
I .  INTRODUCTION 

The S e l e c t e d  C r y o g e n i c  Data Notebook h a s  been  d e s i g n e d  t o  
meet t h e  g e n e r a l  n e e d s  o f . - t h e  e n g i n e e r s .  a n d u s s c i e n t i s t s  work ing  w i t h  
c r y o g e n i c  systems a t  Brookhaven .  N a t i o n a l  L a b o r a t o r y .  The o b j e c t i v e '  
i n  t h e  p r e p a r a t i o n  o f  t h i s  c o l l e c t i o n  of  bdata  t ab le s  and  c h a r t s ,  is 
t o  p r e s e n t  i n  a summary.manner  t h e  b e s t  i n f o r m a t i o n  a v a i l a b l e  o n  
t h o s e  p r o p e r t i e s  and &mater ia ls  a d j u d g e d  t o  be of c o n t i n u i n g  
i m p o r t a n c e .  

i m p o r t a n c e  i n  c r y o g e n i c  * systems are c o n s t a n t l y  e x p a n d i n g ,  . and  t h e  
a v a i l a b . i l i  t y  o f  a d d i t i o n a l  i n f o r m a t i o n .  m a k e s  i t  p o s s i b z e  t o  
c o n t i n u a l l y  i n c r e a s e  b o t h  t h e  d e p t h  and  t h e  b r e a d t h  o f  a n o t e b o o k  
of  prope,r.ty data .  The g rowing  a v a i l a b i l i t y  o f  new i n f o r m a t i o n  a l s o  
m a k e s  i t  p o s s i b l e  t o  c o n t i n u a l l y  improve  t h e  accuracy o f  t h e .  
p roper ty  d a t a .  Withadditional s tudy  o f  t h e  a v a i l a b l e  i n f o r m a t i o n ,  
t h e  u n c e r t a i n t y  of da ta  t a b l e s  may a l so  be d e f i n e d .  T h i s  work i s ,  
t h e r e f o r e ,  i s sued  i n  J o o s e - l e a f  form t o  permit f r e q u e n t , . e x p a n s i o n  
a n d  improvement  of t h e  d a t a  t a b u l a t i o n s .  

The e d i t o r s  w i sh  to  g i v e  pa r t i cu la r  r e c o g n i t i o n  t o  t h e  Datal 
C o m p i l a t i o n <  Program of. t h e  C r y o g e n i c  Data C e n t e r  of . t h e  N a t i o n a l  
B u r e a u -  of S t a n d a r d s .  The Cryogen9ic Data C e n t e r  i s s u e d  a 
compendium* o f  t h e  p roper t ies  o f  mater ia ls  a t  low t e m p e r a t u r e s  i n  
1 9 6 0  f rom which  many o f  t h e  data  s h e e t s  i n  t h i s  n o t e b o o k  have  been  
d e r i v e d .  T h i s  da ta  c o m p i l a t i o n  p r o g r a m - i s  a c o n t i n u i n g  e f f o r t .  f o r  
t h e .  c r i t i c a l  e v a l u a t i o n  a n d . c o m p i l a t i o n .  o f  d a t a  on  t h e  
thermodynamic ,  t r a n s p o r t ,  and  o t h e r B t h e r m o p h y s i c a 1  p r o p e r t i e s  
f o r  t h e  p r i n c i p a l  f l u i d s  used  a t  low temperatures. The work o f  

The n e e d s  f o r  t h e r m o p h y s i c a l  p r o p e r t y  d a t a  f o r  mater ia l s  of  

*- 

*A Compendium of t h e  Propert ies  o f  Materials a t  Low Temperatures 
( P h a s e  I ) .  Victor  J. J o h n s o n ,  G e n e r a l  E d i t o r ,  W r i g h t  A i r  
Development  D i v i s i o n  T e c h n i c a l  Report  60-56 [ J u l y ,  1960- j ;  and  
( P h a s e  11), R i c h a r d  B. Stewart and  Vic to r  J. J o h n s o n ,  G e n e r a l  
E d i t o r s ,  (Dec. 1 9 6 1 ) .  
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t h e  C r y o g e n i c  Data C e n t e r ,  i n  a d d i t i o n  t o  p r o v i d i n g  a b a s i c  
c o l l e c t i o n  of c r y o g e n i c  p r b p e r t y v d a t a ,  h a s  a l so  p r o v i d e d  t h e .  
i n f o r m a t i o n  f o r  t h e  s u b s e q u e n t  e x p a n s i o n  and  improvemen t s  o n  
many o f  t h e  data : t a b u l a t i o n s  i n c l u d e d  i n  t h i s  n o t e b o o k .  

s h e e t s ,  on  wh ich  i n f o r m a t i o n  is p r e s e n t e d  f o r  a pa r t i cu la r  
property o f  a selected material .  T h e s e  data  s h e e t s  are a r r a n g e d  
u s i n g  mater ia ls  as t h e  primary i n d e x  f o r  da ta  o n  f l u i d s ,  and  
u s i n g  , p r o p e r t i e s  a s .  t h e  primary i n d e x  f o r  . d a t a  o n  s o l i d s .  The 
f o r m a t  of t h e  i n d i v i d u a l  d a t a  s h e e t s  is as f o l l o w s :  

T h i s  n o t e b o o k  i s , c o m p o s e d  o f  a series o f  i n d i v i d u a l  d a t a  

S o u r c e  o f  D a t a :  L i t e r a t u r e  r e f e r e n c e s  t o  t h e  selected d a t a  
are l i s t e d  c h r o n o l o g i c a l l y .  

- O t h e r  R e f e r e n c e s :  Other1 r e f e r e n c e s  t o  t h e  s u b j e c t  are g i v e n .  
Comments: E x p l a n a t o r y  n o t e s  are  i n c l u d e d  wh ich  may 

summar ize  t h e  c o n t e n t s  o f  e a c h '  r e f e r e n c e ,  
r e l a t e  i n f o r m a t i o n  o n  p u r i t y  o f  t h e  sample 
f o r  iwhich3 d a t a  are g i v e n ,  p r o v i d e  es t i -  
mates o f  t h e . u n c e r t a i n t y  o f  . the d a t a ;  e tc .  

s u b j e c t s  where  o n l y  l i m i t e d  i n f o r m a t i o n  is  
a v a i l a b l e ,  a l l  o f  t h e  m e a s u r e d  v a l u e s  may 
be  g i v e n .  More e x t e n s i v e  t a b u l a t i o n s ,  a n d ,  
i n  p a r t i c u l a r  d a t a  t a b l e s  wh ich  are a d o p t e d  
f rom o t h e r  d a t a  c o m p i l a t i o n s ,  are summar ized  
by s k e l e t o n  t a b l e s .  
The d a t a  are i l l u s t r a t e d  , g r a p h i c a l l y  
w h e r e v e r  t h e  p rope r t i e s  are a v a i l a b l e  as 
f u n c t i o n s  of a d e p e n d e n t  p r o p e r t y .  

Data T a b l e s :  T a b u l a t i o n s  o f  t h e  d a t a  are g i v e n .  For 

Graphs :  
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F o o t n o t e s :  F o o t n o t e s  are  used t o  r e f e r e n c e  o t h e r  
da ta  c o m p i . l a t i o n s  which  h a v e  b e e n  a d o p t e d  . 

v as  t h e  d a t a  source. 
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I n  t h i s -  i s s u e  o f v t h i s  n o t e b o o k ,  i t , h a s  been  n e c e s s a r y  t o  
i n c l u d e  some material  which  may n o t  r e p r e s e n t  t h e  b e s t  
i n f o r m a t i o n  a v a i l a b l e :  I n  some i n s t a n c e s  new d a t a  maymalready be 
a v a i l a b l e  which  h a s  n o t  been,  i n c o r p o r a t e d  i n t o  t h e  p r e s e n t  d a t a  
s h e e t s .  I n  o t h e r  cases, a d d i t i o n a l  s t u d y  and  c o r r e l a t i o n  o f *  
a v a i l a b l e  d a t a  would g r e a t l y  improve  t h e  utiGli.ty o f  t h e  d a t a  
t a b l e s .  However,  i n  o r d e r  t o  i n c l u d e  some i n f o r m a t i o n  o n  most o f  
t h e  s u b j e c t s  i n d e x e d  , i t  h a s  b e e n .  n e c e s s a r y  t o  i n c o r p o r a t e  
a v a i l a b l e  da ta  s h e e t s .  I t  was a l s o  f o u n d  d i f f i c u l t  i n  t h i s  issue.  
t o  p r e s e n t  many of  t h e  d a t a ,  s h e e t s  i n  t h e  f o r m a t  o u t l i n e d  above .  
The e d i t o r s  acknowledge  t h e  n e c e s s i t y  t o  r e v i s e  many o f  t h o s e  d a t a  
s h e e t s ,  and i t  is i n t e n d e d  t h a t  t h i s  c o l l e c t i o n  o f  da ta  s h e e t s  w i l l  
be improved  i n  a c c o r d a n c e  w i t h  o u r  o b j e c t i v e s  o f  p r e s e n t i n g  a 
summary o f  t h e  b e s t  d a t a  f o r  a l l  o f  t h e  p r o p e r t i e s  and  materials:  
i n d e x e d ,  i n  a c o n s i s t e n t  f o r m a t .  

I n  t h i s  i n t r o d u c t i o n  i t  h a s  b e e n  n o t e d  t h a t  t h e  d a t a  s h e e t s  aY are  o n l y  summaries o f  t h e  a v a i l a b l e . i n f o r m a t i o n .  I t  is e m p h a s i z e d  
t h a t  t h e  user r e q u i r i n g  a d d i t i o n a l  i n f o r m a t i o n  s h o u l d  c o n s u l t  t h e  
da t a  s o u r c e s  l i s t e d  o n  t h e  d a t a  s h e e t s .  R e f e r e n c e  is a l s o  made t o  
t h e -  a v a i l a b i l i t y  o f  b i b l i o g r a p h i c  i n f o r m a t i o n  o n  t h e  p r o p e r t i e s  o f  
mater ia ls  f rom t h e  C r y o g e n i c  Data C e n t e r  o f  t h e  N a t i o n a l  B u r e a u  o f .  
S t a n d a r d s ,  B o u l d e r ,  C o l o r a d o .  I n  p a r t i c u l a r  t h i s  Data C e n t e r  is 
e q u i p p e d  t o  p r e p a r e  c u s t o m  b i b l i o g r a p h i e s  f o r  s p e c i f i c  t o p i c s  o r  
f o r  b r o a d  s u b j e c t  areas from a n  a u t o m a t e d  b i b l i o g r a p h y  s t o r a g e  and  
re t r  i e v a l  sys  t e m .  
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I n  c o n c l u s i o n ,  t h e  e d i q t o r s  w i s h  t o  acknowledge  t h e  
a s s i s t a n c e  r e c e i v e d  from t h e ,  C r y o g e n i c  Data C e n t e r  o f  t h e  
N a t i o n a l  B u r e a u  o f  . S t a n d a r d s .  The many . p u b l i c a t i o n s  i s s u e d  
by t h i s  Data C e n t e r  h a v e  b e e n  p a r t i c u l a r l y  u s e f u l  i n  a s s e m b l i n g  
t h i s  c o l l e c t i o n  o f  da t a  s h e e t s .  Several  i n d i v i d u a l s t a t  Brookhaven  
N a t i o n a l  L a b o r a t o r y  h a v e  a l so  c o n t r i b u t e d  s i g n i f i c a n t l y  t o  t h i s  
w o r k .  I n  p a r t i c u l a r ,  t h e  e d i t o r s  w i s h  t o  acknowledge  t h e  
c o n t i n u o u s  e n c o u r a g e m e n t  and  a d v i c e  g i v e n  by D r .  R.P.  S h J t t .  The 
e d i t o r s  a l s o  w i s h .  t o  t h a n k  AnneaM. Flood f o r  c o o r d i n a t i n g  , t h e  
c l e r i ca l  and  a d m i n i s t r a t i v e  e f f o r t s ,  and  , t h e  B u b b l e  Chamber Group  
E l e c t r i c a l  D r a f t i n g  S e c t i o n  unde r  t h e  d i r e c t i o n  o f  L o u i s  F. B o t h  
and  t h e  ISABELLE D r a f t i n g  S e c t i o n  unde r  . t h e  d i r e c t i o n  o f  Donald  
G i l z i n g e r  f o r  t h e  d r a f t i n g ,  c h e c k i n g  a n d  , p r o o f r e a d i n g  r e q u i r e d  f o r  
t h e  p r e p a r a t i o n  o f  t h e  g r a p h s .  

The E d i t o r s .  
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