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Formulas  are  der ived for the thermal  dtffusivity of pyroe lec t r i e  mate r ia l s  made in the shape 
of p lane-para l le l  plates.  The thermal  diffusivity of grade TsTS-19 pyroact ive p iezoceramic  
was measured .  The tes t  resu l t s  a re  shown here .  

P y r o e l e c t r i c  mate r ia l s  include d ie lec t r ics  in which spontaneous polarizat ion occurs  during a change 
of thei r  thermal  state [1]. P y r o e l e e t r i c  mate r ia l s  have found many applications in var ious branches  of 
modern engineering.  Pa r t i cu l a r  attention is paid to segnetoelec t r ics  in this c lass  of mater ia l s ,  which are  
widely used in radio engineering as well as in e lec t roacous t ics  and hydroacoust ics ,  also in computer  t ech-  
nology, etc. [2]. 

The use of py roe lec t r i c s  under  conditions of var iable  t empera tu re  requ i res  re l iable  and simple meth-  
ods of determining the i r  thermophysica l  t ies,  including the thermal  diffusivity. The thermal  diffusivity of 
py roe l ec t r i c s  can be determined by well known methods applicable to solid ma te r i a l s  in general  as, for  
example,  by measur ing  the t rans ient  t empera tu re  field with heat probes.  

On the basis  of the pyro effect,  it is possible to determine the thermal  diffusivity of a pyroe lec t r i c  
without the use of heat probes .  The nece s s a ry  information about the thermal  state of a tes t  specimen is 
furnished here  by the built up e lec t r ic  charge and the corresponding voltage difference which appears  be-  
tween the e lec t rodes  on the specimen. 

Theory  of the Method. We cons ider  the equation of an e lec t r ic  c i rcui t  which consis ts  of a pyroe lee -  
t r ic  e lement  connected to a recording ins t rument  [3]. With the instrument  input res i s tance  Rin and input 
capaci tance Cin, the cu r ren t  equation for  this e lec t r ic  c i rcui t  is 

c a v  v dP~ 
d ~  R dr ' (I) 

where 15s denotes the mean-integral  polar izat ion of the pyroeleotr ie element, V denotes the voltage d i f fer -  
enee between the electrodes, and "r denotes t ime, 

C=Cina-Cp;  R= R i n R p  
Rtn -- Rp 

Here Cp and Rp denote respectively the capacitance and the resistance of the pyroeleetrie element. Inte- 
grating Eq. (I) with the initial conditions r 0 = 0 and V 0 = 0 yields 

1 ( - - - ~ - )  ~ ~ -  exp ~ ~ - - )  dr. (2) V = ~ -  exp r dPr [ r N 

The spontaneous polar izat ion 15 s is genera l ly  determined by many fac to r s  such as the geometry ,  the 
physical p roper t i es ,  the state of the pyroe lee t r i c  e lement ,  etc. If we confine this analysis  to pyroe lec t r i c  
e lements  in the shape of p lane-para l le l  plates and assume that thei r  physical p roper t i e s  remain indepen- 
dent of the t empera tu re ,  then its mean- in tegra l  spontaneous polarizat ion may be expressed  as 

@~ dT 
dr - A?. d~ ' (3) 
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Fig. 1. Schematic diagram of recording the pyroe lec -  
t r ic  voltage: 1) pyroe lee t r i e  element;  2) water  mixed 
with snow; 3) contact  tabs; 4) e lect rodes;  5) capac i -  
t ive voltage divider; 6) model U1-2 instrument  voltage 
amplif ier ;  7) res i s t ive  voltage divider; 8) model ~ P P -  
09 MZ potent iometer .  

where T denotes the mean- in tegra l  t empera tu re  of the pyroe lec t r i c  element ,  A �9 its surface  area ,  
and ~, denotes the pyroe lec t r ic  factor .  The mean- in tegra l  t empera tu re  of a p lane-para l le l  plate with the 
thickness 6 and with boundary conditions of the f i r s t  or  the third kind with respec t  to the t empera tu re  at 
one surface  is determined according to the well known relat ion [4] 

T - -  Ta ' ~  I 2 at "~ T o _ T  a = 1 -- ~ '  B~exp ~ t n ~ ] ,  (4) 

where a denotes the thermal  diffusivity, Bn and #n are  coeff icients  in the n-th t e r m  of the ser ies ,  T o de- 
notes the specimen t empera tu re ,  and T a denotes the ambient t empera tu re .  

We inser t  the values f rom (3) and (4) into (2), then integrate under the summation sign, and obtain 

[ ~ a~" \ exp ( ~: A~a 
V = (To-- To) ~ .  B. 

C6 2 1 ~ a (5)  
n=l R C  6 ~ 

Express ion  (5) uniquely re la tes  the voltage ac ross  the e lec t rodes  on a pyroe lec t r i c  plate to the physical 
p roper t i e s  of that plate. 

In this case ,  when the voltage during the per iod of a t empera tu re  change in the pyroe lee t r i c  plate is 
known, Eq. (5) can se rve  as a basis  for  determining one of the pa rame te r s .  

The thermal  diffusivity can be determined,  to the f i r s t  approximation,  f rom ei ther  one or  two t e r m s  
of the se r i es .  The h igh-accuracy  c r i t e r ion  here  is RC >> 1 and a/5 << 1. Equating the derivat ive of the 
f i r s t  t e r m  to zero,  we obtain the t ime for  the voltage ac ross  the e lec t rodes  on a p lane-para l le l  plate to 
reach  its maximum 

In ~l-a RC 
8 s 

a 1 (6) 
"~" = ~ - ~ -  Rc 

Using two t e r m s  of the se r ies ,  we find this t ime f rom the express ion  
a~m '~ ( 2 a 

exp ( "  }t~ - - - ~ ]  ~, -~-)  - -  exp ( - - - ~ C )  ( - - - - ~ C )  

1 2 a . 
~c ~ - ~ -  (7) 

CtTm ~ 2 a T 

-- '1 a 
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Fig. 2. Voltage cu rves  r eco rded  on the s t r ip  char t  of 
a model ]}PP-09 MZ instrument:  1) RC = 3 sec; 2) RC 
= 10s ec ;  3) R C = 3 0  sec; 4) R C = 1 0 0  sec; 5) R C = 3 0 0  
sec; 6) RC = 1000 sec; voltage V (V), t ime  T (sec). 

If ~m is known f r o m  tes t s ,  then the t h e r m a l  diffusivity of a py roe lec t r i c  ma te r i a l  can be found f r o m  e i ther  
(6) o r  (7), depending on the requ i red  accuracy .  It  is to be noted that re la t ions  (6) and (7) may  be used for  
de termining the t h e r m a l  diffusivity of spec imens  in the shape of p l ane -pa ra l l e l  p la tes  as  well as  in the shape 
of hollow bodies  with a uni form th ickness  (hollow cyl inder ,  hollow sphere ,  etc. ). On the other  hand, these  
re la t ions  a lso  make it poss ib le  to e s t ima te  the effect  of t he rma l  noise on the p e r f o r m a n c e  pyroe lec t r i c  
t r a n s d u c e r s ,  this  effect  being a function of the t ime  constant  RC. 

Exper iment .  The t he rm a l  diffusivity was m e a s u r e d  for  the grade TsTS-19  pyroac t ive  p iezoce ramic ,  
a segnetoe lec t r ic  m a t e r i a l .  The t e s t  spec imen was p r e p a r e d  in the shape of a round disk 50 m m  in d i ame-  
t e r  and 1.9 m m  thick, with e l ec t rodes  in the f o r m  of an e lec t r i ca l ly  conductive s i lve r  coating.  The th ick-  
ne s s  of the l a t t e r  did not exceed 5 p and was d i s rega rded  in the determinat ion of the t he rma l  diffusivity. 
The t e s t s  were  p e r f o r m e d  under  s tepwise  t e m p e r a t u r e  changes at one p}ezoceramie  sur face .  Such a s t ep-  
wise t e m p e r a t u r e  change was effected by i m m e r s i n g  the py roe lec t r i c  disk, inside a hollow case ,  into.a 
water  and snow mixture .  The t e m p e r a t u r e  jump amounted he re  to 20 • I~ The voltage a c r o s s  the e l ec -  
t rodes  on that  disk was plotted on a s t r ip  char t  of a model ]~PP-09 MZ record ing  ins t rument  during 1 sec 
t r ave l  t ime  of the pen dr ive .  The high output impedance of the p i ezoee ramic  e lement  and the low input i m -  
pedance of the record ing  ins t rument  were  matched through a model U1-2 ins t rument  voltage ampl i f ie r .  
The genera ted  voltage level  was reduced by means  of a scaling capac i to r  at the ampl i f i e r  input and a r e -  
s i s t ive  voltage divider  at the ampl i f i e r  output. The total  voltage reduction scale  was 10 s. The operat ion 
of record ing  the py roe lec t r i c  vol tage is shown schemat ica l ly  in Fig.  1. 

The t e s t s  were  p e r f o r m e d  with the e lec t r i ca l  t ime constant  (RC) of the input c i rcu i t  set  to var ious  
lengths,  namely  3, 10, 30, 100, 300, and 1000 sec.  The cu rves  r eco rded  on the t~PP-09 MZ s t r ip  char t  
a r e  shown in Fig.  2, each co r respond ing  to a different  value for  the t ime  constant  of the input c i rcui t .  A 
peak in the vol tage var ia t ion  is quite evident here ,  and the t ime till  i ts  occu r r ence  may  be used for  d e t e r -  
mining the t h e r m a l  diffusivity.  Calculat ions according  to Eq. (7) with T m found by t e s t s  have yielded fo r  
the g rade  TsTS-19  m a t e r i a l  a t he rm a l  diffusivity of 5.8.104 m2/h. This  value is at mos t  5% higher  than 
that  ca lcula ted  according  to Eq. (6). The d i f fe rences  between the values  of t he rma l  diffusivity based  on 
RC = 1000, 300, 100, and 30 sec r e spec t ive ly  do not exceed 8%. The deviation becomes  l a r g e r  with RC = 10 
sec ,  or  even m o r e  so with RC = 3 sec.  Then, apparent ly ,  the iner t ia  of the model ]~PP-09 MZ ins t rument  
p lays  a m o r e  significant ro le .  
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