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Another Effect of the Earth’s Quadrupole Moment
on the Preeession of a Gyroscope.
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A experiinent loo measnre the preeession of the spin of o gvrasenpe in an Earih
silellite, proposed by Senner i) ss oo test of Binstein's ooy of relativite, will Te ear-
vieal ok o e pear fabee b Bvaimeer aod Faresawc (5% One of s (Y las pirently
showie that Lhers 3s 0 conteibution (o the precession due Lo he ipselenpole el
al the Earkle ol Lhe soder of R OL A, We peder ta this effeel az the divead g il
et elfeer and ks an prrposc lere oo poind out that there 05 alan o fedéeest
elfect due to the guaddvupole moment, whiel manifests decli only when the prineipal
v (fe Bpge tho de Sitter term (9] is meraged over o period of the wmotion, This
indliveel effeet eesulie Trond the Faot that the arbil of fhe antellive iz no lopeer parely
elliptical Tl s o foel distorfed hocamse of Che presenes of the gquadenpole e in
Tl protem i,

) Permenent aibidesa: Depacbment of Phyales aml o Asbronoms,  Leonislana #late U nivesidy,
laton TRoogs, La,

(1) L L, Heniier; Proc, Needl cdeodds Seic A8, 8T (1960): in Fewenediars oa bee Theory of Ceadlating,
uditid Ty T Iwwdnn (Iaria sod Warsaw, 10647, p. 1,

0 CL WL EL Ivemrer il W ML WATRRARI: 0 Peee N Gl Cond. se Lo Tomperatere Plasbes,
Vol & 13 (Moacow, 10463 p, 337,

[ WL ML A Losidar et Pecluee, ln Prw, X7 Fib, Cond, on dom Towpererdure . Pleaades,
Vol B (3. Andwses, 10687, po 14 and 15,

VL AP R L et opkats, Speee Sed o 11 RUGRY: et Notees e, 1, 938 (19590,

Gl




F1i b, M. BATNKEL Akl It 1. 0NN N ELL

The Newtonian potenlial @ at the geroseope due fooa body ol nass Mowith oaxis
of myomedey along Hhee = odiveedion, sy ansl fo he gquadeapole momenr £ 15

G _
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whiore ot e digtames Teomn Phe cender ol 0 Ge e gyreseope and 8 8= the angle between
poand e sz Thus, the Lagrangiann o the Barchegyrseope sysben (where Woand

we e the respective masses ol W = oany s
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ey W hanirt A e eind i)

weltere (i dlod denetes ilerenbintion with vegpeel fo bhe cime £osnd gois bl axinondhal
angelee W new apply the Bnlee-Lagreangne eipabions t obtain the cquations of wekion
and the latter are then indegraded boosive Dhe ovbit cquadion, [ general, e i
et lods are necessary. Tokowe hosye sneceeded o Tinding an arsalvtic snlution in e
it of o distorted eivenlar pofor orbit. The polar arbic is of peime hopoeboes ag this
Fa b arbid acdected Tor Wi Standford coperimental fest (2% primarily beeanse it enaliles
Mie e Bittor ol Lense-Thivving contributions (4 fo e grecession b be oossieeed
5:'.J|:|.|',"|1.|,:JI‘.'. Fror thae polar orbil we fod e solution
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wliers s o consland and @ ig e average augulay velneity. From vgs: (3 and (4], it
is elear ot e fe identieal with [he equatorinl radins. Mote that Lhe polar vading 1= o
Fnebor (1 CHa®y times Lhe equatorinl rading, Inoaddition,
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whoee the bar denotes Lhe aversge overs o period,
Now Dl de Siceer contribution Lo the precession, g say, ds given by )
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Thus, for the distorted polar orbil
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wlhere #is o unih veetor along the diveetion of Ahwantellite’s orbital angalay oo,
Thee secend ferm en Gl cight-hond side of ego (0 is Lhe balivest guadvopole mamend
contrilabion. 16 ia ol the s order of foacnitnde as e divest conteiboation, which s
piven by (%)
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The overnl] affeet of e quastenpole marent. whieh we will denole by £, s given
sty by fle addelition of the diveet aned dndivect conteilimbions, Frooo egas (95wl
[} il elese (lint thesse twos eonteibubions ave aeling o oppeaile direciions so Lhad
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where §29 is the avernged de Sitter contribatian Toee 0f =k Now (%)
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where I is Lhe Bavth's cguaterial raslis.
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Thus, L gebedbine inog padae prbic 00 miles v thee Baedle wd K capeadone (%), the
patnibuede ol LY s the oftoquored vabiee of 75000 and ae L equals 3510 Wl

o iloiE 828 vimnes larwer than whal ean beomeasured (8 We hove eavried ont o similar
citlen b bion for s satellite oo epeadosiad orhit, 500 niles ahove e Barth, anad we fid
e £, 08 exactly twice us large as o Ahe cose of o pelie arhil with the apposite amn.
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(5 Taldiog iuto seonimd fhe faes phak Bhe sabellite 4. 10.80 miles elogee to bhe seatoe ol tho Bareeh whies
alowe Dhe poles and Che fack thik tlhe pelee moliog of the Yarkh b8 15,23 miles smadlee than the sgoatorial
racling, it follows that the antellite f9 200 miles above e Barch b W poligs Do othoe woords, Bhe sateilide
ab Ui equator 16 11 milea closcr to fhe Karkh's sorface Bhan when B Zgoab Lhe pales.




