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XXIX. Afpronomical Obfervations relating to the Moun-
tains of the Moon. By Mr. Herichel of Bath. Coms-
municated by Dr. Watfon, fun. of Bath, F. R. §.

Read May 11, 1%80.

A T the time when the telefcope was firft invented
this noble inftrument was immediately applied to
aftronomical obfervations with the moft furprifing fuc-
cefs. Several very eminent perfons have given us an ac-
count of their difcoveries; and, notwithftanding the im-
perfect ftate of telefcopes in thofe times, we ftill owe a
great deal of our knowledge of the heavenly bodies to
the obfervations that were made by thofe firft telefcopic
obfervers, who made amends for the deficiencies of their
inftruments by their uncommon diligence and attention.
It may, perhaps, be efteemed to be a mere matter of
curiofity to fearch after the height of the lunar moun-
tains. I grant that there are more neceflary and more
ufeful objeéts of inquiry in the {cience of aftronomy;
but when we confider that the knowledge of the con-
ftru&ion of the Moon leads us infenfibly to feveral con-
Vor. LXX. Xxx fequences,
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508  Mr. HERSCHELS Afronomical Obfervations
fequences, which might not appear at firft; fuch as the
great probability, not to fay almoft abfolute certainty, of
her being inhabited, we fhall foon agree, that thefe
refearches are far from being trifling.

My reafon for repeating obfervations that have been:
made by very good aftronomers was not that I doubted
either their veracity or diligence. The names of GALI-
LEO, HEVELIUS, KIRCHER, and feveral more, will always.
deferve to be mentioned with particular refpect for the
eminent fervices they have rendered to aftronomy; but
as we know that their inftruments were far from being
arrived to that degree of perfetion we have now ob-
tained, I thought it by no means improper or ufelefs to
repeat their obfervations. on the lunar mountains, and to
extend them to other parts of the Moon’ vifible hemi-
fphere, and thereby to eftablifh this theory on the
firmeft evidence of a furvey taken by a very excellent
inftrument.. ’

The method ufed by BEVELIUS and others to find the
height of a mountain in the Moon is this. Let a ray of
light sLm (fig. 1.) proceeding from the Sun, pafs by
the Moon at L, and touch the top of a mountain atM: then
the {pace between L and M will appear dark, and the top
of the mountain will be feen to ftand at fome diftance
from the illuminated part of the Moon’s ditk. With a

7 good



relating to the Mountains of the Moo, 509
good micrometer let the diftance LM be taken by obfer-
vation”. Draw Lc perpendicular to LM ; draw alfo mc
from the top of the lunar mountain to the center of the
Moon: then in the triangle mMLc, retangled at 1, we
have given the fide Lc, which is the Moon’s radius, and
the fide LM taken by obfervation. Therefore, by trigo-
nometry, we can find the hypothenufe mc’”, from
which, fubtrading the part pc or radius, there remains
the perpendicular height of the mountain Mmp. Ihave
followed the fame method, as being the leaft liable to
error.

GALILEO takes the diftance of the top of a lunar
mountain from the line that divides the illuminated part
of the difk from that which is in the fhade to be equal
to a 2oth part of the Moon’s diameter; but HEVELIUS
affirms, that it is only the 26th part of the fame. |

When we calculate from thence the height of fuch a
mountain it will be found, in Englifh meafure, according
to GALILEO, almoft I miles; and, according to HEVE=
LiUs, fomething more than 3; miles, admitting the
Moon’s diameter to be 2180 miles,

(a) I do not recolleét that HEVELIUs mentions in what mannet he took the
diftance LM ; but I am apt to believe it was by a micrometers
(4) VLSV +Lml* =mc.
XxX2 He
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He fays, in his Selenography,. p. 266. % Vera diftan-
¢ tia illuftratarum cufpidum, a confinio luminis et um-
% bree, preefertim tempore quadrature, invenitur, una
“ vigefima fextd parte, totius Lunee dimetientis con-
¢ ftare; quando nimirum f{unt remotiffime: quemad-
¢ modum hoc ex phafi trigefimd fecundi, monteque
¢ Apennino; ex phafi trigefima prima, monteque Di-
“ dyme; et trigefima phafi, monteque Tauro et Anti-
¢ tayro, manifeftifiime demonftratur.” = Having after-
wards mentioned that gaLiLEO makes the diftance Lm.to
be the 20th part of the Moon’s diameter, HEVELIUS pro=-
ceeds, ¢ Quamobrem, cum diftantiz a nobis defignate,
% paululum fint minores, idcirco et montes aliquantu-
¢ lum deprefliores inveniuntur, quam GALILZUS efti-
“ mavit: neque non tamen illi terrenis noftris montibus,
“ quoad altitudinem, non {olum zequiparari poflunt meri-
“ tifimo; fed et multo certe funt excelfiores, quam
“ noftri omnium maximi; prout confeftim, ex adje&to
¢ diagrammate patebit.” He gives us then his calcula-
tion according to German and Italian meafure; and hav-
ing found, in the manner above mentioned,, the hypo-
thenufe Mc, he adds: ¢ Semidiamcter Lune erit 1976
“ otav. part.  Siigitur haec a totd hypothenufa aufere-
¢ tur, reftabunt adhuc fex, hoc eft {ex oétave unius mil-

¢ liaris, vel tres quarte. unius milliaris Germanici, five
¢« tria
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¢ tria milliaria Italica: que eft vera, et genuina altitudo
¢ iftius montis.,” As a German mile in the time of HE-
VELIUS was a very uncertain meafure, we may fuppofe
that he meant geographical miles, 15 of which make a
degree of latitude. The obfervations of HEVELIUS have
always been held in great efteem; and this is moft pro-
bably the reafon why later aftronomers have not re-
peated them. M. DE LA LANDE, who is one of our moft
eminent modern aftronomers, agrees to the fentiments
above cited.

In his 4brégé & Aftronomie, p. 435. he fays, “ Je ter=
¢ minerai ce qui concernc la felenvgraphie, en difant un
¢ mot de la hauteur des montagnes de la lune, qui étoient
« quelquefois éclairées, quoiqu’ ¢€loignées de la ligne de
¢ Jumiére de la treiziéme partie du rayon de la Lune; de
¢ ]a on peut conclure que ces montagnes ont de hauteur
“la 3 38“"“e partie du rayon Lunaire, ou une lieue de
¢ France. He then gives us a particular calculation, and
the refultis: ¢ Avec ces données on trouve la hauteur de
% 2643 toifes, ceft a dire, plus d’une lieue commune.”.

He alfo mentions the opinion of GALILEO, and adds:
« Mais on doit préférer a cet égard les obfervations
«“ HEVELIUS, qui ont été plus répétées, plus-detaillées

¢ et plus exaltes.”
Mr,
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Mr. FERGUSON fays (Aftronomy explained, § 252.)
¢ Some of her mountains, by comparing their height
¢« with her diameter, are found to be three times higher
¢ than the higheft hills on our earth.”

KEILL, in his Aftronomical Lectures, has calculated
the height of St. Katherine’s hill, according to the obfer~
vations of rRiccIioLus, and finds it nine miles,

Before I report my own obfervations, it will be necef-
fary to explain by what method I have found the height
of a lunar mountain from obfervations that were made
when the Moon was not in her quadrature; for the me-
thod laid down by meverius will only do in that one
particular cafe: in all other pofitions the proje&tion of
the hills muft appear much fhorter than it really is. Let
sLM, or §/m (fig. 2.) be a line drawn from the Sun to
the mountain, touching the Moon at . or / and the
mountain at M or #2. Then, to an obferver at £ or ¢ the
lines L™, /7, will not appear of the {fame length, though
the mountains fhould be of an equal height; for Lm will
be projected into 0#, and /7 into oN.  But thefe are the
quantities that are taken by the micrometer when we
obferve a mountain to projeét from the line of illumi=
nation. From the obferved quantity oz, when the Moon
is not in her quadrature, to find LM we have the follow-

ing analogy. ‘The triangles ooL, 7ML, are fimilar;
therefore,
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LOXon
Lo

radius of the Moon, and L7, or oz, is the obferved
diftance of the mountain’s projection; and Lo is the fine
of the angle roL =oLs, which we may take to be the
diftance of the Sun from the Moon without any material
error, and which therefore we may find at any given
time from an ephemeris.

I will now give an account of my own obfervations
relating to the mountains in the Moon; but, perhaps, it
may not be amifs to mention the inftrument they were
made with, and a few of the circumftances, that it may
appear how far their accuracy may be depended upon.

The telefcope I ufed was a Newtonian refleétor of f{ix
feet eight inches focal length, to which a micrometer
was adapted confifting of two parallel hairs, one of
which was moveable by means of a fine fcrew. The
value of the parts thewn by the index was determined
by a trigonometrical obfervation of a known object at a
known diftance, and was verified by feveral trials. The
power Lalways ufed, except when another is mentioned,
was 222 times, alfo determined by experiment, which I
have often found to differ fomewhat from theory, on
account of fome little errors in the daza, hardly to be
avoided. ‘The moon having fufficient light, Iufed no

more

therefore, Lo: LO:: L7 : LM, Or

= LM; but Lo is the



514 Mr. HERSCHEL's Aftronomical Obfervations
more aperture of the obje¢t {peculum than four inches;
and, I believe, that for diftin¢tnefs of vifion this iudtru-
ment is perhaps equal to any that was ever made.

OBSERVATION S.

November 30, 17709, fix o'clock in the morning, a
rock, fituated near what HEvELIUS calls Lacus niger
major, was meafured to project 41”,56. To reduce this
quantity into miles, put & for the femi-diameter of the
Moon in feconds, as given by the Nautical Almanac at
the time of obfervation, and q_for the obferved quantity,
alfo in feconds and centefimals ; then it will be in general
R:1090::Q: 1—0%0—3*: on, in miles. ‘Thus it is found
that 417,56 is 46,79 miles, This diftance of the Sun
and Moon at the fame time was, by the Nautical Alma-
nac, about 93° 57/2. The fine of which to the radius 1
is .9985, &c. and = in this cafe, is LM = 46,85 miles,
Then, by HEVEL1Us’s method the perpendicular height
of the rock is found to be about one mile.

The fame morning, a great many rocks, fituated
about the middle of the difk, proje¢ted from 25”93 to
26”56. This gives 02 about 29,3 miles, and thefe rocks
are all lefs than half a mile high.

January



relating to the Mountains of the Moon. (343

January 13,1780, 7 oclock, I examined the moun~
tains in the Moon; but there was not one of them that
was fairly plated on level ground, which is a condition
very neceflary for an’exalt meafurement of the projec-
tion. If there fhould be a declivity on the Moon before
the mountains, or a tract of hills placed fo as to cafta
thadow on that part before them which would other-
wife be illuminated, it is plain that the projetion would
appear too large; and, on the contrary, fhould there be a
rifing ground before them, it would appear too little.

As far as 1 was able to judge of the direction of the
line of illumination, the higheft hill projected 25”31, or
30,36 miles: from thence we find, as before that the
perpendicular height is (.42 mile) lefs than half a
mile.

January 14, 11 o'clock, I took the projeétion of the
higheft mountain which was fituated at the Weftern
edge. It meafured 24", 68, or about 27 miles; and the
perpendicular height comes out lefs than half a mile.
There was not one mountain in the edge of the difk fo
high as this.

January 17, 7 o'clock, a very high mountain pro~
jected no lefs than 40,62 5. Its fituation is in the South-
eaft quadrant. The Moon’s femi-diameter, at the time of

VoL, LXX. Yyy obfervation,
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obfervation, by the Nautical Almanac, was 16’ 27,63

therefore, 2= 45,98 miles = 7.

$ o ’ o

Sun’s longitude at  7h. . . 9 27 39 ©
Moon’s longitude at 7 . . 2 2 46 52

Their neareft diftance, . . 4 5 7 52
or about 125° 8; the fine of whichis.8104: thence
we find LM 56,7 3 miles; and the perpendicular height
of the mountain is 1m. 47, or lefs than a mile and
a half.

January 22, 8h. 20¢/. the higheft mountain, fituated
near Snell or Petavius, projeted 117,437, which is
12/,34; and LM comes out to be 35,3 mile: threfore the
perpendicular height is ,57 mile,

Another, juft behind Mare Crifium, meafured only 77,
therefore is lefs than half a mile high.

January 235, 7h. 30’. in the morning, a mountain
near Ariftoteles meafured 187,59 which gives 20,6
miles; and Lwm is found 28,53 rnilés; the perpendicular
height is therefore only ,37 mile.

Other mountains about Mare Neétaris meafured about
23,53 but they had hills before them, and their fitua-
tion was not fo proper for my purpofe. However, it is

evident they were of no confiderable height.
I January
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January 28, 6 oclock in the morning, the higheft
mountain in the difk meafured 30”g937; the Moon’s
femi-diameter at that time 15’ 40”; and o7 therefore
equal 31,37 miles: but asthe Moon is within four hours
of her quadrature we may be affured that this mountain
is lefs than half a mile high.

February 19, Mons Sinopium projeéted 5”,7813
therefore 0z = 6,26 miles, and the quantity LM 56,54
miles; and confequently the height of this mountain,
which it feems proves to be a very high one, is not much
lefs than a mile and a half. However, my journal ob-
ferves, that the meafure was very full; therefore the
mountain in all probability does not exceed a mile and a
quarter. Moreover, I think that obfervations made fo
near the full or new Moon are lefs to be depended upon,
becaufe a fmall error in meafuring will produce a great
one in the height of a mountain.

From thefe obfervations I believe it is evident, that
the height of the lunar mountains in general is greatly
over-rated; and that, when we have excepted a few, the
generality do not exceed half a mile in their perpendi-
cular elevation. It is not fo eafy to find any certain
mountain exactly in the fame fituation it has been mea-
fured in before; therefore fome little difference muft be
expected in thefe meafures. Hitherto I have not had an

Yyya2 oppor-
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opportunity of particularly obferving the three moun-
tains mentioned by HEVELIUs; nor that which riccio=
LUs found to project a fixteenth part of the Moon’s dia-
meter. If KEILL had calculated the height of this laft
mentioned hill according to the theorem I have givem,
he would have found (fuppofing the obfervation to have
been made, as he fays, on the fourth day after new
Moon) that its perpendicular could not well be lefs than
between eleven and twelve miles.

I thall not fail to take the firft opportunity of obferv-
ing thefe four, and every other mountain of any emi-
nence; and if other perfons, who are furnifhed with
good telefcopes and micrometers, would take the quan=
tity of the projection of the lunar mountains, I make ne
doubt, but that we fhould be nearly as well acquainted
with their heights as we are with the elevation of our
own. One caution I would beg leave to mention to thofe
who may ufe the excellent 37 feet refractors of” Mr.
poLLoND. The admirable quantity of light, which on
moft occafions is {o defirable, will probably give tlie mea=
fure of the projeétion fomewhat larger than the true, if
not guarded againft by proper limitations: placed before
the object glafs. I have taken no notice of any allow-
ance to.be made for the refraction a ray of light muft

fuffer in pafling through the atmofphere of the Moom,
when
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when it illuminates the top of tlie mountain, wheres-
By its apparent height will be leflened, as we are too
little acquainted with that atmofphere to take it into
‘confideration: It is alfo to be obferved, that this would
equally affe¢t the conclufions of HEVELIUS, and there-
fore the.difference in our inferences would ftill remain -
the fame..

Bath, February 28, 1780.

Continuation of the fame objervations.

March 11y 1780, 7h. Promontorium Archerufia
projeted 177,187.. Itis very properly fituated for mea~
furing. By a proper deduction from the Moon’s {femi-
diameter, as given by the Nautical Almanac, at'thetime.
of obfervation, we find the quantity oz = 20.1 miles,
and LM 22,6 miles; from which itappears, that the per=
pendicular height of this mountain. is.a little lefs than a
quarter-of a mile.

Antitaurus, the mountain meafured by HEVEL1US was
badly fituated, becaufe Mount Mofchus and -its - neigh-
bouring hills caft a deep thadow;, which may be miftaken
for the natural convexity of the Moon. A good, .fully
But juft meafure, 25”,105; in miles 2g,27: thereforey

LMY
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LM 31,7 miles, and the perpendicular height not quite
half a mile.

7h. 45'. 1 was defirous of being very exaét in this
meafure, therefore I repeated it, I took two different ob-
fervations. A narrow meafure 217,562; quite full
enough 24”,062. Thefe meafures give the perpendicu-
lar height lefs than half a mile.

8h. I meafured Lipulus, 197063. It is alfo badly
fituated, though rather better than Antitaurus. I found
that the projection increafed, therefore concluded that
this was not the higheft part of the mountain, and
waited fome time when I meafured it again.

oh. Lipulus now projected 287,75,

roh. It meafured 287,75: this gives o7 = 33,64
miles. Diftance of Sun and Moon about 63°23/: there-
fore, LM 37,54 miles. From hence we find the perpen-
dicular height ,64 mile, or very near two-thirds of a
mile.

March 12,1780, 7h. One of the Apennine mountains,
Letween Lacus Trafimenus and Pontus Euxinus pro-
jected 44”,062. This gives us oz = 51,11 miles; and
LM = 52,9 miles: therefore the perpendicular height of
thefe mountains, which I know to be very high, comes

out to be 1; mile.
Mons
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Mons Armenia (near Taurus) projeéted 317406 =
36,43 miles; LM = 38 miles nearly, and the height
two-thirds of a mile.

Mons Leucopetra 347479 or 40 miles; LM = 41,4
miles, and the perpendicular height three quarters of a
mile.

There was a very fine fhade of a high rock near it,
which thewed the direétion of the illuminating ray, and
thereby aflifted me in meafuring to a great exactnefs;
but the mountain itfelf is not very favourably fituated.

March 16, 10h, 30. Mons Lacer projected 45,6253
but I am almoft certain that there are two very confiderable
cavities or places where the ground defcends below the
level of the convexity, juft before thefe mountains, {o
that thefe meafures muft of courfe be a good deal too
large : but fuppofing them to be juft, it follows, that o7
is 50,193 miles, LM = 64 miles, and the perpendicular
height above 14 miles.

Another of the fame mountains fituated on the bor-
ders of S. Sirbonis meafured 417,875. This ridge of
mountains is the fame of which I meafured one on
January the 17th, which was then found to be 1,47
miles high.

The
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The following additional Memoranda of the Manner in
which Mr. HERSCHEL made bis Qbfervations are taken
Jrom a Letter of bis to the rev. Dr. MASKELYNE, Afiro-
nomer Royal.

IN the fecond figure of my obfervations, the points
L, S, E, 7, are all fuppofed to be in one plane; and as the
illuminating ray sv is alfo in this plane, it follows, that
the line Lz (= on) will always be perpendicilar to the
right line which joins the cufps of the Moon /; and the
truth of the theorem there delivered depends upon this
circumftance.

For this reafon I have taken care in all my obferva-
tions to meafure the line, which in fig. 3. (taken from
your letter to Dr. waTsoN) is marked o7, parallel to the
line cp, or perpendicular to AB, and not the line 7 #, per-
pendicular to the elliptical curve a70B.

The manner of taking it is eafy enough: however, I
haveoccafionally ufed three different methods,and will de~

(¢) It is here fuppofed, that rays from the Sun s, and the eye of the obferver
£, to any part of the Moon L, may be taken for parallel ; and therefore, that
different planes, made by {everal feions of the Moon, according as the

point L is taken North or South of the diameter of the Moon, which is 3t
reftangles to the line joining the cufps, may alfo be taken to be parallel to that

diameter.,
fcribe
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fcribe them ally, which I fhould have done in the paper
delivered by Dr, waTsoN, had I not feared to be too par-
ticular.

The firft nfethod I ufed was to fet the immoveable
hair 45 (fig. 4.) of my micrometer parallel toa line aB,
joining the cufps of the Moon; then, by opening the
moveable parallel hair till it included the projection o0,
ntended to be taken, I marked that down as the meafure
of on. As this method required fome attention (that
part of the ellipfis of illumination avs which is the ver-
tex v of the lefler axis may ferve as a direction) and took
up fome time, on account of tne imall field of view ot
my telefcope, I ufed occafionally thefe two following
‘ways.

When there was any remarkable figure on the difk of
the Moon near the line of illumination, I put on a com-
pound eye-piece whofe magnified field of view is full
40°, and power about go times, fo that it takes in the
greateft part of the whole Moon; by this means I was
enabled to view the projection intended for meafuring
at the fame time with the reft of the Moon, and to fix
upon fome mark in the difk very near to its edge towards
which I judged the line 0# fhould be directed; then put-
ting on the eye-piece which carries the micrometer I

Vor. LXX. Zzz took
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took the diftance according to this judgment as well as I
could.

The third method T took was the following, which,
indeed, I look upon as the beft of all, and which'I there-
fore moft frequently put in practice. T took a view of
fome neighbouring fhades of rocks or mountains, if
there happened to be any near, and directed the meafure
of the micrometer by them, as they plainly pointed out
the direction of the illuminating ray; or, which is the
fame thing, indicated the line perpendicular to a line
joining the cufps.

Mons Leucopetra was meafured by this laft method,
which circumitance I have mentioned in my obferva~
tions of the 12th of March, where I faw the whole rock.
and its higheft point, as well as the whole fhade, and its
laft termination, upon very even ground, at the fame
time that I dire¢ted my micrometer in that line, to take
the projection o7, of the above mentioned mountain.

Sometimes I compared together a meafure taken in
the direction 07, and one taken in the direction 773 but
as moft of my obfervations were made upon mountains
not fituated near the cufps or limb of the Moon, I never
found fo much difference between thefe two meafures,
that it could have occafioned any very material error, if
I had intirely neglected it.

7 By
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By the nature of the ellipfis it will appear, that, when
we do not come too near the limb or cufps of the Moon,
a tangent drawn to a point in the curve of illumination
will feldom make with the fubtangent an angle that ex-
ceeds (or is fo much as) 26°; and in all {fuch cafes the
error that can arife from taking the line 77 inftead of
on will be lefs than the tenth part of the whole mea-
fure: but, if the angle the tangent makes with the {fub~
tangent is only about 18° the error will be lefs than a
goth-part; and all the meaﬁ]res I have taken, I believe,
will be found to be much within thefe laft-mentioned
limits, From this confideration it will appear, that if I
had not been aware of this circumftance, my obferva-
tions would ftill be fufficiently accurate to difprove the
ufually affigned great height of the lunar mountains;
but as I took all the precaution the fituation of each
mountain would afford, by ufing any one of the above
mentioned three methods, which fuited beft, I believe
there can hardly be a poflibility of any error that thould
amount to a 4oth part of the whole height of any
mountain I have meafured.

The figure aBcp (fig. 5.) contained by the diame-
ter AB, the arch cp, and the two curve ap, Bc, thews in
what portion of the Moon’s femi-difk we may fafely
meafure the line 77, inftead of o7, without being liable

Zzz2 to
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to {o great an error as one tenth part of the whole, and
the figure AB cd contains that part wherein the meafure
7 » being taken inftead of 07, the error will be lefs than
the 20th part of the whole meafure. In a portion fome-
thing more confined the error will foon vanith, fo that
the difference may be fafely negleted intirely. Thus
in the fpace ABxy the error cannot amount to a hun-
dredth part. Thefe figures may be conftructed by taking
the feveral points b, 4, », and c, ¢, ¥, 26°, 18° 8°, re-
fpeétively, from the vertex, the curves Ap, ad, Ay, BC,
B¢, BX, being the loci of thefe peints of the tangents
which touch the feveral ellipfes of illumination that may
be contained in the femi-difk of the Moon, when thefe
tangents make thofe feveral angles of 26°, 18°, 8°, with

their fubtangents.
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