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A method has been developed for determining the rat io of re leased energies ,  based on 
measur ing  the t ime after  which the t empera tu re  curves plotted for the two components of 
a ca lor imet r ic  sys tem will in tersect .  

In experimental  physics it often becomes n e c e s s a r y  to determine the ra t io  of  re leased  energies ,  
especial ly  in re la t ive  measurements  (in specific heat measurements ,  for example). In such cases  one 
compares  the energy re leased  in the tes t  specimen with that re leased  in the re fe rence  specimen (see [1], 
for instance), 

The author has developed a method of measurements  which is based on the ,over taken effect and 
which he then used in various applications. The gist  of this method and the meaning of the t e r m  rove r -  
take" a re  as follows. Let  us consider a ca lo r ime t r i c  sys t em where the absorber  and the sheath are  made 
of different mater ia l s .  After a definite ra t io  of energies re leased  in these two components has been 
reached,  there  prevai ls  a situation where the sheath t empera tu re  for some t ime exceeds the absorber  
t empera ture .  Such a situation is depicted in Fig. 1 for two values of the energy ratio K. The difference 
between the respect ive  heating ra tes  is called the ~overtake" effect and the duration of this effect has 
been called the "overtake ~ t ime r * .  

It is quite evident that such a situation can occur  when 

Wl/c~ ~ W J q ,  (1) 

with W denoting the power re lease  per  1 g of substance and c denoting the specific heat. Subscripts 1 and 
2 re fe r  to the sheath and to the absorber ,  respect ively .  

An analysis  of this effect indicates that t ime r*  is a unique function of the ratio Wz/W 1 = K. As W 1 
increases ,  for instance,  the heating ra te  of the sheath increases  too (the heating rate of the abso rbe r  
changes re la t ively  little) and the t empera tu re  curves in tersec t  la ter .  An analogous reasoning applies to 
the dec rea se  in W 2. 

The basic  factors  (besides the re leased  energies) affecting the ,over taken t ime 7" are :  the weight 
of the sheath G 1 and of the abso rbe r  G2, their  respect ive  sur face  a reas  S 1 and S 2 (we will assume a suf-  
ficiently thin sheath with a negligible difference between its inside and outside sur face  areas) ,  the specif ic  
heat  of each mater ia l  c 1 and c2, finally the r e f e r r e d  hea t - t r ans fe r  coefficients a I and a 2. The t ime 7 " ,  
as a ftmction of all these quantities,  has been calculated in [2]. For  a b roader  general i ty ,  we introduce 
the dimens ionles s var  iables: t empera tu re  

T I = - -  

time (0riterial  homoehronici ty  number) 

t l - - i ~  " T ~ - -  t : - - I  o 

tl= - - t o  ' t~= - - to  

U 1 = T O~IS1 

clG1 
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Fig. 1. Tempera tu re  of ca lo r imete r  components as a fonetion of t ime,  for 
two values of K: 1) sheath; 2) absorber .  

Fig. 2. Dimensionless "overtake W time U* = 7 * [ ( ~ i - S 1 ) / c i G  l] as a fonetion 
of the rat io of thermal  capacit ies C = c2G2/ClGl: solid lines) A = 0.1; dashed 
lines) A = 0.5; dashed-dot ted lines) A = 1.0; 1) A = 0.245; 2) A = 0.5; 3) B 
= 0.025; 4) B = 0.040; 5) B = 0.075; 6) B = 0.125; 7) B = 0.175. 

and the simplex groups 

A = a,,_SJ%S1; B = W~G~/W1G!; C = c2G~/QG 1. 

In these var iables ,  then, the equations of heat balance with zero  initial conditions will be 

" ' B , m l  

OT2/OUI = - C  1-t- 1 T I - -  T2 + A ( 1 / B ~ -  I) ,-bl" " 

A ( l /B  + 1) 

(2) 

(3) 

The solution for U* = 7 * ( o ~ i S 1 / c i ( ] l )  = f(A, B, C) cannot be obtained in explicit analytical form and is, 
the re fore ,  found graphical ly  by plotting the solutions to Eqs. (2) and (3). In dimensionless  var iables ,  the 
instant of "overtake ~ cor responds  to the rat io 

1 ( 4 )  
T1/T~ " = l ~. A(1 /B  -k 1)" 

As a resu l t  of evaluating approximate ly  400 variants of solutions to Eqs. (2) and (3), with machine 
solutions obtained on a model USM-1 analog computer ,  we a r r ive  at  the following empir ical  relation for 
U*: 

U* =- 1.65 1 exp (--0.58A ~ [1--exp(--26.7C/AO.OS)], (5) 

where  C / B  >- i .  

Within the range 0.1 < A -< 1.0, 1.0 < C / B  -< 4.0, and 0 -< C -< 0.30, Eq. (5) yields values o fT*  with 
an e r r o r  not l a r g e r  than 5-10%. When C > 0. i0,  the factor  inside the square brackets  may be assumed 
equal to uaity. 

The relat ion U* = f(C) is shown in Fig. 2 for  0.1 -< A -< 1.0 and 0.025 -< B - 0.175. Evidently, 7" be-  
comes  longer  as the quantity c2 /c  1 dec reases  and becomes equal to zero  when c2 /c  1 = K. As the thermal  
r e s i s t ances  increase ,  r*  becomes  longer  and this t rend follows ra the r  c lear ly  f rom physical  cons idera -  
t ions.  Pa r t i cu la r ly  dist inct  is the 7"  = f(K) curve shown in Fig. 3 (for a polyethylene absorber  and a 
graphite  sheath). For  two identical mater ia ls  this curve can shift appreciably as a resu l t  of geometr ica l  
changes in the sys tem,  but in any general  case  the curve will in tersect  the axis of absc issas  at the point 

K = e2 /c  i. 

The initial conditions a re  quite important  here .  Because of tmwieldiness, the problem was not solved 
he re  for zero  initial values.  Generally,  t ime 7"  becomes shor t e r  than with zero  initial conditions when 
the ca lo r ime t r i c  sys tem is initially above the ambient  t empera tu re  and becomes longer  than with zero 
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Fig. 3. "Overtake" t ime r (rain) 
as a ftmction of the rat io K of 
re leased  energies ,  for one p a r -  
t icu lar  ca lo r imete r  design {with 
a polyethylene absorber  and a 
graphite  sheath). 

initial conditions when the ca lo r ime t r i c  sys tem is initially below the ambient t empera ture .  According to 
the r *  = f(I0 curve shown in Fig. 3, wi thW 2 = 0.03 W / g  and K = 1.5 a depar ture  At 0 = 0.5~ f rom zero  
initial conditions causes  r *  to change by 28 sec.  Apparently,  the r a t i o / A t * / ~ t  0 dec reases  as W increases .  

In t e rms  of tes t ing applications,  the relat ion T* = f(K) (or, which is equivalent, U* = fiB)) has one 
drawback:  a shor t  t empera tu re  "run N owing to the t empera tu re  dependence of specific heat and thermal  
r e s i s t ances .  Generally,  the t empera tu re  "run" may be either posit ive or negative. Even for the ear l ie r  
mentioned pai r  of mater ia ls  {polyethylene and graphite),  with a long t empera tu re  ',run" for  the specific 
heat of polyethylene, t i m e  r * changes by approximately  1.5% per  10~ change in the average  tes t  t e m -  
pe ra tu re  within the 20-50~ range.  Disregarding  the effect of the t empera tu re  "run," which is permiss ib le  
in the absolute major i ty  of cases ,  one may say that the length of t ime r*  does not depend on the re leased  
power but is a unique function of the powers ra t io  - as a consequence of Eqs.  (2) and (3). 

The main advantage of this proposed "overtake" method is the high accuracy  with which the rat io 
of re leased  powers can be measured  by means of a ra ther  simple instrumentation.  Any ca lo r imete r  
operat ing with the "over take"  effect compr i ses  an absorber  and a sheath made of appropria te  mater ia ls  
and surrotmded by an isothermal  jacket.  I so thermal i ty  of this outer sheath {jacket) during the "overtake" 
per iod is an absolutely n e c e s s a r y  condition for co r r ec t  measurements .  Equations (2) and (3) have been 
derived on this p remise .  The absorber  and the sheath are  both equipped with cal ibrat ing heaters  and 
coupled through a differential t empera tu re  probe {differential thermocouple or  bat tery of thermocouples) .  

For  measurements  one r ecords  the initial ze ro  (or near  zero) difference between the thermocouple 
emfs as well a s the  t ime in which this difference goes through a maximum and re turns  to the initial magni-  
tude (the "over take"  t ime).  A p re l imina ry  calibration is made during which e lec t r ic  power is applied to 
the abso rbe r  and to the sheath under given conditions. The calibration yields a r*  = f(K) curve.  In the 
case of a t empera tu re  "run," the calibration is made at various initial sys tem tempera tures .  

The high accu racy  of this method is due to p rec i se  measurements  of such quantities as t ime and 
to the relat ive measurements  of all other quantities tcur ren ts ,  res i s tances ,  and weight). The differential 
t empera tu re  probe does not have to be calibrated.  The sys temat ic  e r r o r  of this method is 0.6-0.9%; its 
convergence is 1% or  bet ter .  

A P P L I C A T I O N S  

I .  M e a s u r e m e n t  o f  R a d i a t i o n  P a r a m e t e r s  

The descr ibed method is ve ry  convenient for measur ing  the absorbed ionizing-radiat ion energy and 
quantities related to it (for example, the mass coefficient of T - r a y  energy absorption),  inasmuch as here  
the energy is re leased  direct ly  in the absorbe r  and sheath mater ia ls .  

1. Determining the Composition of Absorbed Energy in the Case of Reactor  Radiation. The r ad ia -  
tion f rom a r eac to r  consists  essent ia l ly  of two components:  a T-quanta  flux and a wide-spec t rum neutron 
flux. In severa l  applications such as radiation physics ,  radiation chemis t ry ,  radiation mater ia ls  science,  
etc.,  it is important  to know not only the total energy re leased  but also its composit ion,  i.e., all its com-  
ponents individually. For  such cases one uses mater ia ls  var ious ly  interact ing with at l eas t  one component 
[3]. Then the contribution of the neutron component, for example, to the energy re leased  in mater ia l  1 is 

m = W~/W~ = K , ~  _ ( I ~ K v / K ) ,  
K,~--K v 
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where  Kn, K T are ,  respect ive ly ,  the ra t io  of neutron energies  and the rat io of T-energ ies  re leased  in 
the two mater ia ls ;  and K is the rat io of total energies  re leased .  The a c c u r a c y  with which m is determined 
depends mainly on the accu racy  of the K measurement  [4]. The application of the ,over take"  effect to a 
K measurement  under such conditions has been descr ibed more  thoroughly in [2]. 

2. Measuring the Mass Coefficient of T - R a y  Energy Absorption. The absorption of T - r a y  energy 
from a monochromat ic  radiation source  is descr ibed by the relat ion 

W -= ~a/P dpE, (6) 

where �9 denotes the T-quanta flux (T -quanta); E denotes the energy (MeV per T-quantum); and/~a/P de- 
notes the mass coefficient of energy absorption (em2/g). For two sufficiently thin specimens irradiated 
at the same field point by T-rays we have 

W~/Ws --- (~JP)J(I*JP)., ~- K.  (7) 

If one of these coefficients is known accura te ly  enough (for the mater ia l  of the re fe rence  specimen),  
then, with the ca lo r ime t r i c  abso rbe r - shea th  pa i r  made of the re fe rence  and the tes t  mater ia l ,  r e s p e c -  
t ively,  the "over take"  method will immediately  yield the ~ a / P  ra t io  for  the tes t  material .  In this way, 
the author obtained K = 1.149 + 0.011 for  the po lye thy lene -g raph i t e  pair  In the field of a Co e~ T -source .  
In the technical  l i te ra ture  [5] is found the value K = 1.141 -~ 0.004 at E T = 1.25 MeV. The technique of 
measur ing  the coefficient Pa/P will be descr ibed more  thoroughly at a l a te r  date. 

On the basis  of  measurements  made inside r e a c t o r s ,  one may use formula  (7) for est imating the 
mean energy of the T-radiat ion spec t rum.  

3. Measuring the Remanent  Energy  of Ionizing Radiation. After ionizing-radiat ion energy is ab- 
sorbed,  most  of it will be converted to heat and dissipated Into the ambient medium. However, some very  
smal l  port ion of it (a few percent  or  a fract ion of one percent) ,  called the remanent  energy,  will be ex- 
pended on forming chemical  bond, producing defects in the c rys ta l  lat t ice,  etc. 

If during an "apparent"  r e l ease  of energy W 1 (relation (7)) there  is still more  unaccounted for  r e -  
manent energy W~ present ,  then we have 

K = W~IW~< (~olph W, ~ w~ = K(1 ~ W~tW~). (8) 
(~dP)~ w~ 

Inequality (8) can be used for determining at l eas t  the upper l imit  of W~, but only when K has been 
measured  ve ry  accura te ly ,  s ince W~ << Wl. Applying the , 'overtake" method, the author has established 
0.7% as the upper l imit  of remanent  T - radia t ion energy in polyethylene. The technique of measur ing the 
remanent  ienizing-radiat ien energy will be descr ibed at a la te r  date. 

I I .  M e a s u r e m e n t  o f  O t h e r  t h a n  R a d i a t i o n  P a r a m e t e r s  

1. Quantitative Chemical  Analysis.  General ly,  one uses he re  known mass  coefficients of absorption 
for various elements.  Based on the additive law for a chemical  compound of the AmB n type, we have for  
the weight f ract ion X of  e lement  A 

. . .: (~*a/P)~8./(~a/P)B - -  1 

The accuracy  of the X determinat ion depends on how la rge  the difference is between (Pa /P)A and 
(~a /P)B with r e spec t  to the  energy  of the T - s o u r c e  used in the test .  

The author determined the fraction of lead in grade  AG-1500-S05 graphite  (the 5~ tin admixture 
to lead did not introduce an appreciable  e r r o r  in the final result) by measur ing  the ,over take"  t ime for 
this graphite  in combination with polyethylene. The ra t io  of mass  coefficients of absorption is 1.32 for 
lead and graphite at  E T = 1.25 MeV. This ra t io  has been found to be 1.05 for polyethylene and grade AG- 
I500-S05 graphite ,  but 1.149 for  polyethylene and pure graphite.  The lead content in the graphite spec i -  
men was 30 =~ 1.2%. V. P. Savina measured  the specific heat  of pure graphite  and of grade AG-1500-S05 
graphi te ,  using published data on the specific heat of lead and by using the additive law, and obtained 
the same  lead content as determined f rom the mass  coefficients of absorption.  

It was possible  by the , ove r t ake ,  method to f i rs t  r e co rd  and then measure ,  on the basis of data 
pertaining to the flux densi ty  of thermal  neutrons ,  the boron contont in one ca lo r imete r  insulation 

(9) 
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component (g lass- f iber  insulation tape) a f te r  i r radia t ion from a r eac to r .  The weight content of boron was 
approximate ly  0.15% r e f e r r e d  to the weight of the graphite  sheath (about 20 rag). The cu r ren t  dens ity of t he r -  
real neutrons did not exceed 1 .6 .10  I2 n / c m  2 �9 sec .  

2. Measuring the Specific Heat of Solids. If the specif ic  heat of one component in the ca lo r ime t r i c  
sys tem is known with sufficient  accuracy ,  then an application of the "over take"  principle  will immediately 
yield the specif ic  heat of the other  component.  Indeed, according to the method descr ibed  he re ,  the "ove r -  
take"  effect  ceases  when K = c2 /c  i. A rough es t imate  of the unknown specif ic  heat c20 is usually given be-  
forehand.  Measurements  a re  s ta r ted  with K = c20/c i. By gradual ly  varying K, one eventually reaches  the 
condition where  T* = 0. Then c 2 = Kc 1. The specimen t empera tu re  n e c e s s a r y  for such measurement s  is 
usually obtained by means of a fluid coolant which under normal  conditions se rves  also to keep the outer  
jacket  i so thermal .  A determinat ion of the specif ic  heat  at room t empera tu re  does not r equ i re  the use of 
such an i so thermal  fluid. 
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