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Gyromdgrztic aqd itdgnelonecharieal pnenosena kFzve boen widely exanrined in
the 1930"'s - 194("s revea. ing the Barnett effect 71/, which PSR in g

nagnetization by ratatian, Rotating superconductors also show the Barnetr
eftect /I7, The mcnetic field generated within a ra2dting superconductor
t5 pronavtionzi Lo wice the spezific charge, which aqrees well woF the

Frediciions of the Lsndon theary.

We helieve thatl in additior te theg 2l“ect there 15 another nauynetization
Process ia neture which is proporfiorz™ to the Lot3l mass of thz rotating
nody or nopg procisaly e its total angular mamsn tum, '

Fig. * shows the ancolar momentum v the yeauiz) versug the mnaahetic
momert (on the x-zxis] of various starz. This ©ivear relationship has
suimuTated Blackell 737 in 1927 to set R the gravi-magnetic kypothesis
that a rotating mats measured in Cravitational units has the sade effect
A5 & rotating chirge mainsured in eleciricy] units:

@”wfui = VJk' 4 “or gz retating body) (1
Lv = gravitatiora] conrstant, k = Coylomb constant 415
electrizal charga}., after scme cafeulztion one finds that the rat-g
cf magretic monant o sngular mnmentum 5 a conglant, Yeading <o

= MAsSs, ¢ =

Blacketl's eqguatinn
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Fia. 1 ffron Ref, /170

'ﬁngular REMENtLMm V2RSS masneic mrent for various stellar abjells
The dottet Tine it a reqression Tire for the erperipental data. The
drawn sut 1ie corresponds to Blacke=t's relatian, It 15 3lsp equiva-
_TEnt 2 the maximum of the radizl leld, 2q. 4, aceording to Hein's
differential equation 3.
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Emmag = magnatic monent L | = gngular momentum, e = Maqretic vacuum
permeabil ity, « = angular velocity, m = mass, ro o= Fadius of the rotating
body}.The astrophysical data can actually be fitteb very well by a re-

gression Tine close tom,, . - BT Y R L

The gravi-magnetic hyoethesis is of some interest in geopnysics. Acoarding
to 2 simple model it is assumed that the gravi-magnetic Ffield is the ori-
mary field, The maqnatic Field contwibution produced by the convection
curtrents n the core of the garth 15 2 secondary nduction process. [t 15
directed *n gppositian o the gravi-magnetic fie'd according 4o Lenz's
rute. This secendary induction field weakens the primary field so that the
phserved geonaynetic field is smaller than the gravi-magnetic field. For

this reason the upper Timit of the geonmagnetic or stollar magnetic fields
is determined by the gravi-magnesic field.

Since Blackett's hypothesis there have been 1 pumber of attemots to varify

this correlation in o laboratory expesipent, These attempts were not succes-
1371 18
“irag /47 pointed owt thet thesz esporiments did rot test the cravi-nmdygne-

tic hypotvesis et all, Bue To the fact that magnetometzrs weee not suffi-

50 that the aravi-magnetic hypathesis was asandoned. Howsver in 1979

ciently sensitive, additional assumptisns were necessary st Lhat Time fo

meesure effects large encugh to be seen in l2boratory sxperiments,

But now, with the availasility of Souid magnetometers, thers is & real
chance of meaguring sech an elTect, 11 it exists &t all,

In %84 Hoeim A8/ oubl sked 3 differential egquaticn relatinc tha electric
and mase current densities to the curl of fhe magnetic field vactor, which

£1iqhtly aporeximated becomes

- .

— = ' I 1
v H\'.'f I-II'ZII o= \/]:L ju ¥ .I'n'lfa j|'|:: (3}

He abtained this agualion by salbing up the gravitational fensor in analogy
to the clectromagnetic tensor bet with = somewnat different metric. By com-
bining thete thas fensnrs 1inearty he formed a  tensor describing

both the graﬁﬁtﬂtinna1 and the alactromegnetic bengviour of matter, [y
solving ~gquatiorn & for the saheer one fivds for the radial component of
the macie=ie field on tne surface, in the asbsence of elecirical current:
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{p = relative parmaability, o gedgrathic latitude, g = -ig} |
T3 0 _
B {r el = 3 Y o o 53z (40
re M 1-2ip T
o
and for the tang2ntial compunant
I s H)
Etirﬁ,u} A ) W Lo%a (5
ddm 118U g

20 the case of stavs the maximum of tie radial componsrt of the nagnetic
fields avaluated with the aid of eguation 4 has tha same macnitude as Lhe
one predicted by Blackeit's gravi-magnesis bypothesis,

™1

Fig. & shows the “ield Tines for a sghere of unifo=n censity and with

+ = 1 uging the complete selution ot Heim's differential equazion (3.
The field density facres<es towards the axis o0° robation. 1< nas a mikdmem
on the pquator n2qar the sueface. This Sehaviour supoorts Rumeorm's measire-
ments in 1352 /67 shawing 2n increase of the sagnetic in-ensity in the
directisn of the sarth’s center. Runcorn's neisUrements wers reqarded by
Clackett asz a decisive argument 2gadnst his qravi-magretic hyoozhesic,
BEecause his relalion, equation 2, anp ied to the intarior of Eie =arth
with mem rUJ woule nrediet a decreasing maanelic fialg, However, ro-
garding tho complete solution of Heim's differsntia] cguation it is
cwvident that Blackett's relation, zquziton 2, cam only ke wilid or the
surface of a rotating bedy and not in its intorion,

[ -

v dssuming that cur Sguid nagnotose=er can resad ve !ﬂ_l cila the
rotetional freguency for N A000 kgsm* should ba grezter than 300 ops,
The decredse of the magnetic field a"eqq the equazer far thic case is

shown on the right of fiq. 2.

One versien ofa jessible set-up s shown v £13. 3. The patating mass is
contained n a vacuum chamber, A louop sqaped-sunevconducting shield to
Eunfine the figld 11hes s inscerted into 2 hole “n the center of <lhe rataling
Cyiinder, Tne 3quid magnetasetor can be mounted anywhere along tha Toop.
Th2 bearings are 9nevmatic to avoid maaretis interactiors. The whole
assembly can be cooled Lo Fe-tennorative.



Fig. 2

Magneric fiald jines for a iphere of

o= 1.
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Tne Clagram below shows the nagnetic finld 2t o function of

srhere with 9= 301 cps, = 2000 hy/m?, Foo= 1,05,
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Fiy, 3 Schematic disqram of eaperipcntal set-up

Since the magnetic field has a mucmum o9 tae 22is, the aim of ni
experiment 15 to measure the field 11 tne centsr of the ratating sody .
The body itaelf should rot exkibit the Barnctt effect. Hence, materis s
with noer-saturated spinmoménts such 2z coancuetars op ferremzanets have to
be: avoided,

Since the effect to be measuvres is very weak Lho whole assembly will haye
to-be installed in 3 magretizally shielded chamoer. Such a1 chamber ds

availabie tn Barlin, The erperimenl will he carvied osut in Co-ppera-
tion with the Scuid qroup at Lhe Physikalisch-Technische Jundesanstalt.
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