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THERMOMAGNETIC TORQUES.IN POLYATOMIC GASES

The aim of the work done for the duration of this

grant was to study the Scott effect!

on determining the applicability of the Scott effect te the

dynamics of steijar and galactic rotation.'=Very simply

stated, one would like to determine the force acting on each.

_-volume element of the gas as a function of the distance to

the center of the system, the gas pressure, the radial tner-

mal gradient, and the vertical magnetic field. The effects’
of the thermomagnetic torque on a particu1ar system (such as
,"ga1ax1es or stars) cou}d then be determined by using para-'

‘meters appropriate for the system under COnsideration Pro-

'gress has been made toward attainment of the fina1 goai. }The

work is continuing under NASA Grant NGR 44- 005 137 and we
- feel the goa] will be attained° ‘
The work has proceeded according.tp the fo110u1ng

. scheme, modification of experimenta1 apparatus to ﬁmprove

sensitivity and stability of torque measurements, efforts to-
understand the microscopic mechanism which produces the Scott

effect, and formu1ation of the probiem to inc1ude treatments"h

of stellar and gaiactic systems. The remainder of this

'"report will be devoted to a discussjon of these aSpeets-of‘.l.

ithe -work.

From the data taken with our present apparatus (see L

‘with'specific;emphasis ‘;.,‘

.

the Interim Progress Report dated January ]9.1971.- Jine 30, -



1971 for a detailed.description of the apparatus), it has
been established that several changes needed to be made . In
“order to achieve greater stability, the temperature of both
the inner ‘and outer cylinder had to be. controlled and measured
- This change is being effected by heating the 1nner cylinder
.by optical radvation 1ncident on an absorbing surface Its.
temperature will be measured by a p]atinum resistance tnermo-

meter 1n a bridge circuit. The temperature of the outer

lcylinder is contro1led by use of a water Jacket. " No change;fr;t

is being made in this approach. In order to reduce f1e1d.

independent torques (which have been observed by Otherszg but]t

not explained), asymmetries in the system had to be removedo,‘t

This change is being effected by constructing the water

jacket and outer cylinder out of glass. This‘e11minates the?:.,:'V"‘

need for any glass ports which.disrupt the cy1indrtca1 sym-

- metry and give rise to the field independent torques. 'Thesem

field independent torques were'preuious1y conjectured'to be
caused by corioTis:forces,~but have since been found to-be a.
result of Knudsen effects. A draft of a paper which eprains

these field independent torques and 1s to be submitted to

Physics of Fluids for publication is enclosed as part of his ;.i'j"~

report. The final change which has been made is the repiace-' #

_ment of the so1enoidvby Heimholtz coils to(give'greater,
magnetic fie1d.nomogene1ty. : ' |
A br1ef summary of our present'understanding ofithe.
Scott effect from a microscopic viewpoint is as fo]lows ‘
'n.(1) If one’ tries to transform rotationa1 anguiar momentum '

tOgcircumferent1a1 angular momentum{«tne_torque 1nvo1yed,js.'
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torque occurs (H

only 1078 of the observed Scott effect torques. (2) One

2 might try to 1ncrease the total torque by 1ncreasing the

collision frequency. This wou]d 1nvolve 1ntroduc1ng an

anomalous col]ision,cross section which is not observed ex-

perimental]y; Support for the previous,statement.lies in the'a'

_fact that the expression for the field at which the maximum ..

) s given by H = a(P+b), where a andA

max max

b depend on the cross section. No anomalies in a and b are
noted. "(3) One therefore looks for an anistrop1C-d1fferen-d
tial cross section for scattering of rotating dipo]es-in a"

magnetic field to get the net change 1n angu1ar momentum

‘(4) For the pressures at which the Scott effect is observed;'ﬂ'd

' binary collisions must account'for the effectw ‘Therefore,'

one needs to calculate the angular momentum transfer betweenx

two colliding rotating dipoles in a magnetic f1e1d and . eva1-a h

‘uate the different1a1 cross section for the co'IHsion° The

resultingltorque T could be expressed as

‘I(AL)co1liston (do/dg)dn (lf]'
~ [(dorea)da. To

where AL is the-angular momentum.transferred per co1Tision;:f“]
(do/dQ) 1s the differentiat scattering cross section, and o
is a characteristic ra1axation time'for corre1ated s¢atter1ng.
in a magnetic fteld L (5) The'functiona1~form of to can'be-~

estimated as fo1lows. For:a dilute gas the system w111 ‘not

.be far from equ111br1um and the single particIe distribution

. function for a mo1ecule wouid be of the form

ety
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where f_ is the equilibrium distribution function ant ti is

" the collision time (1/t1 = gpv). If the four1er transformi,d'

-t/t;,

of e is computed to be

Re J e'?/tfe’“tdt = 1t
"o | (T7¢,) 7Fa?,

-and w is identified as the frequency in the system with

‘which the collisions must compete (the Larmor frequency 1n ;5
~ A

this case), then

. ’ "Fr, 1/T0¢ (ﬂ:t ...'.
' ' ' 1+(w tl)2

Z Since W H (magnetic field) end‘tl'os Y/P,'then

1
T, - F(H/P).

" The torque measured in the Scott effect has the'functional,

form given above. (6) The preceding arguments suggest that:;l;'

the'quantity of interest in the Scott etfect-from a first

pr1ncipie point of view is ‘the differential scattering cross . .

section. At the present time we are in the process of eva1-_:‘ |

uating the integra1s involving AL and do/dQ.

As previous?y stated, the ultimate goal of this work h'

~is to study galactic and stellar dynamics which mjght be {::-
caused by the Scott effect. So far this work has consisted

primarily of gathering evidence'to support our position'that Y

“the Scott effect may: be app11cab1e to ste11ar and ga1act1c
systems. The points are 1isted below.. '. ' |

.,(1) It is known that stellar systems are composed
;/"' ' :; primar11y of molecu1ar hydrogen which does show -

a Scott effect. o
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A(Z) Thermal gradients are produced by gravitationai
contraction.

(3) . stellar magnetic fields are large enough to k;f"f: b

‘cause observable Scott effects. 4 :
(4)"At some time 1n the formation of a star, the
’gas pressures w111 ‘be of the right order of B

magnitude for the Scatt effect tc be of some glf""
- Vit g
.1mportance. ) R

T Tt




-

].

2.

REFERENCES = . .~ .

G G. Scott H W. Sturner. and R M w1111amson. Phys; .”;
- Rev. 158, 117 (1967). RN

I

T H. Adair, Private communication.

-

R L



