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Recently refined experimental results0 

on the relaxation process in ferroelectrics 
near the Curie temperature suggest that 
some of the so-called polydispersive ferro
electrics seem to exhibit monodispersive 
properties when the temperature homogen
eity in the sample is well recovered. Pre
viously, assuming a distribution of relaxa
tion time, two of us presented a phenomeno
logical theory2l of the anomalous dielectric 
relaxation in ferroelectrics of the order
disorder type near the Curie point. The 
aim of this note is to point out the pos
sibility that even a monodispersive substance 
with a single relaxation time might exhibit 
polydispersive properties near the Curie 
point when the temperature fluctuation in 
the substance is taken into consideration. 

We take, as is well known, the substance 
as polydispersive when its complex dielec-

tric constant e(w) is expressed as 

f"'G('r)dr 
Jo 1+iwr ' 

(1) 

where e0 and eoo are respectively the static 
and the electronic contribution to the di
electric constant, and G(r) is a distribution 
function of relaxation time. For the spe
cial distribution of the Cole-Cole law which 
explains well the dielectric behaviours of 
many of the ferroelectrics, 

f"'G(r)dr 
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with the distribution function 

where 

F(s) =__l_· sin Src 
2rc cosh Ss+cos Src 

-oo<s<oo, 

s=log (r /r c) , 

G(r)dr=F(s)ds 

(2) 

(3) 

(4) 

and r c is a characteristic time and S gives 
a measure for the distribution of relaxation 
time.2l The full width r in s at half 
maximum of this symmetrical distribution 
F(s) is given by 

2 r= 7i cosh-! (2+cos {jrc) (5) 

and is illustrated in Fig. 1 as a function 
of S. 

We consider a system of dipoles immers-
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Fig. 1. The full width at half maximum of the 
distribution function F(s). 
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edina monodispersive medium and subject 
to a molecular field. Owing to the criti
cal slowing down of the relaxation of po
larization in this system, the relaxation time 
-r is given as2l 

1 
-r=-roX ~ a(T-T.) near above T., 

X- e0 +2 (G) 
- e.,+2 · 

If there exists the average fluctuation of 
temperature liT in the system, the subse
quent fluctuation of the relaxation time is 
given by 

li(1/-r) liT 
1/-r T-T. 

(7) 

On the other hand, from Eq. (4), we have 

lis=~=-li(1/-r) (8) 
"' 1/-r 

Assuming that the distribution of relaxa
tion time due to the temperature fluctua
tion is of the Cole-Cole law type, we are 
led, from Eqs. (5), (7) and (8), to the 
possibility of measuring polydispersive pro
perties corresponding to the width 

liT 
F:::::\liS\= T-T . 

c 
(9) 

If liT is fixed as in the usual experimental 
condition, r is neg1igible at a high enough 
temperature from T.. In the vicinity of 
T., however, the apparent distribution of 
relaxation time is very important. In any 
case, temperature fluctuation in the sub
stance is inevitably accompanied by the 
apparent distribution of relaxation time. 
The above feature seems to appear in the 
case of NaN02.o-sJ According to the re
cent experimental results,ll this substance 
is monodispersive with S=l.OO and r cal
culated with Eq. (9) for liT=l"C varies 
from about 0.40 to 0.10 as T- TN changes 
from about 1 ·c to 1o·c, corresponding ap-

proximately to !9=0.94 and 0.98, respec
tively (see Fig. 1). These values are re
asonable compared with the experimental 
value !9=0.94 and the width of temperature 
fluctuation liT:::::rC in a previous experi
ment.8l No appearance of the temperature 
dependence of S in the previous experi
ment8l except at a high enough tempera
ture seems to be due to rather rough tem
perature controll at a high temperature 
from TN· In Rochelle salt the early mea
surement by Akao and Sasaki4l shows that 
the width of the distribution of relaxation 
time becomes broader as temperature ap
proaches the upper Curie point, while the 
recent measurement by Sandy and Jones1l 
shows a rather monodispersive behaviour. 
This difference seems to be understood from 
our point of view. In TGS there also seem 
to exist the same circumstances in the dif
ferences between the measurement by Lu
ther et al.0 and that by Hill et aJ.5l 

In conclusion we emphasize the impor
tance of temperature controll near T. in 
order to distinguish between mono- and 
polydispersive behaviours. 
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