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On the Theory of the Moon.

THE method pursued by Crairaut in the solution of this important problem
of Physical Astronomy, consists in the integration of the differential equations
furnished by the principles of dynamics, upon the hypothesis that in the
gravitation of the celestial bodies the force varies inversely as the square of
the distance, and in which the true longitude of the moon is the independent
variable ; the time is thus obtained in terms of the true longitude, and by the
reversion of series the longitude is afterwards obtained in terms of the time,
which is necessary for the purpose of forming astronomical tables. But while
on the one hand this method possesses the advantage, that the disturbing func-
tion can be developed with somewhat greater facility in terms of the true lon-
gitude of the moon than in terms of the mean longitude, yet on the other
hand, the differential equations in which the true longitude is the independent
variable are far more complicated than those in which the time is the inde-
pendent variable. The latter equations are used in the planetary theory; so
that the method of Crairaur has the additional inconvenience, that while the
lunar theory is a particular case of the problem of the three bodies, one system
of equations is used in this case, and another in the case of the planets.

The method of Crairaur has been adopted, however, by MaYEr, by Larrace,
and by M. Damoiseav. The last-mentioned author has arranged his results
with remarkable clearness, so that any part of his processes may be easily
verified by any one who does not shrink from this gigantic undertaking; and
the immense labour which this method requires, when all sensible quantities
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232 MR. LUBBOCK’S RESEARCHES

are retained, may be seen in his invaluable memoir. Mr. Brice BrRonwiIN has
recently communicated to the Somety a lunar theory, in which the same
method is adopted.

Having reflected much upon the dlfﬁcultles of this problem, I am led to
believe that the integration of the differential equations in which the time is
the independent variable, is at least as easy as the method hitherto, I think,
solely employed, and I now have the honour to submit to the Society a lunar
theory founded upon this integration, which is in fact merely an extension
of the equations given in my Researches in Physical Astronomy, already printed,
by embracing those terms which, in consequence of the magnitude of the
eccentricity of the moon’s orbit, are sensible; and the suppression of those,
on the other hand, which are insensible on account of the great distance of the
sun, the disturbing body. By means of the Table which I have given (Table II.),
the developments may all be effected at once with the greatest facility.

The first column contains the indices, which I have employed to distinguish
the inequalities. The numbers in the second column are the indices affixed
by M. Damoiseav, in the Mém. sur la Théor. de la Lune, p. 547. to the inequa-
tities of longitude.

* =t — — - = — — —
t*=nt—-nt x=cnt—w, s=nt—w, y=gnt—.

0{..10 2] |45 | 2¢t—32 42 | 73 | 2t —3x—=2
1130 2t} 22 146 | 2t 4+ 3« 43 (.. | 2t+3x+ =
21 1|« 23 |21 |22 4z 44 126 |32z —=
3{31]|2t—zt 24 153 2t—2x—x 451 .. | 2t—32+=2
4132 2¢t+=a 2515421422+ =2 46 .. | 2¢t+ 32—z
5116z § 26 |1 20| 22—z 47 | .. | 224 2=

6 |133|2t—=z 27 |51 | 2t—2zx 4= 48175 | 2t—22 — 22
7134 2t+=2 28152 | 2t+4+22—=z 49| .. | 2t+22 422
8| 2|2« 29 123 | v+ 22 50| .. |22 —2=z
913 |2t—20x 30 {59 | 2¢t—2—22 51 .. |2t—22+4 22
10 | 36| 2t + 2« 3l 1..|2t+a2+22 521 .. 1 2t+ 22 —2z
11 {19 x+= 321221 x—22 53| .. |2+ 3=

12 |41 | 2t —a — = 33|61 |2¢t—2422 54 .. | 2t—a2—3%
13 |42 | 2t+x+ = 34|60 |2t+ax— 22 55| .. | 2t4+a+ 32
14 118} z—=2 35|.. |3z 56 | .. |z —3z
15139 | 2t—242 36|.. |2t—-3z 57 { .. | 2t —x+ 3=
16 (40 | 2¢+ 2 —= 37| .. | 2t+3= 581 .. | 2t+2—3z
17 | 17 | 2= 38| 9|4a 59 | .. | 4= :

18 |43 [ 2¢— 22 39|67 |2t—4zx 60 | 2. | 2t —4z

19 |44 | 2¢ 422 40| .. | 2t+4x - 61 .. |2t+4z

20 | 4| 3% 41127 |32 +2 62| 3|2y

* Inconvenience arises from using the letter ¢ in this acceptation. I have done so in order to con-
form to the notation of M. Danmorskav. + Variation, t Evection, § Annual Equation.
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63137 |2t—2y 105 | 84 | t-+=2 146 | .... |y

64 |38 | 2¢4+ 2y 106 | 85 |t—2x 147 | .... | 2t —y

65| 5|x—2y 107 | 86 |¢t+2x 148 | .... | 2¢t+y

66| 6| x+2y 108 91 |¢t—ax—= 149 |.... | x—y

67 | 49 | 2t —x—2y 109 92 | t+x+2 150 | ....lz+y

68|47 | 2¢—a+ 2y 110 | 89 | t—ax+=2 151 {.... | 2t—x—y
69 |48 | 2t 4+ 2—2y ...l t+a—= 162 |....|2t—x+4y
70 | 50 | 2¢ 4z + 2y 12 |....| t—2z 153 |....| 2t+x—y
71]24 | z—2y 13 |....|t+22 154 | ....| 2t+a+y
72195 242y 114 |.... | t—2y 155 |....lz—y

73 |57 | 2t—2z—2y 15 j....| ¢t +2y 156 |.... |z +y

74 | 56 | 2¢t—z4+2y | 116 | 100 | 3¢ 157 | ... | 2t—z—y
75|55 | 2t4+2—2y 117 { 101 | 3t —=x 158 | ....|2t—=z++y

76 | 58 | 2t + z 4 2y 118 1 102 | 3¢+ = - 159 |....|2t4+2—y
771 7122—2y 119 | 103 | 3t —= 160 |.... | 2t+2+y
78| 8| 2x42y 120 { 104 | 3t+ = 161 |....| 22 ¥y

79 | 65 | 2t—22—2y 121 {....|3t—2x 162 |....|2x+y

80 |63 |2t=—2242y 122 |.... | 3t+ 2« 163 |....|2t—2ax —y
81|64 |2t+22—2y 123 |....|3t—x—= 164 |....|2t—2x+y
82 .. |2¢t+22+ 2y 124 ..., 3t+x+2 165 |....|2t+2x—y
8|.. |a+2z—2y 125 |....| 3t —x 4= 166 |....| 2t+2x+y
84| .. lo4+2+2y 126 |....| 3t+x—= 167 (oo | x+2—y

8 | .. |2t—x—2—2y 127 |....| 3t—2= 168 |....|x+2+y

86 |.. |2t—x—z4+ 2y 128 |....| 3t+ 2z 169 |....[|2t—ax—2—y
7. | 2t+a+2—-2y 129 |....| 3t—2y 170 |....| 2t —2—2+y
88| .. |2¢t+ax+2z+4+2y 130 |.... | 3¢t+2y 171 | .... | 2¢t+a+2—y
8 |.. |lz—2—2y 131 | 120 | 4¢ 172 |.... | 2t+ax+2+y
90| .. |x=2+4+2y 132 | 121 | 4t —x 173 {....|x—2—1¥

91 | .. | 2t~2a+2z—2y 133 | 122 | 4t + = 174 | ....|x—2+4Yy

92 .. |2t—x+ 2+ 2y 134 | 123 | 4t—2 176 | ... | 2t—x 42—y
9B |.. | 2t+x—2—2y 135 | 124 | 4t + =z 176 |.... | 2t—2x+2+y
94 | .. [2t+ax—2z+42y 136 | 125 | 4t—2« 177 {.... | 2t+x—2—y
95 | .. | 2z2—2y 137 | 126 | 4t + 2 178 | ....| 2t+ax—2z+Yy
96 | .. |22+ 2y 138 | 131 | 4t —2—2 179 |.... | 22—y

97 | .. |2t —22—2y 139 | |4t tx 42 180 |....| 224y

98 | .. | 2t—22+4 2y 140 | 129 |4t —x + = 181 | ....|2t—2z—y
99 | .. | 2¢t+22—2y 41 |.... |4t +x—2 182 |.... | 2t—2z241y
100 | .. | 2¢t+ 22+ 2y 142 {.... | 4¢t—2= 183 |....| 2t+ 22—y
101 | 80 | ¢* 143 |.... | 4¢t+ 2= 18 ....]2t+22z+y
102 | 81 | t—2 144 | 127 | 4¢ —2y 185 ... | t—y

103 |82 | t+= 145 |.... | 4t + 2y 186 [....] ¢t +y

104 { 83 | t —=

cos2tcos2t=.21— cos4t+ .é_

[131] (0]
cos2tcosx=é—cos 2t+ x) + —;— cos (— 2t + x)
[4] [—3]

Hence the multiplication of cos 2 ¢ by cos 2 ¢ produces the arguments 131
and 0, similarly the multiplication of cos x by cos 2# produces the arguments
4 and — 3; proceeding in this way the following Table was formed, by writing
down the indices instead of the arguments themselves.

* Parallactic inequality.
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TasrLe I.

Showing the arguments which result from the combination of the arguments 1, 2, 3, 4, 5,
6,7,8,9,10,11, 12,14, 17, 20, 35, 62, 101, 146 and 147, with the arguments 1, 2, 3, &c.
by addition and subtraction.

0 ]1 2 34|56 718 9 {10 |11}12 14.17 20 | 35 | 62 {101 [146 147’

1 131 41 132) 133} 7| 134/ 135/ 10| 136| 137 13§ 138/ 16| 19| 22| 37| 64| 116] 148 | ...... 1
0 3 20— 20 6 5— 5| 9 8— 8 12 1y 15 18| 21| 36| 63| 101 147 | 146

2 4 8 1 10j 11 16| 13} 20 3 22 23 6] 26| 29 38| 53| 66| 103 150 | 153 2
- 3 0] —=9— 114 |— 12— 15|— 2 |— 21|—~ 4/— 5 |— 24 5| 32|— 8| 56| 65 |—102 149 |—151

3 132 1] 136[ 131 15| 138 140 4 |...... 133 7 |eeeeen 6| 33| 10| 57| 68| 117 152 | ...... 3
- 2 9 0l— 8 12 |— 14/— 11} 21 21— 20, 24 5/ 27| 30| 39| 54| 67| 102| 151 [—149

4 133 | 10| 131} 137| 13 | 141} 139} 22| 132 ...... 25| 134 28| 31| 40| 551 70| 118] 154 | ...... 4
{ 2 1 8 0 16 11 14 3 20— 2/ 6 23 7| 34 91 581 69| 103 153 | 150

71 11 15| 13 17 1 19 23 271 25| 29 3l 21 35| 41| 59| 72| 105 156 | 159 5
51— 6|-14|— 12— 16| 0 - 18— 1/—26 |— 24|]— 28— 2 [~ 80|—32 |~ 5 |—44 [—17 | 71 |—104] 155 |—157

6 134 | 16| 138 141 1| 142] 131} 28 |......|.c.co. 4 1. 34 71 46| 19| 74| 119/ 158 | ...... 6
- 5| 12 14|— 11} 18 0]— 17| 24 26{— 23| 30 2l 3| 36 42| 60| 73| 104 157 |—155

7 135 | 13| 140] 139 19 | 131] 143 25 |......|.eeeee 31| 132 4| 37| 43| 61| 76| 120} 160 | ...... y
51 156 11— 14{ 1 17 0 27 23— 26/ 3 29 33 61 45| 18| 75| 105/ 159 | 156

8 10{ 20 4 22| 23 28/ 25| 38 1f...... 41 16) 44 | 47 78 | 107|162 | 165 8
- 9 2 |— 21— 3|26 |— 24 27| O|— 39— 1] 14 |— 42| 11| 50 77 |—106| 161 {—163

136 L 132] 27 |.eves | venen 1. 131 15 {...... 12| 51 ... cenee| 80| 121) 164 | ...... 9
9{-— 8| 21 |— 2(— 20] 24 |— 26/— 23] 39 0| 38| 42 |— 14 45| 48 {......|...... 79 | 106 163 | —161

10 137 | 22} 133...... 25 |oieei | oeen 40| 131}...... 43 | 141} 46| 49 |......|.....e 82| 122/ 166 | ...... 10
{ 8 4 20 2| 28 23] 26 1 38 0 16 411 13| 52 | ...l eenie 81| 107{ 165 | 162

11 13| 28 71 25| 29 41 31} 41 15| 43| 47 I 81 53 |.iiees]eeenes 84 | 109 168 | 171 11
- 12 5|— 24— 6| 2 |— 30|— 3|—14 [~ 42— 16] O |— 48] 17| M ... ... 83 |—108} 167 {—169

12 138 6 {..... 134 3 |...... 132] 16 {...... 410 1 4. 18] 15 {.fes 86 | 123 170 | ...... 12
~ 11| 24 |— 5{— 23 30 |— 2|— 29| 42 14— 41 48 0 9 54 |....l..... 85 | 108] 169 |—167

13 139 | 25 | 135]...... 31| 133)...... 43 | 140 ..... 49 | 131} 10| 55 |..iiifenns 88 | 1241172 | ...... 13
11 7 23 5 4 29 20 15 41— 14 1 47) 19| 16 |.ii] e 87 | 109/ 171 | 168

14 16 | 26 6 28 2 34 4 44 12t 46 8 18] 50 11 |..]eene 90 | 1114 174 | 177 14
— 15 |— 5 [~ 27— 732 |- 3— 33—11 |— 45|— 13|—17 — 9 0| 56 |.iieee]unnns 89 |—110} 173 |—175

15 140 (A 135 33 | 132|...... 13 |...... 139 19| 136] 1| 57 }...f.ee 92| 125/ 176 | ...... 15
- 141 27 5|— 26| 38 |— 32|— 2| 45 11/~ 44] 9 177 51| 12 ... ... 91 | 110] 175 |—173

16 141 | 28] 134/...... 4 ... 133 46 | 13§|...... 10| 1420 52 13 |....f.ee. 94} 126/ 178 | ...... 16
14 6 26— 5| 34 20 32} 12 44— 11} 18 8 1| 88 .t 93 | 111} 177 | 174

17 191 29 33 31 35 7l 37 47 511 49 53 150 11| 59 ..
{— 18 [—32 |{— 30| 34| 5 |— 36|— 6|—50 |— 48j— 52|—14 |~ 54/—56 0

1ol 12| B 6 o] 134] 52 o] 16 | oo 58| 1 (e o 92 | 127|182 | ...... 18
— 17| 30| 32|79 36 | = 5|— 35| 48| 50| 47| 54| 14| 12| 60 |in. sl oer | 12l st |79
143 | 81 | oo, 37

19 17| 83 29— 32 7

20 22 | 38 10]  40) 41
- 21 8 |— 39— 9 44

...... 9|.....| 136 45
21{.— 20 | 39 |8~ 38 42
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Tasie I. (Continued.)

0 1) 2 3 4 516 7 8 9 {10 |11 |12 |14 |17 |20{35| 62 |101|146 147‘
(R S T T ot oo i o Dol e o v o il ol o ol
CER T T vt o o vl Do ol Dol ot e vl Dot ol o 2
(R T [ ot e o vl vl D o ot ol O
73{ 7 e - o L
LR 1™ el st ivd st il iodonid ot sl vl il il €
(R R 11 R Y led iiod DD vl vl Dt Il Dl Bl o vl il
76{ g o TR el S e ) e
101 135} 105/-109—105] 10—104|—1o5 1og~106—107 108108 10| 11z || 1| 018 | } 101
102 308 oal—totl—tog| tog o [ o L e
1034 105 101 —ton 101 vy | s
104 305 108110109 132 | S e s faoa
1054 300 110l topl—11) ox| || L o | e
116{ ...... 118 e [ hennee 120] cevees | vaeeee 1220 ... ) ... 124 ...... 12§ 128} ... { ... | 130 | 131] ... {...... }116
101] 117} 103/ 102| 119 105 104] 121} 107, 106| 123 109 125/ 127} ... | ... | 129 1 ... | 186
7 gl den e e ass | S o g
LB 7 1 Dl DDl v oo vl B Bl oo ol ol S
R v vl st etnd oDl D vl [0 [l Dl ol Dol S
1204 “igs) 15| Eio] 116 ol o o el ot g Dol S5

1314 e 5] UV EOOUINRE I £ 1i1 TR IO 137} ceeeee fenieen 139 ...... 141) 148 ... | ... | 145 |...... [N PO 131
1 132 4 3| 134 7 6 136, 10 9 138 13| 140/ 142| ...} ... | 144 | 116 ... | 148

wse{ gl e el das o [ s e s e
L B 1 R e il Ioied Dol Do Do Do o v b
IR ! v Bl o) D o
LR S V1R ™ 10l et Do o Iind Pl il D o

146I 148) 150 152| 154f 156 158 160| 162 164] 166| 168 170; 174] 180 ...
1 —147{—149|—151|—153|—155—157|—159/— 161 163|—165|—167|—169|—173|—179| ...

147{ ...... | 1:%: (U OO 159...... | ...... 164} ...... } ...l 171} ...... 177, 183} ...

—146] 151] 149—150{ 157 155{—156{ 163 161}—162| 169| 167} 175] 181] ...




IN PHYSICAL ASTRONOMY. 237

TasiLe I.  (Continued.)
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TasLe I1.

Showing the arguments which, by their combination with the arguments 1, 2, 3, 4, 5, 6, 7 5
8,9, 10, 11, 12, 14, 17, 20, 35, 62, 101, 146, 147, produce the arguments, 12, 3, &c. in the
left hand column. This Table is formed from the preceding, by making the numbers
in the left hand column in that Table change places with the rest. A full stop is placed

after the figure where it does not occupy the same cell as in the preceding Table.
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Table I1. may be used in forming the developments required in the method
employed by MM. LarLace and Damoiseau; for this purpose it is only ne-
cessary to make ¢=2A" — A, instead of n¢ — nt

r=cN—w. . . cnt—w
g=cMN—w . .
andy=g\'—v . . . gnt—y

The notation throughout is the same as that used Phil. Trans. 1830, p. 328,
with the exception of the indices of the arguments.

In the elliptic movement ;

cnt — @,

1 31
a5r"5=l+5e9<l + 2—8-—e9) +5e(1 +-28~7e9)cosa:+ lOeQ(l + jg e )cos2x

+-l-§—5e9 cos3x + _74%5-4‘ cos4x

atr—% =143 4+ 4ecosz+ 7ecos 2

! 9
adr=8%=1 + %e%(l +—Z~e9)+3e(l + -g—e?) cos x + -2—~e2(1 + %eg)cos&z:

+%3e3cos3m +7—87-e4cos4w

2 3 5 2
a2r_2=l+—e2-(l +—:-z-eQ +2e(l +—§-e9) cos x +-—2fe9(l+i-5-eg)005293

13 , 103
+7f eScos3 x +—2—4-e"‘cos4a:

2 e? 9 4
ar=1 =1 +e(l —is)cosx+ eﬂ(l —-3—) cos2x + —8—e3cos3:c+ —59’008495

2 Q 3 4
_Z.=1 +e§—e(l —"igf)cosxm%(l—-%i cos2a:-?lgl cosSw—%costlx

r? 3e _e _e _ e _e 3 — € cosd
;=1+—2——2e(1 §>cosx 2(1 3 cos 2 x g cos3z — weosda

2 3 5 e3 et
£=]+3e9(l +_g-)—3e(l +§ecz)cosx—-_S—e*cos2:c+g—cos3x+ —gcoskix

7t 2
1=l+5e2—-4ecosa: + e?cos2 x

—= Ty

r
+7r,cos2t
+ erycos
+ ergcos (2t —x)
+er,co8 (2% 4+ )
+ ¢7,C08%
+ e,rgcos (2t —=z) + &ec. &c.,
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A =ni
4+ A co82i
+ eA,cO82
4+ er;cos (28 —1x)
+ earcos (2t + ) |
+ e, A, cosz &c. &e.

The quantities A correspond to the quantities  in M. DaMoisEaU’s notation.
s=ys8iny
+ ¥ sy 8in (2t —y)
+ ¥ sussin (2¢ +9)
+ ey sy, sin (z — ) & &e.

v =tans
R r'rycos (A —A) i
= e {r* — 27 r,co8 (X' — &) + 72}
1 ® _ 3 {27 r,cos (X' — 1)) -} 15 127 7, cos (7\‘-—-—)\,)-#}3
=m, —Tl Q—T“g 8 ,,.ls 48 r"l
1 r2_3_‘r‘kzr‘2 A — A+ 37":?7', _ .__5,.’ Tl }
”'"‘{_T+§Tf g oy A g s (A=) cos (A" — A,)°
—m _L__.{1+3cos(2x—2x,)_2sa}
‘ 7, 4rp

_ 81”_“;{3(1 —-432)cos(>\‘—-}~,)+5cos(3A‘-3A,)}
7

\ .. CoS b COS ., + cos _
T T,gin X=2a)=rr {cos9 3 sin (A= A) +sin®— 7 sin A+ 2, 2,,)}
2 e’ cos 3e e*\ cos
=¥aa cos‘z-w{(l——e—— )( 2— )smt——g_ ]——"é")sin (¢t —1x)
3 0! o
+5(1- ,,e%) (1 —)em )+ 5 e - eQ)( A GRE

e cos 125 , cos e? e cos v
3sm (t+3 )+384e4sm (t+4a:)+§(l+ 3)(1__’— sin (t—2z)

e’ cos cos 3 €2\ cos
o =39+ g B =4 = Sa (1 - ) e+
+2-ee095(t—ac+z)-—§~ee -—eQ €S (4 4 &+ z)
4 'sin 4 " sin
9 cos el e, cos . 3 cos
lﬁege,sm (t+2z+42) — ‘sm (t+3v.1c+z)——l—‘-5e‘2e,sin (t—2x +2)

* See Phil, Trans. 1830, p. 343.
MDCCCXXXI. 2K
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+aa,sin2‘§ {(1 -

7r2cos (A — A))?

= a%afcos* {
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_é e cos

e cos
et —sakn + o (1- —-e,)(l—-—)sm ~2)
3 3 cos
—gea(1- g )ime—a=n

+ee,(1 Se‘l)(l— e,)gfns(t+x—z)+ €S (4 + 22 —2)

ee sin

o (30 —9 + G —20—n) + I B —32 -

% 2 (1 —ep) (l———)gf'ns t—2z)-—-1—6eeﬁ:?:(t_x_2z)
+l36eeﬂsclons(t+m—2z) + e eﬁ::)ns(t+2x—2z)
+€Zege,9§:):( —2x—22)+2§:’;(t—3 ?) — e’ g:’tf(t—w-—Sz)
+5- sin o+ a— z)+;§z 44:?:( —43)

(‘ +9) (1= )R a2 - St et 20
"'?‘%Q:?rf(t’"x'"zz)+'63:19Qeﬁgos(t+2x+2z)+e62 S (t—2a+22)
+ei;:f:(t+3 )—eeé e (t—x+ 32 )+e42 S (t+a+32)
+128e‘4§?:(t+42)}

) 2y>—ﬁe§:’:<t+w—zy>+g::’;a-x-zy’)
Fpemmt—2e =2+ S+ 20—29) = Do P4 z-2y)
+Feagmttota—2y) = Seq Pt —atz—2y)
+%:ions(t—z_2?/) zee:g);(t+w—~z— y)+e:‘::):(t—x—z—2y)
g S el 1 0, 8,9

_%+ 32}"’2 2+{64 '%'*'—g*-l-i‘%g}(e’-i-ef)

Lol
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ISP S8 GRS UPSPOPIIY EAPIE T S PO
+{“2'+{ 2 4}(e+e’)+ L S S TR R

7.9 0 8 s s |
+{a+ﬁ+a}“+”}“f6

(2] [51*

3 3., 11, 3 9 9 ° _
+{-—.é.+{.4_i+r6}e+{—2—+.8-+_§}e,}ecos(2t x)
(31 [71]

{ +{5 et {____ 2- Z}eﬂ}ecos(2t+m)
[4] [6]

3 1,3 ,27,9 27,3 1_3}gg
Tl s T T Tttt T e T T e e 2s
(81 [17]
9 1,11,
+{—8—+ +{-5+n

1
8
+ {—_ —_— = === e,2}69cos(2t-2_x)
‘ (91 [19]

.,.{_% _3_9_3_ 9} e}eacos(2t+2x)
[10] [18]

3 91 et Lo
+ 33 + Z)72-}(e +e,)}ee,cos(x+z)
[11]
* The coefficient of argument 5 being the same, e and e, changing places, that coefficient is not
written down, in order to avoid useless repetition.
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3 3,3 1,11,
"4‘+{’8'+§+3'§+§§}e

+
—P—
|
oo
|

15 27 | 27
+{—6+ﬁ5+ +330¢ }-ée‘,cos(2t——x——z)
[12] (13]
+19 4,1 3 _3 {-i_i 9 . 3,5
{4"'4 777 s 6 T tst
3 9 3
+§'2'—§Q_§§ - (e9+e,9)}ee,cos(:c—z)
(14]
9.9 _9_9 eecos (2t —x 42
,+{4+4+{ 8§88 32 32}(@"'6”}‘ )
o [15]
1 1 5 9
+{T+T+{—T6—3’2'"T'_ }(e'“‘g)}“.’s(m”—z)
[16]
1 1 9 1
+{'3—+§71 l_6+ig}e003330
[20] [85]
1 3
+{2—4 —E}escos(Qt—-Sx)
[21] [37]
1 3
+{_3- —3} e3cos (2t + 3 x)
[22] [36]
9 1 9 3 3
R R TR R B S L LI
[23] [29]
. 1 9 1
+ {ﬁ)‘ +.8_+-1_6.}e9e,cos(2t—-2:c—z)
[24] [31]
+{_,126_,_—-.g e*ecos (2t 4+ 22 + ?)
[25] [30]
3,8 _ 3,9 _ 9 1 _
+{_T3+ﬁ §+§ Tg+-1E}e9e,cos(2a: z)
N [26] [32]
-3 _ 21 _ 31, —
+{ 6= 78 16}ee,cos(2t 2x+ )
[27] [33]
3 1 31 —
+{i.6+~8.+_l.é}ee,cos(2t+2x %)
[28] [34]
12,08 _ 1131,
3 T 128 §+E+6—4}e°084x

(38] [59]
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1 3 11, _
+{WS+W8- TE}ecoz-;(Qt 4x)

[39] [61]
125 | 1 4
+{l28 384+5-}e cos (2t + 4 x)
[40] [60]
_ 1 27 9 .1 _3 _ 11, ;
+{ '§ +_+ 3-2+_6‘ 33 16}ecos(3;«,+z)
o [41] [53]
_____ 3 —3x— :
+{48, 39 + }e ecos (2t —3x—=2)
[42) [55]
1 9 9 1 :
+{..._2_ 33 "33 _2—}e3e,cos(2t+3x+z)
[43] [54]
1 1 9 2 1 1
+{_Tﬁ + T3 33 +_7_ +§§+Z§}e3e‘cos(3x—z)
[44] [56]
+{_.__}_+2_+_9——_l—}e9ecos(2t—3x+z)
16 32 32 16/
) [45] [67]
+{,1_+_?’_+‘§_+L}e‘lecos(2t+3x-—z)
6 32 326 !
[46] [58]
[3 ,3_3_9 9 13 9 9\ e 2 9
27 1 “
— —_— 2
+{32 61T 33 +64 32}e9eﬁcos(2t 2x+22)
[48]
9 3 1 27
+{§§+6‘—4‘+§§+ 7+ 33 etefcos (2t + 22 +2%)
[49]
1 _9 3 3,38 _9 9_£}g9 20— 9
+{M fa- 3z s teater 3 Tig sz s e
[50]
+{ 32+ +32}e2eﬁcos(2t—2x+2z)
[51)
1.9 03 409 0 31 epocos(2t+2z—2
+h2+@+32+m+sﬁe“w“ 2e=2)
[52]
4 a?agsin® é_wse,zi{{l + {... 1_5’_ _._i.}ea_l_-{__‘] +_Z- + -‘li-}eﬁ}cOSZy
(62]

+{1 + {-—-l+%‘+~l—}e“+ {—1—%—%}319}c0s(2t—2y)
(63]
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3 3 s 1,1
+{—é.—é_}ecos(x—2y)+{—2-+§}ecos(w+2y)

[65] [66]
+{—«—--— ecos (2t —x—2y)
(67]
3 1 3,11~
+{-—--2—+~§-}ecos(2t+ac-—2y)+{—§+—2—}e,COS(z—2y)
[69] [71]
+{~-_- ecos(z+2y) + {%+—;—}e,cos(2t—z—2y)
[72] 73]
3 3 1 9 1
+{—_2_—_2—}e,cos(2t+z—2y)+ {-S—+—Z+—B—}e9cos(2w——2 )
[75] - [77]
+{3 l }eecoq(2x+2y)
(78]
3 ‘
+{8 ? 8}egcos(2t-—2ac 2y)+{8 I é—}eicos(2t+2x-—«2y)
[79] (s1]
9 9 3 3
H{F+i-F-TeamGra-2
(83]
1 1 3
_;.{_‘_1__;._4_.__w T eecos (x4 2+ 29)
[84]
1 3 1 3
+{T—T+T—_4_ eecos (2t —x—3—2y)
. [85]
9 3 9 3
+{Z_T+_4_—_Z_}ee,cos(2t+x+z+2y)
(87]
+{.—.~“Z_——_i_+%+ %}ee,cos(a:——z—?y)
(89]
+{—_iL—.§"_+711—+%}ee,cos(w-—z+2y)
[90]
9 3
‘+{_—+7f —4— }eelcos(2t—x+z—2y
- [o1]
3 1 —9
+ ..._Z+_4__ 4 eecos (2t x—2—2y

(93]



IN PHYSICAL ASTRONOMY. 253

3 3 ‘ 3 1
+ {—T + -8—}eﬁcos(2z-—2y) + {— 71—+ _s—}eﬁcos(2z+2y)

[95] [96]
1, 3 9 1
+ {T+ _8_} efcos(2t—2z—2y) + {T +‘§‘} ecos(2t+2z—2y)
[97] [99]
e f1 1 _ }
+ atagsin 5 {.-2_ + - cos 2t—2y)
[63]
7272003 (A' — A)2 )

= a%ap cost -32—{-%— + -i'— (¢ +ep) + %—e“‘eﬂ + {-%— - '751.’ (e¢+ed

23 . . 4 25 } {_ e 3 2}
+:_3—é(e +e,)+-8-e9eﬁ cos 2t 4 1+ g 2e, ecos x

[ (2] (5]
_,_{_ -%%+——e, }ecos(2t—x)+{2 e“—»—i-e, }elcos(2t+x)
(81 [7] (41163
+{_7]f +%§eﬁ—-—g—eﬁ}eﬁcos2x
(81 [17]
+{.—-—---e, }egcos(2t—2x)+{-——-e "‘251“" }ecos(2t+2x)
(9] [19] (101 18]
+{1_%(e%+eﬁ)}ee,cos(x+z)
my
+{ 3 e‘2+67 }ee,cos(Zt-x-—z)
[12] (18]
+{l -—(elgﬁ'fl}ee,cos(x-—z)
[14]
+{_g_.___(e9+eﬁ)}ee,cos(2t-$+z)
[15]
+{-—-———(ee+e‘sz)}ee,cos(2t+x-z)—- —é—cos3ac
[16 [20] [35]
ig cos(2t—3x)+2—5—f-scos(2t+3x)+iﬁcos(2z+z)

[2171(87] [22] [36] [23] [29]
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+ %—e@e,cos(?t—2w—z) — ?_gege,cos Qt+2x+2)+ %e—’cos 2z —2)
[24] [31] [25] [30] [26] [32]
- %eqe,cos(2t~2x+z) +e—;ﬂcos 2t+2x —2)
[27] [33] (28] [34]
et et 9 e
- Técos4x——§§cos 2t—4x) + Ee“coss 2t+4x) + _§Lcos Bxz+2)
[38][59]  [39] [61] [40] [60] [41] (53]
7 2 25 00 2¢t+3
rid e, cos ( t—3:c—z)-—T6e ecos (2t +3x 4 2)
[42] [55] [43] [54]
+ %-elcos(3x—z) + l%e"e,cos @2t—3x+2) + %%e”e,cds(2t+3x——z)
(44] [56] [45] [57] [46] [58]
+ ?:—gicos(2w+2z) +_3_e9eﬂcos(2t—2x-—2z)
[47] (48]
+ %—eQe,cos(2t+2x+ 22) + Esl_gfcos (22 —22)
9] [50]
+ %‘ie‘ieﬁcos(2t—2x +22) + Egzejcos 2t+2x—22)
[51] [52]
+ a’a,“cos‘zé-sin‘).;_{ {l - % 2 4 .g_eﬁ} cos2y + {] +_:_;’. eﬁ——g—eﬁ}cos (2t —2y)
(621 - ' [63]
—3ecos (x —2y) + ecos (x+ 2y) — ecos (2¢ —x —2y)
[65] [66] [67]
—ecos (2t +x—2y) —ecos(z—2y) — e, cos (2 + 2y)
(69] (71] (72]
+ ¢cos (2t —z—2y) —3ecos (2t 4 z— 2y)
(73] [757

+ %e‘*cos (22 —2y) + e*cos (22 + 2y)
[77] - [78]

—_— %icos(2t~2xé2y) — %acbs(Zt-}- 2z —2y)
[79] Y
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-+ 3eecos(x+2—2y) — eecos (x+ 2+ 2y)

[83] [84]
—eecos(2t—a—z—2y) + 3eecos (2t x + 2 — 2y)
[85] (87]
+ 3eecos (x —2—2y) — ee,cos (x — 23+ 27)
[89] [90]
+3eecos (2t —x 42 —2y) —eecos (2t+ 2 —z—2y)
[91] (93]
3 2 5 2
—- 5 cos(2z—2y)—-._8..e, cos (22 4+ 2y)
[95] [961
+‘r’—g‘fcos(2t—2z-—2y)+%eﬁcos(2t+2z-—2y)}
[97] [99]

+ aﬁaﬁsin“.;_{l + _‘]z.cos (2t—2y)}

2
[68]
P __a)l 3 o8 4.9 0,0 Eé_{__ff E’_Q}
27‘3_a—ﬁ{_2_.+—4-e+—4—e,+8ee,+16e, el 8+2e, cos
(2]
__e,{1+—_e2+——e,}cosz——{l +3e‘ cos2zx
(5] (8]
3 e 9 Q}
_._2-ee,{1-—.84+—8 ¢? ¢ cos (x + 2)
(1]
_ 3 _ e 9 g} -
?ee!{l §+—8—e, cos (x — 2)
[14]
9 7 3 e’ 3
+.Z-e,l{1 + geﬁ+ —2—-e2}cos2z-—— §—cos3a(:—.?3«353e,cos(2:4¢+z)
[17] [20] (23}
3 g0 2 I eep os (¢ +22) — 9ee%os(.;u—-—Qz)
-——g—ee,cos(..x—-z)-—zee,c x T
[26] [29] (32]
53 . _ e _3é¢
+—l—6e, cos3 z 120034x 16 cos (32 +2)

[35] [38] [41]
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- -1§6— €% ¢;Cos (3 & = %) - nge"zeﬁcos 22+ 22) — ..g_ege,cos 2x—22)

16
[44] [47] [50]
—_ %%eelﬂcos (x4 32)— ?6 eelcos (z — 32) + s e/ $cosdz
[53] [56] [59]
Terms in R multiplied by — ——cos - “_3

1 3 9 105
=*{_2.+Z(e9+eﬁ)+_8_e9eﬁ} {l+5e, +_8_e, }

(0]
135 5
O RtTay SR

e s e Bon) (s ]
N oy

5,25
+ {.é—+-;l~}e,4}cos2t

(1]
+ {_1+§—-% e —be?+ %eﬁ—i—%eﬁ}ecosw
(2]

38 13,15 Q_E ___lég 2 } 2¢—
+{ _2.+1_6e -}-Z e + e, ecos ( x)

2 4
(3]

+{2 ] ze‘e+_ela+_—e, —l—fe, }ecos(2t+a:)
[4]

e,2+ 135 2—-5— eﬁ—~5e,2}e,cosz

+{-1+%-
5 5
(51

3 _p5eaq 9 10,
z € 5c,+-2—+4e+

5 25 25
e s by ST

2
8 K

]35e9—]—§-eﬁ}e‘cos(2t—z)

"'”372" 2
(6]

#* This multiplication of 7272 cos (A" = A,)2 by r? may be effected at once by means of Table II.
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15 15 25 135 5
+{-— 16‘ eg e’ +-———-—§e2 Q+ e,9+ e,Q+—2—e,9}e,cos(2t+z)
1 ,e 3, 5 ,, 5 ,. 5 . 7]
+{_T+ﬁ—§e‘ -—Z—e, +—8—e, +-§-e,9}e cos2 x
(8]
+{_5~———e,9+—- 9+-2—§e, —Zée, e?cos (2t —2x)
9]
+{._.—-—-—e9—_e,9+——e,2+——e, —125-e, }egcos(2t+2:c)
[10]
e _ef s b b 15 , 135 5e, }
+{1 g §+5e, '2‘+W 6 G e+ L+ 5¢e2peecos (x4 ?)
57 15 15 15 75 (i
te? -T2 2
+{ T4 T2 T g +328+8
405 o -3 418, 57 , 15 4 2
32e,2+—-e, }ee,cos(Zt x — ) +{ 5 16’ +16 5 +
(12]
__g,g_e% e,2+13325 19+.- 9+——e, }ee,cos(2t+a:+ )
[13]
+{1_983_ L4be 9+5e’ g+%e9—%ﬁeﬁ Eéeﬁ+.’)e,}ee,cos(x—z)
39 45 15, 65 75 405 ()
9 39 65 o 75, 405 ,
+{7 60 TT6% T Tt g g
—78;58‘2_155-6‘ }ee,cos(2t—éc+z)
[15]
1 19 5 95, 25 135 15 .
+{_%_T%ezz ]6319_1___8’ ._e;z_|____?E ot t gy ,—?e,ﬂ}ee,c05(2t+x-—-z)
[16]
1 ,¢* 3 5 5oy 5o 185 135,05 005
+{—Z+’1’”2_§eg"fe‘g_7+ﬁ R TS T
eg-l- 19 2+155 et — 1146531}@%0522
[17]
5 5 25 25
+{_;—-—-%-elg—-§—eg+—-—e,2+12oeﬂ+5 gg 9 __ 2 eg+§_ 2+,_2_ __e‘z ‘4_9'92

12515 e? —4;—5e efcos (2t —2%)
[18]

2L2
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5 25, ?_59_]5 65,0, 75 0 40‘)9 e? -2 Q;z_ég
+{"4‘ gt IY T TR TE T S LR et T
+]2545 ,Q+1—4—6- 2}eﬁcos(?t+22)
(19]
-2 A - 25 s { L __5_} o
8cos3x 15 ¢ cos (2¢ 3m)+21—8e cos (2t 4+ 3x) + 7738 ee,cos(2;c+‘z).
[20] [21] [22] [23]

+ {% +28§}e9e,cos(2t—2x—z)—- {—%+ _Z_} eee,cos(2t+2.i+z)
[24] [25]

+ {-;— ——} e?ecos (2x — =) + {—~+25}e9e,cos(2t—2x+ 2)

[26] [27]
’+{l_+§—}e2ecos(2t+2x;-z)+ {i+,5.—5}ee2cos(x+2z)
2 4 ! 4 2 !
[28] [29]
+{_%_%—E}eeﬂcos(2t—x—2z)
[30]
+ { 5 _E+ 5} ee?cos (2t4 2 +22) + {% +-§—5}eeﬁcos(w—-—2z)
[31] [32]
+ {—-—— + = }Zé}eeﬁcos(Zt—x+2.z) + {%-+%+ g—}eeﬁcos(2t+x—-2z)
[33] [34]
~}-{—-_;3.—_g——5+1112 eﬂcos3z+{ + + +lilé e’cos (2t — 37)
[35] [36]
+{~Z7§+25 +1-54—5- elcos (2t + 32)
[37]
_%cos4m—‘s_coq(2t-—4x)+—e4cos(2t+4x)
(38] (391 [40]
+{—1— e“ecos(3x+z)+{ _3 elecos (2t —3a—2)
8 16 ! 48 06 !
[41] [42]
+{ 125 eBe,cos(Qt—Sx—z)+{————— elecos (3x — )

[43] [44]
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o+ {_7_ 35 eSecos (2t —3x + 2)

16 96
[45]
+{ R+ e caco@use—a + {5 e @t 29
[46] [47]
5 ,25 25 5 15 5
+{Z+§+Z}e9eﬁcos(2t—2gc—22)+{Z———a—+_2—}ege,9cos(2t+2x+2z)
[48] [49]
1 oo 25 ‘
+{i€+ .~}e cos(2x—-~z)+{__—"~+ }ege,lcos(2t—2x+2z)
51]
+ { 5 + + 5 }e“’eﬂcos 2t+2x—22) + { 5 + +5— g}eeﬁcoscc+3~)
[52] [53]
+{ ————— 435}ee, cos (2¢— x — 337)
[54]
7 .25 15 145
+{_Z§+§.—2+32 ee’cos (2t 4 x 4 32)
[55]
145 45 435
+{8+ +5 16 ee? cos (x z)+{16 .8_+_2_ 35 [ Scos (28— x + 32)
[56] [57]
25, 5 _ 145 s 1 5 5 145 745
Z§+7f+ —3 eefcos (2t 4 x —32) — { ﬁ-l—g—z—ﬁ—-{-% ¢tcosdz
(58] ; [59]
125 145 | 745
+{16 + +192 eftcos (2t —4xz)
(60]
1 35,25 435 7457 .
+{_32 96+4 +]92 etcos (2¢+4z)
(61]

3 [ t a®
Terms in R multiplied by — 5-sin® 5 cos® o —

|
={l - —ge2+—:‘)’2—e“l+ 5e2— —g—eﬁ—%eﬁ}COSZy
[62]
3 5 5 15 )
+ {l + _2—eQ—-2—e,2+5e,9+ feﬁ——ieﬂ}cos 2t—2y)
(631
—3ecos (x—2y) + ecos (x + 2y) — ecos (2¢£ — ax —2y) =~ecos (2¢+ x —2y)
[65] [66] [67] [69]



260 MR. LUBBOCK’S RESEARCHES
5 5
+ {— i +§}e‘cos(z—2y)+ {-— 1 +§}e,cos =+2y) + {1 + %}e,cos 2t—z2—2y)
[71] [72] [73]

+ {-—3 + —g—} ecos(2t4+2z—2y) + _g_egcos(2x—29) + e2cos (2z + 2y)
[75] [771 [78]

~%icos(2t—2x—-2y)—%%cos(2t+2a:—2y)
[79] [81]
15 ' 5
+ {3——2—}ee,cos(x+z—2y)+ {— 1 +_2_}ee,cos(x+z+2y)
[83] [84]
+ {-—-l——%}ee,cos(2t—w—-z—-2y)
(85]

+{3——%}ee,cos(2t+x+z—2y) +{3—-12£} eecos (2t —z—29)

[87] [89]
+{ %}ee,cos(x—-z+2y)+{3-—.‘;l}ee,cos(2t—-x+z—-2y)
[90] [91]
5 3 5 o
+{ _2_}ee,cos(2t+x—z-—2y) +{——8——_2-+5}c,‘cos(2z——2y)
[93] [95]
+{_%-—_‘;—+5}eﬁcos(22+2y)+ {—g—+%+5}e,2cos(2i—2z—2y)
[96] [971
+{]_82—~1725—+5}e,‘2cos(2t+2z——2y)
[99]
a?
2 @}
9 1 5 5 ,,23,,13
=§— 2+-—6ﬁ+ e, +—é—e‘2€;2+{'§_zeg Z‘el”+§§e4+32344 + y ege/ }COSQt
(1]
+{ —ae,}ecosx+{——+.—e2+—e,}ecos(zt—x)
(2] (3]
+{1 e,}ecos(2t+x)+{3 ——e‘3+.2_2e‘}e,cosz

[4] (51
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+ {2__3_§ € — 1233: ecos (2t —z)

32
(6]
1 5 1 2
+ {—T+§—e2+e,2}e,cos(2t+ 2) + {— T+i—2——% eﬁ}e%ost
(7] (8]
+ { 5 —r A }chos(Zt-—Zm) + {_% ——-i—eg-—ji— eﬁ} ecos (214 2 w)
[9] [10]
3 27 21 1 6
+{——2—+r— 1—Ee,}ee,cos(ac+zf.)-i-{ ——+9 e+ 3329e,}ee,cos(2t—x-z)
(1] [12]
1,19 e? ) 3,3 27
-|-{-—_4_+§§e"3+§‘§ ee,cos~(2t+w+z)+{-—§—+ﬁse‘*’ 66 }ee,cos(w—z)
[13] [14]
3 _13 3 1
+ {_4. -—:_ﬁeﬂ 5 ee}ee,cos(Zt—-x+z) + {- —--—3-":)’ e? 13223 eecos (2t + ¢ — 2}
[15] [16]
9 17 85 115
+ { s e, }eﬂcos2z + {—zlz—-geﬁ——lé- eﬁ} e, cos (2t——2z)*-—-~‘§ cos3 «
[18] {201
— a%escos (2t —3x) +——e3cos‘(2t+3w) —-—g-ege,cos @Qz+2) ‘
[21] [22] [23]
+%ée?e,cos(2t—2x—z)—%f-’cos(2t+2ac+z)——g-e‘le,cos@x-—z)
[24] [25] [26]
—%eQe,cos(Zt—2w+z)+%e2e,cos(2t+2m—z)
(27] (28]
__%eeﬁcos(x+Zz)—%eeﬁcos(2t—w—2z)
[29] [30]
9 eep (x—2z)+l7ee2(-os(2t 2
— g eeteos zee’e 4+ 2 —23)
[32] (34]
53 845 s " ee |
+._6e, cos 33 + —g-e, cos (2t=32) + cos(2t+3z)-—-cos4a:—§2cos(2t-4x)
[35] [36] [871 [38] {89]

* It is remarkable that the coefficient of argument 19 equals zero.
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+ e4cos(2t+4x)—- .—e3e,cos(3:c+z)

[40] [41]
—%%e"e,cos(2t+3x—z) _ g%eSe‘cos(Zt-—Sx—-z)—— 368 ecos (3 — )
[42] [43] [44]
7 r) 75 9 20 2
+96e’e,cos( t—3x+2) +—_e3e,cos 2t+3x—2) —16¢4 cos (2x + 2z)
[45] [46] [47]
85 , . 9 o,e o 17 2 g0 g
+ 3¢ cos (2t —2x—22) — 6 €4 cos (2x —2%z) +—4-e e?cos (2t + 22— 22)
[48] [50] (52]
—-?% ee,scos(:c+3z)—-%eeﬁ‘cos@t x—32) + eeé cos (2t +x—32)
(53] [54] [55]

53
—f;.gee,scos(w-3z) —":;’ cos (2t —x + 3 %) --9—6ee, cos (2t + 2 —3%)

(56] [57] [58]
—27)8336‘4‘:0542"'-;‘5‘344“05(2""42)-—7——1@ cos (2¢ + 4%)
T[] [60] [61]

2

3 a?

3 i .
Terms in R multiplied by — ——Smg—Q-cosgg—— or— = sin® PH

...{1 ———-e9+%e, }COS2J+ {1 +_~e9-— -z-e, }cos(Zt—2y)—3ecos(m—2y)
[62] [63] [65]

+ ecos (4 27) —ecos (2t — x—2y) —ecos (2¢ + »—2y) + ’3’8‘ cos (z—2y) + g—e,cos (z+2y)
[66] [67] [69] [71] [72]

+ %e,cos(2t—z—2y)— i cos (2t 43 —2y) + ——egcos(2x— 2y) +e2cos (2x 4+ 2y)
[73] [75] (7] 78]

—-‘%cos(Qt—2m—2y)—gz-cos(2t+2m—2y)—-g eecos (@ +2—2Y)
(791 (81] [83]

+ —g—eqcos(w+z+2y) — lee,cos(Zt—x—z—-2y) +ee‘cos(2t+x+z—2y)
[84] [85] [87]
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——gé-ee,cos(x—z—2y)+—-‘2—ee,cos(x—-z+2y) +f-2€‘cos(2t-x+z-—2y)

[89] [90] 913
7 17 15
——Eee,cos(2t+x—-z—-2y) +—geﬁcos(2z-——2y) + _S—eﬁcos(2z+2y)
[93] [95] [96]
05 ¢2cos (28— 22 —2y) — % cos (24 + 22— 2
+_§-e, cos (2t —2z— y)—-g-cos( +2z—2y)
[97] [99]
15 3 9 9 39 2
R=m‘{——————{l +~‘39+—“39'+—'egel +'§914"-5')’9—-74—726"*—-4—798,9-{--—8‘7/4}%‘5
(0]
{1——“32—"*3124- e‘+~— 2 g+— }cos‘—z‘— [%cos2t
a
Com
l{l 9; g—, 72}—ecos:c
(2]
9 :a?
{l—__ei-——e, }costé-aéecos@t—m)
; (3]
5 ta?
{l—- —-eQ—--e, }cos‘*—z-;?ecos(2t+x)
(4]
3 3 249 ._3 92}_aiz
Z{l+?e +.§e, 3 Y a'se,cosz
(5]
25 e 128 0l gt @ 2¢—
-§{l 3¢~ %5 e? ¢ cos 7 a €,cos ( 2)
(6]
S5 2} b at
+_§{l 5 ¢ 4e coszalse‘cos(2t+z)
7]
+%{l—_?;+2 yﬂ} e2cos2x
(8]
By 5 g} it @ _
5 {l 5 e cos—iﬁe cos (2¢—2x)
(9]
-—{1 — —eﬂ—_g-e, }cos"; i egcos(2t+2x)
[10]
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De::llo{pment {1———+——e, ——yg}ﬂee,cos(x+z)
(1]
463 o 128 g} 1o 9t —o—
{l 168 56 & [ cos ?aﬁeqws( - & —2)
[12]
{1—-—— 2 ——}cos“-;—gee,cos(2t+x+z)
‘ [13]
3 e 9 3 a? .
+ 74_—{l -5 + ‘8‘9/2—57(2}&;2’”1005@_2)
[14]
{1-—-— %_L_}cos’l—fiee,cos(2t—x+z)
2 ap
(15]
21 19 123 + a?
_._8_{1 .__.8_e9 T ep }cos’?ﬁee,cos(2t+w—z)
[16]
- —{l +——-e9+le, ——yﬁ}——eﬁcowz
(17]
51 5 115 ' a _
._.8_{1.~.~2.e9«— =T ,}cos‘—z—a—aeﬁcos(m 2z)
(18]
+_l_163_ze3 3z) — 25a e3co~x(2t+3:c)
a . a?
" [e0] “w [21] [22]
e '
F % b0 2e ) = P Do cos (2t —2a—2) + g oo @t t2at1)
a [}
' [23] [24] [25]
+_:%ffe@e,cos(2x—z) 4+ Ef—e‘!e,cos(2t——2x+z)—-281—}eqe,cos(2t+2x~-r-z)
i
[26] “ [27] (26
+—g——§§ee, cos (z + 22) +-]—5—3- f—ee, cos (2t —x—22)
a a?
! [29] [30]
+.9_——ee,9coq(x—2z)—%%eeﬁcos(2t+x—2z}—-?’_‘gieﬁCOSSz
aj’ I
: [32) ‘ [34] (35]
%?a efcos (2t —3z) — L‘;”e: cos (2t +32) + 5 ’eéc"““
al ‘ ;
‘ [36] 87 [38]
+_-__e tcos (2t —4x) —gz.a__e“cos(2t+4z‘) + = ._e’e,cos Bz +2)

‘ l

[39] }' [40] (41]
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+ g%?_ese‘cos&t-—Sx—z) + = ——eﬁ‘ecos(2t—3w—z)+
I

[42] [44]

’ 3e,cos(2t—3x+z)—Hf%eae,cos(%-l—:’,x-—z)

a
dap i
[45] {46
L9 a 255
4 gg—ege‘ cos (2 + 22) ——16—e9e, cos (2t —2x—22)
“ [47] (48]

+—9—£e2e cos(2x—22)—_5_1.—-e2e9cos(2t+2x—-2z) +
32a3 8 ap !

[50) : [52]

s
64

+ 25—32—a-ee,3c0s 2t—x—3z) —

61 23 64 ee‘ cos (2t + a4 32)

[54] [55]
~+% &a':ee,“cos (®—32) + ’fs%a‘a;eefcos (2t —= +32)
i
[56] ‘ [57]

+ —---ee,3cos(2t+x 32) + §91 ;
{

[58] [69]

efcos (2¢—4z) + Z:é @ —etcos (2t +4z)

[60] “ e

e, cos4z

__ 2453 a2
128 ap

5

_.,3_ __5_2 3 12 , _3{ ig_ ')’} o
8{1 2e+_2_.«3,}EL‘—3-')/cos2y 5 1+2e 5 & +§~ s'ycos(2t—2y)

9 @ _, _
+ _8-5‘37 ecos (x — 2y)
(65]
—%:—:'y@ecos(x-{-Zy) +—g—g-§7‘*"ecos(2t—x—2y)
' L [67]
+ i——'y 2ecos (2¢ + & — 2y) ~ 16 ——7 ecos(z—2y)
[69] “ (713
3'y‘*’e,cos(z—i-2y) 21 @ 2e,cos (2t —2z—2y)
a?
[72] [73]
3 . 15 a0, ,
+ 37 e,cos(2t+z—2y)————'yecos(2a:—2y)
[75] ! [77]

2 M2

53a

265

e~cj e,cos (3x —2)

—ee’cos (z+ 32)

(53]

[63]

Development

of R,
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Development 3

of R ———-—~72e9cos(2x+2y) + i'ygeécos(2t—2w——2y)
. L]
[78] [79]
3 @ yeercos (2 + 22— 2 2
+§-2~E’§ cos(2t+2z2—2y) + 'yee,cos(x+z— ¥)
[81] [83]
_._% = Y? ee,cos (x+z+2y) -|— 6 a aj'y eecos (2t —owv—zx—2y)
[84] ! [85]
-3« 'y eecos (2¢ 4+ o+ 2z —2y) +27 @ viee cos (. — 2 = 2y)
6ap” ap t
[87] - [89]
'yee,cos(x-—z-l—Zy) yee,COs(Zt—x+z-—2y)
1 [90] - " [91]
+%—6—9—'y eecos (2t 4+ v —z—2y)
[93]
51 a? 2 9 o 9 2
-—671-—73, cos (22 —2y) — lye,cos(z»ri- ¥)
[95] [96]
I LS — 23— 3 & e -
-1 a #«'y efcos (2t — 2z 2y)+64a‘3'y ercos (2¢+ 2z —2y)
(971 . (99]

3 9_._. Q}E_* 15 @ —
§{1+3e‘2+36 v - cost+16aﬁecos(t x)
[ror] = [102]

@
9 3 @
+ 16_,_ ecos(t+x)—§—elcos(t—-—z) —»S—Fe‘cos(t+ x)

[103] “ [104] : [105]
—-gi‘egcos(t—Qx)+~—e9co,(t+2x)+%’%Z—iee,cos(t—x—z)
4 af
‘ [106] “ [107] ’ [108]
3 & a? 9 a
+l—6a cos(t+x+z)+ «;ee,cos(t—ac+z)+Tgl—1—,ee,cos(t+x-—z)
@
‘ [109] [110] : (1]
159 & S e2cos (I — 22) _Eie, cos (t + 22) ————-'ygcos(t—2y)
64 ap 64 q, a
[112] [113] [114]
15 a® s o
m—-3—2-—-—s1n9.é-cos(t+2y)—*{l-—6e —6e? —-—'y}—cos?;t
[115] [116]

. 3
* For the coefficients of the terms multiplied by a’az see p. 39,
. 1



IN PHYSICAL ASTRONOMY. 267

+é§3-ecos(3t—-m)—%iecos(3t+x) ._gsé::_‘_e,cos(.'it-—z)
[117] “ [118] ' [119]
+%3_‘ cos(3t+z)—38—5—a—e9cos(3t—-2x)—g:—egcos(m'*'?x)
[120] " [121] ’ [122]
-21265 ee,cos\st—a:—z)+15 @ seegcos(3t+x+ )
[123] “ [124]
‘liga_eelcos(St—x-{—z)—Zg @ seecos (3t x—2)
125 “ [126]
%?%?g‘eﬁcos(3t—2z)—654”;949005(3t+2z)—Eg"ygc"s(?’t—zy)
[127] “ [128] .o [129]

In the elliptic movement ;
=ysin (gA —v)

A=nt+2esinm+_§-eﬁlsin2m
s=vy(l—e)siny+ yesin (x —y) + yesin(z + y) +y—:;sin 2z —19) + % vesin (2 + y)
[146] [149] [150] [161] [162]
=7§ 72—9(1 —4e)cos2y + y2ecos (x —2y) —y2ecos (x + 2y)
(62) [65] (66
+ %YQGQCOS (2@—-2.1/) —_ %ygegcos (2$+ 2y)
[77] [78]

z*:a'y(l - -e;)siny+3 € sin (x — y)+a'yesm(z+y)
[146] [149] [150]

Vegsin(2w—y)+ sin (2z + y)
[161] [162]

3arye?
——

_:_:::iy_(l—e‘l)smy+ sm(x—y)+37 sin (x + )
[146] [149] [150]

* This quantity z, which is one of the rectangular coordinates of the moon, must not be confounded
with z = n, ¢ — @, ; this latter quantity should rather be x,, but I think it better to conform as far as
possible to the notation of M. Damoiseav,
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+ 31n(2z—y)+17Lsxn(2x+y)

[161] [162]
%3. 7{-:’ {(l —eQ)ro+%gr2}algsiny—-{(l —-eg)—%‘--l-'%%rs——— 1'4} Y sin 2t—-9)
[146] [147]
+{(l—e9) r,__ 4+3e rs}—-sm(2t+y)+ 7°s1n(x—J)
[148] [149]
3 r, _3r ey,
+—T£>e«ys1n(:c+y)+ { -Ql—-zl}_a%sm&t——x—-y)
[150] [151]
+{ - sm(2t—-x+y)+ {—_. } sin (2t 4+ 2 —y)
[152] [153]
+{12‘*- _rl} sin (2¢ +a+y)+ 220 e"ysm(z-}-y)
[154] [155] [156]
—fzi%y.sin(%—z y)+r§e’ysm(2t—z+y) r7 'Vsm(2t+z~—y)
[157] [158] [159]
r, 3 _ 17 e-y o {r(,_r‘_L_ ey _
+ {-—-.2_"—-_4_1'3 167 ( 28 sin (2t —2zx—y) + G sm(2t 2x+y)
[163] [164)
+ {_7;12-}- T4 + l6 b4 sm(2t+2x—_,) + {r,0+3r4+ sm(2t+2x+y)
[165] ; [166]
_T 75 leey _ r,, 37'5 eey
+{ _Q‘_‘+4 o sin (z + z )+{ o sin(z+z+y)
[167] [168] ‘
{—r”‘-{- e 2 rﬁ} e"ysm Qt—r—2z2—y) + {Tm-}— e—:-g—ysin(Zt—-x—z-}—y)
[169] [170]
+{_%§.+%’ 827s1n(2t+w+z-—y)+{r‘3 r.,}f%gsin(2t+x+z+y)
‘ arn (172)
._7_'_1_4 efl"ysm(x—-z—y)+ {r“ r5}ee'7s1n(x-—z+y)
(173) (174)
+ {—- e r7}ee’7sm(2t-—x+z—y) + {r“‘ e:'VSIn(Zt—x+z+y)

[175] [176]
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— D E W sin (2t + 2 —z—y) + {""‘+—~r5}-°ﬁ“—’s1n(2t+w-z+y)

[177] [178]
717 €27 o Tir ey T8 €Y o )
--_él-‘a—gsm(2z—y) +f¢a§ sin(2z +y) — .2‘48 _'Esln(2t—2z )
[179] [180] : [181]
+’2'8°" & Ysin(2t—2z+y)— we ‘/sm(2t+2z—y) +"l°e' Ysin(2t + 224 y)
[182] [183] 8]
”:': m,a'y (l + 5 e ——-) siny + Sm,avyesm (x—9) + m’“”sm (z+9)
[146] “ [149] “ [150]
- 3"(‘;:2"”' sin (z —y) + 3’”2'0'79‘ sin (z + ) — m,sa'ye sm(2a:-—y)
[155] “ [156] “ [1617
3maye o op g Imayee, . — ) + 3™MAY U Gin (o 2 +7)
+———8—a~3——sn(x y)+_ZF—sm(x+z y “da y
[162] [167] [168]
4 IVl G () 4 SOV O Gy (g p ) — LAY E in (22 — )
4ap dap 4ap
[173] [174] [179]
+ 9m‘,1a'ye, sin (2z + y)
[180]
;J. =14+ —e2+ 3ecosx+-?_ ecos 2

r being the elliptic value of r.
If z=ayz,siny + a-yzmsin (2t —y) + ayzusin(2t 4+ y) &e.

- = {(1 + - ) %us + 5 250 — —- zug}—"sm.’/
[1467]

+ {(1 + ﬁ—;* 24y + zm+—“ zlss} 3 sin (2t —y)
[147]

2
+ {(l + 326 Zug + —— 36 2150 + "“‘2154}“5"‘ (2t+y)
[148]
]

* This multiplication of z by »~ may be effected at once by means of Table IL.
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3 . .
+ {2149 - ’2‘2146}% sin (z —y) + {2150 + 'g'zme}% sin (z + )

[149] [150]
+ {2151 + —g—zm}%’sin&t—-x—y) + {z,5g+ _g—zug}%sin Q2t—x+1y)
[151] [152]
+{2153+—3'zx47}%3—8in(2t+x—y)
[1563]
+{""m‘*"—g—zms}%sm(2t+$+y)+z155%§3in (z—9) +z156%3in(2+y)
[154] [155] [156]
' . 20 .
+ {2161 + —;— %140 — % zms}%Sm Qx—y) + {zlsg‘l" —:-)2’- 2150 T+ %2146}8—“;7—81" @2z+y)
| [161] [162]
+lzg+ 32,49 €Y sin(2¢t—22—y)
163 T 5= 151 szw’ - y
[163]
3 2y .
+ {2164 +—2“ %159 + —Z‘zna}—z—;ysm 2t—2z+1y)
[164]
Q -
+ {3165+ %zws‘i’ % 2147}%?—(81n Qt+22—y)
[165]
3 9 ey . .
+ {zmo+ 35 2154 + 7 zmg}-&g—sm (2t+ 22+ y) + &c.
| [166]
+ {z167+ % zxsa}%ZSin (@+z—y)+ {zms + _:;’-zm}e';’gysin @E+z+y)
[167] [168]
+ {zxeg'l‘ -g‘ zm}f%;lsm(?t—x—z—y) + {zno'*' %zlbs}%zSin(2t_x_'z+y)
' [169] [170]
+ {zm + %zlsg}ezgysin(2t+x+ z—y) + {zm +_'Zl-zlﬁo}e:‘27sin Qt+z+z+y)
[171] [172]
. 3 .
+{z,,s—-—gzm}f%gsm(a:—z-—y)+{z,74—-—2—zm}ezgysm(x-—z+y)
[173] [174]

+{m”+~%zm}ezyﬁn@t-x+z—y)+{qm+%wm}i%zﬁn@t—x+z+y)
[175] [176]

+{zm+ %z157}%§2’sin(2t+w—z—y)+ {z178+—%zlbe}ez—’;"sin(Zt+x—z+y)
[177] [178]
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— 2
$=— nearly,
e? e .
= {zns + 3 250 + 0} zug} ysiny
2 2 .
+ {z147 + -;—zm +% zlss}')’sm (2t—y)
2 2 .
+ {zm + & 2+ —;— zm} ysin (2t 4+ y) + &e.
de. r2 d
i £ g/& R+r ( ) =0

2 ' -4 m, 2
iR LR i .
{r2—2rr‘cos (A —A) +12}2

y dAQ 2f\2(dR)d

Neglecting the square of the disturbing force

— . L
r 1 p dR
T-Ma.7+%ﬁiR+r(—r)=o

3m,z7 reos (A — A)
il I ! -
de 73 + T + rp

"3psd.
z +p,6‘ 2, mz2 +3p,,zrrcos(}\-—}\)

dee r 3 X r?

A _h(1+) _ (1+59) dR)dt
dt CEN

di ) e

( ) ( s dA dt’ (t being used forn ¢ — n,t).

Integrating the equation of p. 270, line 9, by the method of ‘indeterminate
coefficients, neglecting the cubes and higher powers of ¢ in order to ob-

tain a first approximation, m being equal to % as in the notation of M. Da-
MOISEAU ;

4(1—-772)5’{(1+3e‘2)rl—:-3§~2 {rs+r4}}-r,

MDCCCXXXI. ‘ 2N
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2l e b T (o
T {l 29772 —m T1y=0

2m,

c“’*{l

3 Om af 2—c }
— — )2 —_— f— P A S A =
@ —2m—c) {1‘3 5 r,} nt e st #1l=0

3 3 _3m,a3{ 240 }_
@ 2m+c)2{1’4 _2_r,} A Py 0

21 m; a® 2

_— 2 —_ —
(2—3m)rsg— 15— Twali=3m

+1} =0
@—mpr—r+ 2Ol 2ol =0
TN 4 paPl2—m

sayr_ 3 ™
409{(1,.—370)7'8 ‘I+37'0} r8+2p,a‘3—0

15m a" 2—~2c¢
2 -2 —_— e —
2—2m 2c) {“ ra} Ty — T “1 om0 2c+l}..0

3 m, a 24 2¢
e —2m+20:{ro=grf-ra= g R {2 41} =0

3
(c+m)9{r” “% ’5}—’"1\ + E‘m“li

2 w aﬁ{c+m+ ]}—0

3 63 3
‘(2—3m—0)9{7‘m—§-76} T+ — s {2_5m—c+l}=0

4!"“1

3 2 2
@—mt o {ra=Fr}-rot s S o =0

3
(C_mY{TM"'T::'Tb}—TM ’g‘”—l'—i— + 1}"'0

w al lc—m

3 -
(2—m——c)2{r15——g—r.,}—-r5 31’3“ _Z—c +1}_o

3
a? 12 —m—c

* The letter ¢ does not strictly denote the same quantity as in the notation of M. Damorseav, ‘or in
that of the Mathematical Tracts, p. 33.
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3 21 m, o 24c¢ }
— 2 ——— —_ -2 — g
(2—3m+c) {7'16 5 rs} s — g bar \Z=3m 1o +‘l 0

4ryg—r,=0
The equation for determining x may be integrated in the same way.
a3
- —g2z146+37‘0+z146+———=0
e a
- 2
“'{2(1""")_g} zm—?% + 214, =0
2. 3r,
—{2(1 —m) +g} Zys + 5 + 245 =0
3
—{c—g} z149+—‘-7'5+2149‘—§‘2146+ m‘a—-—o
{
—{ +g} z150"‘ 76 + 210 + 5 zx46+—~=0
a?
2
—{2(l—m)—c—-g}vzl47+3{-—§aﬁ—%} +‘z151+‘g~2147=0
i 2 Ty Ty | 3
—{2(1—m)—c+g} 2148+3{—’4‘+‘Q‘} +z1w+‘§zx4s=0

2
—{Z(I—m)+c-—g} 2149+3{%—%}+2153+%zlw=0

“{2(1“7”)'!‘04‘3'} z150+3{——71+ 4}"'31544‘ g—zne:O

3 3 3

_{m_”} 25 + ?7'5'*"2155 2?7;" 37 =
3

—{m+g} z15e+§~75+z156+ %Z— =
{

_ {2(1 —-m)—m—g} 2153—%7'6+ 2y =0
2 3
- {2(1—-m)—m+g} 258 + 3 7o+ 2155=0

2
_{2(1_’”) +m—-g} 2155*’;—77+2159=0
2N2
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P
——{2(1—m>+m+g} 2156+%7‘7+2160=0

Shyghy gk (ke rAR
et f(d,\)‘“

A= %{1 + .e_g.-g—lg +2r0}t+ 2e(d+ ) sir\a:—i-{)_—————eg(l + 7o) sin 22
a 2 2 c 4c

5 5 ve 3 9e?
¢ 2 (o — —_ (] — 2 2 e ¥
+{271+€(73+74) { ( I 4(1_m)+2(2—2m—c)

3e? m, @’ 1

_—— N _8in?2
2(2=—2m+c) /u.aﬁJ2(l--m)sm t

9 3 m, a’ e .
. 2 p - — 1 —
+{273+e1', {2(2—m—c) 2(2—m)}Mala}(2—2m—c)sm(2t z)

3 3 m, a® e .
2 —_d — — At
+{.,r4+39r1 { S@—mTo @ =m) Hfaf’} T —mTto sin (2¢ + x)
+ 2T ging
m
m, a3
2t —
+{2r()+ ( 3m)[lra/}(2—3 )Sln( )
m, aS} 94
+{2’r7 43(2—m)p,a3 (2 sm( + 2)
15 9 m, a? &2 . _
+{2r9+r3_»{_4(2—2¢,1_2c+2(2—-2m_c}ﬁz,ﬁ}2(1—-m—c)sm(2t 2)
3 3 m, a’ e? . p
+{2’1°+T4'{"2(2_2m+2c) Te—m¥o ;?;}2(1-m+c)sm(2t+”)
+{2r”+r }( sin (2 + 2)
_ 63 - 21 m, a ee, . '
+{27”+T6 4(2—3m—c) 4(2-—3m) y.al3}(2—3m—c)Sm(Zt—_x"z)
3 3 m, @’ e
+{2’°13+T7" iG—myo tig=m Eas‘}zz—:m‘m(“““x“)

Considering the terms which depend on the square of the disturbing force
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'd% . de.rd. - 3de.rt (8%) : iR
- T AN anby
gde aw T Zdp r T a +2ﬁR+r<d7) 0

d2z 2 2 _ 3mxrTCos AN —a
+ ez m ! = 0.
de 73 rf’ 7}

GO L)
S0 (W yacr 050 {/(iE)e)

d R = the differential of R, supposing = ¢ only variable -4 the differential of R,
with regard to » ¢ only in as much as it is contained in the terms in

7, » and s due to the perturbations ; hence

d R = the differential of R, supposing only » £ variable —l— B a5y + d R ~d.onw

-+ 37 Ba.ds; d. o7, d .32, and d.9ds, being restrained to mean the

differentials of those quantities with regard to »,¢ only.

e () (e (e

(f being used in the sense n¢ — n,¢.) ( )a =5 s&s nearly.

( )da +( )d 5A+<dR>d as_—a(dR)d re. _~+( )d.%‘—i—(%l—:)d.as

d.r‘B;lr, d.ox and d . s being restrained to mean the differentials of

those quantities with regard to »n¢ only.

ds

dR dR dR
r(‘— 1 "4y . 7 I
=—ad._ 47/ p 5, L 4 d._Nd7) g qa. A7/ g
: da T dt ds
1 (55) 5.1 40, (00) 5, 0
ﬁ):—-a.d. dr) pp +d SA + s
da ds

0 () s 1)y ()
6.1‘(5?):(!._5_\’:#_%‘4‘&' ddj“ A 4 d. N1/ g
T A
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A similar theorem exists with the quantity 9 . %g, and it will readily be seen

that all the developments 8 R, &.r (%—f) , 0. (g%) and 9. (%—f-) may be effected
very easily by means of Table II.

Similarly, if o' denote the variation due to the disturbance of the earth by
the moon,

IR dE r dR
¥ R= a,d.(a—a;)r,é‘.—- d. —d—i)é‘A,

7y

In d R the terms which arise from

dRy; .» 1 . (dR . (dR\
._a(_(ﬁ)d.ré‘._rr-}-(}-g)“d.sx-}-(m-)d.as

are multiplied by the small quantity m.
Considering in » (%g) and R the terms multiplied byfl;-,
P (%g) —2R, 3.7 (gf) — 23R,
considering the terms multiplied by Z—:};,

, (dR\ _ AR\ _
r(ﬂ\)_31{, S.r(w)._SSR

Hence the value of »' (%g) and o.r' (%g) may at once be inferred from R
and ¢ R.

I reserve the formation of these developments and of the final equations for
determining the coefficients of the different inequalities to another opportunity.
These equations are voluminous when all sensible quantities are taken into
account; but they are formed with so much facility by means of Table II., that
error is not likely to arise in this part of the process. Error is more, I think,
to be apprehended in the terms of R multiplied by the cubes and fourth powers

of the eccentricities; the rest have been verified by an independent method.
See p. 39.
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On the Precession of the Equinoxes, supposing the Earth to revolve in a resisting
medium.

In my last paper on Physical Astronomy, I gave expressions for the varia-
tions of the six constants which enter into the solution of this problem, upon
the hypothesis that the body revolves in a medium devoid of resistance.

If we suppose a plane to revolve in a resisting medium, about an axis per-
pendicular to itself, the resistance of the medium can produce no effect, and
the phenomena will only be modified in a slight degree by the friction of the
plane surface against the medium. If, however, the inclination of the plane
on the axis of rotation differs from 90°, the effect of the resistance of the
medium becomes sensible, tending to retard the motion of the plane; the
effect being greatest when the axis of rotation is parallel to the plane.

This principle is used in some machines, as in self-playing organs, to regu-
late the motion by means of a vane, of which the inclination to its axis of rota-
tion can be varied at pleasure.

In the case of a sphere, whatever be the direction of the axis of rotation, this
effect of the resistance is insensible ; and also in the case of a solid of revolu-
tion when the axis of rotation coincides with the axis of the figure, but not
otherwise. If the difference of the latitude of the axis of rotation from 90°
(supposing the equator from which the latitudes are reckoned to coincide with
the equator of the figure) be at any time small, the mathematical investigation
appears to show, that the effect of the resistance of the medium is to diminish
continually this difference. In the case of the earth, this quantity is now
insensible; but as the probability is small that this was the case in the
first instance, may this circumstance arise from the resistance of a medium
of small density acting for a great length of time? and can the change of
climate on the surface of the earth, a change of which the probability is in-
dicated by many geological phenomena, be explained in the same manner?
It may be remarked, however, that the effect of a resisting medium in dimi-
nishing the eccentricities of the orbits of the planets is of the same order, and
that these, although for the most part small, are far from having reached zero.
The tendency of a resisting medium is also to diminish the major axes of the
orbits of the planets’; these effects, if they exist, will probably be most sensible

MDCCCXXXI. 20
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in the case of comets, not only on account of their great eccentricity, but also
on account of their small density, in the same manner as a flock of any light
substance is wafted by the gentlest wind and prevented from reaching the
ground. The eccentricity of the orbit of the comet of HaLiey in 1759 is
known with great accuracy, and as its perturbations have been calculated with
great care by MM. Damoiseau and pE PONTECOULANT, the eccentricity which
it should have in 1835, when it will again visit this part of space, unless it be
affected by a resisting medium, is also known with great precision. It is
scarcely probable, however, that any change will be perceptible in one revolu-
tion, even if the cause exists ; but the succeeding revolutions of this body will
no doubt throw light upon this question. The ratio of the change of the semi-
major axis to the change of the eccentricity, due to the action of the resisting
medium, is known, being a function of the eccentricity, and independent of the
constant, which depends upon the density of the medium ; this ratio therefore
may also tend to elucidate the question, if it can be determined by observation
with sufficient accuracy.

Let &, 3/, %' be the co-ordinates of any point P corresponding to the elemen-
tary portion of the surface d s, and referred to axes passing through the centre
of gravity and revolving with the body in motion.

Let P be the point of which the co-ordinates are @/, ', =/, AP the direction
of the normal at the point P, B P perpendicular to the axis of instantaneous
rotation, and cutting it in B, and CP the direction of motion of the point P.
I suppose the resistance of the medium to create a force proportional to
v2 cos AP Cds, acting in the direction of the normal A P upon the point P, v
being the velocity of the point P.

Suppose the straight line MOPL to N
revolve about an axis passing through O, 7w (6 .’
and perpendicular to it, and in the direc- iy
tion LN, the action of the resisting medium will be in the direction N L, on
one side only of the line O L, upon all the points P between O and L, and
upon all the points between M P it will be in the contrary direction R M, and
on the other side of the line.
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Now, let LSMT be the section of a 2
cylinder revolving about an axis, passing »
through O perpendicular to the plane
LSMT, and let the cylinder revolve in _ i
the direction LN. The action of the » % 'L
resisting medium will be in the direction
Z P, perpendicular to O P upon all the
points P between L.S; and in the con-
trary direction K P upon all the points,
P between T M. These remarks show that in what follows, the integrations
must not be made throughout the whole surface of the body revolving : this
consideration however does not affect the nature of the results.

The equation to a plane perpendicular to the axis of rotation, and passing
through the centre of gravity of the body, is px + gy +rz= 0.

Let the body revolving be a spheroid of which the equation is

@ty + 2+ e)=a(l +¢)
The equation to the tangent plane to the spheroid at the point x, y, z is
sl byytad (It =a(l+e)
The equations to the planes from whose intersection the line P B results, are

o=

K T

*¥z2(q2' —ry) +y (o' —pa) +2(py —qa)=0
px+qy+rz=D

D being a constant. The equations to the line P C are
a{r(qgd —ry) —p(py' —q2)} +y {rra' —pa) —q (py' —¢a)} =0
a{qg(qa —ry) —p(ra' —pN} +2{qg(py —qa’) —7 (ra'—p2)} =0
and neglecting 22, ¢% P ¢,
x(g:' —ry) =y (pa —ra')
z(qy +pa) =2 (pd —ral)
The equations to the direction of motion of the point P are
x(pd —ra)=y(ry —qr')
z(qa —py) ==z(ry' —g%)
Cos . angle, which the direction of motion of P makes with the normal to the

surface or cos APC _
= o (ry' —q¥) +¢ (p2' —ra) +2 (1 + &) (g2’ —py")
= {7 =97 (i —ra)y ¥ @y — pa)*} ¥ (& + Y+ A (L +26)}
* The notation is the same as p. 20, except that the accents at foot of z,, y,, z, are omitted.
202
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e (ga'—py')

=7 Val* F g2 T y% § 2 nearly.

The resistance acting in the direction of the normal, and since the velocity
=7+ 9% N (P* + ¢* + 1% nearly;
Cdr=0 ‘

Bdg+ (A—Cyrpdi= dff{*"”"'w(l +e)} e (g2 — py) VT E 7R ds (5 + ¢ 4 7)
r{mm+ yle + zm}

’ 2 (1 4 &) —2'y'} 22! (g’ — py') W g ds (p* 2 4 g2

4 - Y ALEA P rytds(p+ ¢+ )
dp+(C—B)grd df ‘ r{al*+ y"? + 2%} _
C—
A

A(nt+7)dc+c(C_A) cosC;A(nt+'y)d7

sin
A

_ _ndtet 2 (g2l —py) V7 + yRds
= 4 f {xlg_‘_ yla + zlsz}

c(C;A)

C—4

cos
A4

(nt+y)de— sinczd(nt+'y)d'y

_ndtet £y (qr —py) V' + yPds
T4 YRS

since /z’* 2 ds =‘/'y’2 2 ds

ndtete fa'22" V2™ + y°ds
a (@ + y° + 2°}

x!y' 22 AT yids

ndtet . o, (C— A)
sin 2 T+

24 A

+ (nt+)

neglecting the term which is periodic,

etdt a2 /7% yRds
A {xle + y72 + z'ﬂ}

de=—nc

22220/ 7% & y'2ds _
Let {xvg + ylsz + z'n} =D

D being a positive quantity.

1
_nDcedt e-‘;— nDet

de=——p— 4

, e being the base of Naperian logarithms.

When ¢ is infinite ¢ = 0; hence the latitude of the axis of instantaneous rota-
tion increases until it reaches 90°, which is its limit.

Having determined the variations of ¢, y and » by means of the above equa-
tions, the variations of the other constants w, , and ¢, may be determined

from the equations
pdt=singsinfdy —cospdd
th=cos¢sih0d¢+sin¢d0
rdt=deo —cos‘b‘d\lz



