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..EVEL · 21 . . DIV 'DATE : 73242 · ]3"/06/57 . 

,-i30 

120 
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K:K1•1 . 
SUM=SUM+D (10•K, J) �~�A� (10-I, 1'0•K) 
CONTINUf · · . . : 
�0�(�1�0 "�I�,�J�)�~�(�A�~�1�~ "�I�,�l�~�+�J�) "�S�U�M�)�/�A�(�1�~�~�1�,�1�0 "�1�)� 
CONTINUE . . · . . .. . 
CONTINUf · -
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.SUBROUTINE TERM(A,Hic,orE:,FrG) 
�~� · �~�U�B�R�O�U�T�I�N�E� 'TEWM .'OOES THE MATRIX . ALGf:.BRA AND RETURN.S THE fiDE. 
''. PREDICTION MATRICES 

IMPLICIT REAL•BCA•H,O•Z) 

' .. 
. . . 

. ' 

�' �D�I�~�E�N�S�I�O�N� �A�(�1�0�r�1�0�)�,�B�(�l�0�,�1�0�)�,�C�(�1�~�,�1�0�}�,�0�(�1�0�,�1�0�l�,�E�(�1�0�,�1�0�)�,�F�(�1�0�,�1�0�)�,� 
�1�G�(�1�0�r�l�0�)�,�T�1�(�1�0�,�1�0�)�,�S�1�C�l�~�i�1�0�)�,�T�2�~�1�~�,�1�0�)�~�T�3�(�1�0�,�1�A�)�,�S�2�(�1�~�,�1�0�)� · 
CALL PROO(A,B 1 T1) · . . . 

G CALl. PROD(TlrC,Sl)' 
CALL PROD (A; D 1 T2) . 
CALL PHOD(f2tErTl) 

' CALL PROO(ll,F1 52) 
00 1 I=l.i0 

· DO 2 .J: 1, H1 
�G�(�I�t�J�)�~�5�1�(�l�,�J�)�+�S�2�(�I�,�J�)� 

2 . CONTINUE. .- ' 
1 CONTINUE. 

·RETURN 
END . 
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. " . Appendix B . 

·\ 
. ·-

The Oce~n Function · 

. ' 

,Th·e ocean function has been· ~ompl.ited by s~ver.a 1· authors · 

(t-1unk and MacDoni!ld, · l~60 ·;, L~e ·and K~ula, 1'967; Ba_l!Tli~o ~ ~ J973). The 

expansJ~n of lee ·aryd. ·Kaula (1967) has been shown . .-to\Yield. unsatisfactory · 

re~ul ts· (Balm.ino et al, 1973) ·and will not be ·d; scussed further here. . . . -.- .. ~ . . 
. ' I • , ' • " . . 

. Due to the fact that most land· masses are either greater 
/' . . . 

than 4.5 degrees or 1 ess than a few. degrees in · ex ten~, an ~xpan:; ion .to.· · 
. . .. . . -

. .· ~e-gree and order 3 wi i 1 reP.resent ~he. ocean cant i nent dis tri ~uti on 
. . . , . 

alm6~t as ·~ell as an expansion tb . degre~ and order 8. ··A highe~ order 
' . ' ' .. . . ' 

'\. • I' • • .. 

· e~pan$io~do~~ h~ve ~he advantage o(desc~ibing the coastlines a .littie .bette~, 

· and when synthesized it gives lan·d value of the ocean fu~ction· which are 

·~·lose~ -to zero 'and ocf.n· v.al~es which are clo·s~r to 1. · Fo_r t~e - purposes 
. of thi ·s. thesis t-he p~si ti on a~d· ~hape . ~f the. continents need not be known ' 

. 
to very great accuracy but 1 and val ue.s. must be as close to zero as po.ssible 

. . 
·and ocean values ·as close to 1~· The effect· o.f a. variation from the.se is 

to introduce a spurious tide. · 

.-The . e~pans iqns of -Munk and MacDon\lld.'(l960) (Fig : B~ a,b) 
' .. . . . . - . ' . . 

and Balmi_no .et ~, .1973)· (Fig. Bl a,b)' r~presen't 'the o~ean-~co·ntim!nt 

. dis~ribution · equ~~ly. well; but the expansion of ~unk and t·1acDon~ld 'gi_ves 
• • • ~ - ' • t) • ' 

s_onie anomalously low values in land areas and high values in ocean areast : 
. ' . 

partic~larly io low latitudes~ It.is _not ~ifficult to trace this to-values 

·._of th~ coefficients .b~, b~ · which ·are··too g~eat . ·A glance at Table ·a.t . 
. ~onfi rms thtl. . . 

. " . , · '· 
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" I ' " . .. ' Balmino et al Balmino et ~ Munk an~ MacDona l'd ---
\ . 

' · ' '(1973) : . ' . M&M norm (1960} 
_,am bm ·. m . m· m bm n m a b - . a . . n n .n n n. n . ·' 

' " 0 "~697 : ",0 0,697 0,0 0,71~ 0,0 
1 0 . .. 0,l2b l·0 t 0 -0,218 0,0 •0,213 __..,...."' 

~ 
{ . l •f0,108 •0,056 ·i6 ,.18.7 •0,097 .. 0,188 '"'0,094 
2 •' 0 •0,06fd -0' 0 . •0,134 ' 0,0· -0,130 0,0 
i ' 1 ~0,04" "'". 0·51 "'"·103 "'"•132 •0,11.:11 •0 .1 ~8 
2 2 0,040 0, 0''02 " 0,1.:1~2 0,003 0,~t~99 .. 0.007 . 
3 0 ". ~45 0,0 0,119 ".·0 .~.uo' "·" 3 1 !) 0,044 •0 .lii32 0,143. •0 ,1 ~4 0,149 ~0~ 128' 

' l 2" 0,070 . •0' 06-9 0,143 ' .. 0,182 0,257 ,.0,367 . 
J 3 •0-,01b ' •0. 0"89 •0.013 •0,074 '"'-". 014 . •0,211· 
·q 0 ·•0,024 . 0, 0 •0,07.2 0,0 -0,078 ". 0 .. 
lj 1 0,fil3b 0,030 ,..· 0,137 0,,1 14 .... . 0-,!53 0,095 

.,, 4 2 0,090 •0,021 0,241 •0,05b 0,471 "'"•11~ . . lj. 3 •0,053 0·, 005 -0,~76 0,007 
,. 

-0,207 ·0·, 010 
: ·ij 4 16,014 ':"~. 1"' 1 0,007 •0,051 ra,03~ •0,206 
5 (d · "0,109 ' 0,0 0,362 0,0 . 0. 325 0,0 
s 1 •0,005 0,011 •0 , ·021 0,1d47 ·01034 lll,rH9 

. . s 2 . 0,049 0,029 0,159 0,094 '0 ,314 ·" .1 6 7 
·5 l .. 0,028 •0,iiH6 •0,055 ·0·,032 ~~.212 •0,071 
5 4 •0,100. 0,03~ •0,093 0,033 .. •id. 34"' 0,099 
5 ·s • . .. 0,1d01 . •0ti0q·~ -0,00.e -0,014 .0,0 .. . .. 0.076 
0 0 . ~" '• ld22 0~121 ' •0. 0'T9 ~.0 . ·.0,116 0,a 
b 1 "·· fiH 3. 0,023 0,061 , ,f,109 ' · . 0, eqs •0. 095 
6 2, ,0,019 ·~. 005 0_,071 0',019 0,124 ·~.024 
6 3 . 0~002 •0,033 0,005 •0,082 -0,006 •0,·186 
b. · 4 ~~~t0,031 fi:). 023. •0,042 .kl.031 .0,150 0,124 
6 ~ 5 .. 0. 021 0,029 0,012 · 0,017. 0' 0(,j 0,066 
b 6 ·0~002 . •0,013 •0,000 .. 0,002 ..0,002 •0,013 
6 b •0,002 •0.013 •0,000 •0,002 .. 113,002 •0,013 .. 
1 ' lil 0,060 0,0 0,232 . 0,0, . 0,197 0,0 

. 7 ' .. 1 •0,004 •0 ,-036 . •0,1420 •0,184 .. 0,031 . ~0,177 
] . 2 ·•0, 021 .. 0,006 •0,088 -0,025 ' -0, a~a:r .-0·, 009 

0 .. 

7 ,3 0,009 •'0. 019 0 , ,027 •0,056 0,128 ·• .0. 095 
·. 7 4 0,028 •0,010 0,050 •0,1CU8 0,1~4 •0,0~6 .,. 5· •0,005 0,022 •0,004 ' 0,020 •0,019 0,.10b . 

_··f b 0,004 0., 030 .0,001 0,010 0~011 0,057 < • 

t 0,001 0,0..32 "·""" 0,003 0,00U 0,021 

" 
. - '· 6 0 e.·~as 0,0 0,062 0,0 0,040 0,0 

8 ' 1 -. 0~00b' 0,027 · ·0,1H3 16,148 -0,0~9 0•149 ' 
a 2 ... 0.,002 0,003' •0,009 0,014 ~0~094 0,112 
8 J ·•0,008 .. 0,019 •0,"'27 ·-0,004 .0,1~6 it0,092 . 

- 8 4 "'0 t 00'2 •0 •. 018 -0~004 •0,039 0,0 •0,113 
8 s 0,012 . •0,002 0,015 •0,002 . 0,141 •0,~0~ 

.. 6 ' b ... 0,014 •0,016 •0,008 -0,009 -0,041 •0,065 ·a .;.0,040 
.. 

7 •0,020 .' •0,008 "'". 004 -0 .• 050 . .•0. 025 
e- · . e 0,010 -0,021 0,000 •0,001 e.e~H . . :0,009 

.... 
' ' .. - Q 

·~ '4 

_Table '\31 Surface harmon'c 
. 

coefficients of the ocean functio~. 

~-·-~.~,..... ·· 
_ .. -----· 

' ' . •. 
~ 
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r';gur~ E.~ aT~ ~~~~-;u~cti~? ·.of Balmin? ·et !l. {197~)i easte~n_hemisphere~_The boundaries_ are _ d~fin.ed by 
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._ Ffgure B.2a.The ·ocean function· of Munk& ma~Do~ald (196-o), eacstern hemispher_e. ~he bo'undari ~s are defined . 

. ·b.y the ocean . function ofrBal_mino et 2]_ with e ~. o.s- ~ ~ 
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e,5 0,2 . 0,'3· 
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116 --~·0 •16,8 •0,5 •0,2 ld,3 0,9 . 1,2· 1·,1 0,6 
. . 

•1 t 7 •i '3 

.t,& _1,1 1,e 1.,1 
• n 

/"""'-.. 
. 1,4 1,s: ·1_,3 100. 

1,1 1,8 1,2 110 

1,6 1-,8 1,2 f 12kf 

1'fld i:l 1 '! 0,8 0,9 "1·,3 1,_5 1,5 1,0 _0} 6 0,6 - 1i1 1,6 · ·J.,6 · 1,1 0',6 e,b. ·1.0 1,4 . 1,5 . 1,·2 140 

15 0 . ~ '0 1 • 0 1 '0 . .1 • 1 1 ' 1 1 • "' 0. 7 " • 5 0. 5 . 0 • -, 0. 9 . 1 • 1 . l ' 0 1 • 0 1 ,· 0 ' l ~ 1 1 .. 2 . 1 • f 1 .. 0 15 0 

1810 
) ·-

0,0. •0,0 •i4,1 .. 0,1, ·0·1 -.0,1 •0,1 ..-0,1 ~0,1 •0,0 
I 

"·"' 0,~ 
_. 90 " 100. 

a ,0 . 0 .-e 
U0 .120 

0,1 ... 
e,ra 0,0 "·"· . 0·,e 

150 _ lblih 170 1BA . 
.180 

..... .... 
(J1 



' J . 

·a . . . 
' , 

' • • 11 ' ' • • 

.. . _· .. F~?ur~ 6··. __ 2b Th_e,· ocea.n f~nc~- &· Ma:Qonald (l9~o). ,- western he!"isphere. The boundaries are ·defilled 

.Q . b; th_e . ocean function (yf o ~·almino et ~with . e < p._) 
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.. Surface Harmonic Synthesis 
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. ' 
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! 
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\ 
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. ' 

.:A ~rogram ~as b~e~w~itt~n to compute the ~ide height 
, 'f. • . I . 

# 0 . l 

··.e'<pansion ·due ~ a. prescribed potential . . 

. · ' follo~fng t~~: suggestion of Hopkin~, (19l3) the values 
. :t -~' s' . . 

11 •• • , _~_) " '] ..... .. \'.~«~ ' 

of the ·associ a ted -Legendr:e functions ~t grid points ,separated ~Y 10. ~~';;· ·-· 

· ··degrees : of. l .atitud~ and Jongitud~ wer~ cbmputed· by. recllrsior\vrelat_io~~. , 
. I ~ - I 

' ~ . ' , " ' 
For · :h~normal~zati~~ A 1.1 the recurs;on · ~elations are 

. . I 

' .. p;-.(lol9) =· c. or~ r: ( (05~) 
l'd'\ . ' " P;,·., (~o,s_ t?) -= l-·l\.!.1 sin~ Ph ( c.o;9)· 

. . . . n-tt. . - . . . 
. ~- . . " M . . W\ . 

. Pl\ .. , (co~ (1) - ~I cos& P, (Co,~)- ·QJ+ml(K-ml ~-~(olir) 
· ·h-tl · · n< l\.tr) . -· 

" r , • • ' 

.. The mappi~g defined .bY 2.52 · ~s useful in identifying a Legen9re ·function 

• ' I C. J : Jl ' 
~ I 

r . 1 
~~ • 1 

.. I 

' ' t· 

'. -
by o~e index _ instead· of the normal two. ~ . 

' . \ 'J ·.- ~The program, with sufficient c;oiTITients to cl~rify . t,h~ 
. . 

..a · I' • .t" co 

' I 

. ' 

' ~ ~. 
' • I 

. ' I 

' , I 

. 
l \ . 
I 

..1. 
. I ., 

I 

.\ . 

. . 

' ' 

operation( ,5s given below. lhe program fo'r the ocean function is given 

. tfie prqg~ams ·for the tid~.maps being {dentical in -oper~~i~n • e;cep~ for • 

a change in data cards . 

. 
' . 

. , 

•. 

I I 

j .' 
I • -
' . 
' 
i - . . .. 

I 
· ' I 

I 

I ., .·. 

. :. ... ~ . - . . , . 

\. . ' .. 

' -

': , I- o ' - • • • ' f ' ,. , .. ' I • • 

, j ·· .·~...-. 11.~\.'\;'" " '. ~ " ~ .. ·-~· .. ... ... . 
.' • • • • .... , .!' . < ••• 6 ' ' · 

' • ··> ·.. . 
: 0 ~ · ' . .. .. 

, . . , 
' ' ' 

! p,. ~ · •. • • ~ .. 

/ -~ 

'. 
" 

- ~ 

.·. 
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LEVEL 21 

. ' - ' 

" 

MAIN 
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-
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. 
' 

DATE = 

: 
'0 

... 

.,.; .. 
. \ 

,· 

' 
' 

. 
. 73242' " 13/05155 

C PROGRAM TO PLOT T~E ~CEA~ FUNCTI6N AT EAC~ : GRlO POINT OF · A 10*10 D~GREE 
· C · PROJECTION . 

c 

IMPLICIT -RfAl*8(A .. H1 0•Z) _J 

. REAL•6 OCf.AtH 3.6 d 9) /68LI*0. 00/ . . . -
DIMEN~lON P(45) 1 Al.0),MAP(36,19J,LONG1C~9),LONG2(1q),LAT(19) 

· REAl.~t8 C/16,17450•01/ • · . . · . ·. .. , . · . -
REA 0 T H l C 0 E f F I C I EN T S OF" --THE 0 C E AN ~UN C T I 0 N 

NEA0(5rl)(A(l),I:1,45) . 
•• • ¥' HEA0(5rli(A(I),1:46,q0) 

. . 

i 

( r FORMATC10F7,:S) . . · 
· c coMPUTE r HE LEGENDRE F.UNcT IoNs· usING REcURRENCE · REL~ r r oNs · · I 

. P(t)c:1,00 . 
DO 30 K:f, 1 ~ 
F= ( K-•ll *(;~tU 
o o· 10 1 = 1 , e · . 'to 

. .... 
, ' 

N=I•l . . 
PCtN+fl*(N+2)/2+N+Zl=P(N*(N+1)/2+N+1)*(211N+l)*OSlN(f)/(N+1) . 
P ( ( N+ l l * ( N+2) /2+'f;i+ 1 )'~p ( N* ( N+'l )./2+,N+ 1l * ( 211N+ 1) *OCOS C F) I ( N+ 1) . 
r F c N. L r, 1 > Go r o 10 . · · . - · . 
DO '20 · J=l rN · 
M=J•l · . ·, · · · -· · , .. 

. P((Ntil*CN+2)/2+M+1)aP(N11(N+l)/2+M+1)* .(2~tN~l)*OCOS(F)/(N+l) 
1• P ( N * ( N •1 ) /2 + M + ll.* C N + M) * ( N • M l I (' N * ( N + 1 )J . ' . 

20 . . CONTINUE. . 
. 10. CONTINUE "~~ . , . 

. ' 
C - COMPUTE THE VALUE OF-- THE OCEAN fUNCTION AT , THE GRID .POINTS 

. -

00 60 L=1r3o . ' , . 
o.o 70 1=1, 9 
DO 80 J:t,1 · 
X:(L•ll*C*1., " No 

M=J•l : . • ., , 
INM=(lfl(l.-1)/Z+J) . · ._ . . 

61 OCEAN (L; K) =OCEA~ (L;., K) +P ( !'NM) *(A (I NMH•DCOS (M*Xl 
1+ACINM+45)*DSIN(Mf:X)) 

80 CONTINUE . . 
70 CONTINUE · 
60 ' CONTINUE.· 
:50 CONTINUE 

DO 180 . I=1r19 
LONG lll.): 10* C 1 ~1) 
LONG2(I):10*ti+17) 

- ·LATC1)•10~(I~1l . 
180 CONT.INUE . .. 

. . DO i~0 1:1,36 . : . 
00 200 J .=1r19 " ·. 
IFCOCEA~(lrJ)~GT •• Sl> 00) .GO TO 21,0 

· · "MAP(I,J)~11 . 

' ·, 

• . ' 

( ' 

.. 

:I GO to 200 "-
-......., 

"·4- c--~ . . . --- ------· ...... , 

• 

' 
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L.E:.VE.L '21 MAIN DATE = 73242 13/05/55 

21~ 

200 
190 

MAP(I,J):22 . 
CONTINUE 
CON lei NUE 
WRITE(b,400) 

400 FORMAT~ ' l'l 
~RITECbi2b0l 
WRITE:.C6r26~) 
WIUT~(br2b~) 
WRITE (br 2b~)· 

· · wr-uTECbt2Z~l 

.. 

\. 

·2b~ FOR1'1A_T't'0'l ... . ~ 
. 220 FOHM~Tt' MAP OF THE OCEAN FUNCTION,~ . OEGREES EAST '' 

11 L.ONGitUOE •180 DEGREE·s : EAST LONGITUDE') 
. · WRITE(br240)(LONG1(ll,t=1r19) · . 

oz~rtJ fORMAT<.SX,1915) • 
· · oo 25~ J=1,1q . , , . 

250 . WfUlE.(br2701 · L'AT(J) 1 (0CEAN(I,J),i:1,19lrL.AT(J) 
270 · FORMAT('0 1 rl5,19FS.1r15) 

WRITE(b~29~)(L0NG1(IJ 1 I=1 1 19) 
29~ . FORMAT(SX,1915) 

W R I T E ( b , 4 0 0 ) ' 
WRITE(bi260) 

. WRJTE.(br260) 
. WRITE{b~260) 

. · .. WRIT.E(6,260) 

.· 

· . · - WR.ITEC6r300) . • 
. 300 FORMAT(~ · - MAP OF THE OCEAN FUNCTlON 180 DEGREES fAST'' 

1' LONGitUDE ~ -360 DEGREES EAST, LONGITUDE') 
WRITE(6,310)CLONG2(1) 1 1:1 1 19) 

310 fORMATC5X,l9i5) . 
00 .320 · J=1r19 . . ~ 

320 WRITE(br.330) L.AT(J.j 1 (0CEAN(l,JJ,I=19r3b),OCEAN(1,J)rLAT(J.) 
330 FOHMATt'0'rl5r19F5,1 i i5l. . 

WRITE(br350)(LONG2(I) 1 1=1 1 19) \ 
. 350 FORMAT(5Xr1915) 

WRITE(br360) 
3b~ FORMAT( 1 1 1 r 1 WORLD MAP'> 

WRITE(br370)((MAP(I,J) 1 l=1 1 3b),J:1,19) 
3 7 0 f 0 R 11 A.T ('1 X , 3 b I 2) 

WRITE(6,260l 
STOP 
END 

.. 

,• 

.· . 

:~ 

' I I . 

. 
I <I . 
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Appendi>x. D 

Derivation of the Equation for the Potential of a Surface layer 
'I 

• 0 

., Consider a l~f ~as~ ~f densi~y ~ a~d variable 

thickn~ss ~ .o the surfpce of a sphere of radius· R. Let the mass point be 

a 

FiQure D.l 

.. . ' 

the field point' at (r.,e)i\_) (figure 0.1)' sep.arated by . 

"' . • 

r,e,?. 

' . , 
The potential ·of the· mass ih the layer is · 1"· 

(' 
' . 

-
. . " \ 

· :But 

an( 

·) .. 

. ' 

Ver;~~?. == 6J? 
. ' ' . 

. ' . 
. -' • .D · . n 
f . ~ .-.L L Pn(<:o~ 'f) (R) . . r ,.:C) ·, r 

' . . 
. , 

(0.1} . . 
- I 

( D-.2) 

'(Q. 3) 

·. 

. • ' . < . ' 
'' ' . 

> Q 

• ' 

\ ., .;I . 
·' 

l .... 



. ~l ' 

', 
- '1.21 _. 

.Substi'tuting equations D.2 and Q~3 in D.1,1we ·have. l c: 

By 'the add4 t ion theorem we have ' 

Pn(cos Cf') = Pn(co.~&) P)l((os~~-
·~ ' . (0.4) 

+d.. r: . n'.. . r;((o.5lf) P:Ct::o.5&1 cosm(ll·-~'r 
lrl-:1_ .()\*~!()\-l'\),1 . . '' ' . 

' . . 

· Substituting equation 0.4 in 0.3 and using the 1orthonorm.aHty properties . ·· 
. . . 

of the Legeridre functioris •we haveagiven in Appendix A, we get I ' . 
·, ";' 

vc-r,&, ?o) " ';rr 6 ro '\r;r' . ' · 

- ' . 

X:.&. p: ( y,"' CRS )>\. tl + Z~ :>.i I\ WI. ,1. ) ):1~ + I) 

1'. 

On the .surface of the Earth, .. 

. I 

... 
. . 

=· -4 rr G.t'c R~· ~" /c 2n~.f) . 
' . ( 

= .. - ~~.& ~-~h/(2~~~1) 
~ · f . ,' .. 

,whe~e f is · no~ the mean · density of the Earth. 

. ' 



·~ 

'• , 

.. ' 

,./ 

- 122--

·, ' I 
• .Appendix E i --

'1. .. . ' 

t. " • • • 

Th~ tiouville .. Equations 

'\ . 

In a coordinate frame - x~ (i =-1, 2, 3) rotating with 
' 

angular .velocity w re1ative to .'a frame fixed in space, the equations of 

.!JIO~iQJJ:~- of a body. are 

(E.l) . 

where 
. 

· L. · = i ' th -comp-onent of the net extern a 1 torque on th~ body about 
~ 1 . . 

it's cen tte of mas~, 
-

.. H1 -. = i 'th component of the angular m~mentl.ITTI of the body about.; ts · 

I 

.. :: · ,. · centr.e of mass, 

f.ijk =· the levi:..Civita alternating symbol.; . ., 
· 1'1 , I 

and . the sumnation' convention over r7peated subscripts i: used .. . 

o.for convenience take the rotating- frame to -fie fixed to the surface of the 
I I 

. . ' 

' ' 
solid Ea,rth 1 n sane prescribed way. Then it is . called a geographic frame. . . -., . . ~ 

C·· w · + h· ·. 
I~ - ~ I (E. 2) 

where Li~ are _the components of · th~ inertia tensor ·in : tpe chosen frame a_nd · 

h' is th'e i 'th:component of the cody's ang!Jlar. memehtum relative to that 
. ; - . 

frame. Substituting E.2 _in E.1_ we have 
,· 

L·i = ir ( C.i~~.i .. hi)+ Ei~k WJ ( Ckt wf ~hk) • (E.3) 
0 • I , 

.. 
~.. ' . 

. . , 
' ' 

'\"''­'! . ....... 

"'· 
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, 

For small depar.tures from a state. in which the body is uniax.ial and. .. . 

rotates about .. th~.axis x
3
· with. u.niform angul~r speed JL ·, equation E~3 . · . 

'• ' ' ' 

can be put in a perturbation form. Def~ne 

C11. :: . A"' c,, . 

c,).. -:: c,~ . 

w, =- ·_n_ m, . ' 

-~ · 

· Cr3 = -c,'3 

w).~ft;...l 
(E. 4) 

I ·tAll = Jl(l"i: ~1)' 
t 

. · c ~ are perturbations from the di agona,. i ner:ti a tensor whose components 
. . . ....... 

· _are A, A, C. The variables mr, rn2·' measu.re the angular. departLre of the 
,.. <I • • • • • 

rotatipn axi-s . from the axis .x3 , and m3 measures· changes in the 1 engt~ 
' . . 

of ~ay. Substituting E.4· ipto E.3 and neglecting products and ·squares 

• of small quanti tie~ .we have; finally, . . . . . 
~ .tt .m~ = c:p~ . 

,&,.. 

rn -· 'n1 _,. . c 

'' • 

· .(E. 5) 

. 6,- .. 

/ _here . 
~ - . 

. .- . m3 :. 

..6 · -= (C· a) .fl· .. :( · 
r ~- ··{t:.6) 

·--

· ·' 
. . . .... . 

=- ~~ c,1 + :.1t cl,· -+ ..11. h6 ~ h~ - L~ . 

~ ~ . , . 
JY.. ({.·- ~) <fl ~ -'l ~J.l ':- Jl. (I~'+ .Jl h~ ~ .h~ - L .. 

..t' ' . 
:f' ..ll.1. ~ 4>3 =. - -fll c"l"3 - Ji. n~ -T ..[l I Ll ·rl:J:. 

C) . . 

(E. 7) . 

.· 

' · . 

/ . 
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' . 
f); are. ca l.led ). The functions excitatjon fun~tiorts because they involve 

: . .. . 
the various ways in which changes in the body's rotation can be effected -

6 -
' ' -

changes in the mass distribution itself, ~hang~s in· the internal 'distr.ibution 
. 

torq.ues. E·. 5 of ·angular momentum of the body, or external The set are ·. -. . 
cal1ed the Liouville equations. (Munk and. MacDona 1 d, , 1960, ·chapters 3,6). 

. n 

. .. 
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'. .• ' - ' . '. 
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-
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I· 
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Appendix F 

,. The Pole· Tide Potential 

_. . · ·T~entri fuga; fO~ce experi en, d. b~ a parti c 1 e at 

. distance d from the axis of .rotation, about w~ch the Earth- spins · 
• ' ,J ...... \"' .', ' 

- . ;.. . J 

.with ·angutar spe.edw, is wc.l .. Thi~ is derived fr~m a potential 

.J.. w~J~ = ._t 1· w 1- ;-~~ ~ 
. i).' ~ . 

· - where 
•} . ,· 

o · is the ctistance, from the Earth'~ · c,entre ~ of the particle whose longitude 
,. 

i s A and whose colatitude is(}_ ; To the first order 1n the sm~l l quantities-
.. 

.., 

Therefore the centri fug~ 1 force poten'ii a 1 reduces to 

· j_ i>.~o..~[ ~i~~~ - Sin;fJ ( mj C::~~t\ '--to .. M 2. sit\ A) I · . 
' . " J 0. . . . . 

The part whuh . creates wobble is . .. ·-

. .. 
·. 

. . 
.. , 

-
·. 

' - -
' . 

. . 
. , . / 

·-

.,. ' . 

.-

" '\ 










