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LXXIL. An Astempt to affign the Canfe, why
the Sun and Moon appear to the naked Eye
larger when they are near the Horizon.
With an Account of feveral natural Phe-
nomena, relative to this Subjett. By Mr.
Samuel Dunn.

Chelfea, January 27, 1762.

Read Feb. 11, 7, HE Sun and Moon, when they

1762 1 are in or near the horizon, ap-
pear to the naked eye of the generality of perfons, fo
very large in comparifon with their apparent magni-
tudes, when they are in the zenith, or fomewhat ele~
vated, that feveral learned men have been led to en-
quire into the caufe of this phenomenon, and, after
endeavouring to find certain reafons, founded on the
princigles of phyfics, they have at laft pronounced
this phznomenon as a mere optical illufion.

2. The principal differtations, which I have hi-
therto feen, conducing to give any information on
this fubje®, or helping to throw any light on the
fame, have been thofe printed in the Tranfa&ions of
the Royal Society, the Academy of Sciences at Paris,
the German Aés, and Dr. Smith’s Optics; but as all
the accounts, which I have met with in thefe writings,
any way relative to this fubje&, have not given me
that fatisfaction which I have defired, curiofity has
induced me to enquire after the caufe of this fingular
ph@nomenon, in a manner fomewhat different from
that which others have done before me, and by fuch
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experiments and obfervations as have appeared to me
pertinent ; fome of which have been as follows;, viz.

3. I have obferved the rifing and fetting Sun, near
the vifible horizon, and near rifing grounds elevated
above the vifible horizon about half a degree, and
found him to appear largeft when neareft to the vifible
horizon ; and particularly a confiderable alteration of
his appearance in ‘magnitude and light has always ap-
peared to me, from the time of his being in the ho-
rizon at rifing, to the time of his being a degree or
two above the horizon, and the contrary at his fetting ;
which property I have endeavoured to receive as a
prejudice, and an impofition on my fight and judg-
ment, the ufual reafons for this appearance.

4. T have alfo obferved, that the Sun near the hori-
zon appears to put on the figure of a fpheroid, having
its vertical diameter appearing to the naked eye fhorter
than the horizontal diameter, and, by meafuring thofe
diameters in a telefcope, have found the vertical one
fhorter than the other.

5. 1 have made frequent .obfervations and compa-
rifons of the apparent magnitude of the Sun’s difk,
with objeits directly under him, when he has been
near the horizon, and with fuch obje&s as I have
found, by meafurement, to be of equal breadth with
the Sun’s diameter; but, in the fudden tranfition of
the eye from the Sun to the obje&t, and from the
objett to the Sun, have always found the Sun to ap-
pear leaft; and that when two right lines have been
imaginarily produced, by the fides of thofe equal
magnitudes, they have not appeared to' keep parallel,
but to.meet beyond the Sun.

Vor. LIL Ooo 6. From
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6. From thefe, and other like circumftances, I firlt
began to fufpect, that a fudden dip of the Sun into
the horizontal vapours, might, fome how or other,
be the caufe of a fudden apparent change of magni-
tude, although the horizontal vapours had been dif-
allowed to be able to produce any other than a re-
fra&ion in a vertical direction; and reducing things
to calculation, found, that, from the time when the
Sun is within a diameter or two of the horizon, to the
time when he is a femi-diameter below the horizon,
the Sun’s rays become pafiable through fuch alength
of medium, reckoning in the dire¢tion of the rays,
that the total quantity of medium, (reckoning both
depth and denfity) through which the rays pafs, being
compared with the like total depth and denfity through
which they pafs, at feveral elevations, it was propor-
tionable to the difference of apparent magnitude, as
appearing to the naked eye.

7. This circumftance of fudden increafe and de-
creafe of apparent magnitude, and as fudden decreafe
and increafe- of light, (for they both go together)
feemed to me no improbable caufe of the ph=no-
menon, although I could not then perceive how fuch
vapours might contribute toward enlarging the dia~
meter of the Sun. apparently in a horizontal di-
reCtion. ,

8. 1 therefore examined the Sun’s difk again and
again, by the naked eye, and by telefcopes, at dif-
ferent altitudes, and, among feveral circumftances,
found the folar macule appear larger and plainer to
the naked eye, and through a telefcope, the Sun
being near the horizon, than they had appeare‘c} the

ame



[ 465 ]

fame days, when the Sun was on the meridian, and
to appearance more ftrongly defined, yet obfcured.

. A little before fun-fetting, I have often feen the
edge of the Sun with fuch protuberances and in-
dentures, as have rendered him, in appearance, «
very odd figure ; the protuberances fhooting out far
beyond, and the indentures prefling into, the difk of
the Sun, and always through a telefcope magnifying
fifty-five times, the lower limb has appeared with 2
red glowing arch beneath it, and clofe to the edge of
the Sun, whilflt the other parts have been clear.

10. At fun-fetting, fuch protuberances and in-
dentures have appeared to flide or move along the
wertical limbs, from the lower limb to the higher,
and there vanithing, fo as often to form a fegment of
the Sun’s upper limb apparently feparated from the
difk, for a fmall fpace of time.

11. At fun-rifing, I have often feen the like pro-
tuberances, indentures, and flices, above defcribed ;
but with this difference of motion, that at fun-rifing
they firft appear to rife in the Sun’s upper limb, and
flide or move downward to the lower limb ; or, which
is the fame thing, they always appear at the rifing and
fetting of the Sun, to keep in the fame parallels of
altitude, by the telefcope. This property has been
many times fo eafily difcernible, even by the naked
eye, that I have obferved the Sun’s upper limb to
thoot out towards right and left, and move down-
ward, forming the upper part of the difk an apparent
portion of a lefler fpheroid than the lower part at
rifing, and the contrary at fetting. Through the te-
lefcope, this has appeared more plain, in proportion
to the power of magnifying. ' ‘

Ooco 2 12, Thefe
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12. Thefe protuberances and indentures, fo eafily
meafurable by the micrometer, whilft the telefcopic
wires appeared ftrait, enabled me to conclude, that cer-
tain ftrata of the atmofphere, having different refraftive
powers, and lying horizontally acrofs the conical or
cycloidal fpace traced out by the rays, between the
eye and that part of the atmofphere firft teuched by
the rays, muft have been the canfe of fuch apparent
protuberances and indentures, in- an horizontal di-
re&ion, acrofs the Sun’s vertical limbs; and alfo, that
the bottoms of thofe protuberances and indentures
muft be confiderably enlarged; and removed, to ap-
pearance, farther from the center of the difk, than
they would have been, had there been no fuch ftrata
to refra&.

13. Before fun-rifing, when the Sun has beem-near
the tropic, and the fky, at the utmoft extent of the
horizon, hath appeared very clear, and when certain
fogs have appeared in ftrata placed alternately between
the hills, and over intervening rivers, vallies, &c. fo
as to admit a fight' of the rifing Sun over thofe fogs;
I have often obferved, with admiration, the moft di~
ftant trees and buthments, which at other times have
appeared fmall to the naked eye, but whilft the Sun
has been paffing along a little beneath the horizon,
obliquely under them, juft before fun-rifing, when
the Sun has been thus approaching towards and be-
neath any trees and buthments, they have grown ap-
parently very large to the naked eye, and alfo through
the telefcope ; and they have loft that apparent large-
nefs, as the Sun has been paft by them. Thus, a
few trees flanding together on rifing ground, at the
diftance of a few miles; have appeared to grow up

into
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into an apparent mountain. Such apparent moun-
tains formed from trees, put on all forms and fhapes,
as floping, perpendicular, overleaning; but foon re-
cover their natural appearance, when the Sun is paft
by them, or got above the horizon.

14. Mountains themfelves, at a diftance, fome-
times appear larger than at other times. Beafts and
cattle in- the midft of, and being furrounded with,
water, appear nearer to us, than when no water fur-
rounds them. Cattle, houfes, trees, all obje&s on
the fummit of a hill, when feen through a fog, and
at a proper diftance, appear enlarged. All bodies
admit of larger apparent magnitudes, when feen
through  fome mediums, than others.

But more particularly,

15. Ttook a cylindrical glafs veflel, about two feet
high, and having graduated its fides to inches, I
placed it upright on a table, with a piece of paper
under the bottom of the glafs, on which paper were:
drawn parallel right lines, at a proper diftance from
each other ; and having placed a fhilling at the bottom
of the veflel, it was nearly as low as the paper, Pour-
ing water into the vefle], and viewing the fhillin
through the medium of water, with one eye, whil
I beheld with the other eye, where the edges of the
fhilling were projected on the paper, asd its parallels,
I found the fhilling appear larger, at every additional
inch depth of the water; and this was the cafe, if
either eye was ufed; and the fame, when the eye was
removed far from the furface, or near to it, or'in any
pofition thereto.

16. I took large veffels, filled them with water,
placed different bodies at the bottoms of thofe vefiels.

It.
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It always followed, that the greater depth of the
water I looked through, in the direGtion from my
eye, to the objets in the water, the nearer thofe ob-
jects appeared to me. Thus light bodies appeared
more mellow and faint, and dark bodies rather better
defined, than out of the water, when they were not
deeply immerfed. And thus they appeared under
whatever direCtions or pofitions I viewed the bodies.

17. 1 placed different bodies in proper veffels of fair
water, and immerfed my face in the water; viewing
the bodies in and through the water, they all ap-
peared to me plain, when not too far from the eye,
and although a little hazy at the edges, they appeared
much enlarged, and always larger through a greater
depth of water. Thus, a fhilling appeared nearly as
large as half a crown;~with a red glowing arch on
that fide oppofite to the Sun, when the Sun fhined
on the water. From this experiment, I concluded,
that divers fee light objects not only larger, but very
diftin&tly in the water.

18. Thefe, and feveral other cirtumftances, being
confidered, they left me with but little doubt, whe-
ther the atmofphere refracts horizontally or not, as the
afore-mentioned protuberances in the Sun’s limb muft
have been wholly owing to fuch-a caufe, and the nearly
allied ftrata iffthe atmofphere. That the apparently
formed mountains of trees and bufhments at fun-
rifing, fo eafily comparable with other trees and bufh-
ments of equal magnitude at other times, but in their
affe@ted ftate as much larger, muft alfo be owing to
the fame caufe. ‘That feeing the nature and proper-
ties of thofe ftrata of horizontal vapours cannot differ

from each other, ‘as much as the whole quantity of
) medium,
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medium, through which a ray of light pafleth in
coming from the horizontal Sun, differs from the
whole quantity of medium, through which another
ray of light paffeth in coming from the veitical Sun;
and the latter experiment being fo confonant to the
manner in which the rays of light pafs, through the
medium of the atmofphere, into the eye; I therefore
concluded, that thefe were proofs, that obje&ts feen
through a medium of greater depth, or denfity, do
appear more large; and that therefore, not only the
Sun and Moon, but that all other objelts, feen at great
diftances, under an horizontal direction, do appear
larger to the naked eye, than objects of equal magni-
tude and diftance do appear, when feen under a ver-
tical direction. ,

19. Although the quantity of medium, with its
denfity, be here mentioned, as though it was the effi-
cient caufe of this effe, poffibly it may be fome
other caufe in the horizontal vapours, water, and
other mediums, which produceth effe@s nearly pro-
portionate to the difference arifing from a comparifon
of the quantity of medium, or denfity. Whether this
effe arifes from denfity or rarity, refle®ion, refrac-
tion, or infledtion, acceleration, retardation, or ab-
forbency of the rays, feems to me to deferve a proper
enquiry. What others may find to be the caufe of
thefe ph®nomena, I cannot determine; to me it has
{feemed moft natural, that the rays, under the aforegoing
circumflances, firft become obfiruéted, and many of
them wholly abforbed, the reft proceeding with a
retarded motion, are thereby firft more refle@ed, and
then lefs refracted through the humours of the eye;
and laftly, the image on the retina becomes hereby

enlarged.
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enlarged. In other words, certain accidents making
the rays more divergent than they otherwife would
be, at their entrance into the eye, feem to me to be
the caufe of thefe and other like appearances.

20. On any evening, when the fky is very clear and
ferene, and the Moon high, if the fky near the ho-
rizon, all around, be obferved, it will appear, to the
naked eye, more white and light than any other part,
except that part of the fky which is near to the Moon.
The like is obfervable, when the Moon doth not
thine. This feems to prove, that when the Moon’s
light has fallen promifcuoufly on the vapours of the
atmofphere, it 1s more copioufly refleCted from the
vapours near the horizon, than from thofe in a di-

- rection toward the zenith. And thus, it feems, they
muft, in proportion to the depth and denfity of the
one, compared with the depth and denfity of the
other. The fame feems to be confirmed, by the
burning of a candle, or other light, in a fog; for,
then, it appears to give a ftronger blaze of vaporous
light, within that certain fphere it illuminates, than
it doth in true permanent air, and yet the rays extend
farther in the latter cafe, than in the former.

21. When a number of candles, lamps, torches,
or other lights, are placed at equal ciftances from
each other, in a row a mile or two in length, and a
fpe@ator ftands at one end of the row, viewing thofe
lights, the nucleus of the neareft light will appear
whiteft and brighteft, and beft defined; but looking
onward to the reft, they will appear more and more
red, dull, and faint, the fartheft will not appear
largeft, nor the neareft, but fome intermediate one, -

at a certain diftance from the neareft, Hence there
is
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is 2 maximum of the apparent magnitude of the nu-
cleus, as feen by the naked eye,

22, Among the frxed flars, may be obferved a di-
verfity of colour and fplendour, fomewhat like that
diverfity, which is obfervable among thofe terreftrial,
lights. Some fixed ftars are more fharply defined
than others, fuch are generally white, and their vi-
bratory fcintillations more quick and fmart. Others,
which twinkle more flowly, are generally more red
and large. In the zenith, they appear almoft all of
them entirely free from twinkling; and in the hori-
zon, they are fo invelloped in vapours, as to be un-
difcernible; at their firft appearance after rifing, or
laft appearance before fetting, they twinkle more
flow. It feems, therefore, not only probable, that
the atmofphere is the caufe of their apparent fcintilla-
tions; but that, could the diftance of one fixed ftar be
obtained, the diftances of fome others might be eflayed
at, by analogy of their colours, and vibratory fcintil-
lations. Poflibly alfo, we may acquire fome know-
ledge of the nebulous ftars, from like confiderations.

23. For the reafons which have been communi-
cated, it has appeared to me, that the Sun and Moon,
and diftances of ftars near the horizon, do appear en-
larged to the naked eye; becaufe they then appear
nearer to us. That they then appear nearer to us,
and more faint; becaufe then their rays pafs through
a greater length of the atmofphere and horizontal va-
pours. That in {o pafling through a greater length of
the atmofphere and horizontal vapours, thofe rays are
fo refleGted, refracted, infleCted, attrated, refifted,
accelerated, or retarded, fo as to become more diver-
gent than they otherwife would, at their entrance into

Vou. LIL Ppp the
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the eye. That as a confequence hereof, that part of the
tky which is near the horizon, appears nearer to us than
that part near the zenith, That the apparent nearnefs
of the fky near the horizon, is always in a certain,
though variable proportion, to the ftate and proper-
ties of the horizontal vapours. That as objes appear
larger and nearer, when they are near the horizon,
than when they are near the zenith, fo they appear
larger through the medium of the atmofphere, than
they would through a {pace devoid of air. That the
alteration of the foci of optic glafles, in order to adapt
them for remote or near diftances, is chiefly de-
pendant on the fame caufe, as that which produces
the foregoing effects. That this caufe may be in-
veftigated by proper experiments and confiderations.
That herefrom, poffibly, the refiftance of the wther
beyond the regions of our atmofphere, and the pro-
portional diftances of the fixed ftars, may be effayed
at, with other matters of curiofity, import, and uti-
lity.

y24. The phznomena of nebulous and new ftars,
have engaged the attention of curious aftronomers ;
but none, that I know of, have given any realons for
the appearance of nebulous ftars. Poflibly, what has
been before advanced, may alfo be applicable, for in-
veftigating reafons for thofe ftrange appearances in the
remote parts of the univerfe.

From many inftances, which might be produced,
concerning the nature and properties of lights and il-
luminations on the Earth’s furface, concerning the
nature and properties of the Earth’s atmofphere, and
concerning the atmofpheres and illuminations of co-
mets, we may fafely conclude, that the atmofpheres

2 of
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of comets, and of our Earth, are more grofs in their
nature, than the =therial medium, which is generally
diffufed throughout our folar fyftem. Pofiibly a more
aqueous vapour in the one than in the other, makes
the difference.  Now, as the atmofpheres of comets
and planets, in our folar fyftem, are more grofs than
the zther, which is generally diffufed throughout our
folar fyftem, why may not the ztherial medium dif-
fufed throughout thofe other folar fyftems, (whofe
centers are their refpective fixed ftars) be more grofs
than the =therial medium diffufed throughout our
folar fyftem? This is, indeed, an hypothefis, but
fach an one as agiees exactly with nature. For thofe
nebulous ftars appear fo much like comets, both to
the naked eye and through telefcopes, that the one
cannot always, by any difference of their extraneous
light, be known from the other. v

Such orbs of grofs =ther, refleting light more co-
pioufly, or like the atmofpheres of comets, may help
us to judge of the magnitudes of the orbs illuminated
by thofe remote funs, when all other means feem to
fail.

The appearance of new ftars, and difappearance of
others, poflibly, may be occafioned by the interpofi-
tion of fuch an =therial medium, within their re-
{peive orbs, as either admits light to pafs freely, or
wholly abforbs it at certain times, whilft light is con-
ftantly purfuing its journey, through the vaft regions
of fpace.
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