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FIG. 1. Distribution of ion current on the walls: 1 =- H = 0, 
2 - H = 840 oersted. 

an argon pressure of 0. 7 mm Hg, is shown in 
Fig. 1. The electrons and ions diffuse farther 
along the axis, owing to the reduced diffusion to
wards the walls in the magnetic field. At a certain 
distance from the cathode, jw increases in the 
magnetic field, since it decreases near the cathode. 
The total value of the ion current remains almost 
constant at H = 840 gausses from z = 0 to the 
minimum, as shown on the curves of Fig. 1, even 
though the ratio D 11 /D.1 equals 2.5. 

The variation of D 11 /D ..l obtained in the first 
experiments is shown in Fig. 2, where the abscissa 
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FIG. 2. Dependence of 0 11 /Dl- on the square of the magnetic
field intensity. Pressure in argon: 0-0.25 mm Hg, x- 0.7 mm 
Hg, •- 1.0 mm Hg. 

represents the square of the magnetic field inten
sity. The value of D 11 /D ..L was determined in ac
cordance with (1) from the slope of the lines on the 
semi-logarithmic graph. Figure 2 agrees fully 
with the classical formula 

D11 

D.1 = 1 +k(bJl jc0 ) 2 
(2) 

where be is the mobility of the electrons, c0 the 
velocity of light, and k is the ratio of the ion and 
electron mobilities. 

The advantage of the method proposed here 
over those described in the literature is that there 
is no need for measuring the electron concentra
tion in the plasma. The results obtained show that 
when the plasma is no longer longitudinally homo
geneous, a decrease in D ..l is not accompanied by 
the same decrease in diffusion current on the 
walls. A frequently-encountered masked case of 
an inhomogeneous column is a column with mov
ing strata. Here charge diffusion along the tube 
is characteristic of the strata as well as of the 
low-voltage arc region.3- 5 Results of measure
ments in a positive column6 must therefore be 
accepted with caution. 
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IN many works devoted to the study of galvanomag
netic properties of metals not enough attention is 
paid to the technique used to bring in the current 
and potential leads. In strong effective fields 
[ Hef = H0uo ( T )/ u0 ( 300°K)] this can lead to a dis
tortion of the observed phenomena. Thus, for ex
ample, in Refs. 1 to 4 the potential difference Vx, 
measured across the potential electrodes, increases 
as usual in weak magnetic field, passes through a 
maximum, diminishes to zero, and sometimes re
verses its sign. 
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Since analogous anomalous changes in potential 
difference were observed by us in an investigation 
of the galvanomagnetic properties of bismuth in 
longitudinal and transverse magnetic fields,* sup
plementary experiments were performed to deter
mine how the shapes of the electrodes and the 
methods by which they are interconnected influence 
the variation of Vx in a magnetic field. It be
comes possible to attribute the anomalies in the 
variation of Vx observed in Refs. 1 to 4 to quad
ratic effects, particularly, the "quadratic" Hall ef
fect, observed up to now only in germanium, 5 

HgSe, 6• 7 and Ga. 8 This effect is the appearance 
of a transverse potential difference in specimens 
located in a magnetic field. This potential differ
ence, Vy, is in the plane passing through the cur
rent and magnetic field vectors, and is a quadratic 
function of the magnetic field. For isotropic spe
cimens it attains its maximum at an angle of 45° 
between the current and field. Investigations of 
the "quadratic" Hall effect in bismuth of varying 
purity, in aluminum, and in tin9 have shown that 
Vy increases sharply with decreasing tempera
ture and with increasing purity of the specimens. 
In sufficiently pure specimens, at a temperature 
of 4.2°K and at H = 13,000 Oe, Vy of the "quad
ratic" Hall effect exceeded Vx, measured at 
H = 0, by thousands and sometimes tens of thous
ands times. 

It is obvious that in those cases when the change 
in the resistance in the magnetic field is small 
(for example, in measurements in a longitudinal 
field), a slight Vy component along the specimen 
is sufficient to distort qualitatively the curve of 
the true variation of resistance in the magnetic 
field, for this additional component cannot be elim
inated by double reversal of the directions of the 
current in field, as is usually done in the measure
ment of resistance. The results are particularly 
badly distorted when the current contact area is 
small compared with the specimen cross section 
area and the potential electrodes are located near 
to the specimen ends. In this case the current
density gradients on the ends of the specimen 
(which usually are not strictly symmetrical) will 
give rise to stray currents which may interact 
with the magnetic field to produce an additional 
potential difference at the potential electrodes, a 
difference which cannot be eliminated by revers
ing the current or the field. 

Furthermore, if the line passing through the 
potential el~ctrodes is not quite parallel with the 
axis of the specimen, an additional voltage com
ponent of the "quadratic" Hall effect may arise 
between the two. Ij:ven in the absence of such a 

deviation from parallelism, if the current elec
trodes are not symmetric about the specimen 
axis, an additional potential difference of either 
sign can occur, owing to either the first or the 
second.reasons above. 

Experiments with specimens of different ge
ometries have shown that increasing the specimen 
length to diameter ratio, while retaining an identi
cal relative placement of the potential electrodes, 
does not lead to a substantial reduction in the 
anomalous effects. However, increasing the dis
tance between the ends of the specimens to the 
potential-electrodes, and also changing the ratio 
of the contact area to the specimen cross-section 
area, affects quite strongly the variation of the 
potential difference in a longitudinal magnetic field 
(see diagram). 

~ 
~0 
2.5r---~~~----~---+~~ 

10 

Relative variation of V x in a longitudinal magnetic field 
at T = 77°K in Bi specimens of various shapes. Curves 1 -
polycrystalline plate measuring 0. 7 x 6.0 x 3.8 mm; o- current 
electrodes make point contact, x - flat copper cnrrent elec
trodes, o - repeated fusing of point electrodes (flat contacts 
removed and specimen shortened somewhat). Curves 2 - mono
crystalline cylindrical specimens of identical crystal orienta
tion, 15 mm long and with diameters of 2 mm (+)and 0.5 mm 
(~); the distance from the end of either specimen to the po-

tential-electrode lead-in is on the order of two diameters. 

In connection with this it appears rational to 
perform measurements on a specimen having a 
cross section equal to those of the current elec
trodes. In this case the potential electrodes must 
be located as far away as possible from the ends 
of the specimen and as parallel as possible to its 
axis. Failure to observe these precautions in 
Refs. 1 to 4 has most probably caused the indicated 
"anomalies." This likelihood is emphasized by the 
fact that in Ref. 2 a substantial change in the mag
nitude of the observed effect was noted when the 
current and potential electrodes were interchanged. 



926 LETTERS TO THE EDITOR 

One cannot exclude the existence of more com
plicated mechanisms leading to an added longitudi
nal potential difference in a magnetic field exist. 
These added effects are, however, apparently sub
stantially less than the effects noted above. 

We consider it our pleasant duty to thank Acade
mician P. L. Kapitza for discussing this communica
tion. 

*Reported at the All-Union Conference on Low Temperature 
Physics, Moscow June 1957. 
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AS is known, 1 the kinetic equation for the particle 
distribution function fa ( t, r, v) of a completely 
ionized plasma ( a = e and a = i denote electrons 
and ions, respectively) can be written for the case 
of Coulomb collisions in the form 

(1) 

27t:Ae2 e2 ~ ( f at' f' at (• )·= __ a-~ dv'U· ___.'!__~ __ _~!__a\} 
]a~ ' m '" m a ' m av ' ~ ~ vk a k 

(2) 

The present note shows that the particular struc
ture of the integrals in Eq. (2) for the current al
lows one to introduce new variables in the form of 
new unknown "potential" functions 

<Pa(t, r, v) =~dv'fa(v')!v-v'l, (3) 

which will transform the integro-differential equa
tions (1) into pure differential form. 

Let us consider the first integral in the expres
sion for Jaf3· If we make use of the expression for 
Uik• we obtain 

_ \ f ~ (v') dv' 
?~ (t' r, v) - ) I v- v' I . 

Further, noting the identity 

(4) 

v-3 {V2Y'.,fa- V(VV'vfa)} = (V'.,f"'V'.,)V'., I v -v' I' (5) 

we can transform the second integral in (2) accord
ing to 

(6) 

The other quantities entering into (1) are also easy 
to express in terms of the if! 13· In particular, 

1 1 1 
'P~ = Tv;w~, f~ =- 4,. Ll.,cp~ =- 87t v;w~. (7) 

Inserting (4), (6), and (7) into (1), we obtain the 
differential equation 

for the "potential" functions. In the special case 
of a "moving" Maxwell distribution given by 

~ ;m; 0 s,=v zr~(v-va) 

(9) 

(where na ( t, r) is the density, v~ ( t, r) is the 
mean velocity, and T a ( t, r) is the temperature) 
we have 


