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AERSTRACT
Quantum fluids, such as the s. erfluil component of liquid .. .am

ar.: the suyperconductive electrons in « suzarcenductor, hnave the projorlty
tnzt once a current flow is.generab.id, 1% w21l not dgcaj. .wese fluids
therefore have the cap#bility of 'integraving small continuous forces i
acting on the superfluid component. It i found that superconductivs

dzvices may te able to measure the non=Newtonian gravitational dray

="fect of a rotating mass,

It was poinved out in a previous essay; that‘the Gansral linorr of
Relativity predicts.mani non-New;onzan'gravztational‘effe;zs, RIS v
to the usual Newvonian attractio. if the attracting mass - in o7 .
~ These effects will cause forces on . near~yy body that depend in &
complicated way on the position anc motion of the bédy and the éttractin;
mass., |

If we have a rotating ﬁass, then besidé; the;rédial force exeried Ey

the Newtonian gravitational attraction
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which is of zero order in v/c, there is a tangehtial coriolis type force

that is exerted if the body is moving
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| wiich is only of firgt order~ih the rotatioral velocity of the rotaving
mass, However, if‘is also depéhdent upon the velccity of the senvr iz
body, so it is really df sedond ordef in v/c. Tnis iz the well . .3
. Lense=-Thirring effect. There is also a raciul centﬁlfx:dl type Tovee
eiertéd on a stationary body by a rotating mags |
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which is of second order in the rotatiopal velocity of the rotating mass,
These forces, which imitate centrifugal and coriolis forces,:are the ones
that are usually mentioned,in the literature.

Thei'only tangential force on a stationary body near z rctating mass .

is
. 3.3
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which is of third ordér in the rotational velocity of the rotating mass,
(This.was obtained from Eq. 8 of Ref. 1),
All of these forces‘érg very small, so it would be desirable to
,deviée detectdrs that integrate these fcrcesfover long:periods of time
in order to obtain a measnrable quantity. | |
Quantum fluids, such as the zero v1scosxty superfluid component of
liquid helium below the lambda point and the zero re31stive component. of
._tne conduction electrons in_metals below their superconductlve transition
‘point; have the'propérpy'ihat‘once a curreﬁt flow is started, it will
bersi#t indefinitely, Tﬁése fluids'thérefore_havq the capability of

integrating small'conﬁinuoﬁs forces acting on the’superfluid component,



If we ndve elther a superconcucting or a tube of liqtid helium}II;

near a rotating bbdy, then theée non-Newtonian effects will exert forces, : |

C
o
"portions of the fluid will be counteracted Uy elastic restoring forces f - '$

on the various components. The forceb or ine container or the normal

or dissipﬁted by frictionai effects, but theyforces on the superfluid.
component will be integrated and wiil buiid up a Plow ¢ current.

qowever, to use these quantum vurrents, it is necessary to have a
continuous closed circuit for the current. It has been found that if
a circuit is arranged to sense‘the radial non-Newtonian forces, then: i«
the forces in one par£ of the circuit u@ll be opposed by forces in
anSther part of the eircuit. If, instead, we arrange the circuit to sense
the téngential part of thevnon-Newtonian forces, then the tangential |
forces will tranéfer'énergy and angulafAmomentum from the rotating mass |
to the quantum fluid, Unfortunately?'this effect is of third order in
v/c, but integratioh'ovér'long périods of time will help to overcome fhis.'

As a specific example, let us take a rotating mass of about 103 kg
and radius 1 foot (1/3 meter), and rotate it to nearly the breaking point.
_'Beans2 has shown that this point is 1ndependent of the size-of the rotatlng o
object and occurs when the tip. speed is approxlmately 10 n/sec (v/c =3 x 10 ).
The non-Newtonian tangential acceleration for any dbject along the
perimeter of.the wheel is then approximately . \f“~ |
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If we let this acceleration‘bﬁild up'fdr ten dajs.(1064sec);lthén the
induced velocity will be o '

-17 m/éec



This is a very, very slow v_.ocliiy né one .uld think that i: woeld
be unobservable. However, if we nlice a ::;Alelof superconducting swires
vw1ch an effective cross sectional arsz of 1 cul rnear the perimeter o the .
rotating wheel and 1ower the temperature oI the wire sufficiently ©o:low
the critical temperature so that mosi of :he electrons are supercondacting,
then ﬁhe total curreht due to the motion ¢f the superconducting elecirons
moving at this very slowfvelocity ig

jI - ns e y;A.Cslo.ll amp3

This is a very smallvcurrenﬁ; but even smaller ones can be measured in
- high impedance circuits by commercial electrqmeters..

One way of measuring these small currents is to rﬁn them through a
multiﬁurn coil'ghd create a magnetic field, If we assﬁme a'loh LU
coil onalecnm ra&ius coil form, then the magnétic field is

‘B = ,ﬂ_ ~ ZI.O'“'7 gauss
2r :
which is small, but measureable. -

Similar experiments could be considered wiﬁh liquid helium superfluid.
Although there are no easily measured pfoperties to iﬁdicétq superfluid
flow due to the electrical neutrality~ofyhelium, there is also 1ess likelyh
hood of unwanted interference. It is possible that the angular momentum
amplification properties of superfiuid flow as described,by Repry and
Depatie3 could be of aid in amolifyirg the very small motion 1nduced by

\
the non-Neutonian gravitationa; forces,



SI0T3AT DYHA TYNOTIVITAVHD
NYINOLEAN~HON 40 NOLLOWHI 24 L NNGUUELNS

,\nnt.,%wm;@\.»wﬁi..&awi,.vfc‘.,D_Arr.;...ew?&.r..., A,
o i T .

\x : - 9aFM 3urqonpuodasdng

1100 L \\ , N
UIN T TN , ! ) wwochhﬁh
urqeq0y




1.
2,

,3‘

170, (March 1963); also Gravity Res

sravity®, Ame J. Fays. 21, 164~

Robert, 1., Forward, "Guidel:es to
2% Foundatior Essay fo= 1962,

e
w DT s

Jo W. Beams, "Ultra High Speed Rotation", Sci. Am., 20L, 134137,

(April 1961)
Je D. Reppy and David Depa.ie, "Persistent Current in Superfluid

Heliun", Phys. Rev. Let., 12, 187-189 (2l Feb 196%).





