
T s is the equi l ibr ium boiling t e m p e r a t u r e ;  
k is the conductivity; 
e is the t he rma l  act ivi ty  coefficient;  
Pc is the vo lumet r i c  hea t  capacity.  
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M E A S U R E M E N T  O F  T H E R M A L  D I F F U S I V I T Y  O F  

M A S S I V E  M E T A L L I C  S P E C I M E N S  BY T H E  

P U L S E  M E T H O D  

L .  D.  Z a g r e b i n ,  V.  E .  Z i n o v ' e v ,  UDC 536.212 
a n d  V .  A .  S i p a i l o v  

A pulse method for  m e a s u r i n g  the t he rma l  diffusivity of semi- inf in i te  spec imens  is descr ibed .  
Resul t s  of the rmal -d i f fus iv i ty  m e a s u r e m e n t s  on i ron and tin a r e  p resen ted .  

The p r e s e n t  authors  have prev ious ly  desc r ibed  a pulse method of m e a s u r i n g  the t he rma l  diffusivity of 
me ta l s  [1, 2] useful  for  spec imens  of hemisphe r i ca l  fo rm.  For  thin p l ane -pa ra l l e l  p la tes  the wel l -known 
method p resen ted  by P a r k e r  et  al. [3-5] is usual ly  used. However ,  in many cases  crea t ion  of spec imens  with 
such geomet ry  is diff icult ,  and i t  is of g rea t  i n t e r e s t  to consider  the poss ib i l i ty  of using the pulse method for  
m e a s u r e m e n t  of the t h e r m a l  diffusivity of spec imens  of the s imp le s t  f o r m  - a semi- inf in i te  m a s s .  Use of 
powerful  po in t - l a se r  sources  p e r m i t s  a quite s imple  solution of this p rob lem in pr inciple .  

The genera l  solution of the the rmal -conduc t iv i ty  different ia l  equation 

OT (x, y, z, "~) = av2T (x, y, z, "~) (1) 
Or 

f o r - ~ <  x,  y ,  < ~ ,  0 < z < ~ ,  and T > 0wi th  initial 

�9 0=0, T(x,  y, z, ~ ) = 0  

and boundary ,_ 
T(co, y, z, ~)-----T(x, oo, z, x)----T(x, y, oo, ~ ) =  0, 

O T ( •  y, z, x) OT(x, • z, "0 OT(x, y, oo, .~ 0 
Ox Oy Oz 

conditions for  an instantaneous hea t  source  at  a point (xt, Yl, zt) on the sur face  of a s e m i - i n f i n i t e - m a s s  
spec imen  is given by the function [6, 7] 

qo exp [ _  ( x - - x , )~+(Y  - y , ) 2 + ( z - z t ) 2  ] 
T (x, y, z, ~; xi, Yt, z t ) : "  8 (~a~c)a/2cpp 4a~ " 

(2) 

S. M. Kirov Ura l  Polytechnic  Inst i tute .  Izhev Mechanical  Inst i tute.  T rans l a t ed  f r o m  I n z h e n e r n o - F i z i -  
cheskii  Zhurnal ,  Vol. 35, No. 3, pp. 450-454, Sep tember ,  1978. Original  a r t i c le  submit ted September  5, 1977. 
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Fig. 1. Dimensionless temperature e versus dimensionless t ime ~ fo r  an instanta-  
neous sou rce .  

Fig .  2. B l o c k  d i a g r a m  of a p p a r a t u s :  1) s p e c i m e n ;  2) t h e r m o c o u p l e ;  3) A120 s t h e r m a l  
i n s u l a t i o n  l a y e r ;  PD-1)  pho tod iode  wi th  a m p l i f i e r .  

I f  the  i n s t a n t a n e o u s  h e a t  s o u r c e  q0 i s  l o c a t e d  a t  the po in t  wi th  c o o r d i n a t e s  (0, 0, 0) and  the i n i t i a l  m o m e n t  
T O = 0, then  a t  a po in t  wi th  c o o r d i n a t e s  (x, 0, 0) a t  t i m e  ~- Eq.  (2) w i l l  have  the f o r m  

X2 , ) 
r (x, "~) = qo exp - -  . (3) 

8 (ua,c) 3/2%p ~a~ 

A t  a d i s t a n c e  x f r o m  the s o u r c e ,  Eq.  (3) r e a c h e s  a m a x i m u m  at  the t i m e  

w h i l e  i t s  m a x i m u m  va lue  i s  equal  to 

= x2 /6a ,  (4) 

T (X)m,+ = 0.1,47 qo - .  (5) 
CppX 3 

I n a s m u c h  as  the m a x i m u m  of th i s  funct ion  i s  d i f f u s e ,  i t  w i l l  be m o r e  conven ien t  to r e c k o n  the t i m e  T c o r r e -  
spond ing  to a t t a i n m e n t  of one ha l f  of  the m a x i m u m  va lue  T (X)max/2 = T (x, T1/2). 
to the t r a n s c e n d e n t a l  equa t ion  

w h e r e  

In th i s  c a s e ,  Eq. (3) t r a n s f o r m s  

exp 0) = 4.88~s/2, (6) 

o) = xZ/4a ' r l /2 ,  

the so lu t i on  of wh ich  on a M i n s k - 3 2  c o m p u t e r  g ives  

(7) 

a = 0.073x2/z1/2. (8) 

I t  is  of ten m o r e  conven ien t  to u se  a g r a p h i c a l  so lu t i on  of Eq. (3). Since  we need  to know the t e m p e r a t u r e  
d i s t r i b u t i o n  a t  a d i s t a n c e  l f r o m  the i n s t a n t a n e o u s  s o u r c e  a long  the s u r f a c e ,  then fo r  g r a p h i c a l  so lu t ion  of 
Eq.  (3) in the d i m e n s i o n l e s s  c o o r d i n a t e s  

= ~2avt12,  0 = 4 e p p l S T / ~ q o  

i t  i s  u se fu l  to expand  Eq. (3) in a F o u r i e r  s e r i e s  o v e r  the i n t e r v a l  f r o m  - l  to +l. Then  fo r  su f f i c i e n t l y  l a r g e  l 
in the i n t e g r a l s  which  a p p e a r ,  the i n t e g r a t i o n  l i m i t s  can  be t aken  as  in f in i t e .  In th is  c a s e  we ob ta in  the t e m -  
p e r a t u r e  d i s t r i b u t i o n  a t  the po in t  l ,  
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Fig. 4. Osci l logram of thermal-diffusivi ty  mea-  
surement  of tin: l =3.050 mm;  display, 1 0 m s e c /  
em. 

n [ ( ,9, T (l, x) = qo 1 q- 2 cos nn exp 
4cppnaxl n-~l 

or in the dimensionless  variables  ~ and 0 

0 =  T 1 + 2  (--1)" exp (-- nZg) . (10) 

The graph of Eq. (10) established by solving Eq. (10) on a Minsk-32 computer is shown in Fig. 1. We note that 
use of Eq.(8} and Fig. 1 gives adequate resul ts  for a. 

A block diagram of the apparatus real izing this method is depleted in Fig. 2. The light flux of the SU-1 
l a se r  with duration 10 .3 sec and energy of 1 J is focused on a spot 0.1 mm in d iameter  on the surface of the 
mass  specimen. The delay of the t empera tu re  signal is recorded  by a thin copper -Cons tan tan  the rmo-  
couple (electrode d iameter  50 gm) welded to the specimen surface by the l a se r  beam. The thermocouple is 
insulated above by an A1203 layer  ~2 mm thick. Because of the large difference in the thermal  diffusivities 
of the insulator and metal ,  the effect of the f o r m e r  on the measured  quantity can be neglected. 

The signal f rom the thermocouple is amplified by a preampl i f ier  with gain of ~100 (Fig. 3), with output 
fed to an S1-17 pulse osci l loscope,  the delayed display of which is t r iggered by the ref lected l a se r  pulse f rom 
the photodiode PD-1. Figure 4 shows an example of an osc i l logram obtained f rom the oscil loscope s c r e e n d u r -  
ing study of the thermal  diffusivity of tin at l = 3.05 mm at room temperature .  The high resolving power ob-  
tained with a mater ia l  with high thermal  diffusivity is evident. For  metals  with lower a values,  r inc reases ,  
which leads to increased accuracy  in its determination.  Table I presents  resul ts  of thermal-diffusivi ty  m e a -  
surements  on tin (0.001% impurities) and "Armco" iron (impurities: C, 0.015%; Si, 0.18%; Mn, 0.17%; S 0.025%; 
P,  0.006%). Comparison of the present  data with the mos t  reliable reference  data available indicates that there 
is sa t is factory agreement  within the l imits of experimental  e r r o r .  

Analysis  of e r r o r s  in the proposed methoa ~,~,vvs that at medium tempera tures  the major  e r r o r  sources  
are those connected with the inaccuracy in coordinate determinat ion of ~2% (achieved by use of an MBS-3 mi -  
croscope and manipulator which allowed distinguishing between the l ase r  heating cavity and the point of the rmo-  
couple attachment} and the time e r r o r  of ~2%. 

At room tempera ture  in the given case Bi ~ 0.02 (see, for example,  [3]) and the contribution to total 
e r r o r  f rom heat t ransfer  by radiation does not exceed 1%, although with increase  in tempera ture  it will be 
necessa ry  to consider the effect of this e r r o r  source individually. 

TABLE 1. Measurements  of Thermal  Diffusivity a (m2/ 
sec) of Armco  Iron and Tin 

Material Present study 1a1 [41 

Fe 0,17 (9).10 -4 0,18-10 -4 0,19.10 -4 
Sn 0,29 (5).10 -4 0,31.10 -4 0,39.10 -4 

1056 



Thus ,  the total  e r r o r  in de te rmina t ion  of the thermal -d i f fus iv i ty  coefficient  by the proposed  method does 
not exceed 5-7~0, which is comparab le  to the uncer ta in t ies  of the methods usually employed for  studied of spec i -  
mens  which a r e  often difficult  or  p rac t i ca l ly  imposs ib le  to p r e p a r e ,  for  example ,  in the case of agg res s ive  
liquid meta l s .  

T 

q0 
Cp 

P 
G 

l 
T 

T1/2 

N O T A T I O N  

is the t empe ra tu r e ;  
is the pulse energy ,  J ;  
xs the speci f ic  heat ,  J /kg.~ 
is the dens i ty ,  kg/m3; 
is the t he rm a l  diffusivity,  m2/sec ;  
is the thermocouple  coordinate;  
,s the t ime;  
is the t ime at which t e m p e r a t u r e  signal at point l r eaches  one half  its m a x i m u m  value. 
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THERMISTOR EFFECT IN SWITCHING IN 

VANADIUM DIOXIDE 

V. M. Bondarenko and A. A. Alekseyunas UDC 537.311.33 

The switching effect  in vanadium dioxide is in t e rp re ted  in t e r m s  of a c r i t ica l  t empe ra tu r e  on 
the bas is  of the t e m p e r a t u r e  dependence of the conductivity for  semiconduct ing VO 2. 

It  has  s e v e r a l  t imes  been suggested [1-3] that the t e m p e r a t u r e  dependence of the switching cur rent  or 
voltage for  vanadium dioxide is due to change in the mode of switching with the envi ronmenta l  t empera tu re .  
It  has  been c la imed [1] that the switching in VO 2 occurs  on account of the t h e r m i s t o r  effect  in the range f rom 
223 to 283~ whereas  a s e m i c o n d u c t o r - m e t a l  phase  t rans i t ion  occurs  at  envi ronmenta l  t e m p e r a t u r e s  above 
283~ (following [1], we speak  in what follows of the t h e r m i s t o r  model and the t rans i t ion model).  However ,  
these two models  give quali tat ive a g r e e m e n t  between theory and exper imen t  only for  cer ta in  ranges  in the 
envi ronmenta l  t e m p e r a t u r e ,  while the t e m p e r a t u r e  dependence of the switching cu r ren t  or  voltage is not de -  
s c r i b e d b y  e i t h e r o f  the models  for  the range 273-314~ 

We have m e a s u r e d  the t e m p e r a t u r e  dependence of the switching cur ren t  and voltage for  the range f rom 
160 to 341~ for  s i ng l e - c rys t a l  vanadium dioxide; the resu l t s  a re  explained via the t rans i t ion  model with a 
c r i t ica l  t e m p e r a t u r e  on the basis  of the t e m p e r a t u r e  dependence of the conductivity of VO 2 in the semiconduct -  
ing state.  We have a lso  m e a s u r e d  the speci f ic  r e s i s t ance  of VO 2 as a function of t empera tu re .  

Curves  1 in pa r t s  a and b of Fig. 1 show the switching cu r ren t  and voltage as functions of environmenta l  
t e m p e r a t u r e  for  s i ng l e - c ry s t a l  VO2; the t rans i t ion  model with a c r i t ica l  t e m p e r a t u r e  has been used [1-3] on 
the assumpt ion  that the conductivity is constant in the meta l l i c  s tate  and in the semiconductor  state.  However ,  

Inst i tute of Semiconductor  Phys i c s ,  Academy of Sciences of the Lithuanian SSR, Vilnius. T rans l a t ed  f rom In-  
zhene rno-F iz i chesk i i  Zhurnal ,  Vol. 35, No. 3, pp. 455-458, Sep tember ,  1978. Original  ar t id le  submit ted July 25, 
1977. 
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