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Reference [1] gives a description of certain methods of measuring 
small-amplitude vibrations based on the Hall effect. The present 
paper describes a device that can be used to measure large-ampli- 
tude vibrations over a wide range of frequencies, The requirements 
that m~st be satisfied by the magnetic system with a magnetic field 
varying uniformly in the direction of the vibrations are determined, 
Practical examples are presented, 

1. Method of m e a s u r e m e n t  and design equat ions .  A 
Hall probe responds  to the magnet ic  field in tens i ty  at 
the point in space at which it happens to be located. 

Fig.  1. Location of Hall probe in the 
coordinate  sys t em xyz. 

Obviously, employing  such a probe to m e a s u r e  v ib ra -  
t ions p resupposes  the use of a magnet ic  field spa t ia l ly  
nonuni form in the d i rec t ion  of d i sp lacement  of the 
probe.  If the probe moves  in the d i rec t ion  y, the field 
mus t  have a ce r t a in  function H(y). 

The p r o c e s s e s  in a Hall probe a re  given by the 
e x p r e s s i o n  [2] 

Eo = kE~ H. (I.i) 

Here E x is the intensity of the longitudinal electric 

field in the probe, Ey is the intensity of the transverse 

e l e c t r i c  field in the probe, H is the in tens i ty  of the 
magnet ic  field, and k is a p ropor t iona l i ty  factor .  

Let the probe (Fig. 1) be located in the plane xy 
and be pe rmea ted  by a magnet ic  field o r i en ted  along 
the z axis .  The field is nonuni form in the y d i rec t ion  
and is de sc r ibed  by the exp res s ion  

11 =: I l  (y) .  (1.2) 

The total  output voltage of a s t a t ionary  probe lo-  
cated in such a field is given by 

U~'~: = k I ' x  f i~I (y) dy" (1.3) 
-,l--tl2b 

When the probe moves in the xy plane in accordance  
with the law y =f(t) ,  expres s ion  (1.3) takes the form 

/ (t)-F '2b 

u .L = k1,:~ I H (:~) d y .  (1 @4) 
! (t)--'hb 

It is obvious that 

u , ~  = u : +  g , .  (1.5) 

Here Uy 0 is the component  of the output voltage cor -  
responding  to the ini t ia l  res t  posi t ion of the probe ; Uy 
is the component  of the output voltage appear ing  in 
connect ion with the d i sp lacement  of the probe.  

For  m e a s u r i n g  purposes  a n e c e s s a r y  condit ion will 
be a propor t ional  re la t ionship  between the useful  s ig -  
nal  Uy and the d isplacement ,  i . e . ,  

U v = ,~/(t), (1.6) 

where n is a propor t ional i ty  factor .  Subst i tut ing (1.5) 
and (1.6) into (1.4), we obtain 

1 (t)+vzb 
@ n/( t )  = kE  x f H (y) dy .  (1.7) U :  

/ (/)-- ' /zh, 

We different ia te  the left and the r ight  s ides  with r e -  
spect to t: 

n/'  (t) = kEx/ ' ( t ) {H[  ] (t) -}- 1[2b] - -  t] [/ (t) ~ ]/~bl}. (1.8) 

Cons ide r ing  that y =f(t) ,  we obtain 

H (y-~- limb) - -  H ( y - -  1/2b ) = AH = n / k E x .  (1.9) 

b 

Fig.  2. Methods of c rea t ing  a l i nea r ly  varying  
magnet ic  field. 

Equat ion (1.9) has the following s ign i f icance .  Fo r  
the output voltage of the Hall probe Uy to be propor t iona l  
to the d i sp lacement ,  the magnet ic  field mus t  be such 
that at any y the field in tens i t i es  at points located s y m -  
m e t r i c a l l y  with r e spec t  to y at a d i s tance  b/2 differ  
by a constant  quant i ty  AH. Thus, the field mus t  vary 
l i nea r ly  in the d i rec t ion  of the m e a s u r e d  d i sp lacemen t  

H =  llo - :  y l  grad/l  [ ([grad H I =  u/kEvb) .  (1.10) 
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Subst i tu t ing  (1.10) and (1.4), we find the total  ou t -  
put voltage of the probe  

f (t)-al/2b 

V v = = k E x  f ( H ~  dy" (1.11) 
] (t)--t/2b. 

In t eg ra t ing  and t r a n s f o r m i n g  (1.11), we obta in  

Uv~ = kExbHo + kExblgrad H i](t). (1.12) 

As in (1.5), the f i r s t  t e r m  is the r e s t  output v o l t a g e  
Uy0, and the second  the useful  s igna l  p ropo r t i ona l  to 
the m e a s u r e d  d i s p l a c e m e n t  

U v = kExb]grad H I ]  (t). (1.13) 

E x p r e s s i o n  (1.13) can be r educed  to the m o r e  con-  
venient  form 

uy = k u V x ]grad H I ] (t) = kulxB x Igrad HI]  (t). (1.14) 

Here  k u is the s o - c a l l e d  vol tage t r a n s m i s s i o n  coe f -  
f i c ien t  c h a r a c t e r i z i n g  a spec i f i c  Hal l  p robe  (its m a -  
t e r i a l  and d imens ions ) ,  U x is  the input vol tage app l i ed  
to the c u r r e n t  e l e c t r o d e s  of the Hal l  p robe  and c r e a t -  
ing the longi tudinal  f ie ld  in tens i ty  Ex, R x is the input 
r e s i s t a n c e  of the Hal l  probe ,  and I x the con t ro l  c u r -  
r en t .  

Cor r e spond ing ly ,  the to ta l  output vol tage wil l  be 

Uv~ = k j x B x [ H o  + ] grad H I ]  (t)]. (1.15) 

F r o m  (1.t4) it is  e a s y  to d e r i v e  a convenient  ex -  
p r e s s i o n  for  d e t e r m i n i n g  the value of  !grad HI needed  
to s a t i s fy  the given condi t ions .  

z D 

Fig .  3. Hall  p robe  in the f ie ld  of a magne t  with 
s p e c i a l l y  shaped  pole p i e c e s .  

Let,  for  example ,  f ( t )  be s inuso ida l  function 

] (t) ~ Ym sincot . (1.16) 

The output s igna l  m u s t  a l so  be a s i nuso ida l  func-  
t ion of  the vol tage with ampl i tude  Uym. The re fo r e ,  
in a c c o r d a n c e  with (1.14), 

Thus, with the he lp  of e x p r e s s i o n  (1.17) it  is p o s -  
s ib le  to d e t e r m i n e  the n e c e s s a r y  magne t i c  f ie ld  g r a -  
d ient  for  the r e q u i r e d  Uy m and Ym, us ing  any a v a i l -  
ab le  Hall  probe  with spec i f i c  p a r a m e t e r s  ku, Ix, and 
Rx. 

r---~ R, r, 

-7 T'~ R, | -~ 

t[  ", t _ 2 ~  -, ;: 0 

Fig. 4. Measuring circuit. 

F o r  example ,  suppose  we have a Hall  probe  with 
the fol lowing p a r a m e t e r s :  t r a n s m i s s i o n  coeff ic ient  
(at H = 1 0 e )  ku = 10 - 5 0 e  - i ,  p e r m i s s i b l e  d i s s i p a t e d  
power  P m =  0.1 W, and input r e s i s t a n c e  Rx = 300 ohms .  

We sha l l  d e t e r m i n e  the lgrad HI of the f ie ld  r e q u i r e d  
for the probe to give an output signal with amplitude 

Uy m : 50 mV at a displacement amplitude Ym : 5 ram. 

The maximum input voltage permissible with re- 

spect to dissipated power 

U~m = ] /P~B~= 5.5 V .  

We take U x = 5 V. F r o m  (1.17) we obtain igrad  HI = 
= 5 0  �9 10-8/5 �9 10 -5 �9 5 = 200 O e / m m .  

A magne t i c  f ie ld  va ry ing  un i fo rmly  in the d i r ec t i on  
of the m e a s u r e d  d i s p l a c e m e n t  can be c r e a t e d  in v a r i -  
ous ways,  for  example ,  by means  of c e r a m i c  p e r -  
manen t  magne t s  with fac ing  l ike po les  [1]. In this  
e a se  a zone of cons tant  g r ad i en t  wi l l  be c r e a t e d  in a 
c e r t a i n  reg ion  of space  be tween the po les  (Fig .  2a). 
A zone of cons tan t  g r ad i en t  can a l so  be c r e a t e d  by 
m e a n s  of a s p e c i a l l y  des igned  s y s t e m  of magne t s  
(F ig .  2b). However ,  it is s i m p l e s t  and mos t  conven-  
ient  to c r e a t e  a magne t i c  f ie ld  with cons tan t  g r ad i en t  
by us ing  pole p i e c e s  of s p e c i a l  shape (Fig .  3)* the 
gap be tween  which is a va r i ab l e  quant i ty .  It can be 
shown that  to obta in  a un i fo rmly  vary ing  magne t i c  
f ie ld  with given Igrad HI the gap mus t  va ry  a c c o r d i n g  
to the law 

~Y Y]grad H ] (1.18) 

Here  5o is the gap c o r r e s p o n d i n g  to the coo rd ina t e  
or ig in ,  6y the gap c o r r e s p o n d i n g  to a point  at  a d i s -  
t ance  y f rom the coo rd ina t e  or ig in ,  Y is the width of 
the pole p i ece  in the d i r e c t i o n  of the m e a s u r e d  d i s -  
p l acemen t ,  H0 is  the magne t i c  f ie ld  in tens i ty  at a 
point  c o r r e s p o n d i n g  to the coo rd ina t e  or ig in ,  and an  
is a coef f ic ien t  c h a r a c t e r i z i n g  the to ta l  d rop  in f ie ld  
in t ens i ty  a long the length Y. 

Uvm = k~,Ux I grad H ] ym, o r  I grad H ] = 

ymkuU x ~ ymkuIxR x �9 
(1.17) 

*I. V. Bolotin,  E . A .  Konstant inov,  A u t h o r ' s  C e r t i -  
f i ca te  No. 183416 of 4 March  1965. 
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This method has the addit ional  advantage that, by 
us ing  pole pieces  of d i f ferent  length Y, it is poss ib le  
to m e a s u r e  d i sp lacemen t s  of a lmos t  any ampli tude.  
It is only n e c e s s a r y  to take into account the inf luence 
of the edge effect. In p rac t ice ,  the re la t ionsh ip  Y - 
-> 2y m + 3 (in mm) should hold between the ampli tude 
of the probe d i sp lacement  Ym and the width of the pole 
piece. 

2. Measur ing  c i rcui t .  The m e a s u r i n g  c i rcu i t  is 
shown in Fig. 4. In the magnet  gap the Hall probe D is 
attached to the object  whose d i sp lacement  is to be 
m e a s u r e d .  The plane of the Hall probe is pe rpend icu-  
l a r  to the vector  of the field in tens i ty  H. The Hall 
probe is connected to the m e a s u r i n g  device by a four-  
wi re  cable .  The probe control  cu r ren t ,  which r egu-  
la tes  its sens i t iv i ty ,  is adjusted by means  of the rheo-  
stat  R 1 and the m i l l i a m m e t e r  M 1. Po ten t iomete r  R2 
is used for ad jus t ing  the equipotent ia l l ty  of the Hall 
probe .  This po ten t iomete r  is a lso used to compensa te  
the output voltage component  Uy 0 cor responding ,  in 
accordance  with (1.5) and (1.12) to the ini t ia l  r e s t  
pos i t ion  of the probe.  The output voltage obtained with 
the Hall  e lec t rodes  of the probe, which is p ropor t ion-  
al  to the ins tan taneous  value of the v ibra t ional  d i s -  
p lacement ,  is fed to a loop osc i l lograph e i the r  d i rec t ly  
or, in the case  of a sma l l  s ignal ,  a c r o s s  an ampl i f i e r .  
The v ibra t ion  ampl i tude  can be m e a s u r e d  by me a ns  
of an indicat ing i n s t r u m e n t  M 2. 

3. Compensa t ion  of pa r a s i t i c  emf induced in the 
Hall  p r o b e  c i r c u i t s  u p o n  d i sp lacemen t  in a magnet ic  
f ie ld .  In a Hall probe moving in a magnet ic  field there  
is genera ted  not only a t r a n s v e r s e  Hall  emf, the u s e -  
ful s ignal  p ropor t iona l  to the d isp lacement ,  but a lso  a 
pa ra s i t i c  induct ion emf.  The magni tude  of the l a t t e r  is 
of the s ame  o r d e r  as  the useful  Hall emf and depends 
on the geome t r i ca l  d imens ions  of the probe,  the de-  
s ign of the c i r cu i t s  connected to its e lec t rodes ,  and 
the ra te  of d i sp lacemen t  of the probe in the magnet ic  
f ield.  There  a re  two Hall probe c i rcu i t s :  the output 
c i r cu i t  and the cont ro l  c u r r e n t  c i r cu i t ;  the voltage at 
the output e lec t rodes  of a probe m o v i n g i n  a nonuni form 
magnet ic  f ield with constant  gradient  is r ep resen ted ,  
with a l lowance for pa ra s i t i c  induced emf, by 

U v ~  ~ k u R x l x H o  -~ k u R x [ x y  [ grad H [ ~ k u R x  s, Ho ] grad B ] ~ -- 

dy . (3.1) - k.  ~ ~ I g~ad H I I grad B l U ~,--  ~, I g r a d .  I 

Here  Igrad BI = polgrad Hi is the induction grad ien t  
in the gap, P0 is the p e r m e a b i l i t y  of a i r ,  s 1 is the 
a r e a  of the cont ro l  c u r r e n t  c i r cu i t  loop, s 2 the a r e a  
of the output c i r cu i t  loop, and R 1 the total  r e s i s t a n c e  
of the cont ro l  c u r r e n t  c i r cu i t .  

E x p r e s s i o n  (3.1) cons i s t s  of five t e r m s :  the f i r s t  
r e p r e s e n t s  the cons tan t  r e s t  component  which is c o m -  
pensa ted  in ad jus t ing  the equipotent ial i ty ,  the second 
is the useful  s ignal ,  while the o ther  t e r m s  r e p r e s e n t  
p a r a s i t i c  induced e m f ' s  AU propor t iona l  to the ra te  
of d i sp l acemen t .  

When y = Ym sin  wt, af ter  t r ans fo rma t ions ,  the 
express ion  for  the output voltage (d is regard ing  the 
f i r s t  constant  component)  takes the form 

Uyr, ~--- u y  m (sin cot -- A,cos (at -- A2 cos cot -- A,sin 2xot) (3.2) 

Ax - -  s~co~t~ A~ - -  slcoB0 Aa - -  sico [ grad B [ Ym 
k u R . l  * ' I x R  1 ' 2 I x R  x ' 

u~, = k j ~  I grad H I Um, ~ (3.3) 

i . e . ,  the induced emf cons is t s  of o rd ina ry  and double-  
f requency components  re la t ive  to the v ibra t ion f re -  
quency.  We shal l  evaluate  the quant i t ies  A1, A2, A.~ 
for a probe and a magnet ic  field with the p a r a m e t e r s  
given in the example .  We take R 1 ~ Rx, IxR x = Ux = 
= 5V ,  k u =  10 - 5 O e  -1, Ig radBI  = 200 G / m m =  200.  
�9 10 -8 V .  s e c / c m  2 �9 mm,  P0 = 0.4~r �9 10 -8 H/cm,  B 0 = 
= 6000 G = 6000 �9 10 -8 V �9 s e c / c m  2, Ym = 5 mm. 

For  these p a r a m e t e r s  we obtain (sl and s 2 in cm 2, 
w = 27rf in sec -l) 

A1~--2.~0 ~s2co, A ~ :  i2 �9 l0 -~ s,co, An= 1 �9 l0 ~ s,(0. (3.4) 

Since s 1 and s 2 a re  the quant i t ies  of the same  order ,  
ana lys i s  of express ion  (3.4) shows that the components  
A 2 and A 3 can be neglected as compared  with A~ and 
the useful  s ignal ,  i . e . ,  it is n e c e s s a r y  to take into 
account  only the induced emf for the output c i r cu i t .  

An ana lys i s  of express ion  (3.3) shows that in o rde r  
to reduce the inf luence of the induced emf it is d e s i r -  
able to use h i g h - r e s i s t a n c e  Hall probes  with a la rge  
voltage t r a n s m i s s i o n  coefficient .  The e l ec t r i c a l  c i r -  
cuits  f rom the e lec t rodes  should be b i f i la r ,  with m i n -  
imum a r e a s  s I and especia l ly ,  s 2. In this  case at f r e -  
quencies  of the o rde r  of 50-100 Hz the induced e m f  
can be neglected.  At h igher  vibrat ion f requenc ies  the 
induced emf may be in to le rab ly  large,  s ince  they a re  
p ropor t iona l  to the f requency.  In this case it is n e c -  
e s s a r y  to take m e a s u r e s  to compensa te  the pa ra s i t i c  
emf.  

The output c i r cu i t  pa ras i t i c  emf can be success fu l ly  
compensa ted  by a counter turn ,  whose a r ea  is se lec ted  
expe r imen ta l l y  in cons t ruc t ing  the i n s t r u m e n t .  The 
c u r r e n t  c i r cu i t  pa r a s i t i c  emf a re  supp re s sed  by us ing  
a la rge  r e s i s t a n c e  R 1 with a cor responding  i nc r ea se  
in supply voltage. An example of such compensa t ion  
is given in [3]. 
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