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Results obtained within the framework of kinetic theory are presented for the part of the thermo-
magnetic gas torque which stems from the thermal pressure and is associated with the influence 
of the magnetic fields on the viscosity (Senftleben-Beenakker ef fect ) . Good qualitative agreement 
and a quantitative agreement within a factor of roughly 1.5 are found between the theory and the 
experimental data of Smith and Scott [ 1 9 6 9 ] . 

1. Introduction 

Recently the thermomagnetic torque effect1 

( S C O T T effect) for rarefied polyatomic gases has 
been investigated experimentally by SMITH and 
SCOTT2 '3 for the case where an oscillating mag-
netic field collinear to the usual static magnetic field 
has been applied. It is the purpose of this letter to 
present some results obtained within the framework 
of kinetic theory by a simple approximation which 
gives a good qualitative understanding of the ob-
served phenomena and leads to a reasonable quanti-
tative agreement between theory and experiment. 

Similar to the SENFTLEBEN-BEENAKKER e f f ec t 4 ' 5 

(SBE) the thermomagnetic gas torque is associated 
with the fact that transport processes in polyatomic 
gases give rise to an alignment of the rotational 
angular momenta of the molecules. Since the align-
ment, in turn, influences the transport processes 
these are affected by an applied magnetic field due 
to the precessional motion of the rotational angular 
momenta. It seems that for a quantitative under-
standing of the thermomagnetic gas torque both the 
mechanisms for the influence of the alignment on 
the transport processes which have been proposed 
b y W A L D M A N N 6 a n d b y LEVI a n d B E E N A K K E R 7 ' 8 

have to be considered. In the first case it is assumed 
that due to a "surface coupling" the alignment cau-
ses a tangential flow in the presence of a magnetic 

* The results of this letter have been presented as part of a 
lecture at the Dallas meeting of the American Physical So-
ciety, March 1970. 
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field. In the second case the effect of the alignment 
on the thermal pressure is considered and it has 
been shown that in this case the torque is determin-
ed by the SBE on heat conductivity and viscosity 
and by a kind of an interference effect8 . As a simple 
approximation only the part of the thermomagnetic 
torque which stems from the thermal pressure and 
is associated with the SBE on viscosity is taken into 
account for the following treatment of the "dynam-
i c " Scott effect. In the presence of an alternating 
magnetic field the torque oscillates at the same ra-
pid frequency as the applied field. But due to the 
inertia of the torsion pendulum the quantity mea-
sured in the dynamic Scott effect is the time-average 
of the underlying oscillating torque. Accordingly, 
the relevant time-averaged viscosity has to be con-
sidered. 

2. Viscosity in the Presence of Static and 
Alternating Magnetic Fields 

In the viscosity problem the dominating align-
ment is that one which is characterized by the sec-
ond rank tensor polarization of the rotational angu-
lar momenta (this is true for all gases measured so 
f a r 5 except NH 3 ) . Hence, the treatment of the vis-
cosity problem can be based on two "transport-
relaxation equations" which come from the "kinetic 

4 H . SENFTLEBEN, P h y s i k . Z . 3 1 , 8 2 2 , 9 6 1 [ 1 9 3 0 ] . - J . J . 
M . BEENAKKER et al . , P h y s . Let ters 2 , 5 [ 1 9 6 2 ] . 

5 J. J. M . BEENAKKER a n d F . R . MCCOURT , A n n . R e v . P h y s . 
Chem. 21 [1970], in print. 

6 L . WALDMANN, Z . N a t u r f o r s c h . 2 2 a , 1 6 7 8 [ 1 9 6 7 ] . 
7 A . C. LEVI a n d J. J . M . BEENAKKER, P h y s . Let ters 2 5 A , 

3 5 0 [ 1 9 6 7 ] . 
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equation" 1 0 - 1 2 and which couple — via collisions — 
the friction pressure tensor and the tensor polariza-
tion. The magnetic field occurs in the precession 
term of the tensor polarization. The solution of these 
two equations in the case of two collinear fields 9 , 
a static and an alternating one, is not more difficult 
than in the case of a static field alone (the ordinary 
Senftleben-Beenakker effect). 

Let us denote the magnitude of the magnetic field 
by 

H(l+ß sin cot). (1) 

Here H is the magnitude of the static field, ß is the 
ratio between the magnitudes of the alternating and 
the static fields and oj is the angular frequency of 
the alternating field. Then the time-averaged (com-
plex) viscosity coefficients f j ( m = 0, ± 1 , ± 2 ) 
obtained from the transport-relaxation equations are 
given by (t] is the field-free viscosity) 

rjW/rJ-l=Ar,(Gm-l), (2) 

with 

Gm= (1 +im coH/coT) 1I02(m ßwE/(o) 
oc 

+ 2 2 (1 +im COH/COT) * [ ( 1 + i m coH /coT)2 + 1 2 OJ2/OJt2] _ 1 Ii2(mß oje/CO) . 
/ = l 

In Eq. ( 3 ) , coE = y H is the precession frequency of 
a molecule with a gyromagnetic ratio y in the pre-
sence of a constant magnetic field with magnitude 
H, o>r is the relaxation frequency of the tensor 
polarization which can be expressed in terms of a 
collision integral 9 ' 1 2 ' 1 3 , and / ; ( . . . ) is the Bessel 
function of the 1st kind. The quantity Av occurring 
in (2) which determines the saturation value of the 
Senftleben-Beenakker effect can also be expressed 
in terms of collision integrals 13. In the static case 
( ß = 0) the complex viscosity coefficients r)(m> are 
related to the coefficients r ] t , . . . ,r]5 of DE GROOT 
a n d M A Z U R 1 4 b y 

r]^=rj1; rjW =rj3 + irj5; rjW = 2 r]2 - rjt - i rji . (4) 

The possibility to measure the magnetic-field-induc-
ed change of all 5 viscosity coefficients has recently 
been demonstrated by HULSMAN and BuRGMANS 15. 
For ß = 0 (no alternating field) Eqs. ( 2 ) , (3) yield 
t h e r e s u l t s o b t a i n e d b y M C C O U R T a n d SNIDER 1 6 f o r 

the SBE on viscosity. 

3. Thermomagnetic Gas Torque 

Due to the geometry of the experimental set-up 
the viscosity coefficient relevant for the Scott effect 
is = — Im? / 2 ) . Notice that this coefficient con-

9 S . HESS a n d L . W A L D M A N N , t o b e p u b l i s h e d . 
10 L. WALDMANN, Z . Naturforsch. 12 a, 660 [1957] ; 13 a, 609 

[ 1 9 5 8 ] . 
11 R . F. SNIDER, J. Chem. Phys. 3 2 , 1 0 5 1 [ I 9 6 0 ] . 
1 2 S . HESS a n d L . W A L D M A N N , Z . N a t u r f o r s c h . 2 1 a , 1 5 2 9 

[ 1 9 6 6 ] . 
13 S. HESS, Z. Naturforsch. 25 a. 350 [1970] ; Springer Tracts 

in Mod. Phys. 3 4 , 1 3 6 [1970] . 

tains the "double frequency" 2 a>H . The torque in 
the presence of an applied field with the magnitude 
given by (1) is denoted by N ( H , ß ) and one has, 
within the approximation discussed above, 

N(H,ß) oc Im rj®{H,ß). (5) 

With the abbreviations 

a = 2 COH/COT = H/HmSiX, (6) 

where / / m a x is the magnetic field for which the tor-
que readies its maximum value (in the absence of 
the alternating field) and 

x = co/2oj}i, (7) 

the relative difference between the torque with and 
without an alternating field is given by 

AN/N= [N(H,ß) -N(H,0)]/N(H, 0) 

= Io2(ßl*) - 1 + 1 9i(*, «) 112(ß/x), ( 8 ) 

with 
_ 2 (1 + a " 2 ) (l + a~g—I2 x2) 

91 ~ (1 —a-2—Z2 x2) + 4 a~2 ' [ J 

The case a > 1 is of major interest since measure-
ments of the dynamic Scott effect under this con-
d i t i o n — a s h a s b e e n s h o w n b e SMITH a n d SCOTT 3 — 

allow the determination of the precession frequency 

14 S. R. DE GROOT and P. MAZUR, Nonequilibrium Thermo-
dynamics, North-Holland, Amsterdam 1962. 

15 H. HULSMAN and A . L. J. BURGMANS, Phys. Letters 29 A , 
629 [ 1 9 6 9 ] . 

16 F. R. MCCOURT and R. F. SNIDER, J. Chem. Phys. 47, 4117 
[1967 ] . 



co ii and thus of the gyromagnetic ratio y. For the 
further discussion of Eqs. ( 8 ) , ( 9 ) a 1 is as-
sumed. Then, for l x m \ , Eq. (9 ) can be approxi-
mated by 

(1-Uö« + a - ' ( 1 0 ) 

Eq. ( 1 0 ) describes a "dispersion curve" with the 
"dispersion f requency" xi = l~ x and the " w i d t h " 
(I a) - 1 . Hence, for a 1, AN/N is given by a sum 
of dispersion curves which sit on a " b a c k g r o u n d " 
described by I02(ß/x) — 1. The "he ight " (amplitude) 
between the maximum and minimum of the Z-th dis-
persion curve is approximately given by a I f ( I ß ) . 

It should be stressed that the fundamental dis-
persion frequency is co = 2 oje rather than co = coe 

Fig. 1. The relative difference between the torques with and 
without an oscillating field AN/N as function of the reduced 
frequency variable x = co/2coe- The parameters a and ß 
chosen in Eqs. (8) , (9) are: a = 6 . 4 for all 4 curves plotted, 
and /? = 0.81, 1.07, 1.42, 1.88 for the curves a, b, c, d, respec-
tively. The meaning of the amplitudes A (2 <WH) and A (<WH) 

is shown for curve d. 

which is actually the first subharmonic. The next 
subharmonics , which have not yet been resolved ex-
perimentally, are co = § &>H and co = \ OJh . 

The occurrence of the double frequency 2 a)H is 
not due to a nonlinear effect but due to the fact that 
a 2nd rank tensor polarization precessing about a 
magnetic field may already assume an equivalent 
position after a rotation by 1 8 0 ° . This explains 
qualitatively why no higher dispersion frequencies 
(3 coH , 4 COJJ , . . . ) have been found experimentally 
[ in accord with Eqs. ( 8 ) , ( 9 ) ] . 

In Fig. 1 A N/N has been plotted as function of x 
f o r a = 6 .4 and /S = 0 .81 , 1 .07, 1 .42, 1 .88. A com-
parison with the measured curves ( f or N O ) pre-
sented in Fig. 11 of Ref . 3 shows a g o o d qualitative 
agreement. For a quantitative comparison between 
theory and experiment the "ampl i tude" A (2 coH) 
o f the dispersion peaks at c o « s 2 coH (c f . Fig. 1) and 
the ratio of the amplitudes A (2 o)#) /A(coR) of the 
peaks at and ÄJCOH ( c f . Fig . 1) are listed 
in Table 1 f o r several values of a and ß. The cal-
culated values have been obtained according to Eq. 
( 8 ) where the first 4 Bessel functions have been 
taken into account. In view of the approximations 
made and of the fact that Eqs. ( 8 ) , ( 9 ) do not con-
tain any adjustable parameter the agreement f ound 
between the calculated and the measured values can 
be considered to be quite satisfactory. 

We thank Dipl. Phys. W. E . K Ö H L E R for the nu-
merical calculation of the data required for Fig. 1 and 
Table 1. 

A (2 coe) A (2 we)\A (COH) 
a ß calc. exp. calc. exp. 

6.4 0.81 0.8 0.5 3.0 
6.4 1.07 1.3 0.8 2.1 — 

6.4 1.42 1.7 1.1 2.0 2.0 
6.4 1.88 1.8 1.2 2.5 2.7 
7.9 1.52 2.3 1.5 2.0 1.8 

Table 1. Comparison between the calculated and measured 
values for the "amplitudes" A (2 COH) and the ratio 
A (2 coe) IA (coe) . For the meaning of A (2 coe), A (coe) 

see Fig. 1. 


