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A  NEW AND QUICK METHOD FOR DETECTION OF 
PIEZO-ELECTRICITY AND MEASUREMENT OF 

THE PIEZO ELECTRIC c|>NSTANTS

By  K R IS H N A  G O P A L  S R iy A S T A V A

(Received for publication, N o v e m l^ , t i ,  igso)

ABSTRACT. A method using differential transform! 
tion of piezo electricity. To one of the primaries of the 
is connected and to the other is connected a variable rone 
Balance is obtained at first and frequency of source is tt 
frequency is approached a large current results in the

r̂ has beeti developed for detec- 
[ffcrcncial transformer the crystal 
;nser and resi.stances in parallel, 
sn varied As soon as a crystal- 
icondary which detects the piezo

electric behaviour of the crystal. The method has beeatt used to measure piezo-electric 
constant of quartz.

Formerly, two methods had been used for detecting piezo electricity in 
crystals. The first was due to Giebe and Scheibe, (1925) w’hich 
is a click-method. The second is a bridge-method by Mason,
(1943) in which the crystal is placed in 
bridge and sudden changes in the rectified 
frequency of the source approaches one
crystal. The method developed here uses a differential transformer for 
purpose. The circuit arrangement is as given in F ig. i .

one of the arms of a Wheatstone 
current are observed when the 
of the natural frequencies of the

the

F ig . I

D .T . is a differential transformer, which, as is well known, consists of 
two balanced primary coils Pi and P2, and a secondary coil S'. K  is a 
carborundum crystal rectifier connected to the secondary coil of the 
differential transformer, and G is a galvanometer to observe rectified 
currents. T  is a signal generator which can give a signal of desired radio
frequency. In the present set-up a Ferris signal generator was used. To  
one of the primary coils of the differential transformer is connected a variable 
condenser and a resistance R  in parallel. T o  the other primary coil is
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co n n e cted  th e  cry s ta l and a s u ita b le  air co n d e n se r  o f a b o u t lo o  m m f.  

in parallel.

A t  a p a rticu la r s e ttin g  o f C'a, w h ic h  is  k e p t  c o n s ta n t th r o u g h o u t th e  

e x p e rim e n t, R  an d C j are so a d ju s te d  th a t  c u r r e n t in  th e  g a lv a n o m e te r  is  

zero. T h e  fre q u e n c y  of th e  s ig n a l g e n e ra to r  is th e n  c h a n g e d . A s  so on  a s  

a n a tu ra l freq ixen cy o f the c r y s ta l is a p p ro a c h e d  a  la r g e  cu rren t a p p e a rs in  

th e  g a lva n o m e te r  w h ich  d e te c ts  th e  p ie z o -e le c tr ic  a c tio n  o f th e  c r y s ta l.

L a r g e  cu rren t ap p ears in th e  se c o n d a r y  c ir c u it  d u e to  th e  fa c t  th a t th e  

reactan ce o f  th e  c ry s ta l at re so n a n ce  s u d d e n ly  d ro p s  

to  zero w h ic h  u n b a la n c e s  th e  d iffe re n tia l tran sform er. 

T h e  re a cta n c e  c u r v e  o f  th e  q u a r tz  c r y s ta l is v e r y  w e ll  

k n o w n  a n d  is sh o w n  in  F i g .  2, a s g iv e n  b y  C a d y . I t  

is seen from  th e  c u r v e  th a t  r e a c ta n c e  pa sses th ro u g h  

th e  zero v a lu e  a t b o th  series a n d  p a ra lle l fre q u e n c ie s  

/ ,  an d  fp.  B o th  o f th e s e  fre q u e n c ie s  are o b se rve d  

a n d  th e  e ffe c tiv e  p ie zO -e le ctric  c o n s ta n t e is c a lc u la te d  

b y  u s in g  th e  b r id g e  m e th o d  (M aso n  1943), from  

the fo rm u la :—

_  7T k Ip  ̂ f  2_4. 2e — ---- -----

D eterm in a tio n  of th e  p ie z o -e le c tr ic  c o n s ta n t d n  w a s ca rried  o u t u s in g  a  

crysta l o f fre q u e n c y  3.9  m e. a n d  th e  r e su lt a g r e e s  v e r y  w e ll w ith  th e  sta n d a rd  

va lu e . T h e  va lu e o b ta in ed  is 5 .2  X lo""*. F u r th e r  w o rk  at d iffe re n t te m p e ra 

tu re s an d th e  d eterm in atio n  of d i*  is  in  p ro gress.

The advantage of the present method is that easy detection and 
measurement of the piezo-electric constants can be made quickly. A t the same 
time the apparatus is simple and easy to set up. It is hoped that this will 
also lead to the measurement of Q of the crystal and ultrasonic velocities 
and absorption in liquids and gases.

A C K N O W L E D G M E N T S

T h e  au th or w ish es to e x p re ss  th a n k s  to h is  c o lle a g u e  S h r i K r is h n a ji  

for le n d in g  som e of the a p p a ra tu s u se d  an d  fo r d iscu ssio n  a n d  to  th e  G o v t ,  o f  

U .P .  for the a w ard  o f a research sch lo rsh ip .

D bpastmbnt op Ph v sics

UNivBRSxrv op A u a h abad

R E F E R E N C E S

Cady, W. G. Piezo-electricity.McGraw Hill publication, pp. 350. 
Giebe, E , and Scheibe, A. 1925-. Z, f. Ph., 88, 335.
Mason. W . P. i943» S y s t .  T ,  /. 82, 178.


