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T h e  p ro b le m  o f  d e te rm in in g  th e  s t a t i s t ic a l  d is t r ib u t io n  o f  “  d isp lac e ­
m e n t  le n g th  ”  {i.e. e n d - to -e n d  d is ta n c e )  o f  a  lo n g -c h a in  m o le c u le  o f  g iv en  
c h a in  le n g th  is  o n e  o f  fu n d a m e n ta l  im p o r ta n c e  in  th e  d e v e lo p m e n t o f  th e  
th e o r y  o f  e la s t ic i ty  fo r  ru b b e r- l ik e  m a te r ia ls . D is t r ib u tio n  fu n c tio n s  
fo r  th e  p a ra ff in  '  a n d  p o ly iso p ren e  * (n a tu ra l  ru b b e r)  c h a in s  h a v e  b e en  
p u b lis h e d  b y  th e  a u th o r  in  p a p e r s  w h ic h  w ill b e  re fe r re d  to  su b s e q u e n tly  
a s  I  a n d  I I  re sp e c tiv e ly . T h e  m e th o d  u se d  d e p e n d e d  o n  p r o c e s s ^  c a r r ie d  
o u t  g ra p h ic a lly , n o  m e th o d  h a v in g  b e en  d isc o v e re d  o f  t r e a t in g  th e  
s ta t i s t ic s  o f  th e s e  m o lecu les  in  p re c ise  a n a ly t ic a l  te rm s .

T h e  s im p le s t  “  m o le c u la r  "  s t r u c tu r e  w h ic h  c a n  b e  c o n s id e re d  fro m  
th e  a n a ly t ic a l  s t a n d p o in t  is  th e  c h a in  o f  u n iv e rs a l ly  jo in te d  e q u a l  lin k s ,

'  a n d , a s  p o in te d  o u t  in  I ,  a n  a c c u ra te  so lu t io n  to  th e  p ro b le m  o f  th e  
s ta t i s t i c a l  d is t r ib u t io n  o f  le n g th  fo r  su c h  a  c h a in  m a y  b e  o b ta in e d  w h en  
th e  n u m b e r  o f  l in k s  is  sm a ll  {e.g. 6 ) b y  a  m e th o d  d u e  to  R ay le ig h .*
T h e  m e th o d  is  im p ra c tic a b le  w h e n  th e  n u m b e r  o f  l in k s  is  la rg e .

I n  t h e  p re s e n t  p a p e r  a  fo rm u la  is  d e r iv e d  w h ic h  is  a p p lic a b le  t o  m u c h  
lo n g e r  c h a in s . -T his is  o b ta in e d  b y  a  s im p le  t r a n s f o rm a t io n  o f  t h e  r e s u l t  
w o rk e d  o u t  b y  H a ll  * a n d  I rw in  * in  1 9 2 7  ^n c o n n e c tio n  w ith  t h e  th e o r y  
o f  r a n d o m  sa m p lin g . T h e  re le v a n c e  o f  t h e  H a l l- I rw in  fo rm u la  t o  th e  
p re s e n t  p ro b le m  w as b r o u g h t  t o  th e  a t t e n t io n  o f  th e  a u th o r  b y  D r. A . D . 
B o o th  o f th e s e  la b o ra to r ie s .

T h e  fo rm u la  h a s  b e en  a p p lie d  to  c h a in s  o f  2 5  a n d  1 0 0  l in k s , a n d  th e  
r e s u l ta n t  d is t r ib u t io n  c u rv e s  a re  c o m p a re d  w i th  th o s e  p re v io u s ly  d e r iv e d  
fo r  th e  p o ly iso p ren e  c h a in . T h e  a p p lic a t io n  o f th e  r e su lts  t o  t h e  d e te r ­
m in a t io n  o f  t h e  s t re s s - s tra in  r e la tio n s  o f  r u b b e r  w ill b e  c o n s id e re d  in  th e  
fo llo w in g  p a p e r .

T he X -D istribution  fo r a  R andom  C hain.
L e t  th e  c h a in  b e  c o m p o sed  o f  n  l in k s , e a c h  o f  le n g th  /, su c h  t h a t  e ac h  

l in k  is  e q u a lly  lik e ly  t o  b e  in  a n y  d ire c tio n  in  sp a c e .*  T h e  d is ta n c e  b e tw e e n  
th e  e n d s  o f  th e  c h a in  is  d e n o te d  b y  r, a n d  th e  p ro je c tio n  o f  r  o n  a  fix ed  
lin e  O X  b y  x. I t  is  re q u ire d  u l t im a te ly  t o  find  th e  d is t r ib u t io n  o f  y -values.
A s  a n  in te rm e d ia te  s te p  th e  d is t r ib u t io n  o f ;p-v a lu e s  w ill b e  o b ta in e d . ^

* T reloar, Proc. Physic. Soc., 1 9 4 3 , 5 5 , 3 4 5 .
•  » T reloar, Trans. Faraday Soc., 1 9 4 4 , 4 0 , 1 0 9 .

■ R ayleigh. Phil. Mag., 1 9 1 9 . 3 7 , 3 2 1 .
* f l a  1, Biometrika, 1 9 2 7 ,* 1 9 , 2 4 0 . ® Irw in, ibid., 1 9 2 7 , 1 9 , 2 2 5 .
* B y  th is  is m ean t t h a t  if th e  successive links a r a ^ ^ p r ^ n t e d  b y  vectors

rad ia tin g  from  a  po in t, th e  end  p o in ts of these  vectors, o fl^ A ^ av e rag e , will be 
uniform ly  d is tr ib u ted  over th e  surface of a  sphere. ^



B y  e q n . (1 2 ) o f  I  t h e  p ro b a b il i ty  t h a t  a  s in g le  l in k  h a s  a  c o m p o n e n t 
a lo n g  O X  b e tw e e n  x  a n d  x  d x  is g iv e n  b y

=  ^  . . . ( I)

i.e. t h e  p r o b a b i l i ty  is  c o n s ta n t  o v e r  t h e  r a n g e  —I t o  + l  a n d  z e ro  ‘ e lse ­
w h e re . A  d is t r ib u t io n  o f  th is  ty p e  m a y  b e  re fe r re d  t o  a s  a  “  r e c ta n g u la r  
p o p u la t io n .’* T h e  ;r -c o m p o n e n t fo r  t h e  w h o le  c h a in , w h ic h  is  th e  a lg e ­
b ra ic a l  s u m  o f  t h e  s e p a ra te  ;tr-com ponents fo r  t h e  in d iv id u a l  l in k s , is  th e r e ­
fo re  t h e  su m  o f  n  v a lu e s  o f  x  c h o se n  a t  r a n d o m  fro m  th e  p o p u la t io n  
re p re s e n te d  b y  ( i ) .

T h e  p ro b le m  o f  f in d in g  th e  ;»f-d istribution  fo r  t h e  w h o le  c h a in  is  th e r e ­
fo re  e q u iv a le n t  t o  f in d in g  th e  d is t r ib u t io n  o f t h e  m e a n  o f  n  s a m p le s  ch o sen  
a t  r a n d o m  fro m  a  r e c ta n g u la r  p o p u la t io n . F o r  t h e  m e a n  is  g iv e n  b y

i
a n d  in  t h e  p re s e n t  p ro b le m  w e  re q u ire  th e  t o ta l  ^r-co m p o n en t fo r  th e  c h a in  
w h ic h  is

nm.

T h e  so lu t io n  to  th is  p ro b le m  in  s ta t i s t ic s  h a s  b e e n  d e r iv e d  b y  H a l l  * 
a n d  b y  I rw in  * a n d  is  d iscu ssed  b r ie f ly  b y  K endall.®  T h e  fo rm u la  o b ta in e d  
b y  th e s e  a u th o r s  g iv es  t h e  d is t r ib u t io n  o f  t h e  m e a n  o f  n  s a m p le s  f ro m  a  
r e c ta n g u la r  p o p u la t io n  e x te n d in g  fro m  — ̂  t o  {i.e. c o r re sp o n d in g  to  
a  l in k  o f  le n g th  | ) ,  a n d  is  s e t  o u t  b e lo w  :

w h e re  k  is  d e fin e d  b y

ft n

I n  th is  e x p re ss io n  f{m ) is  th e  p ro b a b il i ty  t h a t  t h e  m e a n  h a s  th e  v a lu e

m, a n d  r e p re se n ts  th e  n u m b e r  o f  c o m b in a tio n s  o f  n  th in g s  ta k e n

5  a t  a  t im e . I t  w ill b e  seen  t h a t  th e  fu n c tio n  f{m ) is  r e p re s e n te d  b y  n 
a rc s  m a k in g  c o n ta c t  a t  t h e  su ccess iv e  p o in ts  g iv e n  b y  w  =  k/n . B o th /( m )  
a n d  i t s  f i r s t  d e r iv a t iv e  a re  c o n tin u o u s  fu n c tio n s . T h e  fu n c tio n  f{m ) is 
sy m m e tr ic a l  a b o u t  th e  o r d in a te  m =  a n d  e x te n d s  fro m  m  =  o  to  w  =  i .

T o  a d a p t  t h is  so lu tio n  to  th e  case  o f  t h e  c h a in  i t  is  o n ly  n e c e ssa ry  to  
re m e m b e r  t h a t  w h a t  w e re q u ire  is  th e  t o ta l  x  in s te a d  o f  t h e  m e a n . T h e  
t r a n s fo rm a tio n  is  e ffec ted  b y  p u t t in g  w  =  ^ ( i  — x/nl), t h u s  sp re a d in g  
th e  d i s t r ib u t io n  o u t  in  th e  r a t io  2nl a lo n g  th e  a x is  o f  abscissae a n d  m o v in g  
th e  o r ig in  t o  th e  p o s i t io n  o f  t h e  c e n tr a l  m a x im u m . A t  th e  s a m e  t im e  th e  
o rd in a te s  a r e  re d u c e d  in  th e  r a t io  i  /-znl so  a s  t o  m a in ta in  u n i t  a r e a  u n d e r  
t h e  c u rv e . T h e 'r e s u l t  is  ^

* - 0  •

w h e re  f  a n d ’̂ m  =  J ( i  — x/nt).
w It



T he r-D istr ib u tio n  Function .

T o  fin d  th e  d is t r ib u t io n  o f d isp la c e m e n t le n g th  r  w e  n o te  t h a t  fo r  c h a in s  
o f  a  g iv e n  le n g th  r  t h e  c o rre sp o n d in g  d is t r ib u t io n  o f  ;»r-values is  g iv en  
b y  a n  e x p re ss io n  c o m p a ra b le  w i th  e q n . ( i ) ,  i.e.

p ,{x)dx =  ^  \ x \ < r

in  w h ic h  th e  l im its  o f  x  a re  d e te rm in e d  b y  r. I n  a  c o n tin u o u s  d i s t r ib u t io n '  
o f  r - v < u e s ,  th o se  c h a in s  w h o se  r -v a lu e s  e x ce ed  a  g iv e n  (p o sitiv e ) v a lu e  x  
w ill c o n tr ib u te  to  p{x), w h ils t  th o s e  fo r  w h ic h  r < x  m a k e  n o  c o n tr ib u t io n  
to  p{x). H e n c e  th e  c h a n g e  in  p{x) o v e r  th e  ra n g e  d x  w ill b e  p ro p o r t io n a l  
t o  t h e  n u m b e r  o f  c h a in s  w h o se  r -v a lu e s  lie  b e tw e e n  x  a n d  dx. I n  
m a th e m a tic a l  te rm s

rdp{x)n  _  I

f 2 rP{y) ■ ■ ■ ■ (4)

w h e re  P{r) is  th e  p ro b a b il i ty  o f  a  d isp la c e m e n t le n g th  r. I n  t h is  e x p re ss io n  
th e  p o s i t iv e  h a lf  o n ly  o f  th e  s y m m e tr ic a l  fu n c tio n  p{x) is  c o n s id e re d , h en ce  
th e  fa c to r  J  is  in tro d u c e d  o n  th e  r ig h t-h a n d  side .

A p p lic a t io n  o f  (4 ) t o  th e  fu n c tio n  (3 ) g ives

w h e re  -  <  m  <  a n d  w  =: i ( i  — *'/«/),
n n

T h is  is  t h e  e x a c t  d is t r ib u t io n  fu n c tio n  c o v e rin g  th e  w h o le  ra n g e  o f  r. 
T o  i l lu s t r a te  t h e  u se  o f  th is  fo rm u la , w e  m a y  c o n s id e r  t h e  c ase  n =  6 . 
W e  th e n  h a v e

s—o

g iv in g  fo r  t h e  3  s e p a ra te  re g io n s  o f  r

=  4 l < r < 6 l . h  =  o

o < r  < 2I. k =• 2  (6 )

^ T h e se  ex p ress io n s , w h e n  re d u c e d , a re  id e n tic a l  w i th  th o se  d e r iv e d  b y  
R a y le ig h  • b y  a n  e n tire ly  d if fe re n t  m e th o d . •

T h e  fu n c tio n s  p{x) a n d  P ( r )  h a v e  b e e n  n u m e r ic a l ly  e v a lu a te d  fo r  c h a in s  
o f  2 5  a n d  1 0 0  l in k s  e a c h  o f u n i t  le n g th  a n d  th e  r e su lts  a re  g iv e n  in  T a b le s  
I  a n d  I I .  F o r  n  =  1 0 0  t h e  c a lc u la tio n s  w e re  c a r r ie d  o u t  b y  th e  S c ien tific  
C o m p u tin g  S e rv ice , fo r  w h o se  c o -o p e ra tio n  th e  a u ^ o r  i ^  in d e b te d .

T h e  fo rm  o f  th e  r - fu n c tio n s  fo r  n  =  2 5  a n d  is  sh o w n  in
F ig . I ,  in  w h ich  log  P{r) is  p lo t te d  a g a in s t  ( f / r * ) * ,  r „ ( =  w ^ p e in g  th e  le n g th



o f th e  fu U y -e x te n d e d  c h a in . C e r ta in  fe a tu re s  o f th e s e  fu n c tio n s  a re  w o r th y  
o f a t te n t io n ,  n a m e l y : , ,

( i )  W h e n  r is  sm a ll  th e  c u rv e s  a p p ro x im a te  to  th e  ‘ n o rm a l o r  
G a u ss ia n  d is t r ib u t io n , r e p re se n te d  b y  th e  e q u a tio n

P(r) -T A B L E  I.

X AND r D ist r ib u t io n .

(jS* =  3/2nl*) (7)

log ,, #!(*).

F o r  2 5 - l in k  R a n d o m  C h a in .
I
3
5
7

9
I I

13
15

1 7
19
zr
23

0-89
1-io
1 5 1
2-14

301
4-14
5-57 
7-37

9-66
12-64
16-87
24-09

w h ic h  is  sh o w n  fo r  c o m p a r iso n  in  F ig . i .
 ̂ (2 ) W h e n  r  is  la rg e  {i.e. r  > o-jrJ)  o n ly

-logic P(f). th e  f irs t  te rm  (s =  o), o f  th e  s u m m a tio n  in  
--------------  (5 ) is im p o r ta n t ,  so  t h a t  ^

• i p ( f ) x  m " - * x  ( I  - r / r ( 8)
1-51
0-77
0-73
1-06

1-69
2-63
3-89
5-53

7-65
10-46
14-47
21-35

F o r  1 0 0 - l in k  R a n d o n n  C h a in .
2 1-187 1-806
6 1-395 1-061

10 i-8 ii 1-034
14 2-437 1-366
18 3-279 1-984

22 4-342 2-867
26 5-631 4-006
30 7 - 1 5 5 5-400
34 8-925 7-054
38 10-955 8-978

42 13-261 11-187
46 15-864 13-70
5 0 18-79 16-54
54 22-07 19-74
5 8 25-76 23-34

62 29-90 27-40
66 34-57 31-99
70 38-89 37-22
74 46-01 43-26
7 8 53-i8 50-33

82 61-80 58-85
86 72-61 69-52
90 87-07 83-82

109-04 1 0 5 - 5 4
0  9 8 156-27 152-28

(3 ) T h e  g e n e ra l fo rm  o f th e  fu n c tio n  
P(r) is  r e la tiv e ly  in se n s itiv e  t o  n, th e  
n u m b e r  o f c h a in - lin k s .

C om parison  w ith  P ara ffin  and 
Poly isoprene C hains.

T h e re  is  a  c lose  s im ila r ity  b e tw e e n  th e  
d is t r ib u t io n  fu n c tio n s  fo r  th e  ra n d o m ly -  
jo in te d  c h a in  o f  e q u a l  lin k s  a n d  th o se  
p re v io u s ly  o b ta in e d  fo r  th e  paraf& n a n d  
p o ly iso p ren e  s t ru c tu re s .  I n  F ig . I , th e  
d is t r ib u t io n  fu n c tio n  fo r  th e  6 4 -iso p ren e  
c h a in , re p re s e n te d  b y  d is c re te  p o in ts , is 
sh o w n  fo r  c o m p a riso n .

A  m o re  s t r ik in g  c o m p a riso n  is  o b ta in e d

b y  p lo t t in g  l o g ip ( j ')  a g a in s t  lo g  ( i  — r/r„),

w h ic h , w h e n  r  is  la rg e , g iv es  a  s t r a ig h t  lin e  
o f  s lo p e  n  — 2 in  th e  c ase  o f  a  ra n d o m  
c h a in . (C /. e q n . (8 ).) F ro m  F ig . 2  i t  is 
seen  t h a t  th is  c o m p a ra t iv e ly  s im p le  law  
h o ld s  a p p ro x im a te ly  a lso  fo r  th e  p o ly iso ­
p re n e  c h a in s . A ssu m in g  fo r  th e  m o m e n t 
t h a t  th e  p o ljr iso p re n e  c h a in  m a y  b e  r e ­
p la c e d  b y  a  rE indom  c h a in  o f  a  s u i ta b le  
n u m b e r  o f  lin k s , th e n  th e  e q u iv a le n t  
n u m b e r  o f  lin k s  m a y  b e  o b ta in e d  fro m  
th e  slo p es o f  th e s e  lo g a r ith m ic  p lo ts . T h e  
r e s u l ts  a re  g iv e n  in  T a b le  I I .

F ro m  th e  sh a p e  o f th e  d is t r ib u t io n  a t  
h ig h  r -v a lu e s  w e  a re  t h u s  led  t o  th e  c o n ­
c lu s io n  t h a t  in  th is  re g io n , fo r  a ll  c h a in  
len g th s , e a c h  iso p re n e  u n i t  is e q u iv a le n t  
t o  a b o u t  1 - 4 4  r a n d o m  lin k s .

A n o th e r  w a y  o f o b ta in in g  th e  n u m b e r  
o f  lin k s  in  th e  e q u iv a le n t  r a n d o m  c h a in  
(if su c h  th e r e  be) is  t o  c o n s id e r  th e  
e x p o n e n t  )3* in  t h e  G a u ss ia n  a p p ro x im a tio n  
(7 ) fo r  sm a ll  r .  W a l l ’s ’ fo rm u la  fo r  th e

m e a n  s q u a re  le n g th  o f  th e  p o ly iso p ren e  c h a in  le a d s  to  th e  v a lu e

o  ^  ^  =  3 - 7 2 Z  (A .*), •

KendaU, ^  Statistics, Vol. I  (C. Griffin & Co.) 1 9 4 3 , p. 240.
 ̂Wall, / .  Chem. Physics, 1943, 1 1 , 67.
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Z  b e in g  t t e  to ta l  n u m b e r  o f  b o n d s . F o r  a  6 4 - iso p re n e  c h a in  Z  =  2 5 6 , 
a a d  s in ce  r* =  3 / 2 /3* w e  o b ta in  fo r  p* t h e  v a lu e  0 -0 0 1 5 7 .* T h e  m a x im u m  
le n g th  r *  fo r th e  6 4 -iso p re n e  c h a in  is  2 9 4  a .

F i g . I .

T he d is tiib u tio a  
func tion  fo r r a n ­
d o m  chains o f  2  5 
and  10 0  links e a c h  
of u n it  len  g th . 
T he fu n c tio n  d e ­
gen era tes t o  th e  
G a u s s i a n  f o r m  
w hen r is sm a ll .  
T he c ircles r e fe r  
to  th e  d is t r ib u t io n  
for a  p o ly iso p re n e  
chain  o f 6 4  i so- 
p ren e  u n its .
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F o r  a  r a n d o m  c h a in  o f n  lin k s , e a c h  o f  le n g th  I, /5* =  3 /2 til* =
H e n ce , to  f in d  th e  e q u iv a le n t  n u m b e r  o f  lin k s  in  th e  r a n d o m  c h a in  h a v in g

th e  sa m e  m a x i­
T A B L E  I I .  m u m  le n g th  r ,  a s

th e  6 4  - iso p re n e  
c h a in , w e  p u t  

=  2 9 4  A. in  th e  
a b o v e  e x p re ss io n . 
T h e  r e s u l t  i s  
n  =  9 0 -5 , o r  1* 4 2  ^ 
lin k s  p e r  iso p re n e  
u n i t .  T h is  c o m ­

p a r e s  fa v o u ra b ly  w ith  n =  9 2 -4  o b ta in e d  fro m  th e  h ig h - r  reg io n .
W e  c o n c lu d e  th e re fo re  t h a t  a long polyisoprene chain is statistically

•  T h is differs irom  th e  value 0 -0 0 13 2 5  given in  I I  on  a< > u n t of th e  a p ­
p ro x im a tio n s  involved in th e  previous melSiod, which a re  discnsbed in th e  paper.

No. of Isoprene 
Units in chain.

Slope 
»—a. n. No. of Isoprene Units.

32 44-0 46-0 1-437
64 9 0 4 92 -4 1-443

12 8 18 4 1 8 6 1-4 5 2
2 5 6 3 6 9 3 7 1 1-4 4 8

o



equivalent over the whole range o f extension to a random chain containing 
about 1 * 4 2  links fo r  each isoprene unit.

T h e  p a ra f f in  c h a in  is  n o t  q u i te  so  s t ra ig h tfo rw a rd . T h e  8 0 - l in k  p a ra ffin  
a g a in  g iv es  a  l in e a r  p lo t  o f lo g  P[r)/r  a g a in s t  lo g  ( i  ~  r / f « )  th e  slo p e  
b e in g  3 4 *5 , c o r re sp o n d in g  to  «  =  3 6 -5 . F ro m  th e  v a lu e  o f  in  th e  
G a u ss ia n  re g io n , h o w e v er, t h e  v a lu e  o b ta in e d  fo r  n  fo r  a  c h a in  o f  t h e  sa m e  
fu l ly -e x te n d e d  le n g th  is  2 6 7 . T h e  d is c re p a n c y  is  r a th e r  la rg e , a n d  m u s t  
b e  t a k e n  t o  m e a n  t h a t  t h e  p a ra ff in  c h a in  is  n o t  s ta t i s t ic a l ly  e q u iv a le n t  
t o  a  ra n d o m  c h a in  o v e r  th e  w h o le  r a n g e  o f e x te n s io n .

Fig. 2.

P lo t o f l o g i p ( r )

ag a in st log ( i  -  r / f j  
for polyisoprene chains 
o f  *3 2 , 6 4 , Z2 S a n d  2 5 6  
isoprene un its , show ing 
t h a t  P (f) approx im ates 
to  th e  sam e form  as 
in  th e  case o f  random  
chains.

I t  c a n n o t  th e re fo re  b e  a s su m e d  t h a t  a n y  c h a in - lik e  s t r u c tu r e  w ill 
a p p ro x im a te  s ta t i s t ic a l ly  t o  th e  r a n d o m  c h a in  o f e q u a l  l in k s  o v e r  t h e  w h o le  
ra n g e  o f  r .  T h e  f a c t  o f  th is  a p p ro x im a t io n  in  t h e  c ase  o f  th e  p o ly iso p ren e  
c h a in  is  a  r e s u l t  o f i t s  p a r t i c u l i -  g e o m e tr ic a l  s t ru c tu re .

S u m m ary ,
A  fo rm u la  is  d e r iv e d  fo r  th e  c o m p le te  fu n c tio n  re p re se n tin g  th e  p ro b a ­

b i l i ty  o f  a  g iv e n  d is ta n c e  b e tw e e n  t h e  e n d s  o f  a  c h a in  o f  u n iv e rs a l ly  jo in te d  
^ u a l  lin k s . T h e  fo rm u la  is c o m p u te d  fo r  c h a in s  o f  2 5  a n d  1 0 0  l i n ^ .  The* 
d is t r ib u t io n  fu n c tio n s  d e r iv e d  fro m  th is  fo rm u la  a re  c o m p a re d  w i th  th o s e  
p re v io u s ly  w o rk e d  o u t  b y  a n  in d e p e n d e n t  m e th o d  fo r  p o ly iso p re n e  a n d  ' 
p a ra ff in  c h a in s . I t  is  sh o w n  t h a t  th e  p o ly iso p re n e  c h a in  is  s ta t i s t ic a l ly  
e q u iv a le n t  t o  a  ,ta n d o m ly - jo in te d  c h a in  o f le n g th  c o rre sp o n d in g  to  1*4 2  
l in k s  p e r  iso p re n e  u n it.

T h is  w o rk  *orm s p a r t  o f  a  p ro g ra m m e  o f  fu n d a m e n ta l  re s e a rc h  o n  
r u b b e r  u n d e r ta k e n  b y  th e  B o a rd  o f th e  B r i t is h  R u b b e r  P ro d u c e rs ' 
R e se a rc h  A sso c ia tio n . _

PR IN T B D  IN  G REA T BRITA IN  BY  T H E u m V B R S IT Y  PR E S S , aB E R H B B N  
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