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of the Artificial Radiation Belt”

R. H. Levy*
Awco-Lreretl Rescarch Laboralory, Everett, Mass.

rl‘lﬂ*‘, article by Bhattachurjic and Michael! shows that

magnetic radiation shielding agninst electrons of the

artificial belt s attractive when compared to solid shiclding.
It appears that they have chosen a relatively unfavorable
confizuration for their magnetic shield; as a result of this,
they have emphasized n relatively unimportant aspeet of the
design, and substantially understated the attractiveness of
their coneept.

The shiclded volume 17 around a dipole is proportional to
32 where A s the magnetic moment of the dipole. M, in
turn, s proportional to fa* where 7 is the total cireulating
cwrrent amd @ the radins of the coil. The mass of structural
maderinl my required 1o contain the magnetic stresses is? =
proportional to the magnetic energy stored by the device:
this varies as [*a for fixed geometrieal ratios.  For o given
maximum current density of the supercondicting material,
the mass of supereonduetor m,. required is proportional to
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Ta. Thus, for o given shiclded volume (or magnetic mo-
ment), both masses can be indefinitely reduced by reducing
[ and increasing @, Bhattacharjie and Michael have worked,
however, at a fixed magnetic field strength of 50 kgauss,  That
s, they have fixed the ratio /e, From the foregoing, it cun be
seen that this implies that m,, « V%3 and this proportionality
appears in their Eq. (6) and slso in their Fig. 2. Much lower
weights than they quote ean be achieved by reducing the
level of both the current and magnetic field, and by enlarging
the geometry. The optimization actually performed by
Bhattacharjie and Michaet deals only with the aspect ratio
of the solenoid providing the magnetic moment.  Based on
considerations of =tructural efficiency, they arvive ut the
conclusion that the optimum aspect ratio is roughly square.
We shall see below thut struetural considerations are, in
any event, unimportant for the shielding purposes under
consideration.

One cannot, of course, achieve indefinitely lower values for

“iee and e by redueing [ ouand inereasing @. The shiclded

volunie deelines sharply il a is larger than the Stormer radius

o because the magnetic field in the shielded volume beeomes

significantly different from the ficld due to a dipole.  Mini-
muin weight for a given shielded volume oceurs when these
lengths are roughly equal, thus
ey = (A1 pa? eVt = (4p uel)V? = 1

in mks units. For 10 Mev electrons, the momentum to
charge ratio p/c is 0.035. Therefore, a shicld of any size
designed to protect against 10 Mev electrons should operate
with fixed total current of about 10* amp.
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Ninee m,e = Pa,and mee = Ta, then, whatever the size,
there ix a eritical current below which my,, < m,.. Using
the struetural material chosen by Bhattacharjie and Michael
and a eritical current density of 105 amp ‘em?, this current is
voughly 107 amp.  Since thi< i 100 times greater than the
current required for shielding, we expect the structural weight
to be about 195 of the superconducting material weight, inde-
pendent of the size. The whole question of structure is.
therefore, unimportant in the context of 10 Mev electrons,

Using the value a ¢ = 0.6 taken from Ref. 2 and using
the same reference to estimate the true =hielded volume for o
coil of this type, one arrives at the conclusion that the weight
of the shield lies almost entively in the superconducting
material: this weight is ronghly given by

m,. = 251

The strueturad weight s a negligible fracton of the super-
conducting weight.  Note the correet power dependenee of
moon Vowhen the optimization s done at constant current.
These weights are ower than those quoted by Bhattachariie
and Michael by o factor of 3 when 17 = 102 and by a factor
of 30 when 17 = 105, With weights as Jow as these, it is
likely that conziderations of the arca of crvogenic surface re-
quired woudd exert g significant influence on the design.

References

P Bhattacharjio, AL and Michael, I, = Mass and magnetic dipole
shielding against electrons of the artifieial radintion belt,”” ATAA
J.2, 21082200 1 1964 ).

P Levy, ROHL CRadinion shielding of space vehicles by
means of supercondueting coils,” ARN J. 31, 1568-1570 (1961 1.

* Leva, BUOHL, ~Anthor's reply to Willinski's comment on - Radi-
ation shielding of spare vehicles by means of superconducting
enils,” 7T ARS T 32, TST (1062,

Y Levy, R H. ~The prospects for active shielding,” /ro-
ceedings of the Symposiune on Protection aguinst Radiation Hazards
in Spuee {Office of Technieal Services, Dept. of Commerce,
Washington, D. CL 1962), Book 2. pp. 794 -807.

a8



