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Methodological Notes

A HALL EFFECT PROBLEM

(THE GALVANOMAGNETIC PARADOX)

V. V. SERKOV

Usp. Fiz . Nauk 82, 161-163 (January, 1964)

OOLUTION of the problem of the re la t ion of c u r r e n t s

and powers in Hall pickup c i rcui t s leads to an i n t e r -

est ing r e s u l t which does not appear in the l i t e r a t u r e .

The problem is to d e t e r m i n e the c u r r e n t in the c u r -

r e n t leads of a Hall pickup as a function of the r e s i s t -

ance of the c i rcui t of the t r a n s v e r s e e l e c t r o d e s , in the

p r e s e n c e of an external magnetic field, normal to the

plane of the pickup. The c i rcui t and notation a r e shown

in Fig. 1.

FIG. 1. Ux—emf of power supply, the internal resistance
of which is small and neglected; Ex—secondary Hall emf; Ey—
primary Hall emf; Hz—magnetic field intensity; I x and I y are
the stationary currents in the power supply circuit and the Hall
emf circuit, respectively; r y ' i s the external resistance in the
Hall circuit. The arrows indicate directions of currents and
emf's.

Before giving an approximate solution of this p r o b -

lem we call attention to the fact that a Hall pickup in

a magnetic field, as in Fig. 1, i s-considered as a p a s -

sive four- terminal network in which the rec iproci ty

pr inciple is violated, t 1- The solution of our problem

leads to a violation of st i l l another law which d e t e r -

mines the p r o p e r t i e s of the pass ive four- terminal n e t -

work. The violation is t h i s : the change in the c u r r e n t

and the useful power in the c i rcui t of the t r a n s v e r s e

e lec t rodes of the Hall pickup (the output c i rcu i t of the

four- terminal network) always produces a change of

opposite sign in these quantit ies the power supply c i r -

cuit (the input c i rcui t of the four- terminal network) .

Such a re la t ion is impossible in a possive f o u r - t e r m i -

nal network or in any e l e c t r i c a l c i rcui t with l inear

e lements . We shal l cal l the phenomenon which leads

to this violation the galvanomagnetic " p a r a d o x . "

The exper imenta l curves of Fig. 2 i l l u s t r a t e the

descr ibed effect; t h e s e w e r e obtained with an InSb

pickup (p « 5 χ 10~2 o h m - c m ) at H z = 104 Oe. The

m e a s u r e d dependence of the c u r r e n t in the input c i r -

cuit on the r e s i s t a n c e of the output c i rcui t for an a r -

b i t r a r y c i rcu i t with l inear e lements is shown by the

dashed l ine. At f i rst glance it would s e e m p a r a d o x i -

cal that a d e c r e a s e of c u r r e n t in the c i rcu i t of the

t r a n s v e r s e e lec t rodes always leads to an i n c r e a s e of

c u r r e n t in the c i r c u i t of the c u r r e n t e lec t rodes , i .e.,

in the power supply c i rcui t .
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pickup circuit. r y and r y ' a r e the internal and external resist-
ances in the transverse electrode circuit; I x and I y are the cur-
rents in the circuits χ and y for r y ' > 0; I y o and I X Q are the cur-
rents in the same circuits for r y ' = 0.

T h e q u a l i t a t i v e s o l u t i o n of t h e p r o b l e m i s e a s i l y

e x p l a i n e d . C l o s i n g t h e c i r c u i t of t h e t r a n s v e r s e e l e c -

t r o d e s p r o d u c e s i n t h e e l e m e n t a c u r r e n t c o m p o n e n t Iy

d u e t o t h e H a l l e m f Ey p a r a l l e l t o t h e y a x i s . T h e

c u r r e n t Iy i n t e r a c t s w i t h t h e s a m e m a g n e t i c f ie ld H z

and produces a secondary Hall emf E x along the χ

axis. Μ Consideration of the d i rect ions of the c u r -

r e n t s , of the magnetic Lorentz forces, and of the p r i -

mary and secondary Hall emf ' s along the y and χ

axes and compar i son of the d i rect ions of the second-
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FIG. 3. Demonstration of the galvanometric paradox. Clos-
ing the circuit decreases the output power and the current in
the input circuit. N x l and N y l are the powers in the circuits
χ and y for open circuit of the transverse electrode; NX2 and
N y 2 are the powers in the same circuits upon closing the
transverse electrode circuit.

a r y H a l l e m f a n d of t h e p o t e n t i a l d r o p o n t h e p i c k u p

g e n e r a t e d by t h e c u r r e n t s o u r c e , l e a d t o t h e fo l lowing

r u l e : t h e s e c o n d a r y H a l l e m f i s a l w a y s d i r e c t e d c o u n t e r

t o t h e e x t e r n a l a p p l i e d v o l t a g e . T h i s r u l e e x p l a i n s t h e

n a t u r e of t h e g a l v a n o m a g n e t i c " p a r a d o x " and u n i q u e l y

d e t e r m i n e s t h e d i r e c t i o n of t h e t w o of t h e q u a n t i t i e s

I x , E y , a n d H z w h e n t h e t h i r d i s g i v e n . It i s v a l i d b o t h

for e l e c t r o n a n d h o l e c o n d u c t i v i t y , i n a c a n d d c c i r c u i t s

a n d i n a l l m a g n e t i c f i e l d s . T h e r u l e s e r v e s a s a b a s i s

f o r t h e d e t e r m i n a t i o n of t h e a d d i t i o n a l c h a n g e i n t h e r e -

s i s t a n c e of s e m i c o n d u c t o r s i n a m a g n e t i c f ie ld b r o u g h t

a b o u t by t h e a c t i o n of t h e s e c o n d a r y H a l l e m f . ^

T h e d e p e n d e n c e of t h e c u r r e n t i n t h e c i r c u i t of t h e

c u r r e n t - b e a r i n g e l e c t r o d e s on t h e r e s i s t a n c e of t h e

e x t e r n a l c i r c u i t of t h e t r a n s v e r s e e l e c t r o d e s i s e a s i l y

found by t a k i n g i t i n t o a c c o u n t t h a t t h e e f f e c t i v e e m f

i s e q u a l t o t h e d i f f e r e n c e of t h e e m f of t h e p o w e r s u p -

p l y and t h e s e c o n d a r y H a l l emf, a n d by a l l o w i n g f o r

t h e c h a n g e i n t h e r e s i s t a n c e of t h e p i c k u p c i r c u i t s

d u e t o t h e m a g n e t i c f ie ld. By s i m p l e t r a n s f o r m a t i o n s

w e g e t

/ * = -

quantity along the y axis, R is the Hall coefficient,

k is a c o r r e c t i o n coefficient which depends on the ra t io

of the s ides of the pickup, and d is the dimension of ,

the pickup in the ζ direct ion. The remaining notation

is the s a m e as Fig. 1.

Figure 3 shows how to demonst ra te the galvano-

magnetic " p a r a d o x . " Here, the posit ions of the a r -

rows on the ins t ruments and the symbols explain the

gist of the phenomenon. F o r successful demonstra t ion

of the exper iment, it i s n e c e s s a r y to use a pickup with

high c a r r i e r mobility, for example, one made of InSb,

and to m e a s u r e the c u r r e n t with a m i l l i a m m e t e r having

minimim internal r e s i s t a n c e . In our case we used a

type MPB-46 m i l l i a m m e t e r shunted by i r o n - c h r o m i u m -

aluminum conductor of length 10 cm and d i a m e t e r 1.5

m m . In such equipment closing of the c i rcui t of the

t r a n s v e r s e e lec t rodes d e c r e a s e s in c u r r e n t in the

power supply c i rcui t by approximately 40% of full

sca le .

Here r x j j is the pickup r e s i s t a n c e along the χ axis

in a magnetic field of intensity H z , ryj j is the s a m e
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