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In t roduct ion :
The Granato-Lücke Theory t f l  about  the

pinning of  d is locat ions by the defects
\^¡as successfu l ly  appl ied to metals  l2J .
Wi th th is  theory,  $re t r ied to analyse ex-
per iments t3 l  o f  e lect ron Í r radiat ion on
pyroly t ic  araphi te at  l igu id hel ium tem-
perature. l i le have performed new e,xperi-
ments to s tudy the i r radiat ion ef fects
on the shear modulus of  the per fect  la t -
t ice C44L.  h le have i r radiated under the
same condi t ions that  prev iously  a pyro-
ca rbon  samp le  (H .T .T .  t u  24OOoC)  where
the ef fects of  d ls locat ions are supposed
to  be  ze ro .
We also measured the speci f ic  heat  of  a
py ro l y t i c  g raph Í te  (U .C .  g rade  ZYH)  be t -
ween  1 .2  K  and  5  K ,  a f t e r  neu t ron  i r r a -
d iat ion at  l iqu id n i t rogen temperature
and subsequent annealing at room tempera-
f  t t  r ó

¡ IG. t  -  C44t  change for  the p! ¡ rocarbon
samp le  a t  ¿ -K .  C44o  =  I . 18  l o l odynes /cm2

Exper imenta l  resul ts  :
The f igure I  presents the shear modu-

ius change of a pyrocarbon sample which
shows a l inear  dependance upon the dose.

The f igure 2 sho\^rs the speci f lc  heat

F IG .  2  -  Spec i f i c  hea t  da ta  ob ta ined  i n
the range I .2 -  4 K for  the pyro ly t ic
g r a p h i t é ,  Q  b e f o r e  i r r a d i a t i o n

A tor7 n/cn?
O toIS n,/cm2

curves at  low tenperature a l ready seen by
o the r  au tho rs  [ 5 ] .  Neve r the less  t h i s  2
resul ts  show a large increase of  the
shear rnodulus C441.  wi th damage.

The f igure 3-shows C44 changes ver-
sus dose 0 for  a pyro ly t ic  araphi te sam-
p 1 e  ( U . C .  g r a d e  Z Y A )  i r r a d i a t e d  a t  4 . 2  K .
The large C44 increase forb ids cer ta in
approximations of the Granato*Lücke Theo-
ry ord inar i ly  used for  the metals  hhlch
have var iat ions of  about  a few per  cent .

The  f i na l  r e l a t i on  i s  :

( c th /Cq r t )  i r r ad .  (C44a /C44o" ) t / 2

t@.=(TT;ñf:--

where nr /no is  the rat io  between the p in-
n ing points n¡  created by i r radiat ion and
those ne ex is t ing before ¡  le t  nr lno= p O
be  l i nea r  w i t h  t he  dose  0  (p  pa rame te r ) .
T!,¡o stages are required for the fit on

: f  py ro l y t i c
:  r radiat ion
--rons,/cm2 ) .
¡ e  f i t t ed  on

qraph i te  be fore  and a f te r
f ó r  2  d o s e s  ( 1 6 I 7 - 1 9 I 8  t ' t " n -
The exper imenta l  da ta  may

a  l i n e a r  l a w  v e r s u s  T Z ,
where  the  s lope  B=  ( I , / óo )  3: . /T  =  X  +  B t2  whe re  the  s lope  B=(1 /OD)3

and 0¡r  ¡1 C44L K33)L/z (0p pebye tempera-
--ure ) .

The re lat ive changes LC44¡/C44ot=-LB/Bo
are about  +rre about  +-  6 t  and + 26 *  for
-317  and  l o ró  n , / c rn2  respec t i vecrn2 respect ive ly  wl th
:o  " "  30  vJ /M /Ka  [4 ] .  These  va lues  a re
:er ta in ly  overest imated because of  the
existence of  a peak on the speci f ic  heat

. /3¡mplc+l
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On the  o ther  hand,  the  changes are
smal le r  fo r  the  pyrocarbon,  p robab ly
Fecause of larger space. between the
p l a n e s .  T h e  l a t t i c e  s h e a r  r n o d u l u s  d e -
d u c e d  :  C 4 4 . r .  t u  I . 8  t O l O  d y n e s / c m 2  i s
s m a l l e r  t h a ñ - t h e  u s u a l l y  a d o p t e d  v a -
l u e  ( 4  r O I O  d y n e s / c m 2  ¡  .  

-
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F I G . 3  - . C 4 4  c h a n g e  f o r  t b e  p y r o l y t i c  A r a =
p h i t e  C 4 4 o  = (  . 2 2  + , O 2 )  r O r O  d y n e s / c m 2

the exper imenta l  curve .
I )  Assuming tha t  the  e f fec t  o f  the

d e f e c t s  r e m a i n s  n e g l i g i b l e  o n  C 4 4 r .  z
c44L =  c44nt . ,  h /e  can f i t  the  expe? imen-
ta l  po in ts -üp  to  Q " r ,  Omax, /3  on1y .  Fo¡ '
h igher  doses  the  theore t ica l  cu ive  @
is  be low the  exper imenta l  curve .  tn  T .h is
case the  parameter  va lues  are  :
C 4 4 r ,  =  Z  1 O I O  d y n e s / c m 2 ,  p  =  7 . 5  I O - r 9 "  2 / ^ - ,

2 )  T a k i n g  i n t o  a c c o u n t  a  l i n e a r  i n -
c rease o f  C44¡  w i th  the  dose :
C 4 4 r .  =  C 4 4 n r .  ( I  +  b 0 )  s / e  c a n  f  i t ,  a t
aboüt  s  € , " t f re  who le  exper imenta l  curve  2 .
The new parameters  a re  :
C A A n ¡ .  =  I . 8  1 6 1 0  ¿ y ¡ s s 7 s ¡ 2
p ' : " 1 . 5  r o - r g  c n 2 / L t ,  b  = . 1 6  r o - I 9  

"  
2 / e I

D i s c u s s i o n  :
These resu l ts  show the  ex i_s tence o f

b o t h  p r o c e s s e s  :
P i n n i n g  o f  d i s l o c a t i o n s  b y  t h e  d e -

fec ts  and l inear  inc rease w i th  the  dose
of  the  shear  modu lus  o f  the  la t t i ce  Ca4¡ " .
T h e  c o n c e n t r a t i - o n  o f  d e f e c t s  i s  a b o u t
l o - 3  f o r  1 g r 8  ¡ ¡ s n 2  t 6 l .  T h e  s p e c i f i c
h e a t  r e s u L L s  L C 4 4 y . / C 4 4 n  . . r ,  +  6  ?  f o r  l O - 4
and +  26  Z  fo r  tO:3  aré- the  same order
o f  magn i tude than those fo r  e lec t ron  i r -
rad ia t j -on  :  AC44,  /C44^ ,  =  b  ómax " "  28  Z
for  a  concent ra t Íon  o l "de fec ts  about
4  r o - 4  Í 7 1 .
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