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XVI. Researches in Physical Astronomy. By Joun WiLLiam Lussock, Esq.

V.P. and Treas. R.S.
Read June 9, 1831.

I PROPOSE in this paper to extend the equations I have already given for
determining the planetary inequalities, as far as the terms depending on the
squares and products of the eccentricities, to the terms depending on the
cubes of the eccentricities and quantities of that order, which is done very
easily by a Table similar to Table II. in my Lunar Theory; and particularly
to the determination of the great inequality of Jupiter, or at least such part
of it as depends on the first power of the disturbing force. That part which
depends on the square of the disturbing force may I think be most easily
calculated by the methods given in my Lunar Theory ; but not without great
care and attention can accurate numerical results be expected. I have how-
ever given the analytical form of the coefficients of the arguments in the
development of R, upon which that inequality principally depends.

It is I think particularly convenient to designate the arguments of the
planetary disturbances by indices. The system of indices adopted in this paper
is given as appearing better adapted for the purpose than that used in my
former paper on the Planetary Theory; but it is not advisable to make use
of the same indices in this as in the Lunar Theory.

I have also given analytical expressions for the development of R to the
terms multiplied by the squares and products of the eccentricities inclusive,

and for the terms in » (%?) multiplied by the first power of the eécentricities,

which are I believe the simplest that can be proposed.
The following are the arguments which occur in the Planetary Theory.
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Column 1 contains the index.

2 contains the index of the argument, which is symnrietrical.
—— 3 contains the index used Phil. Trans. Part I1. 1830, p. 349.

0f..]..10 104 .. (39|4t+x—2=5nt—5nt—w+
1j..|.. |t=nt—nt 110 | 50| 57 |22 =2nt — 2w,
2|..|..|2t=2nt—2n,¢ 111 61/63|t—2z2=nt—3nt+ 2w,
31..]..|83t=3nt—3nt 1121 62/64 |2t —2z2=2nt—4nt+ 2w
41.. .. |4t=4nt—4nt 113 | 63/65|3t —2z2=3nt—5nt+ 2w,
10| 30| 7la=nt—w 114 | 64/ 66 |4t —2z=4nt— 67+ 2,
1|4 6lt—a=—ntt+w 121 | 51| 58|t +2z=nt+nt—2m,
121 42|12 |2t —ax=nt—2nt+ » 122 | 52| 592t + 22=2nt — 2w,
13| 43|18 |3t—a=2nt—3nt+ @ 123 | 52/60/3t+2z=3nt —nt— 2w,
14 44|14 |4t —x=3nt—4dnt+ @ 124 | 54|61 14t +2z=4nt—2nt— 2w,
21|81 8ltt+a=2nt—nt—w 130|.. 1692y, =2nt— 27,
22| 32| 9|2t +a=38nt—2nt—w |131{..|71|t—2y=nt—3nt+2y,
23| 38310|3t+a=4nt —3nt—w 132|..|73|2t—2y=2nt—4n,t+ 2,
24| 3411 |4t fax=5nt—4ni—w 133..1..{3t—2y=3nt—bnt+ 2y,
301 10{15 |z =nt— @, 134 .. |.. |4t—2y=4dnt—6nt+ 2v,
311 21|20 |{ —z=nt—2n,t+ @, 141 .. |68t 4+ 2y =nt+ nt—2y,
32| 2221 | 2temz=2nt—3nt+ @, 1421 .. |70|12¢ 4+ 2y =2nt— 2y,
3312322 |3t—z=38nt—4nt+ 143|..|72|8t+2y=3nt—nt— 2y,
34| 242314t —z=4nt—5nt+ w, 144 ... . |4t + 2y =4nt—2n,t — 2,
41| 1116 tdz=nt=—mum 150 |250| .. |3z =3nt—3w
42112117 {2t + 2=2nt—nt — @, 151 261} .. |t —830=—2nt—nt+ 3w
431 13{18 3¢t 42 =3nt—2nt — @, 152 |262| .. |2¢t—3a=—nt—2nt+ 3@
441 141194t 4+ z2=4nt—3nt—m, 153 263|.. |3t —32=—3mt+3=w
50(110/26 |22 =2nt— 2w 154 (264|.. |4t—~3rx=nt—4nt+ 3=
51(121|25 |t — 20 =—nt—nt+2= (161|251.. |t +3o=4dnt—nt—3=
521221242t =20 = —2n,t + 2= 162 |252| .. |2t +3a=bnt—2nt—3w
53(123|32 |3t —2x=nt—3nt—2w |163|253|,.|3¢+32=6nt—3ni—3w
541124/13314¢t— 20 =2nt —4nt+ 2= |164|254| .. |4t +3a=7nt—4dnt—3w
61111127 | ¢+ 22 =3nt—nt—2w 170 210| .. |20 +2 =20t + 0t — 2@ —w,
62112128 |2¢ + 20 =4nt—2nt —2w |171 1221} ., | t—20 —2=—nt—2nt + 2% + w,
63(113/29 3¢t +2x=5nt—3nt—2w |172(222|.. |2t — 20 —2=—3ni+ 2w + @,
64114130 |4¢ 4+ 20 =6nt—4nt—2w |173(223|.. {3¢t—2x —z=nt—4dnt + 2w+ =,
701.. |47l + 2 =nt+ nt—w—w, 174 1224| .. |4t—2x—2=2nt—bnt + 2= + @,
71| 81146 |t —x —z=—2nt+ @+ @ (181|211} .. |t + 20+ 2=8nt— 2@ —w,
721 82|53 | 2t—x—z=nt—=3nt+ w+ = |182212|.. |2¢+ 22+ 2z =4nt—nt — 2 w—w
73| 8354 |3{—a—z=2nt—4ntt+wtw {183 213|.. |3t + 22 +2=5nt—2nl—2w—m,
74| 84/55 | 4t—x—2=3nt—bni+wtwm, 184 214| .. |4t + 224 2= 6nt—-3ni{—2w—mw
81| 71|48 |t + o+ 2=2nt— @ — @, 190 230).. |20 —z =2nt—n,t— 2@ 4 @,
82| 72|49 | 2¢t+a+z=3nt—nt—w—w, {191 |231}.. |t — 20+ 2= —ni+ 2% —,
83| 7850 |3 tfa42=4nt—2nt—w—w, {192 232|,. |2t — 204 2 —n i+ 27 — @,
84! 7451 | 4ttatz=5bnt—3nt—w—w, [193 (233 .. |3t—2a+2=nt—2n i+ 2w—m
90 .. 135 r—z=nt—nt—m+ @ 194 1234| ., {4t —220+ z2=2nt—3n;t 4 20—,
91|.. |4l |t —2r +z=w — 2011241} .. |t + 22 —2=3nt—2nt— 2w+ @,
92|.. |42 |2t—at2=nt—nt+o—m |202|242|.. |2t+ 20—2=4nt —3ni—2w + 7,
93|.. |43 |3 t—ate=2nt—2nt+w+= {203 (243|.. |3¢t+ 22—2=bnit—4dnt—2=+ =,
94|.. |44 |4t—242=3nt—3nt+w+m |204 (244 .. |4t + 22—2=6ni—bni—2w +
1011.. |36 | t+a—2=2nt—2nt—w+m, |210170|.. |z +22=nt+2nt—o—2,
102|.. |37 | 2t+0—z=3nt—3ni—w+wm, |211(222|.. |t —a—22=—3nt+ = + 27,
103 .. |38 |3tta—z=dni—4nt—w+m, {212 (223 ., |2t —e—2z=nt—4n i+ @+ 20
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224
225
171
172

174
190
191
192
193
194
201
202
203
204
150
161
162
163
164
151
152
153
154

3t—x—22=2nt—5nt+ =+ 2w
dt—2—2z=3nt—6nt+ w42
t+2422=2nt4+nt—w— 2w,
2t+24+22=3nt—w—2w,
St+a+2z=dnt—nt—w—2w,
dt4a2+2z2=5nt—nt—w—2wm
r—2z=nt—2nmt—w+ 2w,
t—a+2z=nt+wo—2u
2t—a+2z=nt+w— 2w
St—a+42z=2nt—nt+w— 2=,
dt—r+22=3nt—2nt+ 22w,
t+a2—2z2=2nt—3nt—w+ 2w,
2t+2—22=3nt—4dnt—w+2w
3t+a—2z=dnt—bnt—w+2w,
di+2—2z=b6nt—6nl—w+2w
3z=3nt— 3w,
t—3z=nt—4nt+ 3w
2t—3z=2nt—5nt4 3w,
3t—3z=3nt—6nt+3w
4t—3z2=4nt—7nt+ 3w,
t4+3z=nt+ 2nt— 3w,
2t4+3z2=2n4nt—3wm,
3t+3z=3nt—3w,
4t+3z=4nt —n,t—3w,

x4+ 2y=nt4+2nt—w—2y,
t—2x—2y=—3nt+ =+ 2y,
2t —ax—2y=nt—4nt+ wt 2y,
3t—az— 2y=2nt—5nit+w+ 2v,
4t—2—2y=3nt—6nt+w + 2v,
t+ax+4+2y=2nt+nt—w—2y,

s e o o
s e o o & o o

2t+ax4 2y=3nt —w —2y,
Bt+ax+2y=4dnt—nt —w—2y,
4t+x+2y=5nt-—-2nlt—w—-2v,
x—2y=nt—2nt—w+ 2y,
t—x42y=mnt+m—2y,

2t —x+ 29 =nt+w—2y,
3t—rx+2y=2nt—n i+ w—2yv,
dt—x 4 2y=3nt—2nt+w—2v,
t+2—2y=2nt—3nt—o + 2y,
2t 4+ a2—2y =3nt—4nt—w 4 2,
3t+a—2y=dnt—bnt—w+ 2y,
dt4+2—2y=>5nt—6nt— w4 2y,
3+ 2y=38nt—w —2v,
t—z—2y=nt—4nt+ = + 2y,
2t —z=2y =2nt—bnt+ w + 2v,
3t—2—2y=3nt—6nt+w + 2y,
dt—z—2y=Ant—7nit+w +2v,
tdz24+2y=nt+2nt—w—2y,
2t 2+ 2y=2nt+ nt—w, — 2y,
3t+z2+2y =3nt—w,—2v,
4t+z+2y=dat—nt—m —2y,
z—2y=—nt—w 42y
t—zt2y=mnt4 m —2y,
2t—z+2y=2nt—nt+ w —2v,
3t—z+2y=3nt—2nt+ = 4+ 2y,
4t—z+2y=4nt—3nt+w —2y,
t+z—2y=nt—2nt—w + 2v,
2t + z2—2y =2nt—3nt—w, + 2y,
3t+2—2y=3nt—4nt—m + 2y,
4t+ z—2y=4nt—5nt—w 4 2v,




286 MR. LUBBOCK’S RESEARCHES

Tasrg I.

Showing the arguments which result from the combination of the arguments
10, 50 and 150 with the arguments in the first or left-hand column, by
“addition and subtraction.
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Tasre I1.

Showing the arguments which, by their combination with the arguments 10,
50, and 150, by addition and subtraction, produce the arguments in the
first or left-hand column.
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Tasre II. (Continued.)
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The following examples will show the use of the preceding Table, in forming
the equations of condition which serve to determine the coeflicients of the in-
equalities of the reciprocal of the radius vector and of the longitude.

1
2. = 1 f (dR\ _
e LIE dR+7l<_d.r-)._O
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r=a{l+se(1+2 3 e
a + 3¢ +—8— —3e l+_8—e2)cos(nt+a-—w)+§—cos(3nt+3s——3w)

(n —mn)2 2
"'"T“)-{(l"‘?’eg)rl—3‘29‘(7'11"1"7'21)}"7"1'*’%91-_—'0

4(n —
(" n,) {(l+3€2)7”—‘—eg(7'12+7'92)}_7'2 qu—O

dAa h 2h 1 dR
= ﬁ+*aﬁ~ﬁf d

G

I+ = +2e(l+-Si)cos(nt+e—w)+§2e—gcos(2nt+2s-—-2w)

+a§e3<:os Bnt+ 3e—3w)

RERS

2
=1 +e(l -%)cos(nt+s——w) +etcos (2nt+ 2 —2m) +%e"cos(3nt+3e—3w)

A=nf{l+2r}t+e

2
+{ 2 {7'1+ —;— (ri + Tm)}

m/ 1 e? an R e? etan R21 n .
{< ty 2 (n—n,) anR“"'(zn_nl) (n___nl)sm(nt--n,t-i-g.«gl)

+{ 2 {7'9,+ '%Q‘(Tm“*‘rm)}

an R, 2eQanR19 2e2an Ry, n . .
{(l + ) o= n,) n—2n) + Grn=2n,) Q(n_nl)sm(2nt——2n,t+s~_a‘)

In the same way, by means of the Table, all the other coefficients may be
found.

The great inequality of Jupiter consists of the arguments 155, 174, 213, 273,
and 312, the variable part of which is 2% — 5 n;, and arises, as is well known,
from the introduction of the square of this quantity, which is small, by succes-
sive integrations in the denominators of the coeflicients of the sines in the ex-
pression for the longitude, of which the above named are the arguments.

The following are the equations which have reference to these arguments,
and which may be found at once by Table II.

2 _5 1 m =

( n n,)? {715 —5 Toy + 1_6-7'4} Ti55 + 4 G5 =0
— 2 3 m =

(ﬁ-ﬁ;ﬂg‘ {7'174 2 774} — Ty + _"'ll(a Q=0

20 — 2 3 m,a
g—lf——ﬁ-@"{rma“ -2—”'113} — Ty + 1;79914=0

n?
2pr2
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2n—5n)® 3
‘(‘“-*’;‘942-{7'973"—2‘7’133}—”'2734‘ %—a"‘hvs=0

2n —5n)2
Ga ne nl')"‘{rsw"'rsm}'*"'nlf' %510=0

oA ={ 2 {Tm +-;—<7'55 + 715 +% 7'4)}

m,{ 5na bna R, 5.5na Ry, 13.5naR,; ne
(2

n—5n) ‘5’+(3n—5'h,)+4(3n—47i,,)+8.5(n—n,) Cn—5n)

1
+{ 2 {r174 + 7 (7'74 +7'34)}

_ 4naR,, 4na R, 5.4.naR,, } ne’e sin 2nt—>5nt+2w + w
(2n—5n,)+(3n—5n,)+4(4n—5n,) 2n—>5n) ( r )

sin(2nt—5nt 4 3w)

+{2{%Q13+_;_r,13}_’_n_1 3”“R913+3naRns } nee? sin(2nt—5nt+w42w)
o

@Gn—5n) @Bn—>bn)S [(En—5n)
nesin? L
1 3na Ry, 3naR;, } 2 t—5nt
#12 {ront o} 2 (G R + nn } Frwmmny ioent-ontt w2

<o d
n e, sin? L

+ {2r312_2m,na R,

p@n—bny ) @n—5n) sin(@nt—5nt 4+ @ + 2v)

The quantities rs, 75, 733 and r;; have the quantity 22 — 5%, in the
denominator, rejecting those quantities in the value of 8A which have not
(27 — 5n,)? in the denominator.

dmn3a R, e
w(n—=bn)Bn~—~>bn)2n—>5n)

Tyis5 = —

= 4m;na Ry, e
T T wm—5n)3n—5n)2r—5mn)

4m, n®a Ry 5ee
y,(n —5n)(3n—>5n)(2nr—5n)

To13 ==

3 in? b
4m;n®a Rygesin? =

T = T w—bn)(@Bn—bn) Zn—5bn)

3 q 1
4mn®a Ry e sin® L

e = T —5n)(Bn—bn)(@n—5n)

5mnaR, ned

in(2nt— :
wCnbn) | Tn—5m) sin(2nt—5nt+ 3w)

0A= {21‘155—}- g5 =

4mna R, nee,
w(@2n—5n)) 2n—>5n)

+{2rm+r74— sin(@nt—5nt+ 2w+ )
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3m,an Ry, nee?

w@n—sn)] @n—suy @t —omi+ @t 2a)

-+ {2 TosF 71 —

[
. i
n e sin?
3m,an Ry, 2

i -5
p@nin)) @a—pay mEnt=Snitwt2y)

+ {27273 + g3 —

]
in2 -
neSsin 2

T {27*5,_2-— 2m,an Ry,

in(2nt—5nt 2
p@n—bny S @a—pay nEni=inttEt %)

The coefficients of the terms in the development of R multiplied by the cubes
of the eccentricities, as regards the quantities &; and 6,, (they also contain the
quantities b;,) may be found by changing b; into b;, in the terms in R multi-
plied by the eccentricities, and multiplying the result by

9 (@e+ape?) 3 a oL ( ine ti 9 a
-2\ + 22 e2cos2r— > — (et e2+ 2sin? L )cost + = — e?cos (¢ + 2x)
8 a2 4 ¢ ! 2 16 a,

8 a? i
[0] , [50] . [1] (61]
9 a _ 3 a Q‘ _ 3 a , 27 a -
_——l‘(i.z_z_e‘gcos(-t 2z)+l_3_é;e cos (¢ 2:c)+4 “;e‘ cos(t+2z)+~8—.a—lee,cos(t~—x+~)
[111] ; [51] - [12n [91]
— 9—-a—ee,cos(t+x+z) ~Ja ee cos (¢ — 2 — z) +-3— —a-ee,cos(t+:c-—z)
8 a,; 8 @, § 8 q,
[81] (71] : [ro1]
+ _?2’~—Z— sing.%’-cos(t-!— 2y)+ %- e2cos2z
' [141] [110]

and changing &; into 4,, in the terms in R multiplied by the squares and pro-
ducts of the eccentricities, and multiplying the result by

_.%and—%—fecosx-g—3—a‘—lccos(t-—-x)+%;e,cos(t+z)-—%ecos(t+x)
S £ 1 R U I 1% B 1V
—-—g-e,cos(t——z)—2e,cosz
' [31] [30]

and changing &, into b, in the terms in R multiplied by the squai'es and pro-
ducts of the eccentricities, and multiplying the result by — —i— and the same
quantity.
Thus R;;; results from the combination of the arguments
51 x 14, 50 x 15, 61 x 16, 16 x 55, and 11 x 54.

: o
51 X 14giV@S +3% a [3a b _"2a—a'355,4— 4—2'_'—265'5}

5,8
2 4
al 40‘
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3a a
50 X 15 glves+16ag 4agbs,4 st mbs,s}
3a 'aQ
61 X 16 glVeS +32 ) 4a‘2 5,5—-2-7’565,6 4a2b5,

. a _ e _ 3a . _ 3.9 @& 3.3a@
Bo= = s boe = gap b T Toap® T 2443 00 T 2iaan
_ 8@ (e—3a%), _ 3 &, 32,

2.4.2°  a % 2 dar T 2.4 dap

changing b, into — -%'b;,, and &y into— % b,, we have

3a 3.9.5 a 3.3.5a

Srap o + ggas bt g e et T g6 a3 T ToA B ar
3.5a% (2a°—34a? boad 5 &

toa.2 a® bus +2 4.6a} bro + 37 .4.6a3b7’7

3 a 3 a? | 3.5 a® a3+a, _a
64 a? b’4+32¢7,365'5+6 2 0o T 57g 6a3{ a? brs b

3.9.5a 3.5a 3.5 a
N Gaf’{ bﬂ}'&‘“’,{"” bro T 32.6a]

. 2 2
and sinces, , =L +t%, % p 2%
5,5 a‘S 5 a‘ T4 a‘ 7,

6

, — b,

= by
¢4

5

5 ] N :
45, =35 "Z— {67,3 — by 5b;,= 92— % {bm - 67,6} 60, = T a {b.,,
( {

3 a 3 a? 15 a® 27 a 15 a®
_@7b5’4+ 365,5+64agb56+ 1’5, +ﬁa? 5’4—1—2673 5,5 "
_7a 27 a® 3 a
=64as " 3 asbb’5 64 a2 "5’
_ . a a? 3a 3.9a 3. 3a

Rs«y—' mgbs,s“’mbsﬁ 16 b 2_4.4‘1‘3 5,‘2+ b

3a*(2a°—3ap), _ 3a , 3a?
2.4.2a} s 2.4af " 2.4.4a sb°’

Similar changes and reductions give

57 a _19a9b -2
64a2 ™ 32ap ™ bdap

a
8

3 a

2 2 0b,
16 a2 o

oy
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_3af3 a, _ a _a , 3 af3 a a® a
=50 0T a3l gap b ZE,?zb“’ﬁ}""Téa‘ﬁ zn;,abs’*“z—a;s'bm“m%}

9a 3a a? a a (75 a 27 @ 3 a
by o= - - e Jisea 3 a,
320, \4a2 ™ 2q? b= 2 b5'7} a}? 164 a2 b~ 524 a} 30— 64 a b”'ﬁ}

pieey, M, )
a L64a2 ™ 32ap " 64a2 "

and adding the terms which depend upon 6,

_ a a® a 45 a? 63 a® (2lap +96a%)
R155_96 a/g 63,4 _16a3b3,5 + 12a 9' 3,6 + 3 5,8 T 32 a4 b + ——1—2—8*——‘—— 65’;,
9 ad 9 a? b

.—-6‘1 &7} 5,6 T ]28 as 5,7

which may be still further reduced. Ry, Rpy3, Ry, and Ry, may be obtained

in a similar manner.

The following Table shows the arguments which, by their combination with
the arguments 1, 2, 3, 12, 13, 31, 32, 64, 65, 73, 74, 112, and 113,
by addition and subtraction produce the arguments 155, 174, 213,
273, and 312. ’

1 ] 2] 8 |12 13|38 |32|6¢]65]73]74]ne|ns|
ST U Il el Bt ol o 1 B vl vl Dol AL
e YRR M T T BB SR I | [ | e | e J174
agf B3| MI-me) | T e L | | s
era{ 2| BLIEN I e b o U (s |2 | | | fers
sie{ S II TI  B | | |  (e |ee | L |ae e

If
r 8.—1—- = 1", cos (nt —nt) + r'ycos(2nt —2nt) + r'scos 3nt —3nt) +er'cos(nt —2nt + @)

+ergcos(2nt—3nt + @) + &e.
7, a,fl_ =r/ cos (nt—ngt) 4 r/yc0s (2nt — 2n,8) 4 1/5cos (3nt—3nt) + er/,gcos (nt — 2t + @)
I .
+er/sc08 (2nt —3nt 4+ =) + &e.
dA=a,s8in (nt —nt) 4+ Agsin (2nt— 2nt) + A;sin(Bnt —3nt) + eApsin (nt = 2nt + @)

+ eAysin (2nt— 3t + @) + &c.
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Sa =Apsin(nt—nt) + Agsin (2nt—2nt) + Agsin (Bnt —3nt) +er osin(nt—2nt+ =)
+ er,gsin (2nt—3nt + @) + &ec.

Supposing that the arguments 1, 2, 3,

113, 155, 174, 213, 273, and 312 are alone sensible in .,

12, 13, 31, 32, 64, 65, 73, 74,

112, d4,

>+ and 02, the coefficient of € cos (2n¢ — 5n¢ + 3w) in the expression for

/
dRord Ry

.R R
=__2_{(lddaxa4+ad al;ﬁ 74 +{2R154'—3R156} {}\1 11}—' ) {
ad. ng lld-Rxss},,Js

{3R153 7R157} {7‘2_7‘-/2}“5‘{ da + da
+{R152‘4R153} {AS—A,s}——“ng” '12+ Ry ?\12—'7\“2}

ad Rﬁ? ’13+R52 )\13‘“}‘113}—ad'RMT’”+2R64{A”~AI“}

aans_{_adeﬂ s

. 2da 2de |
ang65 0 ._.'_;.Reg {Axo - ?nno} - ag(ﬁim '3 — Rygy § Agg — )\”3} _ a;f,l:s .,
_ad. Ry ! _d. Ry _@d.Rs  _a,dRy,, L__a:dRms,. _4d. Ry,

2da, 13 2da, IR3! 7da, i10=" 2de, Ti1s 2da, 74 aq, 155

In the same way the expression for 8. Ry, 0. Ry, 0. Ry, and 0. Ry, may

be found from the preceding Table.
If a < @, and

a a®) T2
{l—;—cose—i-c—z—;} =Lb,% + b, co88 + b, ycos 20 &e.
) [
—3
{l——-cosé _‘-'_l} % =1 by0* + by, cos 6 + by 4 cos 20 &c.
4

a !
R:.—m,{—- cose & ¢ te
T lep 2

»—3;”’ a ecos(n‘t—w)-i- ecos(2nt——n,t——w)+
af

‘2}cos(nt-—n,t)1~i

e,cos (nt—2nt+ w)

* The notation is slightly changed from that used before. _
T £ and ¢, which accompany z ¢ and », ¢ are omitted for convenience.
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8 "1 %ee,cos (2, t—m =) General ex-
pression for

the develop-

ot 8 eﬂcos(nt+n,t—2w) +3m, e?cos (3nt—nt—2w) —
I

+-—-«ee,cos(2nt—-2n,t——w+w,)+gZ’%‘—eﬁcos(nt—3n,t+2w,) ; ment of R.
i
+78""a e, cos(nt+n,t—2w,)+ sinﬂ‘_z‘cos(nt+n‘t-—2v,)
+m,2{—~——+;1—(;—9m2— (bs,i—-l +bs,i+1)
|

+‘_‘..("_+_°1.)((3z-1)b3,_1—(3z+1)63,+1)}cosz(m_n,t)
+mS O SR L i (0t —n,t) + nt
: ,,g b —1— Dap 9 T 1gp "si1 [ eCos i(nt—nt)+ni—w

3 a 1 a .
+7’)l/2{ az bs,i—-l — ﬂ; bS,i — mbs,i_*_]}elcos (Z(?Lt-—ﬂ,t)-l—?’l,t—-m‘,)

@+ a 1+ a
+m,z{_ 16 ;ﬁbs,i—l“ ) ;,7%-
+(8-]{-691)‘12bsz_l_l}e%cos(i(nt—nlt)+2nt-—2w)
B +9i)a
+m,2 8 ;2 351 b3,z
_(+i) a ) ‘ _
8 63,z+1 eecos(i(nt—nt) +nttnt—ou—ma,
(1+32 a
+m2{ )agbs,i—-l
3(18+ i) aa2 3’l+1}eelcos(i ("t_”lt)'f"”t—n,t—'w—}-wl)
(8—-91)(1 13
+m2{ aﬂ 3»"‘1+( )bS,z

(21—(;2) aagés,z_i_l}eﬁcos(i(nt-—n,t) + 2n,t—-2w‘)

_mIEQ%IébS,i— 1sinﬁé‘.cos (z (nt—nt) + 2n‘t—2v,)

i being every whole number, positive and negative and zero, and observing
that by, = bm,—n. Considering only the terms multiplied by e and e,

r( )_—S—ang—ec%(nt— )

MDCCCXXXI. 2 Q



296 MR. LUBBOCK’'S RESEARCHES

m,a
+ —2—;—2elcos(nt-—2n,t+w,)
1

*. T a 1+2z
+m,){ Tﬁbs"‘l""( 2 )asbs,u

3;:“ b3‘+l}ecos(z(nt—n,t)+nt—-w)

IE{'— +’l») (l 3,‘_1+ 63,"

= Zz) bs,i+1}9:¢°8 (i(nt-—n,t)_ + ":‘—W,)

a _m n2 2n l}ae

- = — p—ecos(2nt—nt—

r . w@rn—n)n—mn) 2n—n, o3 ecos (2nt—nt—m)
] 3 ecos (n, t —w)

e 2(n—n,)(n+n,)

m, n? 2n l} a2 o
+ wn (2n—2n) L(n—2n) + af ecos(nt—2nt+ m)
n? [ .
3 z(”-—n)+n)
+ . i
E(i(n—n,)+2n)z(n—n‘) 1 5o 2ri1g

- .ﬂl_ﬂ)_n.{_._a_ . - a’ 3a2 }
{(n—n,)+n 4alg53,,—1 Tap +4aab3,4+1

i a® 14+ 2 3i a .
- %_E“lé bo i1+ ( + i) asba,z 47' ;‘Ebssi+ l}}ecos (z(n t——n‘t)-{—nt-'ar)

m, n? 2in 3 a2

— y 29y, .
+ [Lz(l_i)(n—n‘) ((i+1)(n_n/)+2n‘){z(n—-n,)+n, Tap %i—1

-8 _ 2, } 3(l+1.2¢_zibgz_l

2a, % 4ap 3t+l

— 2 I3 )
+ il 8,z+ (1 ) :gbs,i-}-l} e, cos (z (nt-nlt)-}-n‘t-—'zv,)

A= {3 n? }_ _
2nlg+n(n—-n,) M esin(n,t — @)

n? m, a® .
}—,;’ h—"eesm(2nt—n,t )

@y * o=

20 m, a® .
—_ m;‘:‘ &;.g.e,sm(nt— 2n,t+ @)

* r, being the coefficient of cos (i (nt—mn, t)) in the expression for .
po
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n T, mni o @

+ S ————————— {2(7‘*.}__1_)_ 7 _ b - —__-_b .
ETz(n—n;)-l-ﬂ 2 p,(i(n-—-n‘) +n) dap Si—1"" gg3 %

mn _ ¢ )

4a‘f3 3"+1)+ p.(n—n,) q b.z esin (’(”t i) +nt—w

n {2 — m,; ni f’..‘_‘f L Y
i(n—mn)+n p,(i(n-n,)-{-n,) 4 ap 31 2¢ 3¢

+2

2 . .
— 4"aa‘g bs,i..!.. l) e, sin (Z (nt —n, t) + n, ¢ ___wl)
If 2 > a,and

{l — %cos6+9a‘—i _%= £b,0+ b;,1cos 0 + b,,; cos 20 + &c.

{l —_ %—cose + ‘-:-g =1 by o + bs,y cos 8 4 by o820 + &e.

the value of R may be easily inferred from the value which it has in the former
case. Considering only the terms multiplied by the eccentricities

(g?) -—:?_"l'_ecos(nt—w)-[- Qecos(Znt—-n,t—w)

+ %‘%e,cos nt—2nt 4+ =)

A 142
+m12{—'}"‘ag 3,z—1+( + z)bs,z

iz;’ 8,3_}_1}e3c03((nt--mn,t)+nt-—--zar)
3(1412) e ia2
+m s {-20ED By, + e,

Q_{_’) Zibs’z+]}e,cos (i(nt—n,t) +n,t-—wzzf,)

All these expressions are to a certain extent arbitrary, on account of the
equation which connects bg; _ 1, by, and by, 4

(2i+1)a, z(a‘2+a,9) bo, (21-—]) a
2 a 3i+41 2 8 —1

t r* being the coefficient of the cosine of the same argument in the expression for —‘:— and excluding

the case of i = 0.

2Q2
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The reader is requested to make the following corrections.

: . v
Page 50, line 4, read q6=—_2"-?'_£‘2 + ?—aib 0 - 2-0-‘5-553,1 + Z%‘ibw
i i

Page 53, line 3, read = {Za by b - 9— b, ,}

Page 247, line I, read A= n ¢
4+ A,sin2t¢
+ eA sinx
+ eagsin (2¢ — )
+ eA,sin (2¢ +2)
+ ¢ A;sinz &c. &c.

for Ax=mnt
+ A,cos2¢
+ ergcosz &, &ec.

Page 254, line 1, read — % e?ecos (2t + 22 + 2)

(257 [30]

Page 260, line 6, read + ¢ 3 — 15 eecos (x— z—2y)

g 2 i

[89]
Page 262, line 6, read — %geeﬁ cos (2t 4+ 2 —32)
(58]

Page 265, line 1, read + gq-tfese cos(2t+3a+ 2) + ——-—eae,cos Bz —2)

8 64dap a’

[43] [44]

Page 274, line 6, read + {2 ry 41— {m_g—m—-a &

3

Page 274, line 7, read + {2 Ty + 1, — {-— TE—m T &c

Page 291, line 9, read + —3— _{1_ setcos (t 4 22)

Page 294, line 20, read + cos @2nt—mnt—w) + e, cos (nt— 2n,¢ + w)



