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Results obtained within the framework of the kinetic theory 
of polyatomic gases, are reported for the influence of a mag-
netic field on the thermal force exerted on a solid sphere in a 
heat conducting gas. 

R e c e n t l y LARCHEZ and ADAIR 1 r e p o r t e d the first 
m e a s u r e m e n t o f a " t h e r m o m a g n e t i c f o r c e " ( T M F ) , 
i. e . , o f the m a g n e t i c - f i e l d - i n d u c e d c h a n g e of the ther-
m a l f o r c e ( r a d i o m e t r i c f o r c e ) e x e r t e d o n an o b s t a c l e 
in a heat c o n d u c t i n g p o l y a t o m i c gas . T h e u n d e r l y i n g 
p h y s i c a l p r o c e s s r e s p o n s i b l e f o r the T M F is essent ia l ly 
the s a m e as that l e a d i n g to an i n f l u e n c e o f a m a g n e t i c 
field o n the heat c o n d u c t i v i t y a n d o n the v i s cos i ty 2 ' 3 

( S e n f t l e b e n - B e e n a k k e r e f fec t , S B E ) , and to the t h e r m o -
m a g n e t i c t o r q u e 4 . 

T h i s le t ter is c o n c e r n e d wdth the k ine t i c t h e o r y o f 
the T M F a n d its re la t ion to the S B E . In p a r t i c u l a r , the 
t h e r m a l f o r c e a c t i n g o n a so l id s p h e r e w i th r a d i u s R 
is c o n s i d e r e d . R e s u l t s are r e p o r t e d f o r the t w o l i m i t i n g 
c a s e s R I a n d R^> I w h e r e I is the m e a n f r e e p a t h 
of a m o l e c u l e in the gas . 

T h e T M F , F , is de f ined b y 

F t h ( H ) = F t h ( H = 0 ) + F , ( 1 ) 

w h e r e F t h ( H ) is the thermal f o r c e in the p r e s e n c e o f 
the m a g n e t i c f ie ld H = Hh (h'h = l ) . T h e t h e r m a l 
f o r c e is p r o p o r t i o n a l to the t e m p e r a t u r e g r a d i e n t V T 
far a w a y f r o m the o b s t a c l e . T h e f o r c e a c t i n g o n a 
s p h e r e c a n b e wr i t ten as F t h ( H = 0 ) = G R T~x V 7 \ a n d 

F = G R r _ 1 [K\\(VT) II + X l (VT) i + Ktrans h X VT], 
(2) 

w h e r e G, , K , Xtrans are s c a l a r c o e f f i c i e n t s , a n d 
C ^ T ) II > 1 a r e tbe c o m p o n e n t s o f V T which a r e par -
a l le l to a n d p e r p e n d i c u l a r to H. T h e s u b s c r i p t " t r a n s " 
r e f e r s to " t r a n s v e r s e " s ince Ktrans 4 = 0 g ives r ise to a 
t ransverse f o r c e p e r p e n d i c u l a r to b o t h H a n d V 7 \ 
T h e o r e t i c a l e x p r e s s i o n s f o r the f i e ld - f ree t h e r m a l f o r c e 
( a n d thus f o r G) h a v e b e e n d e r i v e d b y EINSTEIN 5 a n d 
b v WALDMANN 6 f o r R < I, a n d b y EPSTEIN 7- 8 f o r 
R> I. 

T h e t h e r m a l f o r c e a c t i n g o n a p a r t i c l e which is s m a l l 
c o m p a r e d wi th the m e a n f r e e p a t h results f r o m the f a c t 
that the g a s m o l e c u l e s i m p i n g i n g o n it f r o m o p p o s i t e 
s ides h a v e d i f f e rent m e a n v e l o c i t i e s 5 > 6 ' 8 . A s tra ight -
f o r w a r d g e n e r a l i z a t i o n of the c a l c u l a t i o n g i v e n in R e f . 6 

f o r m o n a t o m i c gases to the c a s e o f p o l y a t o m i c g a s e s 
s h o w s that the T M F is d e t e r m i n e d b y the m a g n e t i c -
field-dependence o f the t rans lat iona l par t o f the heat 
flux. T h e i n f l u e n c e o f a m a g n e t i c field on the t rans lat io -
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nal hea t c o n d u c t i v i t y c a n b e invest igated within the 
f r a m e w o r k of the k i n e t i c theory b a s e d on the genera l i z -
e d B o l t z m a n n e q u a t i o n 9 ( W a l d m a n n - S n i d e r e q u a t i o n ) 
m u c h as the p r e v i o u s l y studied m a g n e t i c - f i e l d - i n d u c e d 
c h a n g e o f the heat c o n d u c t i v i t y a n d o f the v i scos i ty 3 . 

T h e t h e r m a l f o r c e ac t ing on p a r t i c l e s which are l a r g e 
c o m p a r e d with the m e a n f ree p a t h is caused b y the 
d r a g o f a flow v e l o c i t y which is set u p by a tangent ia l 
t e m p e r a t u r e g r a d i e n t at the s u r f a c e o f the p a r t i c l e 7> 8 . 
It has b e e n p o i n t e d out b y WALDMANN 10 that the ther-
m a l f o r c e as c a l c u l a t e d b y EPSTEIN 7 is equ iva lent to 
the S t o k e s f o r c e a c t i n g on a p a r t i c l e at rest if the ve lo -
c i ty o f the fluid f a r a w a y f r o m the par t i c l e is f o r m a l l y 
p u t p r o p o r t i o n a l to VT (with an a p p r o p r i a t e l y c h o s e n 
p r o p o r t i o n a l i t y c o e f f i c i e n t ) . H e n c e in this case the ca l -
c u l a t i o n of the T M F is r e d u c e d to the c a l c u l a t i o n of 
the m a g n e t i c - f i e l d - i n d u c e d c h a n g e o f the S tokes f o r c e . 
I f it is a s s u m e d that the b o u n d a r y c ond i t i ons a n d the 
v e l o c i t y field are in first a p p r o x i m a t i o n not a f f e c t ed b y 
the a p p l i e d field the T M F is essent ia l ly d e t e r m i n e d b y 
the m a g n e t i c - f i e l d d e p e n d e n c e o f the v iscos i ty ten-
sor 3- u . 

F o r b o t h s m a l l a n d l a r g e s p h e r e s the results c a n b e 
wr i t ten as 

K\\=-Bif{cpi) , 

K1=-Bih[2f(2cpi)+f(cpi)] , (3) 

Xtrans = Bi i [2 g (2 <p{) + g ((pi) ] , (4) 
with f ( x ) = x 2 ( l + x 2 ) ~ \ g(x) = x ( l + x 2 ) H e r e 
i= 1, 2 r e f e r s to 7? / and R^> I, r espec t ive ly . T h e 
a n g l e over which t h e rotat ional a n g u l a r m o m e n t u m of 
a m o l e c u l e with a g y r o m a g n e t i c r a t i o y p recesses a b o u t 
the m a g n e t i c field ( p r e c e s s i o n f r e q u e n c y coh = 7 H) 
d u r i n g an e f f e c t ive t ime of f r e e flight Xi = (Oi~ 1 is de-
n o t e d b y ( p i . I f w a l l co l l i s i ons c a n b e i g n o r e d the re-
l a x a t i o n f r e q u e n c y C0j is re lated to the n u m b e r den -
sity n o f the g a s b y A>I = n (\6 K T/TI M)1'1 OI w h e r e M 
is the m a s s o f a m o l e c u l e and Oj is an e f fect ive c r o s s 
s e c t i o n . T h u s o n e h a s 

(Pi = (On/üJi = ( y / 4 oi) (n m k T)1/5 H/P , ( 5 ) 

w h e r e P = nkT is the pressure o f the gas. H e n c e the 
T M F d e p e n d s o n H a n d P via H/P. A c c o r d i n g to ( 3 ) 
.K|l a n d Kj_ reach saturat ion v a l u e s ( — 5 ; a n d — 3 / 2 B\ , 
r e s p e c t i v e l y ) f o r H / P - + 0 0 . B o t h the d e p e n d e n c e on 
H/P a n d the s a t u r a t i o n b e h a v i o u r a g r e e with the ex -
p e r i m e n t a l o b s e r v a t i o n s repor ted in R e f . 1 w h e r e , h o w -
ever , the t h e r m a l f o r c e on a d i s c rather than o n a 
s p h e r e has b e e n invest igated . T h e transverse T M F , 
w h i c h has not y e t b e e n m e a s u r e d , vanishes f o r b o t h 
H/P = 0 and H/P—> 00 and reaches a m a x i m u m v a l u e 
in b e t w e e n . T h e d i r e c t i o n of this transverse f o r c e de -
p e n d s o n the s ign o f the g y r o m a g n e t i c ratio. 

I n m o r e deta i l , tot is equal to the re laxat ion c o e f f i -
c i e n t (OK o f the " K a g a n v e c t o r " 3 ( p - J J ) and A>2 is 
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e q u a l to the r e l a x a t i o n c o e f f i c i e n t O>T o f the " t e n s o r 
p o l a r i z a t i o n " ( J J ) . H e r e p a n d J a r e the l inear a n d 
a n g u l a r m o m e n t a o f a m o l e c u l e . T h e c o e f f i c i e n t s COK 
a n d O>T c a n b e i n f e r r e d f r o m the S B E o n heat c o n d u c -
tivity a n d the v iscos i ty 3 , r e spec t i ve ly . B o t h (oK a n d COT 
o c c u r a lso in c o n n e c t i o n with the c o l l i s i o n a l a n d d i f fus i o -
nal b r o a d e n i n g of the d e p o l a r i z e d RAYLEIGH l ine 1 2 ' 1 3 . 

T h e quant i t ies Bi (as wel l as lOi) c a n b e e x p r e s s e d 
in t e r m s of c o l l i s i on integra ls n » 1 3 o b t a i n e d f r o m the 
l inear ized W a l d m a n n - S n i d e r c o l l i s i o n t e r m . C o m p a r i s o n 
wi th the c o r r e s p o n d i n g e x p r e s s i o n s f o r the m a x i m a l 
re lat ive m a g n e t i c - f i e l d - i n d u c e d c h a n g e o f the v i s cos i ty 
(Aijjr}) Sat and of the heat c o n d u c t i v i t y (zU||/A) s a t ( " s a t " 
r e f e r s to " s a t u r a t i o n v a l u e " ) y i e l d s the re la t i ons 1 4 

Bt = L / 2 / 5 ( M l\k 1 7 ) 1 ' » [ C O T / G J K M , A ) S A T ( ^ A ? ) S A T ] ( 6 ) 

5 , = 2 / 5 \ (Arjfrj) sat I. ( ? ) 

w h e r e X a n d r\ are the field-free hea t c o n d u c t i v i t y a n d 
v i s cos i ty . T y p i c a l l y , B 1,2 are o f the o r d e r o f 1 0 ~ 3 to 
1 0 - 2 . N o t i c e that d u e to 0 the a p p l i c a t i o n o f a 
m a g n e t i c field results ( in a c c o r d w i t h e x p e r i m e n t a l 
findings r e p o r t e d in R e f . *) in a d e c r e a s e o f the ther -
m a l f o r c e . 
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T h e t h e r m a l f o r c e a c t i n g o n a d isc w h i c h is p e r -
p e n d i c u l a r to the t e m p e r a t u r e g r a d i e n t is p r o p o r t i o n a l 
to the t rans la t i ona l hea t flux if it is b o t h v e r y thin a n d 
short c o m p a r e d wi th the m e a n f r e e pa th . T h e n t h e 
T M F f o r H p a r a l l e l a n d p e r p e n d i c u l a r to VT is de -
t e r m i n e d b y the c o e f f i c i e n t s and K± as g i v e n b y 
E q . ( 3 ) w i th i = l ( ra t io o f the saturat ion v a l u e s : 2 / 3 ) . 

In the e x p e r i m e n t s d e s c r i b e d in R e f . 1 the d i s c w a s 
thin b u t n o t short c o m p a r e d wi th the m e a n f r e e p a t h . 
T h u s d e v i a t i o n s f r o m the a b o v e m e n t i o n e d s i m p l e f o r -
m u l a s c a n b e e x p e c t e d a n d are i n d e e d o b s e r v e d . U n d e r 
these c i r c u m s t a n c e s the theore t i ca l in terpre ta t i on o f the 
data , h o w e v e r , is rather c o m p l i c a t e d . F o r this r e a s o n , 
m e a s u r e m e n t s o f the T M F a c t i n g on a s p h e r e w o u l d b e 
p r e f e r a b l e . F u r t h e r m o r e , to settle the q u e s t i o n w h e t h e r 
the H/P d e p e n d e n c e o f the T M F is s imi lar to that o f 
the S B E o f the heat c o n d u c t i v i t y or o f the v i s cos i ty , 
m e a s u r e m e n t s shou ld b e m a d e f o r H D w h e r e (Ot = COR 
a n d (02 — COT di f fer b y a l m o s t o n e o r d e r o f m a g n i t u d e . 

F i n a l l y , it s e e m s w o r t h m e n t i o n i n g that — f o r p o l a r 
g a s e s — the thermal f o r c e c a n a lso b e a f f e c t e d b y a n 
a p p l i e d e l e c t r i c field. I n this case , h o w e v e r , n o trans-
v e r s e f o r c e ex ists . 
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