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THERMAL WAVE METHOD I N  CALORIMETRY 

D. DJUREK AND S.KNEZOVi c 
i n s t i t u t e  o f  Physics o f  the University,POB 304, 
41001 Zagreb, Yugoslavia 
P.M.CHAIKIN AND MU-YONG CHOI  
Dept.of Physics, UCLA, Los Angeles,CA 90024,USA 

Abstract  - We have s tud ied  the p roper t i es  o f  thermal 
wave propagated along the needle l i k e  samples I n  order  
t o  evaluate the s p e c i f i c  heat and thermal conduct iv i t y .  

We confine our a t ten t i on  t o  the problem o f  the d i f f u s i o n  

o f  heat i n  the samples o f  low thermal d i f f u s i v i t y  as orga- 

n i c  conductors l i k e  t o  be. The most comnon assumption re la -  

ted t o  the standard c a l o r i m e t r i c  geometry i s  the un i fo rm i t y  

o f  the temperature w i t h i n  the sample, no matter how rap id  

i s  the va r ia t i on  o f  the heat ing  power on i t s  surface. This 

may be useful  on ly  t o  some ex ten t  i f  we deal w i t h  the sam- 

p les  o f  a good thermal conduct iv i t y .  Such mater ia ls  are 

o rd inary  metals and the specimens may be considered as iso-  

thermal bodies w i t h  the i n te rna l  thermal resistances t o  be 

shor t  c i  r cu i  ted. 

-1 -1 
Organic chain conductors ( t y p i c a l  conduc t i v i t y  o f  the o r -  

der o f  1 Wm K ) are f a r  away from t h i s  idea l  s i t u a t i o n ,  

and the 

o f  d i s t r  

resu l t s  

thermal 

n t e r i o r  o f  the sample must be imagined as a network 

buted thermal capacitances and resistances. Th is  

n the coup1 ing  o f  the measured heat capaci ty t o  

esistance since i t  i s  no t  poss ib le  t o  separate both 

q u a n t i t i e s  s t a r t i n g  simply from the temperature response o f  

the sample . 1 

We need there fore  more cons is ten t  study o f  the propaga- 

t i o n  o f  thermal wave i n  the sample subjected t o  the heat ing  
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176 D. DJUREK er al. 

on one side. For s lmp l l c l t y  It w i l l  be convenient t o  suppo- 

se that the needlellke 

another end i s  thermally grounded t o  the heat s ink (Fig.1). 

sample i s  heated on one end and 

sample r- 

L 
h e a t e r  I - 

l ink 

FIG. 1 Specimen geometry 

Thermal wave propagated along the sanple may be conslde- 

red by the use o f  the d i f f u s i v i t y  equation 

d T / & t  - A a 2 T / $ x  1 )  

The solut ion o f  t h i s  equation i s  considered i n  simple form. 

2) i k x  - .-lkx) iwt T (x, t ) -A(e 

The boundary conditions are taken properly 

T=O at  x=O, T= T,e a t  X=L 

By the subst i tu t ion o f  above solut ion i n  Eq.l,one obtains 

for  A 
A = T / [ e x p ( i - l ) m L  - exp(l-l@LJ 3 )  

I t  i s  evident that  the phase o f  thermal wave I s  dependent 

upon the pos l t ion o f  the probe on the sample (L-x) 

A(f<F* (L  - x) 4) 
For f ixed 0 and x the measurement o t A Y  leads t o  the ther-  D
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THERMAL WAVE METHOD IN CALORIMETRY 111 

ma1 d i f f u s i v i t y  = Y C / K .  I n  o rder  to evaluate the speci- 

f i c  heat c,the temperature response i s  measured a t  low f r e -  

quency U- 0 

5) T(x, t)=x/L . T, e iw t  

The amp1 i tude x/L * To i s  independent on frequency and ex- 

pression j u s t  evaluated corresponds t o  the simple vo l tage 

d i v ide r .  Thermal cur ren t  i n  the sample i s  ca l i b ra ted  by the 

use o f  the known thermal resistance o f  thermal l i n k .  

An another approach t o  the  problem o f  eva lua t ion  o f  the 

s p e c i f i c  heat Is based upon unique dependence o f  the tempe- 

ra tu re  response amp1 i tude on 

T(x, t)-exp(frsrt)F(cudS 6 )  
F ( k A )  i s  measured f i r s t l y  a t  f i x e d  temperature but v a r i -  

ed. Than the frequency i s  f i x e d  and temperature s l i g h t l y  

changed. The corresponding change i n  F(w4 i s  normalized 

again on f i x e d  temperature and the change o f  thermal d i f -  

f u s i v i t y  d. i s  simply the change i n  0 . 

FIG.2 The change o f  the phase w l t h  temperature 
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178 D. DJUREK et a/. 

By the app l ica t ion  o f  the  method j u s t  described i t  i s  

posslble t o  measure the heat capacity and thermal conducti- 

v i t y  on the same sample. A t  low frequency the  thermal con- 

d u c t i v i t y  Is measured e x p l l c i t e l y  w i t h  nor spurious c o n t r i -  

but ion o f  the heat capacity. A t  h igh  frequency 

d l f f u s l v l t y  Is readfy measured. 

thermal 
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