Gyroseope Test of Gravitalion:
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Wea digouss bwo important pertarbations due
to (1} the earvih's guadrupole maoment {Heiqs. 1 and
£ (2ay Q] and (2) the carth’s revolotion aroud the
sun (Ret. 31, which mast be takea into accound in
an analysis ol Schills {Rel. 4 proposed gyroscope
tout of gravitation, The rate of caange nf the spin
asia S of a syroscope may be weitten (Rei. 4)
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swlia e E-'E iz the anzulaorvelocity of precession.
Foaplicitly, in Minstein theory I:ﬁ
have (Rels, 1-4)

{23

whese 3, 5_’3..-]:”). i__?rl__-; R and ﬁlt'l}'-. are lhe goe
called Thomzs, deSitter, Lense-Thirring,

fpad repole-moment [Refa, L oand 2) aad sun (Hef,
Y wontributions, respectively: The corregpond -
g guanliby an the |$|'_r:5:1;-:--]'.h'c:l-:n:_' (B scalar-tonsor

theory (Raef 3, aav EI'I'HT‘." ig piven by (Hei. £
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whese wois the dimensionlass coupling conatant of
the 3310 theory, It is possible to have EE‘T EASEN-
tially woro (Refl, 4) by putting the g}'rr:ﬁ:-:}piin a
gatellite, Tenceforth, we will repard the O as
leing averaged over o poriod of the motion and
confine our discussion (o orbhits which would be
civentar in the absence of the earth's cuadrupole
e nt G (although ellipfic orbits have alsa beea
Ereated: Ref. 2}, The term Ry is referrad fo as
the divect mquadrupole moment effect, bot there is
sleoan sndirect effect which manifests itsell only
when the principal fesm ﬂ'r oo ds averaged over
period of the motion {Rel. ]l]

VW deline a length Ya™ such that Keplar' s law
halds in its normal form for the distorted {due fo
O circuiar orhity e,
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where T ig the period and w s the average angu-
Lar velocity (Ref, 2} of the gyrascops in the field
nf the earth of mass M, spin angular mormeant
A4, znd guadrupels moment £, given by (Refll 7)
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et A
20 (1082, 64 0. 08) ® 10 T R©

whoere [ s the earth's equatcrial radivns, I fol-
Lovws (Rels. -4 that, to the accuracy requiced,
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where s & number of order uaity whicll depends

ab toe dnclination of the orhit (el 2) (i1 aquals
3inr i ||._'|,r et ol I8 Do ann ergus
et A wned’ ':-:' ara unit vectors aloag fhe arhital
ainpular mumrenttm of the gvyra and ey thipeationg,
respectively, and 8 72 the #Engle hetwean the .1 il
rtel divections, Ia oaddition, Mlmye s and 1
denote the mas= of the aun, the averape =ngular
velocity of the enrth around the sun, and the unit
veokor aloag the varth's orhital anpular monten -
turmg; rta the eqrihesun dislancea.
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Forkaps e roosd andgue feateee of Schilf's
syro best i that i iz the only experiment thus Fae
likely to mezsure the off-
diagonzl Lease-Thirring terms in the metric ton -
sor,  Lvertlt and Tairbank (Ref. Bland Pairhani
(Iaei. N awpect tn carey out this experifient Tn the
mear Tuiure by Lzunchineg a zatellite contzinifp bwo
pairsg ol superconducting gyroscopes into & polar
arbil oraund the cacih; the Spin of one paie |'I>'3::_.' rin 1)
will ke parallel to the sarth's axis and the spin of
Fhe other pair (gyro 2 will be perpeadicalar to the
arlit.

[0 s e wilich

plane of the

A patar orbil (8 - rf2) 'J\.'nq selected hacause
{iror Eogs. Seand &) 8 ng vl Sip e Are 2t right
anmples Inr auch an nrEif fand, inoaddition, preces-
gion ol the pyrodue booa pessible gyro quadrapobe
moment 15 zero; Rel. 100 For definitencss, con-
sidor the garth's angular velocity fo be in the
m-rlivectinn and tha ot to e din the ws-
||I.'|'|1~ a0 that the orhi angular momentum of the

atollite |:Iu||'l1"- in thia },-'-ﬂirt:ctfc:-r.. Then iy lics
.|Im'|!_ woand ghpop along s Thus, wyre | (with spin
Al ..] wrill | | voted hy fip LT* ane gyro- 2
(with apin along vl witl niot e affdcied by Bl g
I'herefore, it was thought that gyro @ would pro-
wide a "olean' tesf of the Leasce-Thirring terms
clean inthe sense of heing sensitive to il ¢ oaly.
Frwever, aswe now make clear, this possibilite
ig-rulard out hecause of the sensitivity of gyra & e
the sun's perterbation.
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"The value of S T i usnally ealc
for our nresent purposas,
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tian becanae it craldiices 17 - T by abond
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ference botwesn the Binstein and Brans-Dicke predictions,

Lo rmasures,

rom o[ Thak Reli 2
aroned the sin.

Lhat dhoee maeth 3
it is necessary o use o value forthe angulary momentum of the eavek which

iz

col anoa rere reabistic mass distribotion foe the aarth (Ref, 113,
Cwhich is cansideralily larger than the approximately &% dil-

The mazsnibxde ™ of 7 leroa aatellite iqa
cirvular T:\'.]_{l,r argil 300 miles . acove the sarth is
4308 ® 10°F secfyr (af this altitade the magnitude
af .E”?-_-} iz the off- ruated value ol To0 secfvrh, Tls-
ing B theory, this walue 75 redoced (Ref, B by a
factor of 1416, iow; Ly 2.F x |0 o aenfyr. As
I|<-I'f>|~r~ (Ref. 6), we take w B, "Dhus, to distin-
puizsh betwesn the Kinstein and GD theories, the
cxperiment should be capable of measuring auch
small precession anples, In fact, messurenienl
aceurate folGo rroaw i1l e possible (Reio 9).

T gaestion we wish Lo consgider is wihetae e
there are any pecturbations of |'|""f_;“|i|:'.|.l:|E: T enlbEl
than 10 “Fozer fyr along: the -axid, in addition fo
5 With regard to E‘u, ad i8 clear fron Koo
[T';l, this conltribution turns out to e i the same
dircotion as 5..!]_..,.3 ‘oroa poelar orhit (though this s
a0k Lrae in uemr‘nlj, aird thuea itk ‘|"- [Ris3 an.m]:-ctnfnt
along =, However, the magnit ad e af S
L5 dsea 10 = .=|t>r,"'5=r'. and since the earth's eguator
iainalined at an angle b oof ..'.:-:l._L deg to the celip-
g-enmponent s 0917 Bie e, IV0Ex
It i5s migre than & fimes as lavee as
thig fliffe rence heabweaan the Lense-Thirring contri-
sikions arising [rom the Biostein and BIX theaorsies
and 17.& times larger than whal czn be messured!
Actually, the best orBit fo select Tor e puspose
of chtaining the "cleoanest!" fest of Lpp is one in-
alined at an angle O o the équalor 2o st i ancl

:‘i,l.:t,_ hie

(=3 S "Ii_r" L

'ﬁ[f'-:‘-I r_1;_'|i'|_l i the same direction ti.f\-_ el = -:|:|

Givpro Aoty ‘u_,lm slaced in the (l]r‘F'i11-..ll'l a0 1|':.'|f'

it will i e insensitive to both fg and Vg
Uninrtunately, o price must he paid; that iz, the
lense-Thiveing contribution to the nrecession of
gyro 2 is reduced by a lactor sin b - AE Lo oa
walue 17,4 ¥ 107 secfyr, and the differance he-
twesn the [itatein and BI1 contribotions in this
case ig 1,1 = 1073, very olose (o tha limits of the
n::-xpl_:g'fr_;r_:l |_'-xE:|<_'r_i|j:||':r1:‘<'|_| Aol I'il\.':‘y'-_Ir'l arlelitiomn,
there is now a contribution feom e arroanting bo
I ||_|'q -e""1_,.|,. Far this l.'tl'lrln"if_::"l._r:_‘l,fil'll‘l. gimi-
Lar fo the polar orbit case, a possible gyro guad-
rapole moment does nof contriboie fo the
precessiog
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Toaummarize, we wish to emphasisne that,
althaugh the perturhations discussed will certainly
ake the analysis of the observations more corn -

plow, they have all boeen caloulabed precisely (o
tie zecuracy desgited, with the resalt that the esx-
periment should be capable of deciphering ¢ach
separate conbribution Lo the angular velocily of
precession af the épin
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