To avail myself of this remark, I farther ob-
serve, that we ought not to say that we see the
moon greater in the horizon than at a considerable
elevation. This is absolutely false, for we then see
her even somewhat less, But, to speak accurately,
we ought to say that we judge and compute the
moon greater when she is in the horizon; and :dns
is literally true with the unanimous consent of all
mankind,” This is sufficient to reconcile the apparent
contradiction formerly suggested ; for nothing pre-
vents our judging or computing the moon to be
greater when she rises or sets, though she is seen
under a smaller visual angle.

4, We are no longer, then, called upon to ex-
plain why we see the moon greater in the horizon,
which is Impossible, for, in reality, she then appears
smaller, as may be demonstrated by measuring the
visual angle. The difficulty, therefore, is reduced to
this: Wherefore do we judge or compute the moon
to be greater when in those sitmations? or rather,
we must endeavour to account for this whimsical
computation. The thing is not surprising in itself,
as we know a thousand cases in which we estimate
objects to be very great, though we see them under
very small angles.

5. We have only to say, then, that when the
moon is rising or setting, we suppose her to be at a
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greater distance than when she has attained a certain
elevation. 'Whenever this computation is settled,
whatever may be the cause of it, the consequence is
necessary, that we must likewise conclude the moon
to be greater in proportion. For, in every case, the
more distant we estimate any object to be, the greater
we presume it is, and this in the same proportion.
As soon as I imagine, by whatever illusion, that a fly
passing close before my eye is at ihe distance of 100
paces, I am obliged, almost whether I will or no, to
suppose it as many times greater as 100 paces exceed
the real distance of the fly from my eyes.

6. We are now, therefore, reduced to a new
question: Wherefore do we presume that the moon
is at a greater distance when she is seen in the hori-
zon ? and, Wherefore is this illusion so universal as
not to admit of a single exception ? For the illusion
of imagining that the moon is then at a much greater
distance is altogether unaccountable. It is undoubt-
edly true that the moon is then really a little more
distant, as I demonstrated in my last letter ; but the
difference is so trifling as to be imperceptible. Be-
sides, the sun, though 100 times more distant than
the moon, does not appear so, and the eye estimates
even the fixed stars as nearly at the same disiance.

7. Though, therefore, when the moon is in the
horizon, she is actually a little more distant, this cir-
cumstance cannot affect the present question; and
this universal computation, which induces the whole
world to imagine the moon to be then at a much
greater distance than she really is, must be founded
on reasons entirely different, and capable of produncing
universal illusion. For, as the computation is un-
questionably erroneous, the reasons which determine
us to make it must necessarily be very striking.

8. Some philosophers have attempted to explain
this phenomenon, by alleging that it is occasioned
by the intervention of various objects between us
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and the moon, such as cities, villages, forests, and
mountains.  'This, say they, is the reason that she
then appears to be much farther off; whereas, when
she has attained a considerable elevation, as no other
body intervenes, she must appear to be nearer. But
this explanation, however ingenious it may at first
sight appear, is destitute of solidity. On looking at
the moon in the horizon, through a small aperture
made in any body which shall conceal the interme-
diate objects, she nevertheless still seems gresater.
Besides, we do not always imagine that objects, be-
tween which and us many other bodies interpose,
are more distant. A great hall, for example, when
quite empty, usually appears much larger than when
filled with company, notwithstanding the numerous
objects then interposed between us and the walls of
the apartment.

24k April 1762,

Lerrer CXIIL.—AXN ATTEMPT TOWARD THE TRUE
EXPLANATION OF THIS PHENOMENQON & THE MOON
APPEARS MORE DISTANT WHEN IN THE HORIZON
THAN WHEN AT A GREAT ELEVATION.

WE are still, then, very far from the true solu-
tion of this universal illusion, under which all,
without exception, are induced to imagine the moon
to be much greater when in the Lorizon than when
considerably elevated. 1 have already remarked,
that this phenomenon is so much the more unac-
countable, from its being demonstrable that the
moon’s apparent diameter is then even somewhat
less: we ought not, therefore, to say, that we then
.see the moon greater, but that we imagine her to
be so. :

Accordingly, I have very often observed our judg-
ment of objects to differ very widely from vision
itsel,.  We donot hesitate, for example, to conclude,

ey
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that a horse 100 paces distant is larger than a dog
one pace distant, though the apparent magnitude of
the dog is unquestionably greater ; or, which amounts
to the same thing, though the image of the dog
painted on the bottom of the eye be greater than
that of the horse. Our judgment in this case is
regulated by taking distance into the account; and
laying it down that the horse is much farther off
than the dog, we conclude he is much laxrger.

It is very probable, therefore, that the same cir-
cumstance may take place respecting the moon’s
appearance, and induce us to reckon the moon
greater when in the horizon than at a considerable
elevation. In the case of the horse, our computa-
tion of distance was founded in truth; but here, as
it is absolutely erroneous, the illusion must be singu-
larly unaccountable, bul must, at the same time,
have a certain foundation, as its prevalence is uni-
versal, and cannot therefore be imputed to caprice.
Wherein can it consist? This is to be the subject
of our present inquiry.

1. Every one considers the azure expanse of hea-
ven as a flattened arch, the summit of which is much
nearer to us than the under part, where it meets the
horizon. A person, accordingly, standing on a plane
AB (Prate VII. Fig. 84.) which extends as far as
his sight, perceives the vault of heaven, commonly
called the firmament, under the figure AEFB, in
which the distances CA and CB are much greater
than from the zenith to C.

2, This idea is likewise beyond all question a
mere illusion, there being in reality no such vault
surrounding and enclosing us on every side. Itisa
vold ‘of immense extent, as it reaches to the most
distant of the fixed stars—an interval that far ex-
ceeds all power of imagination. I use the word
void, to distinguish it from gross terrestrial bodies.
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For, near the carth, space is ocenpied by our atmos-
phere; and beyond, by that fluid, infinitely more
subtile, which we call Ether,

8. Though this vault, however, has no real exist-
elce, it possesses an undoubted reality in our ima-
gination ; and all mankind, the philosopher as well
as the clown, are subject to the same illusion. On
the surface of this arch we imagine the sun, the moon,
and all the stars, to be disposed like so many bril-
liant studs affixed to it; and though we have a per-
feet conviction of the contrary, we cannot help giving
way to the illusion,

4 This being Iaid down, when the moon is in the
horizon, imagination attaches her to the point A or
B of this supposed vanlt, and hence we conclude her
distance to be as much greater ns we consider the
line CA or CB to be greater than CZ; but when
she ascends and approaches the zenith, we imagine
she comes nearer; and if she reaches the very zenith,
we think she is at the least possible distance.

5. The illusion as to distance necessarily involves
that which respects magnitude. As the moon at A
appears much further from C than in the zenith,
we are in a manner forced to conclude that the
moon iz veally so much greater; and that in the
samme proportion that the distance CA appears to
exceed the distance CZ. All will not, perhaps, agree
in determining this proportion; one will say, the
moon appears to him twice as great when in the
horvizon; another will say three times; and the
generality will declare for the medium between two
and thyee; but every one will infallibly agree in
asserting that the moon appears larger. )

6. Tt may be necessary here to present you with
the demonstration of this proposition. The compu-
tution of magnitude is necessarily involved in the
computation of distance. When the moon is near

et i Pl e it
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the horizon, we see her (Prare VII. Zg. 35.) un.
der a certain angle, say MCA, the spectator being
at C; and when she is at a very great elevation, let
NCD be the angle under which we ses her. It is
evident that these two angles MCA and NCD are
nearly equal to each other, the difference being im-
perceptible.

7. But, in the first case, as we estimate the moon’s
distance to be much greater, or equal to the line
CA, with reference to the imaginary vault above
described, it follows, that we compute the moon’s
diameter to be equal to the line M A, But, in the
other case, the distance of the moon CI) appears
much smaller; and consequently, as the angle NCD
is equal to the angle MCA, the computed magnitude
DN will be muely smaller than the computed mag-
nitude A M.

8, To put this beyond a doubt, you have only to
cut off from the lines CM and CA, the parts Cd
and C n, equal to the lines CD and CN; and as in
the two iriangles Cd n and CDN, the angles at the
point C are equal, the triangles themselves are like-
wise so, and consequently the line DN will be equal
to the line dn; but d » is evidently smaller than
AM, and that as many times as the distance C d
and CD is less than CA. This is a clear demon-
stration of the reason why we estimate the moon to
be greater when in the horizon than when near the
zenith, '

29t April 1162.

Lerren CXIIL,.—Tue FraviNs APPEAR UNDER

THE FORM OF AN ARCH FLATTENED TOWARD THE
ZENITH.

You will charge me, no doubt, with pretending to
explain one illusion by another equally unaccount-
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able. It may be said, that the imaginary vaunlt of
heaven is altogether as inconceivable as the increased
appearance of the moon and the other heavenly
bodies, when in or near the horizon. The objection
Is not without foundation, and therefore lays me
under the necessity of attempting to explain the true
reason why the heavens appear in the form of an
arch flattened toward the summit. The following

reflections may, perhaps, be received as an acquit-

tance of my engagement.

L In order to account for this imaginary vault, it
will be alleged that it proceeds from the appearance
of the heavenly bodies, as Seeming more remote
when in the horizon than when near to or in the
zenith. This is undoubtedly a formal petitio prin-

cipii, as logicians call it, or a begging of the ques-

tion, which every one is entitled to reject as a ground
of reasoning. In truth, having said above, that the
imaginary vault of heaven makes the moon in the
horizon appear farther off than when near the ze-
nith, it would be ridiculous to affirm, that the thing
which leads us to imagine the existence of such a vault
is, that horizonta} objects appear more distant than
vertical,

2. It was not, however, useless to suggest the idea
of this imaginary vault, though it may not carry us
a great way forward; and after I shall have explain-
ed, wherefore the heavenly bodies appear more
remote when viewed near the horizon, you will be
enabled to comprehend, at the same time, the
reason of that two-fold universal illusion, namely,
the apparently increased magnitude of the heavenly
bodies, when in the horizon, and the flattened arch
of heaven.

3. The whole, then, reverts to this, to explain
wharefore the heavenly bodies, when seen in the

~horizon, appear more remote than when at a consi-

v
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derable elevation. I now affirm, it is Lecause tliese
objects appear less brilliant; and this imposes on me
the double task of demonstrating why these objects
display less brilliancy when in or near the horizon,
and of explaining how this circumstance necessarily
involves the idea of a greater distance, I flatter
myself I shall be enabled to discharge both of these
to your satisfaction.

4. The phenomenon itself will not be called in
question. However greater the sun’s lustre may be
at noon, which it is then impossible to ascertain, you
know that in the morning and evening, when he is
rising or setting, it is possible to contemplate his
body without any injury to the eye; and the same
thing takes place with respect to the moon and all
the stars, whose brilliancy is greatly diminished in
the vicinity of the horizon. We accordingly do not
see the smaller stars when at a small elevation above
the horizon, though they are sufficiently discernible
at a certain height.

5. This being established beyond a possibility of
doubt, the cause of this difference of illumination
remains to be investigated. It is abundantly evident
that we can trace it only in our atmosphere, or the
body of air which encompasses our earth, in as far
as it is not perfectly transparent. TFor if it were, so
that all the rays should be transmitted through it,
without undergoing any diminution, there could be
no room to doubt that the stars must always shine
with the same lustre, in whatever region of the hea-
vens they might be discovered.

6. But the air, a substance much less fine and
subtile than ether, whose transparency is perfect, is
continually loaded with heterogencous particles,
rising into it above the earth, such as vapours and
exhalations, ‘which destroy its transparency ; so that
if a ray should fall in with such a particle, it would
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be intercepted, and almost extinguished by it. It is
accordingly evident, that the more the nir is londed
with such particles, which prevent the (ransmission
of light, the more rays must be lost by the iniercep-
tion; and you know that a very thick mist deprives
the air of almost all its transparency, to such a de-
oree, that it is frequently impossible to distinguish
objects at three paces distance.

7. Let the points marked in Plate V1L, Fig. 36.
represent such particles scattered through the air,
whose nuniber is greater or less, according as the
air is more or less transparent. 1t is evident, that
many of the rays which pervade that space must be
lost, and that ihe loss must be greater m proportion
as the space which they had to run through that air
is greater.  We see, then, that distant objects be-
come invisible in a fog, while such as ave very near
{he eye may be still perceptible, because the rays of
the first meet in their progress a greater number of
particles which obsiruet their transmission.

8. We must hence conclude, that the lenger the
space is through which the rays of the heavenly
bodies have to puss through the atmosphere, in or-
der to reach our eyes, the more considerable must
be their loss or diminution. Of this you can no
longer enteriain any doubt. All that remains, then,
is simply to demonstrate, that the rays of the stars
which we see in or near our horizon, have a longer
space of the atinosphere to pervade than when nearer
the zenith. When this is done, you will easily
comprehend why the heavenly bedies appear much
less briftiant when near the horizon than at the
time of rising and setting. This shall be the subject
of my next leger,

Let Ay 1762,

Let. 114, 1i6HT oF THE HEMVENLY BODIES, 383

LETTER CXIV.—REASON ASSIGNED FOR THE FAINT-

NESS OF THE LIGHT OF THE HEAVENLY BODIES IN
THT, HORIZOW.

Whaar 1 have just advanced, namely, that the
rays of the heavenly bodies, when in the horizon,
have a larger portion of our atmosphere to pervade,
may appear somewhat paradoxical, considering that
the atmosphere universally extends io the “same
height, so that at whatever point the star may be, its
rays must always penetrate throngh the whole of
that height before it can reach our eyes. The fol-
lowing reﬂegtlons_, I flatter myself, will give you
complete satisfaction on the subject.

L. It is first of all necessary to form a just idea of
the atmosphere which surrounds our globe. TFor
this purpose the interior circle ABCD, (Prare VIL
Fig, 37,) shall represent the earth, and the exterior
dotted circle @ & ¢ d shall mark the height of the at-
mosphere, Let it be remarked, that nniversally in
proportion as the air rises above the surface of the
carth, it becomes always more transparent and sub-
tile, so that at last it is imperceptibly lost in the
ether which fills the whole expanse of heaven.

2. The grosser air, that which is most loaded with
the particles that intercept and exlinguish the rays
of light, is universally found in the lower regions,
near ithe surface of the earth., It becomes, there-
fore, more subtile as we asceud, and less obstructive
of the light; and, at the height of 5 English miles,
has become so transparent, as to occasion ne per-
ceptible obstruction whatever of the light. The dis-
tance, then, between the interior circle and the ex-
terior, may be fixed at 5 English miles wvearly,
whereas the semidiameter of the globe contains
about 3962 of such miles; so that the height of the
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atmosphere is a very small matter compared with
the magnitude of the globe.

3. Let us now consider (Prate VII, Fig. 38.) a
spectator at A, on the surface of the earth; and
drawing from the centre of the globe G, through A,

the line GZ, it will be directed toward the zenith of

the spectator. The line AS, which is perpendicular,
and touches the earth, will be horizontal to it. Con-
sequently, he will see a star at Z in his zenith, or in
the summit of the heavens; but a star at 8§ will ap-
pear to him in the horizon at its rising or setting.
Each of these stars may be considered as infinitely
distant from the earth, though it was impossible to
represent this in the figure,

4. Now you have only to cast your eye once more
on the figure, to be satisfied that the rays proceed-
ing from 8 have a much longer space to travel
through the atmosphere, than those from the star Z,
before they reach the spectator at A. Those from the
star Z have only to pass through the perpendicular
height of the atmosphere # A, which is not above 5
English miles, whereas those that come from the
star S have to travel the whole space 2 A, which is
evidently much longer; and could the figure be re-
presented more conformably to the fact, so as to ex-
hibit the radius G A 3982 times longer than the
height A a, we should find the distance A% to ex-
ceed 40 such miles.

5. It is farther of importance to remark, that the
rays of the star Z have but a very small space to travel
through the lower region of the atmosphere, which
is most loaded with vapour; whereas the rays of the
star S have a much longer course to perform throngh
that region, and are obliged to graze, if 1 may use
the expression, along the surface of the earth. The
conclusion, then, is obvious. The rays of the star Z
undergo searcely any diminution of lustre, but those
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of the star S wmust be almost extinguished, from so
long a passage throngh the grosser air.

6. It is indisputably certain, then, that the stars
which we see in the horizon must appear with a
lustre extremely diminished; and it will simply ac-
count to you for a well-known fact, that you can,
without any inconvenience, fix your eyes steadily on
the rising or setting sun; whereas at noon, or at a
considerable elevation, his lustre is insupportable.
"This is the first point I undertock to demonstrate;
I proceed to the second, namely, to prove that it is
the diminution of light which forces us almost to
imagine the heavenly bodies at a much greater dis-
tance than when we see them in all their lustre.

7. The reason must be sought in teyrestrial bo-
dies, with which we are every day conversant, and
respecting whose distance we form a judgment. But,
for the same reason that rays of light, in passing
through the air, undergo some diminution of lustre,
it is evident, that the farther an object is removed
from us, the more of its lustre it loses, and the more
obscure it becomes in proportion. Thus, a very distant
mountain appears guite dark; but, on a nearer ap-
proach, we can easily discover trees on it, and other
minnter objects, which it was impossible to distin-
guish at a very remote distance.

8. This observation, so general, apd which never
misleads us in contemplating terrestrial bodies, has
produced in us from our childhood this fandamen-
tal principle, from which we conclude objects to be
distant in proportion as the rays of light which they
emit are weakened. It is in virtue of this principle,
therefore, that we conclude the moon to be farther
off at rising and setting than at a considerable
elevation; and, for the same reason, we conclude she
is so much greater, You will, I flatter myself, admit
this reasoning to be solid, and this embarrassing

vOL, 11. I
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phenomenon to be as clearly elncidated as the nature
of the subject permits.

dth May 1762,

LerrEr CXV.—ILLUSION RESPECTING THE DIS-
TANCE OF OBJECTS, AND THE DIMINUTION OF
LUSTRE.

"T'uE principle of our imagination, by which I have
endeavoured to explain the phenomenon of the
moon's greater apparent magnitude in the horizon
than at a considerable elevation, is so deeply rooted
in our nature, as to become the source of a thousand
similar illusions, some of which I will take the liber-
ty to suggest,

We have been habituated from infancy, almost
involuntarily, to imagine objects to be distant in pro-
portion as their lustre is diminished; and, on the
other hand, very brilliant objects appear to be nearer
than they really are. This illusion can proceed only
from an ill-regulated imagination, which very fre-
quenily misleads us. It is nevertheless so natural,
and so universal, that no one is capable of guarding
against it, though the error, in many cases, is ex-
tremely palpable, as I have shown in the instance
of the moon; but we are equally deceived in &
variety of other instances, as I shall presently make
appear.

1. It is a well-known illusion, that the flame of a
conflagration in the night appears much nearer
than it really is, The reason is obvious; the fire
blazes in all its lustre; and in conformity to a prin-
ciple pre-established in the imagination, we abways
conclude it to be nearer than it is in reality.

2. For the same reason, a great hall, the walls of
which are perfectly white, always appears smaller.
White, you know, is the most brilliant colour: hence
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we conclude the walls of such an apartment to be too
near; and, consequently, the apparent magnitude Is
thereby diminished.

8. But in an apartment bung with black, as is the
custom in mournings, we perceive the directly oppo-
site effect. The apartment now appears consider-
ably more spacious than it really is. Black is un-~
deniably the most gloomy of colours, for it reflects
scarcely any light on the eye; hence the walls of an
apartment in deep mourning seem more distant than
they are, and consequently greater; but let the black
hangings be removed, and the white colour re-ap-
pear, and the apartment will seem contracted.,

4. No class of men avail themselves more of this
natural and universal illusion than painters. The
same picture, you know, represents some objects as
at a great distance, and others as very near; and
here the skill of the artist is most conspicuous. It is
not a little surprising, that though we know to ab-
solute certainty all the representations of a picture to
be expressed on the same surface, and consequet
at nearly the same distance from the eye, we should
be, nevertheless, under the power of illusion, and
imagine some to be quite near, and others extremely
distant. This illusion is commonly ascribed to a
dexterons management of light and shade, which
undoubtedly furnish the painter with endless re-
sources. But you have only to look at a picture, to
be sensible, that the objects intended to be thrown to
a great distance, are but faintly and even indistinetly
expressed. Thus, when the eye is directed to very
remote objects, we easily perceive, for example, that
they are men ; but it is impossible to distingnish the
parts, such as the eyes, the nose, the mouth ; and it
1s in conformity to this appearance that the painter
vepresents objects. But those which he intends
shonld appear close to us, he displays in all the




388 ON THE AZURE COLOUR Let 1186.

brightness of colouring, and is at pains clearly to
express each minute particular. If they are persons,
we can distingnish the smallest lineaments of the face,
the folds of the drapery, &c.: this part of the re-
presentation seems, I may say, to rise out of the
canvass, while other parts appear to sink and retire.

5. On this illusion, therefore, the whole art of
painting entirely rests. Were we accustomed to form
our judgment in strict conformity to truth, this art
would make no more impression on us than if we
were blind.  To no purpose would the painter call
forth all his powers of genius, and employ the hap-
piest arrangement of colours; we should coldly affirm,
on that piece of canvass there is a red spot, here a
blue one; there a black stroke, here some whitish
.Iines; every thing is on the same plane surface; there
is no rising nor sinking ; therefore no real object can
be represented in this manner: the whole would in
this case be considered as a scrawling on paper, and
we should perhaps fatigne ourselves to no purpose
in attempting to_decypher the meaning of all these
different coloured spots. Wonld not a man, in such
a state of perfection, be an object of much compassion,
thus deprived of the pleasure resulting from the pro-
ductions of an art at once so amusing and so in-
struetive ?

8tk May 1762.

Lerrer CXVL—ON THE AZURE COLOUR OF THE
HEAVENS,

You are now enabled to comprehend the reason
why the sun and moon appear much greater when
in the horizon than at a considerable clevation. It
consists in ihis, that we then unintentionally compute
these bodies to be at a greater distance, a compnta-
tion founded on the very considerable diminution
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which their lustre in that position undergoes, from
the longer passage which the rays have to force
through the lower region of the atmosphere, which
is the most loaded with vapours and exhalations,
whereby the transparency is diminished. Thisisa
brief recapitulation of the reflections which I have
taken the liberty to suggest on this subject.

This quality of the air, which diminishes transpa-
rency, might at first sight be considered as a defect.
But on attending to consequences, we shall find it so
far from being snch, that we onght, on the contrary,
to acknowledge in it the infinite wisdom and good-
ness of the Crearor. To this impurity of the air
we are indebted for that wonderful and ravishing
spectacle which the azure of the heavens presents to
the eye; for the opaque particles, which obstruct the
rays of light, are illuminated by them, and afterwards
re-transmit their own proper rays, produced in their
surface by a violent agitation, as is the case in all
opaque bodies. Now, it is the number of vibrations
cornmunicated to them which represents to us this
magnificent azure; a circumstance which well de-
serves to be completely unfolded,

1. I observe, first, that these particles are extremely
minute and considerably distant from each other,
besides their being dslicately fine and almost wholly
transparent.  Ilence it comes to pass, that each
separately is absolutely imperceptible, so that we
can be affected by them only when a very great
number transmit their rays at once to the eye, and
nearly in the same direction. The rays of several
must therefore be collected, in order to excite a
sensation.

2. Hence 1t clearly follows, that snch of these
particles as are near to us escape our senses, for they
must be cousidered as points dispersed through the
mass of air.
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But such as are very distant from the eye, as
(Prare VII. Fig. 89.) the points @ b¢, collect in the
eye O, almost according to the same direction, their
several rays, which thus become sufficiently stron
to affect the sight, especially when it is considerec
that similar particles more remote, e fah, as well as
others more near, concur in producing this effect.

3. The azure colour which we see in the heavens
when serene, is nothing else, then, but the result of
all these particles dispersed through the atmosphere,
especially of such as are very remote: it may be
affirmed, therefore, that they are in their nature
blue, but a blue extremely clear, which does not be-
come sufficiently deep and perceptible, except when
they are in a very great number, and unite their
rays according to the same direction,

4. Art has the power of producing a similar effeet,
If, on dissolving a small quantity of indigo in a great
quantity of water, you let that water fall drop by
drop, you will not perceive in the separate drops the
slightest appearance of colour ; and on pouring some
of it into a small goblet, you will perceive only a
faint blnish colour. But if you £l a large vessel with
the same water, and view it at a distance, you will
perceive a very deep blue. The same experiment
may be made with other colours, Burgundy wine,
in very small quantities, appears only to be faintly
reddish; but in a large flask completely filled, the
wine appears of a deep red.

5. Water, in a large and deep vessel, presents
something like colour; ‘but, in a small quantity, is
altogether clear and limpid. This colour is com-
monly more or less of a greenish cast, which may
warrant us in saying, that the minute particles of
water are likewise so, but of a colour so delicately
fine, that a great mass of it must be collected before
the colour can be perceptible, because the rays of a
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multitude of particles then concur toward producing
this effect. . .

6. As it appears probable, from this observation,
that the minute particles of water ave greenish, it
might be maintained, that the reason why the sed, Or
the water of a lake or pool, appears green, is the
very same that gives the heavens the appearance of
azure. For it is more probable that all the particles
of the air should have a faintly bluish cast, but_ 50
very faint as to be imperceptible till presented in a
prodigious mass, such as the whole extent of the
atmosphere, than that this colour is to be ascribed
to vapours floating in the air, but which do not
appertain to it. o

7. In fact, the purer the air is, and the more
purged from exhalation, the brighter is the lustre of
heaven’s azure; which is a sufficient proof that we
must look for the reason of it in the nature of the
proper particles of the air. Extraneous substances
mingling with it, such as exhalatlon's, become, on
the contrary, injurious to that beautiful azure, and
serve to diminish its lustre. "When the air is over
loaded with such vapours, they produce fogs near
the surface, and entirely conceal from us the azure
appearance; when they are more elevated, as is
frequently the case, they form clouds, which fre-
quently cover the whole face of the sky, a_nd pre-
sent a very different colour from that of this azure
of the pure air. This, then, is a new quality of air,
different from those formerly explained—subtility,
fluidity, and elasticity ; namely, the minute particles
of air are in their nature bluish,

11 May 1762,
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LertEr CXVIL—Waar tur APPEARANCE WOULD
BE WERE THE .A_IR PERTECTLY TRANSPARENT.

I¥pEPENDENT of the beautiful spectacle of the
azure heavens, procured for us by this colour of the
circumambient air, we should be miserable in the
extreme were it perfectly transparent, and divested
of those bluish particles ; and we have here n new
reason for adoring the infinite wisdom and goodness
of the CreaTon.

That you may have full conviction of the truth of
my assertion, let us suppose the air to be quite
transparent, and similar to the ether, which, we
know, transmits all the rays of the stars, without
intercepting so much as one, and contains no par-
ticles themselves illuminated by rays, for such a
particle could not be so, without intercepting some
of the rays which fell upon it. If the air were in
this state, the rays of the sun would pass freely
through it, without the re-transmission of any light
to the eye: we should receive, then, those rays only
which came to us immediately from the sun. The
whole heavens, except the spot occupied by the sun,
would appear, therefore, completely dark; and in-
stead of this brilliant blue, we should discover no-
thing on looking wpward, but the deepest black and
the most profound night.

Plate VII. Tig.-40. represents the sun EF, and
the point O is the eye of a spectator, which would
receive from above no other rays but those of the
sun, so that all Mlumination would be limited to the
space of the small angle EOF., On diveciing the
eye toward any other quarter of the heavens, say
toward M, not a single ray would be emitted from
it, and the appearance would be the same as if we
looked into total darkmess; now every place which
transmits no ray of light is black, But here the stars
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must be excepted, which are spread over the whole
fuce of the heavens; for on directing the eye towa?r(l
M, nothing need prevent the rays of the' stars which
may be in that quarter from entering into it; nay,
they wonld have even still more force, ns they could
suffer no diminution of lustre from the atmosphere,
such as 1 am now supposing it. Al the stars, there-
fore, would be visible at noon-day, as in the darkest
night; but it must be considered, ithat tl_ms whole
day would be reduced to the space of the little angle
EOF; all the vest of the heavens would be black
as night.

Af the some time, stars near the sun would be
invisible; and we should not be able to see, for ex-
ample, the star N, for on looking to it the eye
would likewise receive the rays of the su, Wlth.Wthh
it must be struck so forcibly, that the feeble light of
the star could not excite any sensation. I say no-
thing of the impossibility of keeping the eye open
in attempting to look toward N. This is too ob-
vious not to be wnderstood.

But on opposing to the sun an opaque body,
which shall intercept his rays, you could not fail
to see the star N, however mear it might be to the
sun. It is easy to comprehend in what a dismal state
we should then be. This proximity of lustre insup-
portable, and darkness the most profound, must
destroy the organs of vision, and quickly reduce us
to total blindness. Of this some judgment may be
formed from the inconvenience we feel on passing
suddenly from darkness into light.

Now this dreadful inconvenience is completely
remedied by the nature of the air, from its contain-
ing particles opaque fo a very small degree, and sus-
ceptible of illumination. Accordingly, the moment
the sun is above the horizon, nay somewhat earlier,
the whole atmosphere becomes illuminated with his
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rays, and we are presented with that beautifil azure
wlnch_I have described, so that our eyes, whichever
way directed, receive a great quantity of rays gene-
rated in the same partieles.. Thus, on looki.n% to-
ward M (Fig. 40.), we perceive a great degree of
light produced by this brilliant azure of the heavens.
This very illumination of the atmosphere prevents
onr seeing the stars by day : the reason of this ig ob-
vious. Itfar exceeds that of the stars, and the greater
light always makes the lesser to disappear; and the
nerves of the retina at the hottom of the eye, being
already struck by a very strong light, are no longer
sensible to the impression made by the feebler light
of the stars, °
You will please to recollect that the light of the
full moon is wpwards of 300,000 times more faint
than that of the sun; and this will convince you
that the light proceeding from the stars is a mere
nothing in comparison with the light of the sun.
But the illumination of the heavens in the day-time
even though the sun should be overclouded, is sc;
great, as many thousand times to exceed the licht of
the full moon. °
_You must have frequently perceived, that in the
night, when the moon is full, the stars appear much
less brilliant, and that those only of superior magni-
tucflf.ie flretwsibl? elspecilzlllly in the moon’s vicinity; a
suilicient proof that the stronger 1i -
sorbs the Eaebler. et Tght alweys ab
It is then an unspeakable benefit, that our atmos-
phere begins to be illuminated by the sun, even be-
fore he rises, as we are thereby prepared to bear the
vivacity of his rays, which would otherwise be Insup-
portable, that is, if the transition from night to day
were instantaneous, The season during which the
atmosphere is gradually illuminated before sun-rising,
and continues to be illuminated after he sets, is de-
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nominated twilight. This subject, from its import-
ance, merits a particular explanation, which I pro-
pose to attempt in my next letter ; and thus one
article in physics naturally runs into another.

15 May 1762,

Lerter CXVIII,—REFRACTION OF TAYS OF LIGHT
IN THE ATMOSPHERE, AND ITS EFFECTS. Or THE
Twiricar. OF THE APPARENT RISING AND SET-
TING OF THE HEAVENLY BoODIES.

In order to explain the cause of the twilight, or
that illumination of the heavens which precedes the
rising of the sun, and continues some time after he
is set, 1 must refer you to what has been already
demonstrated respecting the horizon and the atmos-
phere,

Let the circle AOBD (Prate VII. Fig. 41.} re-
present the earth, and the dotted circle cobd the
atmosphere ; let a point O be assumed on the sur-
face of the earth, through which draw the straight
line HORI, touching the earth at O, and this line
H I will represent the horizon, which separates that
part of the heavens which is visible to us from that
which is not. As soon as the sun has reached this
line, he appears in the horizon, both at rising and
setting, and the whole atmosphere is then completely
illominated. But let us suppose the sun before his
rising to be still under the horizontal line at S; from
which the rzay STR, grazing the earth at T, may
reach the pomt of the atmosphere situated in our
horizon ; the opaque particles which are there will
already be illuminated by that ray, and consequently
have become visible. Accordingly, some iime be-
fore the rising of the sun, the atmosphere 20 R over
our horizon begins to be illuminated at R; and in
proportion as the sun approaches the horizon, a
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greater part of it will be illuminated, 1l it becomes
at length completely laminons.

This reflection leads me forward to another phe-
homenon equally interesting, and very intimately
connected with it, namely, that the atmosphere dis-
covers to us the body of the sun and of the other
stars, some tim= before they get above the horizon,
and some time after they have fallen below, by
means of the refraction which rays of light undergo
on passing from the pure ether into the grosser air,
which constitutes ony atmosphere ; of this I proceed
to give yon the demonstration.

L. Rays of light do not continue to proceed for-
ward in a straight line any longer than they move
through a transparent medium of the same nature.
As soon as they pass from one mediom to anather,
they are diverted from their rectilinear direction—.
thelr path is as it were broken off ; and this is what
we call refraction, which I formerly explained at
considerable length, and demonstrated that rays, on
passing from air into glass, and reciprocally, are thus
broken or refracted.

2. Now air being a different medinum from ether,
when 2 ray of light passes from ether into air, it
must of necessity undergo some refraction.

Thus, the arch of the civcie AMB (Prare VIIL
Fig. 42.) terminating our upper atmosplere, if a ray
of light M S, from the ether, falls upon it at M, it
will not proceed straight forward in the same direc-
tion MN, but will assume, on entering into the air,
the direction MR, somewhat different from MN;
md the angle NM R is denominated the angle of
refraction, or simply the refraction.

3. 1 have already vemarked, that the refraction is
greafer in proportion as the ray 5M falls more
obliquely on the surface of the almosphere, or as
the angle BMS is smaller or more acute.  For if

S R b s i
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the ray SM falls perpendicularly on the surface of
the atmosphere, that is, if the angle BMS is a right
angle, no refraction will take place, _but 1.1_1e ray w1_]l
pursue its progress in the same strmght_ lme.. This
rule is universally applicable to every kind of refrac-
tion, whatever may be the nature of the two media
through which the rays travel.

4. Let the arch of the cirele AOB (Prate VII.
Fig. 43.) represent the sutface of the earth, and the
arch EMF terminate the atmosphere. If you draw
at O the line OMV, touching the surface of the
earth at O, it will be horizontal. And if the sun is
still under the horizon at S, so as to be still invisible,
{for no one of his rays can yet reach us in a straight
line) the ray SM, being continued in a straight line,
would pass over us to N; but as it falls on the at-
mosphere at M, and in a very obh_que direction, the
angle I'MS, being very acute, it will _thence unfiergo
a very counsiderable refraction ; and instead _ot pro-
ceeding forward to N, would assume the direction
MO, so that the sun would be actually visible to a
person at O, though still considerably below the
horizon at §; or, which is the same thing, below the
horizontal line O M V.

5. However, as the ray MO, which meets the
eye, is horizontal, we assign that divection to the
sun bimself, and imagine him to Le actually at v.,
that is, in the horizen, though he is still below it.
And reciprocally, as often as we see the sun, or any
other star, in the horizon, we are assured they are
still below it, according to the angle SMV, which
astronomers have observed to be about half a degree,
or, more exactly, 32 minutes, )

6. In the morning, then, we see the sun before he
has reached our horizon, that is, while he is yet an
angle of 32 minutes helow it; aud in the evening »
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considerable time after he is really set, as we see
him till he has descended an angle of 32 minutes.
We call that the true rising and setting of the sun,
when he is actually in the horizon; and the com-
mencement of his appearance in the morning, and
disappearing at night, we denominate the apparent
rising and setting.

7. This refraction of the atmosphere, which ren-
ders the apparent rising and setting of the sun both
earlier and later than the real, procures for us the
benefit of a much longer day than we shonld enjoy,
did not the atmosphere produce this effect. Such is
the explanation of & very important phenomenon in
nature.

18th May 1762,

LrrrEr CXIX.—THE STALS APPEAR AT A GREAT-
ER ELEVATION THAN THEY ARE. 'TABLE OF RE-
FRACTIONE.

You have now, no doubt, a clear idea of this sin-
gular effect of our atmosphere, by which the sun
and the other heavenly bodies are rendered visible
in the horizon, though considerably below it, where-
as they would be invisible but for the refraction.
For the same reason, the sun, and all the heavenly
bodies, always appear at a greater elevation above
the horizon than they really are. It is Necessary,
therefore, carefully to distinguish the apparent ele-
vation of a star, from what it wounld be were there
no atmosphere. I shall endeavour to set this in the
clearest light possible.

1. Let the arch AOB (Prarz VIT, Fig. 44.) be
part of the surface of the eayth, and O the spot where
we are, through which draw the straight line HOR,
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touching the surface, and this line HOR will repre-
sent the true horizon. From O let there be drawn
perpendicularly the straight line OZ, which is the
same thing as suspending a given weight by a cord.
This line is said to be vertical, and the point Z of the
heavens, in which it terminates, is called the zenith.
This line OZ, then, is perpendicular to the horizon-
tal line TIOR, so that one being known, the other
must be known likewise.

2. This being laid down, let there be a star at §:
(PraTe VIL Fig. 45.) were there no atmosphere, the
ray SMGO would proceed in a straight line to the

“eye at O, and we should see it In the same direction

OMSS, where it would actually be-—that is, we should
see it in its true place. Let us then measure the
angle SOR, formed by the ray SO with the hori-
zon OR, and this angle is named the height of the
star, or its elevation above the horizon. We mea-
sure also the angle SOZ, formed by the ray SO
with the vertical line OZ terminating in the zenith:
and as the angle ZOR is a right angle, or 90 degrees,
we have only to subtract the angle SOZ from 90
degrees, to have the angle SOR, which gives the
true elevation of the star.

8. But let us now attend to the atmosphere, which I
suppose terminated by the arch HDNMR, ( Fig. 44.);
and I remark, first, that the preceding ray SM of the
star S, on entering into M in the atmosphere, does
not proceed directly forward to the eye at O, but,
from the refraction, will assume another direction, as
M P, and consequently will not meet the eye at O;
so that if this star sent down to the earth only that
ray 8 M, to a person at O it would be absolutely
invisible. But it must be considered, that ever
luminous point emits its rays in all directions, and
that all space is filled with them.
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4. There will be, then, among others, some ray,
as SN, which is broken or refracted on entering
the atmosphere at W; so that its continnation N O
shall pass precisely to an eye at O. The refracted
ray N O is not, therefore, in a straight line with the
ray S M ; and if N O be produced forward to s, the
continuation N s will form an angle with the ray N 3,
namely the angle S Ns, which 1s what we call the
refraction, and which is greater in proportion as the
angle SN R, under which the ray S N enters into
the atmosphere, is more acute, as was demonstrated
in the preceding letter.

5, It is the ray N O, consequently, which paints
in the eye the image of the star S, and which ren-
ders it visible : and as this ray comes in the direc-
tion N O, as if the star were in it, we imagine the
star likewise to be sitnated in the direction N O,
or in that line continued somewhere at s. This
point s being different from the real place of the star
S, we call s the apparent place of the star, which
must be cavefully distinguished from its place 5,
where the star would be seen were there no atmos-
phere.

6. Since, then, the star is seen by the ray N O,
the angle N O R, which this ray N O makes with
the horizon, is the apparent altitude of the star; and
when by a proper instrument we measure the angle
N O R, we ave said to have found the apparent alti-
tude of the star; the real altitnde being, as we have
shown, the angle RO S. -

7. Hence it is evident, that the appavent altitude

R O N, is greater than the real altitude R OM, so -

that the stars appear to us at a greater elevation
above the horizon than they really are; for the same
reason they appear already in the horizon while they
are still below it. Now, the excess ol the apparent
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altitude above the true, is the angle MO N, which does
not differ from the angle 8 N 5, and which we call the
refraction. For, though the angle S N5, ‘as being
the external angle to the triangle SN O, is equal to
the two internal and opposite angles taken together,
namely, SON and N8O, we may consider, on
account of the immense distance of the stars, the
lines O S and N S as parallel, and consequently the
angle O SN vanishes; so that the angle SO N is
nearly equal to the angle of refraction S N s.

8. Having found, then, the apparent altitude of a
star, you must subtract from it the refraction, in
order to have the real altitude, which there is no
other method of discovering. For this pwpose,
astronomers have been at much pains to ascertain
the refraction to be subtracted from each apparent
altitude, that is, to determine how much must be
deducted in order to reduce the apparent to the real
altitude.

9. From a long series of observations, they have
been at length enabled to construct a table, called
the table of refraction, in which is mnarked for every
apparent altitude the refraction or angle to be sub-
tracted. Thus, when the apparent altitnde is no-
thing, that is, when the star appears in the horizon,
the refraction is 32 minutes ; the star is, accordingly,
an angle of actnally 32 minutes below the horizon.
But if the star has acquired any degree of elevation,
be it ever so inconsiderable, the refraction becomes
much less. At the altitude of 15 degrees it is no
more than four minutes; at the altitnde of 40 de-
grees it -is only one minute; and as the altitude
increases, the refraction always becomes less, till at
length it entirely disappears, at the altitnde of 80
degrees.

YOL, IT. 5
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10. This is the case when o star is seen in the
very zenith; for its elevation is then 90 degrees, and
the real and apparent altitude is the same: and we
are fully assured that a star seen in the zenith is
actually there, and that the refiaction of the atmos.
phere does not change its place, as at every other
degree of altitude,

THE E¥D,
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. Brewster, Priiter,
Edimburgh.
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