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Thir teenth Q u a r t e r l y  Report 

October 15, 1964 

DEVELOPMENT OF LOW TEMPERATURE COATINGS 

f o r  

ELECTRICAL CONDUCTORS 

INTRODUCTION 

This r epor t  includes addi t iona l  information on the  d i e l e c t r i c  l o s s  of 

i n su la t ing  f i lms  a t  low temperatures which was f i r s t  reported i n  the  12th 

q u a r t e r l y  repor t .  A s  these s tud ie s  progressed it became apparent t h a t  moisture 

exposure influenced the  lo s s  c h a r a c t e r i s t i c s  of H-film - even a t  very low 

temperatures. Consequently, s tud ie s  of  the  d i e l e c t r i c  loss of i c e  by i t s e l f  

have been made. 

D i e l e c t r i c  l o s s  measurements made e a r l i e r  i n  the  program on the  

cryogenic l i q u i d s  were found t o  be i n  e r r o r .  These measurements have been 

repeated using the  b e s t  techniques now a v a i l a b l e .  

I n  t h i s  r epor t  an inves t iga t ion  of the  f a c t o r s  most l i k e l y  t o  in -  

f luence the  performance of connectors and terminat ions a t  cryogenic temperatures 

i s  descr ibed.  

a s  wel l  as the  i n i t i a l  work on developmental models of cryogenic cable  connectors,  

are descr ibed.  

The preliminary work on the  removal of ML and H-film i n s u l a t i o n ,  

SUMMARY AND CONCLUSIONS 

D i e l e c t r i c  Loss a t  Cryogenic Temperatures 

The d i e l e c t r i c  measurements a t  cryogenic temperatures continue t o  

produce fundamental a s  w e l l  a s  very useful  information on d i e l e c t r i c  

c h a r a c t e r i s t i c s .  It i s  s t a r t l i n g  t o  discover t h a t  the  d i e l e c t r i c  l o s s  of i c e  a t  

l i q u i d  helium temperatures i s  too low t o  be measured and ye t  "wet" H-film has 

about twice the l o s s  of dry H-film a t  the  same temperature. It i s  obvious t h a t  

water a t tached  t o  some polymer molecular s t r u c t u r e s  may have a considerable  

degrada t ive  e f f e c t .  I n  c o n t r a s t ,  i c e ,  by i t s e l f ,  a t  very low temperatures,  

possesses  lower d i e l e c t r i c  l o s s  than any o ther  s o l i d  ma te r i a l  y e t  measured! 

However, i c e  c l o s e  t o  i t s  melting point has high d i e l e c t r i c  l o s ses  which a r e  
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influenced by dissolved i o n i c  contaminant. 

connection with the  performance of connectors when f r o s t  i s  deposited on them. 

These lo s ses  may be important i n  

The d i e l e c t r i c  l o s ses  of the cryogenic l i q u i d s ,  too ,  are so low t h a t  

I t  seems l i k e l y  they can j u s t  be de tec ted  a t  frequencies between 2 and 10 KC. 

t h a t  br idge e r r o r s  inf luence the  r e s u l t s  a s  a func t ion  of frequency and i t  i s  

probable t h a t  the  a c t u a l  d i e l e c t r i c  l o s s  i s  independent of frequency, and t h a t  

t he  a c t u a l  value i s  lower than the value measured a t  2 KC. 
accuracy, i t  i s  l i k e l y  t h a t  the  precis ion of the  measurements i s  s u f f i c i e n t  t o  

permit v a l i d  comparisons between the  d i e l e c t r i c  loss of the d i f f e r e n t  cryogenic 

l i q u i d s  and t o  study the  e f f e c t  of temperature. 

Despite the  lack of 

It seems reasonable ,  therefore ,  t o  accept  a value of d i s s i p a t i o n  f a c t o r  

f o r  l i q u i d  hydrogen lower than .0000001 a t  the b o i l i n g  poin t  (a Q g rea t e r  than 

t en  mi l l i on ) .  The d i s s i p a t i o n  f a c t o r  of l i qu id  helium a t  the bo i l ing  point  

appears t o  be about 10 times t h a t  of l iqu id  hydrogen. It i s  i n t e r e s t i n g  t o  

consider  t he  mechanism of d i e l e c t r i c  loss i n  cryogenic l i qu ids .  

measurements of d i s s i p a t i o n  facsor  were made on the  l i q u i d s  a t  temperatures 

below t h e  normal b o i l i n g  poin t  by decreasing the  pressure  over the bo i l ing  

l iqud .  

of the  measuring c e l l . )  The t an  6 of both l i qu id  n i t rogen  and hydrogen decreased 

s i g n i f i c a n t l y  by a f a c t o r  of about two between the  normal bo i l ing  temperature and 

the  temperature a t  the  t r i p l e  point .  

decreased a l s o  down t o  the  A temperature, 2.19OK. Then a sudden decrease i n  

l o s s  occurred followed by an  increase  as  the  temperature w a s  decreased s t i l l  

f u r t h e r  

For t h i s  reason,  

(Cclre was taken t o  avoid build up of cryogenic "ice" between the  p l a t e s  

The d i s s i p a t i o n  f a c t o r  of l i qu id  helium 

The temperature dependence in  the  d i s s i p a t i o n  f a c t o r  of l i q u i d  helium 

c a l l s  to  mind the  s t u d i e s  of induced ion conduct iv i ty  made by Carreri a t  the  

Univers i ty  of Rome and reviewed i n  the 9 th  q u a r t e r l y  r epor t  of t h i s  s e r i e s .  H e  

found t h a t  i on ic  conduct ivi ty  i n  l iqu id  helium increased a s  the temperature was 

decreased below the A point .  

Blaisse of the  Technical Hochschule i n  D e l f t ,  Holland has  found a d i scon t inu i ty  

i n  the  e l e c t r i c  s t r eng th  of l i qu id  helium above and below the  k temperature. 

(These r e s u l t s  w i l l  be reported a t  a symposium i n  London on October 16th,  which 

the  au thor  w i l l  a t tend . )  D r .  A.H. Sharbaugh, Jr., of the  General E l e c t r i c  

Research Laboratory has ca lcu la ted ,  i n  an  unpublished r e p o r t ,  t h a t  cosmic 

It is in t e re s t ing  t o  note  a l s o  that Professor  



r a d i a t i o n  could not  induce enough ions t o  expla in  the  d i e l e c t r i c  

i n  t h i s  program on cryogenic l i qu ids .  However, no ind ica t ion  of 

l o s ses  observed 

an increase  i n  

loss,  with a decrease i n  frequency, has been observed experimentally which would 

be c h a r a c t e r i s t i c s  of i on ic  conduction. While i t  may be tempting t o  a s c r i b e  the  

d i e l e c t r i c  loss  t o  ion ic  conduct ivi ty ,  it must be concluded on balance t h a t  the 

l o s s  mechanism i n  d i e l e c t r i c  l i q u i d s  is  not  y e t  understood. 

From the  p r a c t i c a l  po in t  of view, the  s tud ie s  descr ibed i n  the  

foregoing, i nd ica t e  t h a t  e l e c t r i c a l  devices with se lec ted  d i e l e c t r i c s  might be 

operated a t  cryogenic temperatures with extremely low d i e l e c t r i c  losses  ( i . e e ,  

Q ' s  of 10 mi l l i on  o r  even higher) .  

Cryogenic Connectors - the  Problems 

Problems l i k e l y  t o  be encountered with cryogenic connectors f o r  wire  

and cable  can be summarized as follows: 

1. Cracking of p l a s t i c  p a r t s  i n  thermal cycl ing.  

a. Due t o  shrinkage mismatch between metal i n s e r t s  and 
p l a s t i c .  

b. Due t o  d i f f e r e n t  shrinkage with uneven cool ing,  
c. Due t o  f r eez ing  of entrapped moisture. 

2. Surface e l e c t r i c a l  f a i l u r e  a s  f r o s t  m e l t s  wi th  warming. 

a.  On exposed, unprotected leakage sur faces .  
b. A t  i n t e r f a c e s  between p l a s t i c  p a r t s  o r  m e t a l  and 

C. Where f r o s t  can "bridge" l i v e  p a r t s .  
p l a s t i c  

For the  purposes of t he  sub jec t  program, any marked, o r  sudden decrease i n  DC 

r e s i s t i v i t y  between separate conductors o r  between conductors and the  grounded 

s h e l l  of a connector during o r  a f t e r  moisture condensation is  considered t o  

c o n s t i t u t e  f a i l u r e .  It i s  recognized that a small decrease i n  r e s i s t a n c e  f o r  a 

very  s h o r t  t i m e  might be t o l e r a t e d  i n  serv ice .  However, such a decrease i n  t e s t  

is  evidence of weakness which might i n  s e rv i ce  be worsened by repeated temperature 

cyc les ,  by contamination, o r  by o ther  environmental f ac to r s .  

Surface Leakage Paths  

The experimental r e s u l t s  ind ica te  t h a t  the  DC r e s i s t a n c e  (and 

presumably o the r  e l e c t r i c a l  propert ies)  i s  always markedly decreased when a 

coherent  f i l m  of water  forms over a n  in su la t ion  sur face  as f r o s t  m e l t s .  I n  f a c t ,  
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i n  t h i ck  f r o s t  l a y e r s ,  the  surface melting a lone  may produce a coherent water 

path without even melting down t o  the  i n s u l a t i o n  surface.  Several  f a c t o r s  

inf luence the  

a. 
b. 

C.  

l ike l ihood of forming a coherent water path.  

The length of the  path.  
The amount of ava i l ab le  water - t he  thickness  of the  f o r s t  
and the  r a t e  of melting. 
The na ture  of the in su la t ion  sur face  and the contac t  angle  
of water with it .  

Even with Teflon sur faces ,  continuous, coherent water paths can form over sho r t  

d i s t ances  a s  f r o s t  m e l t s .  It is  concluded t h a t  sur face  leakage paths  between 

e l e c t r i c a l  p a r t s  i n  connectors must be el iminated unless  long creepage 

d i s t ances  can be u t i l i z e d .  Obviously, long creepage paths are not  cons i s t en t  

with the  d e s i r e  f o r  small and l ightweight  connectors. 

I n t e r f a c i a l  Leakage Paths 

It may be poss ib l e  t o  e l iminate  sur face  leakage paths by u t i l i z i n g  

p l a s t i c  p a r t s  and in su la t ed  w i r e  wi th  i n s u l a t i n g  sur faces  i n  contac t .  However, 

water may penet ra te  o r  "wick" between such sur faces  t o  produce a n  e l e c t r i c a l  

leakage path.  Experimental r e s u l t s  i nd ica t e  t h a t  s eve ra l  f a c t o r s  a r e  involved. 

a. The degree of conformity between the  "mating" sur faces .  
b. The pressure between the sur faces .  
c. The tendency f o r  change i n  i n t e r n a l  a i r  pressure  wi th  

temperature change to  dr ive  water i n t o  the  i n t e r f a c e .  
d. The na ture  of the  in su la t ion  sur face ,  the  contac t  angle  of 

water with i t  and the  presence of o i l  o r  grease.  

It seems poss ib le  t o  produce s a t i s f a c t o r y ,  leakage f r e e  i n t e r f a c e s  between 

s i l i c o n e  rubber f aces  o r  between a s i l i cone  rubber and a r i g i d  p l a s t i c ,  i f  a 

s l i g h t  pressure  can be maintained between the  two sur faces  throughout the  

temperature cycle.  

grease on t h e  sur faces  i n  pressure contact  appears t o  reduce the  pressure  needed 

between the  sur faces  t o  prevent the  entrance of moisture.  The q u a n t i t a t i v e  

a spec t s  of t h i s  s i t u a t i o n  have not  been determined and may perhaps be bes t  

developed by empir ical  approaches i n  each p a r t i c u l a r  design. 

A very small amount of s i l i c o n e  o i l  and poss ib l e  s i l i c o n e  

Mechanical F a i l u r e  

A number of t r i a l s  have indicated t h a t  it w i l l  be d i f f i c u l t  t o  f ind  

or  develop a p o t t i n g  compound which w i l l  have the necessary r e s i l i e n c y  and 
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s u f f i c i e n t  match i n  thermal contract ion t o  prevent cracking when used t o  

encapsulate  connectors f o r  cryogenic appl ica t ions .  Hence, a t  least f o r  t he  

present ,  t he  encapsulat ion approach i s  not being followed. 

The l ike l ihood t h a t  p l a s t i c  p a r t s  with i n t e r f a c e s  under s l i g h t  pressure  

might f a i l  a t  cryogenic temperatures has been inves t iga ted .  So f a r ,  f a i l u r e  has 

not  occurred even from thermal shock by d i r e c t  immersion i n  l i q u i d  ni t rogen.  On 

the  o the r  hand, t i g h t  metal i n s e r t s  i n  p l a s t i c  par t s  can cause s h a t t e r i n g  a t  low 

temperatures,  

round metal  i n s e r t s  and the  optimum mater ia l .  

vulcanizing s i l i c o n e  rubber (GE RTV-11) can incorpora te  even r e l a t i v e  l a rge ,  

sharp edged, metal i n s e r t s  without sha t t e r ing  upon immersion i n  l i qu id  ni t rogen.  

Fur ther  work i s  needed tooptimize the  s e l e c t i o n  of ma te r i a l s  and to  determine 

the  design l imi t a t ions .  

The tendency f o r  such sha t t e r ing  i s  decreased by using very small, 

I n  example, a room temperature 

Connector Design and Evaluation 

A mult ip le  conductor MS connector has  been evaluated i n  which the  

p r i n c i p a l  f aces  between the male and female por t ions  a r e  held under pressure  

when mechanically locked together .  This connector has been f u r t h e r  modified so 

t h a t  t h e  in su la t ed  conductors en ter ing  the  %back" faces  of the  connector a r e  

he ld  i n  contac t  with a s l i g h t  pressure.  I n  tes t ,  so  f a r ,  t h i s  connector gives  

promise of achieving the  des i red  goal of high leakage r e s i s t a n c e  between conductors 

when exposed t o  thermal shock i n  l iqu id  n i t rogen  followed by melting f r o s t  and 

even a f t e r  water immersion. E l e c t r i c a l  "shorts" and mechanical cracking occurred, 

however, when the  wires en te r ing  the  back faces  of the  connector were not  held 

under s l i g h t  pressure.  

I n  the  MS connector t he  i n t e r f a c i a l  leakage path between p ins  i s  very 

A design i s  being developed by E.  J .  McGowain which such leakage paths  sho r t .  

can be considerably increased without unduly increas ing  the  s i z e  of the  

connector. Prototypes a r e  under construct ion.  

It has been recognized from the  s t a r t  t h a t  the  design experience and 

model making c a p a b i l i t i e s  of a connector manufacturer could be of g r e a t  value i n  

the  sub jec t  program. I n  consequence, r ep resen ta t ives  from f i v e  connector 

manufacturers were interviewed t o  determine t h e i r  i n t e r e s t  and c a p a b i l i t i e s  i n  

connection with the  subjec t  program. Modular Elec t ronics  of O S S ~ Q ,  Minnesota 

has  agreed t o  fu rn i sh  a t  cos t  models of spec ia l  connectors f o r  t h i s  program. 
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M r .  W. Gamel, Pres ident  of Modular Elec t ronics ,  has v i s i t e d  the  Advanced 

Technology Laborator ies  i n  Schenectady. 

proposed cryogenic connectors w i l l  be submitted t o  him. 

proposals w i l l  a l s o  be sought. 

J u s t  a s  soon as poss ib l e ,  sketches of 

H i s  suggestions and 

Insu la t ion  Removal 

The development of cryogenic ML coated round w i r e  and ribbon cable  with 

FEP laminated H-film has l ed  d i r e c t l y  t o  the  problem of removing these  

in su la t ions  where connections and terminations must be made. The toughness, 

h e a t  and so lvent  r e s i s t ance  of these  in su la t ions  makes t h e i r  removal d i f f i c u l t .  

"Brute force"  techniques of mechanical scraping and delamination can be 

u t i l i z e d  wi th  test specimens, bu t  such approaches a r e  not  s u i t a b l e  f o r  e i t h e r  

manufacturing o r  f i e l d  use. 

P a r t i c u l a r l y  f o r  f i n e  round w i r e s ,  a chemical means of removing ML 

enamel is  needed. To date, only a eu tec t i c  of sodium and potassium hydroxide 

a t  200C and long exposure t o  concentrated s u l f u r i c  ac id  a t  room temperature have 

been successfu l  i n  removing ML enamel, These approaches a r e  not  considered t o  

be s u i t a b l e .  

The s i t u a t i o n  with H-film, f l a t  r ibbon cable i s  more promising. The 

laminations a t  the  c u t  end of t he  f l a t  cab le  can be loosened r ap id ly  by heat ing 

wi th  a gas-oxygen flame. 

on the  conductors e a s i l y  removed w i t h  the  flame. 

The cable  can then be s t r ipped  and the  FEP remaining 

VISIT TO NASA, HUNTSVILLE 

A v i s i t  was made t o  Marshall Space Sciences Laboratory,  Huntsv i l le ,  

Alabama (E.C. McKannon) on September 16 and 1 7 .  A t echnica l  review of the 

sub jec t  program was presented. The proposed technica l  program w a s  discussed 

wi th  the  t echn ica l  o f f i c e r .  One thousand f e e t  each of 1 9  s t r and  and 7 s t rand  

sh ie lded  cable  (i tems 1 and 3 a s  described i n  the  12th Quar te r ly  Report) and the  

requi red  amount of unshielded and shielded f l a t  H-film cable  (i tems 1 and 6 

a s  descr ibed i n  the  12th Quar te r ly  Report) were de l ivered  during the  v i s i t .  

PROGRAM FOR THE MONTH OF OCTOBER AND THE FOURTEENTH QUARTER 

During the  month of October and f o r  the  next qua r t e r  the  following 

a c t i v i t i e s  w i l l  be underway: 

1. Construction of add i t iona l  connector models. 



2. Submission of proposed model designs t o  Modular Elec t ronics  
f o r  cons idera t ion ,  quote and procurement. 

3 .  Cryogenic shock, condensed moisture and immersion t e s t  on 
connector models. 

4 .  Study of methods f o r  removal of ML enamel from round w i r e  and 
more s u i t a b l e  techniques f o r  f i e l d  s t r i p p i n g  of f l a t ,  
r ibbon cable. 

OBJECTIVES AND SUMMARY OF TEST RESULTS 

D i e l e c t r i c  Loss a t  Low Temperatures - I c e ,  H-film and FEP 

I n  t h i s  program i t  has been suspected repeatedly t h a t  moisture absorbed 

i n  p l a s t i c  f i lms  o r  occluded i c e  have inf luenced the  d i e l e c t r i c  l o s s  measurements. 

It was  decided t h a t  d i e l e c t r i c  loss measurements on i c e  i t s e l f ,  as a func t ion  of 

temperature, were e s s e n t i a l  t o  the  understanding of t he  performance of ma te r i a l s  

l i k e  H-film and ML e n a m e l .  Mbreover, it w a s  recognized t h a t  t he  d i e l e c t r i c  

p rope r t i e s  of i c e  w i l l  be important i n  r e spec t  t o  the  performance of cryogenic 

connectors upon which f r o s t  may co l l ec t .  

A l i t e r a t u r e  search d id  not  a t  f i r s t  uncover any information on the  

d i e l e c t r i c  p rope r t i e s  of i c e  a t  very low temperatures,  so  an experimental  program 

was s t a r t ed . (  (Additional l i t e r a t u r e  research d id  r evea l  some use fu l  information 

as l i s t e d  i n  Appendix A.) 

Two experimental approaches have been taken. I n  the f i r s t ,  d i s t i l l e d  

water w a s  slowly frozen i n  a s o l i d  n icke l  "Berberich" c e l l  (see ASTM D-150) and 

measured over the range of 50 t o  10,000 cps  with the  GR bridge. 

provided a b a s i s  f o r  determining the  d i e l e c t r i c  constant  without apprec iab le  

e r r o r  f o r  ice c lose  t o  the  f reez ing  temperature. However, as the  temperature 

of the  i c e  was decreased t o  very l o w  values ,  i t  was considered l i k e l y  t h a t  

e r r o r s  might be introduced i f  the i c e  tended t o  crack and perhaps p u l l  away 

from t h e  w a l l s  of the  c e l l .  I n  consequence, a measuring "ce l l "  w a s  made by using 

concent r ic  cy l inders  of .001 inch s t a i n l e s s  steel  f o i l  spaced about .010 

apa r t .  This "ce l l "  was insu la ted  w i t h  Teflon and supported i n  a cof fee  can which 

was connected t o  guard p o t e n t i a l ,  

from the bottom up. 

avoided and no voids  developed even a t  l i q u i d  helium temperature. 

constant ,  of course,  could not  be determined d i r e c t l y  but  was ca l cu la t ed  with 

reasonable  accuracy by making comparisons with r e s u l t s  c lose  t o  0 C using the  

Such measurements 

Water was added slowly t o  the  can and frozen 

I n  t h i s  way cracking between the  f o i l  e l ec t rodes  was l a r g e l y  

The d i e l e c t r i c  

0 
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Berberich c e l l .  

made the  measurement of low lo s ses  eas ie r .  

high r e s i s t i v i t y  of the  s t a i n l e s s  s t e e l  f o i l  may have cont r ibu ted  t o  e r r o r s  i n  

the  measurement of very low losses  a t  t he  h igher  f requencies .  

The f o i l  e l ec t rodes  provided a r e l a t i v e  high capacitance which 

On the  o the r  hand, the  r e l a t i v e l y  

D i s s i p a t i o n f a c t o r  values  for  i c e  a t  d i f f e r e n t  temperatures a r e  given 

i n  Figures  1 and 2, 

f a c t o r  peak due t o  i t s  polar  character  which occurs a t  a frequency above 10 KC 

a t  O°C, a t  about 2 KC a t  -3OC, a t  about 300 cps a t  -49C and below 50 cps a t  

-lOOC. A s  the  temperature is  decreased s t i l l  f u r t h e r ,  t he  c h a r a c t e r i s t i c  s lope  

of t he  d i s s i p a t i o n  f a c t o r  i s  maintained over the  whole frequency range a t  -157C 

and i s  s t i l l  apparent  a t  -196C. A t  -196 and -223C the  r e s u l t s  i n  the  dashed 

por t ion  may be sub jec t  t o  series measurement e r r o r ,  a l though i t  is poss ib le ,  

but  un l ike ly ,  t h a t  another  d i s s ipa t ion  f a c t o r  peak a t  a frequency above 10 KC 

i s  indicated.  A t  l i q u i d  helium temperature (269C) the  lo s ses  of i c e  were too low 

t o  be measured. 

From these r e s u l t s  i t  i s  apparent  t h a t  i c e  has a d i s s i p a t i o n  

I n  Figure 2 it  i s  apparent  t h a t  no abrupt  change i n  d i e l e c t r i c  

c h a r a c t e r i s t i c s  occur a t  t he  melting point a s  might have been suspected. 

increase  i n  tan  rat the  lower frequencies f o r  i c e  near  the  melt ing poin t  is  

undoubtedly due t o  ion ic  conductance. I n  t h i s  range the  l o s s  w i l l  be a f f e c t e d  

by the  amount of dissolved i o n i c  contaminant. 

The 

The d i e l e c t r i c  constant  of ice versus  frequency is  p lo t t ed  f o r  the  

d i f f e r e n t  test temperatures i n  Figure 3. 

d i s s i p a t i o n  f a c t o r  values .  The r e s u l t s ,  however, have not  been corrected f o r  

changes i n  dimension due t o  shrinkage a t  low temperatues, bu t  e r r o r s  from t h i s  

source would be r e l a t i v e l y  small. 
conduct iv i ty  a t  -3C, i s  p lo t t ed  a s  a dashed l i n e  i n  Figure 3. 

These r e s u l t s  are cons i s t en t  with t h e  

An apparent  e r r o r ,  probably introduced by high 

The d i e l e c t r i c  c h a r a c t e r i s t i c s  of i c e  have been p lo t t ed  as a func t ion  

of temperature i n  Figures  4 and 5. 

engineer ing idea of t h e  very low values of loss a t  low temperatures. 

the  fundamental c h a r a c t e r i s t i c s  may be observed b e t t e r  i n  the  p l o t s  a s  a func t ion  

of frequency. 

had been e s t ab l i shed ,  it was poss ib le  t o  analyze the  inf luence  of moisture 

abso rp t ion  i n  such p l a s t i c  ma te r i a l s  a s  H-film, 

evaporated gdld e l ec t rodes  were d r i e d  f o r  2 days a t  200C. 

was kept  dry  i n  a d i s s e c t o r  and the  other p a r t  was immersed f o r  2 days i n  water  

a t  80C - "wet" film. The d i e l e c t r i c  values  versus  temperature are shown i n  

T h i s  method of p l o t t i n g  gives  a b e t t e r  

However, 

Once the  very low loss c h a r a c t e r i s t i c s  of i c e  a t  low temperatures 

Specimens of H-film with 

P a r t  of the  sample 
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Figures  6 and 7. 

From Figure 6 i t  is  apparent t h a t  absorbed moisture has made a 

considerable  e f f e c t  on tan  6 even a t  very low temperatures. 

-269C i n  l i q u i d  helium a r e  given i n  t h e  t a b l e  below f o r  t h ree  frequencies .  

The r e s u l t s  a t  

Range i n  Tan 6 a t  -269C 

1 
I 
I 
8 

Dry H-film 

'Wet" H-film 

1 KC 10 KC - loo cps 

.00008 .000086 t o  .000141 t o  
(range ?) .000101 .000142 

.00022 t o  .000300 t o  .00035 7 t o  

.0003 1 .000317 .0003 63 

It i s  apparent  that absorbed moisture has contr ibuted a su rp r i s ing ly  l a rge  e f f e c t  

even a t  temperatures a s  low a s  -269C. A t  those temperatures the  d i e l e c t r i c  loss 

of i c e  i s  too l o w  t o  be measured. When the  specimens exposed t o  moisture were 

d r i ed ,  t he  d i s s i p a t i o n  f a c t o r  w a s  s t i l l  a t  l e a s t  50% higher  than f o r  dry 

specimens. 

hydro ly t i c  i n s t a b i l i t y  i n  H-film is indicated.  

I 
1 
1 
I 
1 
1 
I 
1 

(Resul ts  of l imi ted  test  a r e  n o t  p lo t t ed ) .  It i s  probably t h a t  

I n  add i t ion  t o  the  moisture e f f e c t s ,  the  curves f o r  H-film i n  

Figure 6 i n d i c a t e  t h a t  two d i e l e c t r i c  absorp t ion  peaks occur i n  H-film below 

room temperature, Undoubtedly, two molecular mechanisms are indica ted .  It i s  

probable that these  peaks can be used to  study the  polymeric charac te r  of H-film. 

Since the moisture e f f e c t s  were so marked with H-film, a t tempts  were 

made to  determine i f  similar e f f e c t s  could be noted i n  Teflon. Unfortunately,  

s a t i s f a c t o r y  e l ec t rodes  could not  be appl ied  t o  TFE Teflon,  bu t  adequate 

tes t  specimens were obtained with FEP Teflon. 

F igures  6 and 7. 

"wet" FEP as  was expected. However, loss peaks were found below room 

temperature,  

A powerful t o o l  f o r  t he  study of branching and c r y s t a l l i n i t y  i n  such l i n e a r  

The r e s u l t s  a r e  a l s o  p lo t t ed  i n  

Absolutely no d i f fe rence  could be de tec ted  between dry and 

Incomplete r e s u l t s  i nd ica t e  t h a t  these  peaks s h i f t  with quenching. 

1 
polymers is indica ted .  

D i e l e c t r i c  Loss i n  Cryogenic Liquids I 
I n  view of t h e  extremely low d i e l e c t r i c  loss of many i n s u l a t i n g  

materials a t  cryogenic temperatures,  it i s  use fu l  t o  know the  loss c h a r a c t e r i s t i c s  
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of the  cryogenic l i q u i d s  i n  which they may be immersed. 

a t tempts  were made t o  measure the  cryogenic l i q u i d s .  Unfortunately,  i t  was 

discovered,  a f t e r  the  conclusion of the work, t h a t  e r r o r s  had been introduced by 

excessive s e r i e s  r e s i s t a n c e  i n  the  measuring leads.  The work t o  be descr ibed 

E a r l i e r  i n  t h i s  program 

was undertaken t o  overcome these e r ro r s  so  f a r  as possible .  

Since the  1000 pf vacuum capaci tor  used i n  the o r i g i n a l  work had 

been broken, another  was obtained and the  c e l l ,  a s  o r i g i n a l l y  descr ibed,  was 

dupl icated.  Thus, a f u l l y  shielded construct ion with shielded leads was used 

which could be evacuated t o  provide a known standard upon which t o  base 

comparative r e s u l t s  when the  c e l l  was f i l l e d  with the  cryogenic l i qu id .  

d i e l e c t r i c  measurements indicated t h a t  small mechanical changes occurred i n  the  

ce l l  under vacuum which could produce an e r r o r  of perhaps .Ol% i n  the  capacitance 

measurement, bu t  should not  a f f e c t  the measurement of t a n  6. 
-6 

Careful  

Af t e r  ca re fu l  f lush ing  and evacuation t o  about 10 t o r r ,  n i t rogen ,  

hydrogen o r  helium gas was condensed i n  the  c e l l  which was placed i n  a dewar 

containing the same cryogenic l i qu id .  

p a r t  i n  a mi l l i on  o r  b e t t e r  and were run through a charcoal f i l t e r  and a n i t rogen  

t r a p  before  en ter ing  the  d i e l e c t r i c  c e l l .  Thus, every precaut ion was taken t o  

achieve high p u r i t y  and t o  prevent contamination. Af te r  the  c e l l  reached the  

l i q u i d  temperature, the  d i s s i p a t i o n  f ac to r  was measured a t  atmospheric pressure.  

Next, t he  pressure  over the  cryogenic l i q u i d  i n  the  dewar surrounding the  

d i e l e c t r i c  c e l l  was lowered and held a t  the  pressure  needed t o  achieve the  

des i red  temperature. With hydrogen and n i t rogen ,  the  t r i p l e  po in t  temperature 

was chosen. 

f o r  d i e l e c t r i c  constant  a r e  given i n  Table I and Figure 10. 

The gases had a guaranteed p u r i t y  of 1 

Tes t  r e s u l t s  f o r  tan 6 a r e  reported i n  Figures  8 and 9.  The values  

I n  Figure 8 the  change i n  tan 6 w i t h  frequency is  approximately t h e  

change which would be expected from a series r e s i s t a n c e  e r ro r .  

i n  e l ec t rodes  and leads  would have been e s s e n t i a l l y  eliminated by the  comparison 

technique used. However, series error could occur i n  the  br idge c i r c u i t  i t s e l f .  

The values  of d i e l e c t r i c  constant  a r e  so independent of frequency t h a t  d i e l e c t r i c  

absorp t ion  must be ru led  out  as the explanation f o r  the  change i n  tan  6. 
Even so, a s i g n i f i c a n t  d i f fe rence  e x i s t s  between the  values  of t a n 6 f o r  the  

d i f f e r e n t  cryogenic l i q u i d s .  

It seems l i k e l y  t h a t  t h e  absolu te  accuracy of the  measurements has no exac t  

A series e r r o r  

This d i f fe rence  was maintained with repeated t e s t .  
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meaning, but  t h a t  the  r e l a t i v e  values  do. 

t h a t  the  a c t u a l  value f o r  t a n  6 i n  each case i s  below t h a t  measured a t  2 KC. 

( A t  lower f requencies  no measurements were poss ib l e ) .  

It seems reasonable  a l s o  t o  be l ieve  

The r e s u l t s  f o r  l i q u i d  helium as a func t ion  of temperature i n  Figure 

9 a r e  fasc ina t ing .  A t  a l l  t h ree  frequencies a d i scon t inu i ty  seems t o  occur a t  

the  lambda poin t  (below which helium is super f l u i d ) .  It i s  admitted t h a t  the  

accuracy of these measurements i s  not  near ly  s u f f i c i e n t  t o  guarantee t h a t  the  

d i scon t inu i ty  r e a l l y  occurs. 

above and below t h e X p o i n t  i s  in t e re s t ing  also.  

cons tan t  i n  Figure 10 a r e  cons i s t en t  with the  t a n  

t h a t  no d i scon t inu i ty  occurs a t  t h e h  poin t .  

f o r  l i q u i d  helium a r e  s imi l a r  t o  those i n  dens i ty  over t he  same temperature 

range. A r ec ip roca l  temperature sca le  has been used i n  Figures9 and 10, s ince  

the  change i n  dens i ty  i s  known t o  give a reasonable s e t  of l i n e a r  p l o t s  with 

t h i s  r e l a  t ionship.  

The change i n  the s lope  of the  t an  6 curves 

The r e s u l t s  f o r  d i e l e c t r i c  

6 r e s u l t s  except perhaps 

The changes i n  d i e l e c t r i c  constant  

A very thorough l i t e r a t u r e  search revealed no information on the  

d i e l e c t r i c  loss  of cryogenic l i q u i d s ,  although va lues  of d i e l e c t r i c  constant  

have been repor ted ,  as  ind ica ted  i n  Table I. I n  order  t o  i n t e r p r e t  the  r e s u l t s  

wi th  cryogenic l i q u i d s ,  measurements were made on a non-polar hydrocarbon l i q u i d  

hexane - a s  shown i n  F igure  11. The very l imi t ed  evidence i n  the  l i t e r a t u r e  

ind ica ted  t h a t  the  loss  i n  hexane would be pr imar i ly  due t o  ion ic  conduct ivi ty  

r e s u l t i n g  from moisture as an impurity. 

l o s s  is ,  i n  f a c t ,  e n t i r e l y  due t o  ionic  mobil i ty  even when the  hexane w a s  

thoroughly dr ied  with calcium hydride. When a p o t e n t i a l  of 135 vol t s*  was 

app l i ed  f o r  about 18 hours t o  sweep ions out  of the  l i q u i d ,  the  loss  was reduced 

s t i l l  f u r t h e r ,  as  shown, but  w a s  s t i l l  a t t r i b u t a b l e  t o  remaining ion ic  

conduct ion  . 

The r e s u l t s  obtained ind ica t e  t h a t  the  

It i s  i n t e r e s t i n g  t h a t  the  d i e l e c t r i c  loss of undried hexane a t  

-22C is almost t he  same as the  dr ied  hexane a t  room temperature and i s  s t i l l  

completely ion ic  i n  charac te r .  

temperature) the  d i e l e c t r i c  loss i n  hexane i s  r e l a t i v e l y  high,  but  apparent ly  

no longer due t o  ion ic  conduct ivi ty .  It i s  immediately apparent  t h a t  the  loss 

c h a r a c t e r i s t i c s  of hexane a r e  completely unl ike  those of the  cryogenic l i qu ids ,  

which, by s t r u c t u r e  , 

However, a t  -87C ( j u s t  above the  f reez ing  

should a l s o  be non-polar . 
*The d i s s i p a t i o n  f a c t o r  measurements were made without removing the  DC po ten t i a l .  



Desp i t e  the  shape of the  tan 6 curves versus  frequency f o r  the  

cryogenic l i q u i d s ,  i t  i s  tempting t o  propose an  ion ic  conduction mechanism i n  

t h i s  case.  The source of t he  ions must be considered. D r .  A.H. Sharbaugh, Jr. 

of t he  General E l e c t r i c  Research Laboratory considered the  poss ib le  e f f e c t  of 

cosmic r a d i a t i o n  i n  producing ions i n  l i q u i d  ni t rogen.  H e  ca lcu la ted  on t h i s  

b a s i s  a tan  6o f  about lo-’ - much lower than t h a t  de tec ted  i n  these r e s u l t s .  

Hence, t h e  loss mechanism cannot y e t  be explained. 

CryoRenic Connectors 

Considerable a t t e n t i o n  was given t o  the  s p e c i a l  problems which would 

occur i n  connectors operat ing under cryogenic condi t ions.  The conclusions 

from a combination of ana lys i s  and experimental work have been given e a r l i e r  

i n  t h i s  r epor t .  The d iscuss ion  here  w i l l  be l imi ted  t o  o u t l i n i n g  the  

experimental  approach. So many individual  t e s t s  have been made t h a t  no at tempt  

w i l l  be made t o  descr ibe  them a l l  i n  de t a i l ,  but r a t h e r  the  o rde r ly  experimental 

j u s t i f i c a t i o n  f o r  the  conclusions reached w i l l  be presented. 

Mechanical f a i l u r e  of p l a s t i c  parts with metal i n s e r t s ,  due t o  

d i f f e r e n t i a l  thermal cont rac t ion  from room t o  cryogenic temperatures,  was 

expected and obtained. A rubbery polyurethane, a r i g i d  epoxy without and wi th  

seve ra l  types of f i l l e r ,  including Zerifac,  micro-balloons and s i l ica  were a l l  

unsa t i s f ac to ry .  However, a t  room temperature vulcanized,  s i l i c o n e  rubber 

(GE RTV-11 with 1% of T-12 acce lera tor )  d id  withstand repeated thermal shock i n  

l i q u i d  n i t rogen  even with sharp edges b ra s s  i n s e r t s  %I1 x 
S m a l l  commercial connectors with small pins  molded i n  f i l l e d  d i a l l y l  ph tha la te  

r e s i n  w e r e  a l s o  subjected t o  thermal shock i n  l i q u i d  n i t rogen  and helium without 

mechanical f a i l u r e .  Consequehtly, i t  was apparent t h a t  molded-in metal i n s e r t s  

could be considered f o r  use i n  cryogenic connectors even though the  problem of 

a f i n a l  po t t i ng  o r  encapsulat ing compound might remain unsolved. 

i n  c ross  sec t ion .  

Considerable a t t e n t i o n  has been given t o  the  problem of e l e c t r i c a l  

leakage over w e t  d i e l e c t r i c  sur faces .  It i s  inev i t ab le  t h a t  f r o s t  w i l l  c o l l e c t  

on a connector as it re tu rns  t o  room condi t ion from cryogenic temperatures. 

A s  the  connector warms s t i l l  more, the f r o s t  will m e l t  t o  produce a w e t  

su r f ace .  F ros t  and water w i l l  a l s o  c o l l e c t  a long a cable  i f  one end i s  held a t  

low temperature. I n  order  t o  achieve a reasonable uniformity f o r  t es t ,  the  

cryogenic  - moisture condensing t e s t  a r r a y ,  sketched i n  Figure 12, has been 
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developed and b u i l t .  

hollow b ras s  cube with % I 1  t h i ck  wal l s  supported on p l a s t i c  rods. 

under test i s  placed on the  top surface of the  b ra s s  cube. The in su la t ion  under 

t e s t  is  held i n  p lace  by clamps. I n  the case of t e s t  of the  i n t e r f a c e  between 

two insu la t ions  (as shown i n  Figure 12), t he  whole assembly can be held i n  

contac t  with a dead weight. 

t o  a low temperature,  room temperature a i r  is  blown i n t o  the  cube a t  a cont ro l led  

r a t e  t o  remove the  l i qu id  ni t rogen and increase  the  temperature. 

the  amount of f r o s t  and water condensed on the  su r face ,  t he  assembly i s  mounted 

i n  a humidity cabine t  a t  90% RH and 23OC. 

I n  t h i s  device l i q u i d  n i t rogen  can be admitted t o  a 4" 

The specimen 

After  the top su r face  and specimen have been cooled 

To increase  

Several  v a r i e t i e s  of inser ted  and su r face  e l ec t rodes  have been 

evaluated. For sur face  measurements, a s i l v e r  p a i n t ,  r i n g  e lec t rode  space around 

a c e n t r a l  c i r c u l a r  e lec t rode  i s  convenient. For measurement a t  t he  i n t e r f a c e  

between insu la t ing  ma te r i a l s ,  two brass  s t r i p  e l ec t rodes  a r e  s e t  f l u s h  i n  the  

su r face  of one of the  in su la t ing  mater ia l s  ( i n  rec tangular  shape) .  

spacing between the  ends of the  e lec t rodes  and the  d i s t ance  t o  the  edge of the 

i n s u l a t i o n  ( t h e  overlap) are control led.  DC r e s i s t a n c e  with 500 v o l t s  between 

e l ec t rodes  i s  measured continuously a s  f r o s t  forms and subsequently i s  melted. 

The 

I n  making the  measurements of r e s i s t a n c e  over sur faces  on which f r o s t  

had melted, i t  w a s  hoped that an  in su la t ion  material could be found which 

would maintain good e l e c t r i c a l  p roper t ies .  

s ince  atmospheric moisture condensing on Teflon usua l ly  does not  cause a d r a s t i c  

drop i n  su r face  res i s tance .  

e l ec t rodes ,  melting f r o s t  decreased the r e s i s t a n c e  t o  about 10 ohms even with 

t h e  b e s t  ma te r i a l s  such a s  Teflon, s i l i cone  rubber,  and s i l i c o n e  o i l  o r  grease 

coated sur faces .  I n  f a c t ,  as a th ick  l aye r  of f r o s t  m e l t s ,  the  r e s i s t a n c e  of 

t he  w e t  l aye r  a t  the  su r face  decreases markedly even before the  sur face  of the  

i n s u l a t i n g  ma te r i a l  involved. Without a t tempt ing  t o  obta in  exact  quan t i a t ive  

r e s u l t s ,  it became apparent that severa l  f a c t o r s  a f f e c t e d  the  e l e c t r i c a l  

r e s i s t a n c e  of melting f r o s t :  

Hope f o r  such a s i t u a t i o n  ex i s t ed ,  

However, with a qua r t e r  inch spacing between 
4 

1. The thickness  and the  dens i ty  of the  f r o s t .  
2. The humidity and temperature of the  surrounding a i r .  
3.  The r a t e  of melting (overa l l  hea t  input ) .  
4 .  The na ture  of the  in su la t ion  sur face .  
5. The d i s t ance  between e lec t rodes .  
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Of these  f a c t o r s ,  t he  kind of i n su la t ion  i s  perhaps the  least important although 

moisture  s e n s i t i v e  sur faces  do tend t o  r e t a i n  a water f i l m  f o r  r e l a t i v e l y  

long per iods as cont ras ted  t o  Teflon. 

su r f aces  ( i .e . ,  a c ros s  the  connector back face)  could not  be to l e ra t ed  i n  a 

connector designed t o  opera te  i n  o r  c lose t o  a cryogenic enivornment. 

It became obvious t h a t  exposed d i e l e c t r i c  

The remaining approach involves the  mating of two insu la t ions  i n  

contac t  so as t o  prevent t he  entrance of moisture and thereby maintain good 

e l e c t r i c a l  p roper t ies  ac ross  the  in te r face .  To some ex ten t  t h i s  problem is  

s i m i l a r  t o  t h a t  with cryogenic s e a l s  except t h a t  e f f e c t i v e  sea l ing  need not  

be maintained a t  cryogenic temperatures, but  only a t  and above 0 C.  0 

The t e s t  setup shown i n  Figure 1 2  was used t o  make a s e r i e s  of 

quan t i a t ive  measurements of i n su la t ion  r e s i s t a n c e  between e l ec t rodes  a t  the  

i n t e r f a c e  of two insu la t ion  sur faces  while a heavy layer  of f r o s t  melted. 

e l ec t rode  and i n s u l a t i o n  dimensions a re  sketched below: 

The 

'P Two l aye r s  of i n s u l a t i o n  
with f l a t  f aces  i n  contac t  

The spacing, X ,  between the  electrodes and the  overlap,  y ,  from the  edge of the  

e l ec t rodes  along the  i n t e r f a c e  between the  two shee ts  of i n su la t ion  t o  the  ou te r  

edge of the  specimen were var ied .  The pressure  between the  layers  of i n s u l a t i o n  

w a s  a l s o  var ied .  Two l aye r s  of RTV-11 rubber o r  a l aye r  of RTV-11 i n  contac t  

wi th  a l aye r  of f i l l e d  epoxy r e s i n  were t e s t ed .  I n  some tests a coat ing of 

s i l i c o n e  o i l  o r  of s i l i c o n e  grease was appl ied  t o  the  mating sur faces .  

In  q u a l i t a t i v e  summary of the t e s t  r e s u l t s ,  the  following comments 

can be made: 

1. A rubber t o  rubber contact i s  super ior  t o  rubber i n  contac t  

2. S i l i cone  o i l  and s i l i cone  grease both decrease the  pressure  
with a r i g i d  material. 

needed t o  seal the  in te r face .  
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3 .  The length of the  overlap,  y ,  i s  the  most important f a c t o r  
i n  the  maintenance of good e l e c t r i c a l  p rope r t i e s  ac ross  the  
in t e r f ace .  

II 

3 
8 

With y = - and s i l i c o n e  grease applied t o  the  i n t e r f a c e ,  no f a i l u r e  occurred 

a t  the  i n t e r f a c e  between shee t s  of s i l i c o n e  rubber a t  0.2 p s i .  

and no s i l i c o n e  grease appl ied  t o  the  i n t e r f a c e ,  e l e c t r i c a l  f a i l u r e  occurred 

even with a fo rce  of 1.5 p s i  between two shee ts  of s i l i c o n e  rubber. F a i l u r e  

under these  condi t ions was  eliminated when s i l i c o n e  grease was appl ied  t o  the  

in t e r f ace .  

1 I '  With y = - 8 

The foregoing test  s e r i e s  provided some " fee l"  f o r  the  q u a n t i t a t i v e  

a spec t s  of t he  design needed, However, it i s  recognized t h a t  the  geometry 

of a cryogenic connector w i l l  a l s o  inf luence the  spacings and pressures  needed 

t o  produce an  e l e c t r i c a l l y  r e l i a b l e  in te r face .  

Connector Design 

Discussions were he ld  with representa t ives  from 5 manufacturers of 

hook-up wire  connectors and the  products of each were examined. 

ca ta logs  were obtained from seve ra l  add i t iona l  manufacturers. An MS connector 

I n  add i t ion ,  

rnade by the  "The Pyle-National Company" (Cat. No. ZZB-R-1022-55) was p a r t i c u l a r l y  

i n t e r e s t i n g  because i t  u t i l i z e d  a r i g i d  and a s i l i c o n e  rubber f ace  which w e r e  

he ld  i n  contac t  under pressure when the connector was  mechanically locked 

together .  The connecting w i r e s  en t e r  the  back f ace  through holes  i n  the  

s i l i co ,ne  rubber. T e s t  under f r o s t  conditions showed t h a t  leakage could occur 

a t  the  i n t e r f a c e  between the  wire in su la t ion  and the  s i l i c o n e  rubber i n  the  

back faces .  However, the  back faces  were e a s i l y  modified t o  provide compression 

between the rubber and w i r e  i n su la t ion  as sketched i n  Figure 13. The back faces  

of the  modified connector a r e  pictured i n  Photo 2. For these  t r i a l s ,  compression 

w a s  app l i ed  t o  the  back f ace  by wrapping w i r e  around it  and tw i s t ing  i t  t i g h t .  

I n  an  a c t u a l  model a spr ing  o r  snap on clamp would be used. 

leads  a r e  shown leaving the  back face ,  bu t  f o r  most of the  tests, the  remaining 

h o l e s  were f i l l e d  with s h o r t  lengths  of dummy wires .  However, tests were made 

between the  two wires a t  t he  edge, between the  twowires i n  the  cen te r  and between 

a l l  wi res  connected together  and the  s h e l l .  To complete the  p i c t u r e ,  Photo 3 

shows the  f r o n t  faces  of t he  connector before  they were clamped together  f o r  

t 

I n  the  p i c t u r e  four  
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t e s t .  It should be noted t h a t  the  spacings between the  p ins  i n  t h i s  connector 

i s  sho r t .  

Nine t e s t s  were made with the "Pyle" connector under a v a r i e t y  of 

condi t ions which involved thermal shock by immersion i n  l i q u i d  n i t rogen  followed 

by the  development of f r o s t  when mounted on the  device shown i n  Figure 12. As 
the  work progressed, i t  became apparent that adequate f r o s t  build-up could be 

obtained by simply placing the  connector taken from the  n i t rogen  bath i n  the  

90% RH humidity cabine t  s ince  the  s h e l l  had considerable  hea t  capaci ty .  However, 

even t h i s  tes t  sequence did not  produce f a i l u r e  i n  the  modified connector. The 

f i n a l  test involved alternate immersion i n  l i qu id  ni t rogen and room temperature 

water followed by overnight soaking i n  t he  water! 

I n  one of the  tests the  clamping pressure  w a s  no t  appl ied  around the 

back f aces  and two t i n y  cracks developed i n  the  s i l i c o n e  rubber between the  wires 

when the  connector was taken from the  water bath and immersed i n  l i q u i d  ni t rogen.  

It i s  no t  c e r t a i n  whether o r  not  trapped water a ided the  formation of these  

cracks.  

connector w a s  aga in  immersed i n  water. 
A t  any rate, f a i l u r e  d id  occur between one set of wires when the  

F i n a l l y ,  t he  re-dr ied connector was soaked i n  s i l i c o n e  o i l  under 

s l i g h t  vacuum f o r  about 6 hours,  recycled between water and l i q u i d  n i t rogen  and 

then immersed i n  l i q u i d  water f o r  23 hours without developing f a i l u r e  even 

along t h e  cracks.  The test i n  water is being continued. 

While the  r e s u l t s  wi th  t h e  modified "Pyle" connector are very 

promising, it i s  recognized t h a t  advantages might accrue i f  the  i n t e r f a c i a l  

leakage path between the  pins a t  t h e  mating sur faces  could b e  increased. 

E. J. McGowan has made severa l  suggestions i n  t h i s  connection. One vers ion  

i s  sketched i n  Figure 14.and a p i c tu re  of a f ab r i ca t ed  model i s  shown i n  

Photo 4. This model w a s  made t o  i l l u s t r a t e  the  concept and i s  not  intended f o r  

test .  I n  the  func t iona l  model, s i l i c o n e  rubber w i l l  be used and the  wires  

connecting t o  the  end p l a t e  w i l l  incorporate  the  ideas  developed i n  the  modified 

Pyle connector. 
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Table I 

Die l ec t r i c  Constant 

Cryogenic Liquids 

Measured % AC 
Liquid Temp. K Measured Va lue L i t e r a t u r e  Values* 100 cps t o  10 KC 0 

E He 1 ium 

I Helium 

H e  1 ium B 

4.21 

5 2.23 

2.19 

2.15 

4 H e  1 ium 1.83 

77.3 

Nitrogen 63.1 

Hydrogen 20 - 

Hydrogen 14 

5 +.00001 
*0469 - *00002 

+ .WOO8 
1*0563 - .00007 

1.05635 ? 

1.048(1) 

1 .0556 

1 .m5 
4 

1.055 

2 1.055 5 +.om09 
- ,00007 

1.43I.l ? 1 ;433(23 

1.467 + ?  1.475 

(3) 1.23 14-5 1.227 

1.248 1.259 +, ,0025 4 

*Extrapolated o r  estimated from published values.  I 
E 1. W.M. Keesom, f'Heliumff, E l sev ie r ,  Princeton, N . J . ,  1942. 

2. Robert Gu i l l i en ,  J. Physique (8) 1, 29 (1940) 

3 .  A .  Van I t t e r b e c k  and J .  Spoeden, Physics (91 ,  339 (1942) I 

1 

0.5 

2 

? 

8 Values f o r  d i e l e c t r i c  constant  are given a l s o  i n  Nat. Bur. of Stds. ,  Circ .  514 
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Figure 1 2  - Test Setup fo r  Producing and Melting Frost on 
Insulation Surfaces and Interfaces 
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Photo 2 - Back Faces of "Pyle" MS Connector Modified so as to  
Produce Pressure on Insulation of Entering Wires 
(dummy wi res  not involved in test have been removed) 

Photo 3 - Front Faces of "Pyle" MS Connector Which Lock Together 
Under Pressure 
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Appendix 

Selected L i t e r a t u r e  References on the  

A 

D i e l e c t r i c  Proper t ies  of I ce  

"The Temperature Dependence of the  Relaxation T i m e  of Po la r i za t ion  i n  Ice" ,  
E. J .  Murphy, Trans. of ElecChem. SOC. Vol. LXV (1934) pp 133 t o  142. 

Measurements were made between 20 cps and 100 KC and with b a l l i s t i c  measurements 
t o  per iods of 270 sec,  a t  temperatures down t o  -139C. The r e s u l t s  a r e  cons i s t en t  
i n  theory with the  subjec t  work with some q u a n t i t a t i v e  d i f f e rences .  

"Propert ies  of Ordinary Water Substance" (book) Dorsey (1940) , D i e l e c t r i c  Proper t ies  
of I c e ,  pp 495-510. 

A c o l l e c t i o n  of da ta  from many sources which includes conduct iv i ty  data  and some 
information on vol tage  breakdown. 

"The Concentration of Molecules on In t e rna l  Surfaces i n  Ice",  E .J .  Murphy, J .  of 
Chem. Phys. Vol. 19, No. 12 (December 1951) pp 1516-1518. 

A t h e o r e t i c a l  paper on " loca l"  conduct ivi ty  i n  i ce .  

"Die l ec t r i c  Losses of Ice",  F.K. Eder, Funk und Ton, N o .  1, pp 21-29. ( I n  German). 

Measurements were made between 100 cps and 10 mc a t  temperatures down t o  -5OC. 
Resul t s  are i n  s u b s t a n t i a l l y  b e t t e r  quan t i t a t ive  agreement with the  suhi,ect work 
than a r e  Murphy's (see above). = 2 and 
t an  6 = 0.1 were obtained. 

A t  -5C  and 14 cm wavelength values  of E 


