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Abstract

A pre l  in inary  eva iua t ion  o f  an  invent jon  by  JOSEPH C-  YATER for  power  con-

v e r s . i o n  o f  e ; r e r g y  f l u c t u a t j o n s  h a s  b e l n  c o n d u c t e d ,  I t  i s  c ' l  a i n e d  b y  t h e  i n v e r r  t o l '

tha t  the  cev ice  can t r . :ns fe r  therna l  encrgy  in to  usea ' r - ' ' l  e  e ' l  ec t r i ca l  po l ' te r  l r i l h

h i g h  e f f  . i  c i e n c y , _ .  T h e  b a s i c  c c n c e p t  i s  t h a t  t h e  t h e r n a l  s t , c t  n o j s e  g - ' n e r a t e d  i n

a n  e l e c l r . i c a l  c j r c u i t  c a n  b e  r e c t i f i e d  a n d  u s e d  f o r  p o ' ; c r  b y  c a s c a d i n g  l a r g e

n u  i : 5 . .  r  s  o f  s u c h  c i r c u i t s -

I t  v r a s  c o n c l u d e d  t h a t  t h e  c o n c e p t  i s  t h e o r e t r ' c a 1  l y  p l a u s i b l e ,  b u t  c o n s i d e : - a b l e

research  w i l l  be  necessary  ba fore  i t  can  be  phys ica l l y  demons 'u ra ted  and exp ' lo i ted

a :  a  p r o d ; c t .  T h e  e f i j c i e n c y  c l a i i ; e d  f o r  t h e  d e v i c e  i s  o v e r l y  o p t c : u i s " - i  c -  T l r a

o r j g i n a ' l  e s t i n a t e  o f  t h e  e f f i c i e n c y  n e g l e c t e d  h e a t  l o s s  b y  c c n d u c t i o n  r ' r h i c h  c a n

b e  a p p r e c i a b l e ,  I t  i s  r e c o n m e n d e d  t h a t  a n  a t t e n p t  b e  n a d e  t o  b u i l d  a n d  t e s t  a

research  pro io type o f  the  dev ice  to  be t te r  unders 'uand rvhat  migh t  be  ach ievab le '

i , l

L o n c e e t

c c ; i c c ! l t  o f  t h a  i n ' . , e n t i o n  u n C e r  e v a l u a t i c n  i s  
" h a t  

t h e  t h a r . n a l  n o i s e
! v i l ! ! ' / l

d  i n  a n  e l e c t r i c a l  c i r c u i t  c e n  b e  r e c t i f i e d  a n d  u s e d  f o r  p o : ; : : ^  b , v  6 3 5 -

- 1 r - .  .  i  . . - - .  '  i ' . , : i ' - s .  i i , e  a 2 p , - ; = i ; ,  t : i . t n  b . y  i l , :  i r ' ' c ; , - - , -  : .  i -r . _ ; r :  1
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use  a  vdcuu t r  as  a  t he rma l  ba r r i e r  and  coup le  t he  e l ec t r i ca l  c j r cu i t s  ac ross  t he
vacuu i r  ' i t h  capac i t o r s .  D iodes  a re  se rec ted  as  c i r cu i t  e . r ' emen ts .and  t he  bas i c
con f i gu ra t i on  f o r  a  s i ng re  c i r cu i t  i s  sho r . r n  schena t i ca l ) y  i n  F i gu re  r .
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T y p i c a l  p 3 r / e r  o u t p u t  f r o r  a  s i n g l e  c i r c u i t  i s  a b o u t  r 0 - 6  r . , , a t t s .  c o n s e q u e n  j ,  t o
a c h i e v e  r e a s o n a b r e  p o r i e r  o u t p u t  t h e  c i r c u i t s  n e e d  t o  b e  t i g h t l y  s p a c e d .  T h e  i n _
ventor  -s ta tes  

tha t  the  dens  i t y  needs  to  be  be t l . ieen  ' r06  
and r0 l0  dev ices /c rnZ.

B e l o i r  ' l 0 6  
d c v i c q s / c m z  t h e  e f f i c i e n c y  i s  u n r e a s o n a b l e .  A b o v e  r 0 1 0  d c v i c e s / c m z  t h e

' I  
inear  d i , r :ns ions  approach the  mean f ree  pa th  o f  an  e lec t ro .n .  Tab le  I  sho l . rs  the

c o n s c q u o n : e s  o f  t h e  c i r c u i t  d e n s i t y .

T h e  i n ' ; e n t o r  p r c p o s e s  t o  h a v e  t h e  d a v i c e  b u i l t  u s i n g  r : : o d e r n  m i c r o c j r c u i t

t e c h n o l o g y .  I t  r ' r o u l d  6 9  6 o n p r i s e d  o f  a  l a ; , e r  o f  n i c r o c i r c u i t  n o c u l e s  f o r  c o n -

q L



C i r c u i t

D e n s i t Y
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L i n e a r

5pac  i  ng
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Gap

Por.ter

0u tpu t

'l 
0B r,ra tts/m

lo-4 cm 104 wat ts /q r

106 r.ratts/mz

1 0

l 0

l 0

C i r cu i t  Dens i t y

a

TABLE I

v e r t i r r g  i h e n : a l  e n a r g y  i n t o  e l e c - . r i c  v o l ' . a g e  f l u c t u a t i o n s ,  a  s e c o n d  i a y e r  o f

n o c l u l e s  f o r  c o u p ) i n g  t h e  v o l t a g e  f l u c t u a t i o n s  a c r o s s  t h e  v a c u u n  t h e r n a l  b a r r i e r ,

r n r l  r  + h i r i  l : , , 5 r ^  ̂f  - o d u l c s  f o r  c o n v e r t i n g  t h e  e l a s t i c  v o l t a g e  f l u c t u a t i o n s  t b -

d i l e c t  c u r r : n t  p o ; ; e r .  S o : e  s o r t  o f  s p a c e l i s  r e q u i r e d  t o  s e p a r a t e  t h e  s u S s L r : t e s

r r h i c h  f o r n  t h g  v a c u u n  b a r r i e r .  T h e  i n v e n t o r  o r i g i n a l ) y  p r o p o s e d  a  l o l v  l o s s

d i p l p c l r i c  s l c h  a s ,  s  a : n h  i  r e .

T h e  t h : o r y  w h i c h  s u p p o r t s  t h e  p h y s i c a l  p r o c e s s  i s  c o n t a i n e d  i n  R e f .  l .  I t

i s  b a s c d  c n  q u a n t u r n  p h y s i c s  a n d  n r a y  b e  d i f i i c u l t  f o r  t h e  e n g i n c e r i n g  r e a d e r  i o

f o i l o w .  E l e c t r i c a l  e n g i n e e r s ,  a t  t e a s t ,  a r e  p r o b a b l y  m o r e  
- f a r , r i l  

i a r  r v i  t h  t h e r ; a l

sho t  no ise  r . ;hose povrer  i s  g iven  by

P = f l 4 f

w h e r e  K  =  B o l t z m a n ' s  c o n s t a n t

T  =  Abso l  u te  tempera ture

A f  =  B a n i J w i d t h

I n  o r d e r  t o  o b t a i n  p o l . , , e r  o f  t h e  o r d e r  o f  l 0 - 6  r / a i t s  p e r  c i r c u i ^ .  t h e  d j o d e s  h a v e
1 A

t o  b e  a b l e  t o  r e c t i f y  t h e  n o i : e  t l r . t u u t i o n ,  o v e r  a  b a n d ; t i d t h  o f  l O r q  H z '  I t

h a s  b e e n  s h c ; ; n  e r p a r i n e n r - a l l y  t h a t  c c r t a j n  d i o C e  j u n c t i o l l :  d o  r e t a i n  
" h e i r  

n c n l  i n e a r

: ) l



cur rcn t -vo l tage ch  a : -a  c  te  r  i  s  t  i  c  s  over  such a  f rcquency  range (Ref .  2 )

P a r a ; n ? t e r  A n a  I v s  l 5

The u l t . ina te  u t . i l  i t y  o f  the  proposed dev jce  r ' r i l  I  be  de tern ined pr inar i l y

by  the  e f f  i c ' iency  t . r i th  r . rh ich  i t  conver ts  thernra l  energy  to  e lec t r i ca l  po l ' re r .

The e f f i c iency  o i  the  convers jon  process  i t se l f  v ras  the  main  cons idera t ion

in  Ref .  l ,  where  i t  r . ras  conc luded tha t  there  r . ras  no  theore t ica l  l jm i t  to

approach ing  Carnot  e f f i c iency .  Hot . ;ever ,  as  a  p rac t ica l  dev ice '  the  major  fac to r

r i h i c h  w i l l  d e t e r r n i n e  t h e  p e r c e n t a g e  o f  C a r n o t  e f f i c i e n c y  r ' r h i c h  c a n  b e  a c h j e v e d  j s

the  heat  loss  across  the  vacuum bar r ie r .  The th ree  t rays  in  i rh jch  the  heat  energy

c a n  b e  l o s t  a r e  r a d i a t j o g ,  c o n v e c t i o n  a n d  c o n d u c t i o n .  R a d i a t i o n  r ' r a s  c o n s  i d e r c c i

b y  t h e  i n v s n t o r  t o  b e  t h e  m o s t  s i g n i f i c a n t  a n d  h e  c a l c u l a t e d  i t  t o  b e  i t e 9 1  i 9 i b l e

1 '  a
( 2  x  l 0 - l z  r v a t t s / c , n z ) .  C o n v e c t i o n  l r a s  n o t  c o n s j d e r e d  b y  t h e  j n v e n t o r ' .  I t  i s

d i f f i c u l t  t o  c s t i r i , a t e  b e c a u s e  i t  i s  n o t  k n o l ; n  u h a t  l e v e l  o f  v a c u u m  c : n  b e  o b t a i n e d

i n  t h e  g a p .  c o n v e c t i o n  c o u ' l ' d  b e  a  p r o b i e n  i f  t h c r e  i s  a n y  c u t  g a s s i n g  f r o m  t h e

c o r i p o n e n t s .  T h e  m e a n - f r e e - p a t h  l c n g t h  f o r  t h e  m c l e c u l e s  r ' r i 1 1  p r o b a b l y  b e  l a r g e

v r i t h  r e s p e c i  t o  i h e  s i z e  o f  t h e  g a p .  C o n d u c t i o n  a c r o s s  t l r e  s p a c e r  t l a s  a ' l  s o  n o t

c o n s i d e r e d  b y  t h e  i n v e n t o r .  I t  i s  s t r a i g h t f o n ' r a r d  t o  e s t j m a t e  u n d e r  s i n p l i f y i n g

n
a s s r r - - ' - i o n , .  T h e  h e a t  l o s s  p e r  u n i t  a r e a ,  f  i s  g i v e n  b y

q =  K  a r
,  A - - -

v;here

K =  ther rna l  conduct iv i t y  o f  mater ia l

IT  =  te r ' :pera ture  d i  f  fe rence

L =  length  o f  therma ' l  pa 'uh

T h e  v a l u e  o f  K  f o r  c a r b o r u n d u n  v r h i c h ' i s  o n e  o f  t h e

cou ld  be  ured  fo r  a  spacer  and rvh jch  approx imates

i n v e n t o r  i s  . 0 0 2  t t a t L s / c n / " C .  U s i n g  5 0 0 o C  a s  t h e

b e s t  i r r s u l a t i n g  m a t e r i a l s  t h a t

the  n :a te r ia ' l  ProPosed bY the

t .enpera  tu re  d i  f fe rence '  as -



s u r n i n g  t h e  s m a l l e s t  g a p  o f  l 0 - 6

t h e  h e a t  i o s s  t h r o u g h  c o n d u c t i o n
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cn ;  and  a l l g i r i ng  l l  o f  t h r -  a r ca  f o r  space r ;

i s  t he  sa ; r e  o rde r  o f  magn i t ude  as  t he  ene rg ; ,

o u t p u t .  T h i s  i s  e q u i v a l e n t  t o  a n  e f f . i c i e n c y  o f  o n ) y  5 o i l  o f  c a r n o t .  l , l i t h  a

l a r g e r  g a p  t h e  h e a t  l o s s  t h r o u g h  c o n d u c t i o n  r e d u c e s  i n v e r s e l y  r , r i ' u h  t h e  g a p

s i :e '  bu t  the  e lec t r i ca l  energy  ou tpu t  reduces .  inve . rse ly  as  the  square  o f  thc  gap

s ize  r ' rh ich  makes the  e f f i c iency  r . ro rse .  In  o r -der  to  ge t  50% o f  carno t  . in  the
A

c a s e  o f  t h e  l 0 - 1  c m  g a p  t h e  s p a c e r  c r o s s  s e c t i o n  r v c u l d  h a v e  t o  b e  l e s s  ^ L h a n

. 0 ] 7  o f  t h e  a r e a .  T h e s e  c a l c u l a t i o n s  i n d i c a t e  t h a t  f o r  t h e  c e v i c e  a s  p r c p o s e d

m a j o r  l o s s e s  w i l l  o c c u r  a s  h e a t  c o n c r c t i o n  a c r o s s  t h e  s p a c e r s  i n  t h e  t h e r n a l

9 a  p .

The inventor  has  responded to  th is  c r i t i c i sm by  observ ing  tha t  there  nay  be

e n g i n e e r i n g  t e c h n i q u e s  r , ; h i c h  v r i l l  a l l o x  t h e .  g a p  t o  b e  n a j n t a i n e d  v r i t h  a s  l i t i l e

as  .0011 o f  the  arca  used fo r  suppor t .  He re fe rs  to  h is  o rvn  r . ro r l :  on  thc  p rcsc i -va-

i i o n  o f  o p t i c a )  f l a t s  u s i n g  t l r i n  f  i l r n s  f o r  s u p p o i - t  ( R e f .  4 ) -  I t  m a y  a l s o  b e
- ^ . . ; L  I  ^  r ^  ' -  r . , ^  . r  t . ^  - .p 0 s s r D i e  r o  n r . v e  r n 3  s p a c e r  t h c } ; a l  p a ' . h  n a c e  l a r . g a r  i h a n  t h e  c a p a c i t o r  p l a i e

s c p a r a t i o n .  I n  a n y  e v e n t ,  c o n s i c e r a b l e  e n g i n c e r i n g  d e s i g n  r v i l l  b e  n e c e s s a r y  t o

m i n i n i z e  h e . : t  c o n d u c t b n  r . r h i l e  m a i n i a i n i n g  t h e  g a p .  T h e  f i g u r e  o f  m e r i t  u i l l  b e

the  thcr r la l  heat  loss  per  c i rcu i t .  l , l i th  p resent  technc lcgy  even l0 -6  r . ra t ts /c i rcu i  t

( 5 0 1  o f  C a r n o t  e f f i c i e n c y )  a p p e a r s  o p t i m i s t i c .

E x p e r t  0 p i n i o n s

Par t  o f  the  eva ' lua t ion  procedure .  r ' /as  to  ask  se lec ted  f l IT  facu l ty  Lo  express

t h e i r  p e r s o n a l  o p i n i o n s  a b o u t  t h e  p o t e n t i a l  o f  t h e  i n v e n t i o n .  T h i s  i n c l u d e d ,  i n

a d d i t i o n  t o  t h e  r e g u l a r  I n n o v a t i c , n  C e n t e r  f a c u l  t y ,  E . p .  G y f t o p o u l o u s ,  G . l { .

H a t s o p o u l o u s ,  c - G .  F o n s t a d ,  a n d  A .  s a n c h e z _ R u l s i o ,

A l l  those rev ie r . ;ad  the  in r , ,cn t ion  agreed tha t  an  a t te r . rp t  shou ld  be  nade to

r u i l d  a n d  t c s t  a  d e n r c n s t r a t i o n  n o d e l .  T h e r e  f r a s  a  u n a n i m o u s  o p i n i o n  t h a i  t h e

p o \ v ? r  o u t F , u t  a n d  e f f i c i c n c y  o f  a  r . , . o r k i n g  r , r o d e l  r . ; c u l d  b e  m u c h  l e s s  t h a n  a n . u i c i p t i e C
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b y  t h e  i n v e n t o r .  T h e  m o s t  p e s s i m i s t i c  o p i n i o n  r . r a s  e x p r e s s e d  b y  G y f t o p o u l o u s ,

r . ; h o  f e l i  t h a i  t h e  d e v i c e  a s  d e s c r i b e d  t t o u l d  n o t  t r o r k ,  a n d  i f  a n y .  e 1  e c L r i c a l  p c ' ' , e r

Output  r . re re  ach jeved i t  r . rou ld  be  because the  capac i to rs  across  Lhe vacuum gap

r . r n r r ' l  d  h p  a c t i n c  t h p  s a m 3  a s  t h e r r n i o n i c  d i o d e s  y h o s e  e f f i c i e n c y  h a s  b e a n  s t u d j e d

ex tens ive iy  and is  fa r  l . ro rse  thdn tha t  c la r 'n :ed  in  the  invent ion  s ta tement -

P r o f e s s o r  F r a n c e s  L e e  f e l t  t h a t  i t  m i g h t  b e  n e c e s s a r y  t o  p u t  t h e  e l e c t r i c a l

l o a d  a c r o s s  t h e  o u t p u t  d i o d e s  i n  a  b r i d g e  c i r c u i t  a s  s h o l i n  i n  F i g u r e  2 -

I

l i

, l' l

I

I
I

I

I F i g -  2
O u t p u t  B r i d g e

C i r c u i tI

I

I
I

l

F o r  e l e c t r i c a l  e n g i n e e r s  t r h o  u n d e r s t a n d

t h a n  a s  q u a n t u n  m e c h a n i c a l  d e v i c e s ,  E i g u r e  2

e x p l a n a t i c n  o f  h o w  r c c t i  f i c a L i o n  c a n  o c c u r .

m a j o r i t y  o f  e x p e r ' " s  f e i  t  t h a t ,  i n  p r i n c i p ) e ,

therna l  no ise  por rer  v ras  theore t jca ' !1y  va1 id .

vAcuu.l
I  n  ! -  l  - ' 1 , 1 t

BARP. I  ER

d  i  o d e s  a s  c i r c u i

p rov  i  des  a  more

t, l i  th the above e

' "h  e  concept  o f  r

C O L D  S I D E

t  e l  e rnen ts  be t te r

a p p e a l  i n g  c o n c e P t u a l

x c e p t i o n s  '  t h e

e c t i  f i c a t i o n  o f
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E x o e r i n e n t a l  V e r i f i c a t i o n

E x p e r i n e n t a l  v e r i f i c a t i c n  f h a t  t h e r n a l  n o i s e  p o r . t e r  c a n  b e  r e c t i f i e d  h a s

b e e n  r e p c r t e d  i n  t h e  l i t e r a t u r e  ( R e f .  3 ) .  T h e  e x p e r i m e n t  r . ; a s  d o n e  w i t h  a  r a d i o ; e i a r .

a n d  a  v j d e o  d e t e c t o r .  T h e  r e s u l t  s h o r v e d  o n ) y  q u a l i t a t i v e l y  t h a t  r e c t i f i c a t i o n  i o c k

p l a c e .  T h e r e  r ; e r e  n o  q u a n t i t a t j v e  n : a s u r e ; r : a n t s  t h i t  c c u l d  b e  e x t r a p o l a t e d  i n t c  a n

ef f i c iency  fo r  the  process .  The po l re r  genera ied  t tas  a l l  a t  the  s igna l  1eve1 ,

I n  o ; ' r - ' r  t o  g e t  e l e c t r i c a l  o u t p u t  a t  t h e  p o u g r  l e v e l  i t  r . r i l  I  b e  n e c e s s a r y

to  have la rge  nur , , ' : ' . : s  o f  c i rcu i t ,  aur .ud .d  together  as  p roposed by  the  inventor .

I t  a p p e a r s  r e a s o n a b l e  t o  - + t e n p i  t h e  e x p e r i n r e n t  s i n c e  i t  i s  t e c h n i c a l l y  f e a s i b l e

a n d  h a s  n o t  b e e n  c o n d u c t e d .  C ; . ^ u i t  s p a c i n g  t o  i O - 3  c - l i r  i s  s t a t e  o f  t h e  a r t  r . r i i h
' A

o p t i c a l  c i c h i n g .  S o m e  n a n u f a c i u r e r s  u l . i r , r  l 0 - a  c m  w i t l r  o p t i c a l  e t c h i n g .  T i g h i e r

s p a c - i n g  i s  p r o b a b l y  a c h i e v a b l e  v r i t h  e l a c t r o n  t  e - n r  e t c h j n g .  l l o s t  o f  t h e s e  n u r b a r s

a r e  b a s e d  c n  s i l , i c o n  t e c h n o l . o g y  l r h i c h  s t a r t s  t o  h a v e  p r o b l c n s  r ' r i t h  i t s  c h a r a c t e r i s -

t i c  p r o p : r ' i i s :  i b o v e  4 0 0 " C .  R e s e a r c h e r s  h a v e  n a C e  d i o d e s  r . r c r k  a t  e l e v a t e d  t e i : p e r a -

tu res  r r r i th  d i f fe re  n t  n ra te r ia ls -  T i r r : :3  :s  a  p r  oo lem rv i th  cos t  fo r  sona o f  the  r , ro re

e x o t i c  t e c h n o l o g i e s -  T h e  s i z e  o f  t h e  t h e r n e l  g a p  c a n  b e  m o n i t o r e d  d u r i n g  c o n s i r u c -

t i o n  r v i t h  a n  e l e c t r o n  m i c r o s c o p e .  P r o l e s s o r  F o n s t a c i  h a s  s t a L e d  t t r a t  i t  w o u l d  b e

v c r y  r c e s c r a l r e  r o  a r r e i n p t  t c  U u i t a  t h e  C : v i c e .  T h e r e  i s  c o n s j d e r a b l e  e n g i n c e r i n g

to  be  done in  the  cho ice  o f  r , ra te r ia ls  and de tar ' led  des ign-  There  r . r i l  I  be  inev i tab ' l  e

t radaof fs  tha t  cpn  on ly  be  fu l i y  apprec ia ied  by  a t tempt ing  to  bu i ' ld  the  dev ice  fo r

e x p e r  i n : e n  t a 1  v e r i f i c a t i o n

E v a l u a t i o n

l .  Paraneter  ana lys is  o f  the  proposed dev ice  fo r  po ' , re r  co t tvers ion  o f  ther r , ra l

n c i s e  : h c ; r e d  t h , r t  h e : t  I o s s  t h r o u g h  c : n d t c t i o n  a c r o s s  ' ' - h e  S p a c e r S  S u p p c r t i r . 3

t h e  v a c u u m  b a r r i e r  s e r i o u s i y  d e g r a C a s  t h e  o v e r a l l  e f f i c i e n c y .  I n n o v a L i v e

e n g i n e e r i n g  C . . : i g n  r ; r i g h t  r r a k e  i t  p o s s i b l e  t o  o v e r c o ; ; 1 3  t h i s  d e f i c i c n c y '

Lt
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T h e  t h e o r e t i c a l  b a s i s  f o r  r e c t i f i c a t i o n  o f  t h e r n a l  n o i : e  e n : 1 1 - '  j 5  v ' r l

T h e r e  r ' r a s  a  m i n o r i t y  o p i n i o n  t h a t  t h e  j n v e n t o r ' s  d e v i c c  t t o u l d  r ' c r  r : o r ' i '

as  dep ic ted .  The maior j t y  opr 'n ion  v 'as  tha t  j t  cou ld  bc  rnad:  Lc  r ' ;o r l "

a re  too  many unknc t tns  to  p red ic t  the  e f f j c iency  rv i thout  car r l ' :n3  ou t  a

t a i l e d  e n g i n e e r i n g  d e s i g n '

T h e  o n l y  p h y s i c a l  d e m o n s t r a t i o n  o f  t h e  r c c t i f i c a t i o n  o f  t h e r n : a l  n o i s e  h a s

b e e n f o r a s i n g l e i s o l a t e d c . i r c u j t a t s i g n a l p o l . ; a r 1 e v e 1 s .

E l e c t r i c  c i r c u j t s  o f  t h e  s n a l l  d i m e n s i o n s  n e c e s s a r y  h a v e  b e e r t  n a n u f a c i u r e d

a 1  t h o u g h  n o L  j n  t h e  c o n f i g u r a t i o n  p r o p o s e d '  T h e  m a j o r  t e c h n o l  o g i c a l  b a r r i e r

i s  t o  b e  a b l e  t o  n a i n t a i n  l 0 - 4  t o  l O - b  c n  s p a c i n g  a c r o s s  t l t e  v a c u u n  g a p

v r i " h o u t  c o n d u c t i n g  e x c e s s i v e  h e a t  t h r o u g h '  t h e  s u p p o r t i n g  s t r u - u u r e '

Cons iderab ' le  Ces ign  t ;o rk  has  ye t  to  be  done in  the  cho ice  o f  t i re  e - lec t r i ca l

c i r c u i t  c o r r p o n e n t s  a n d  t l r e  s t r u c t u r e  o f  t l r e  t h e r m a l  b a r r i e r '  E n g i n e e r i t l g

t r a c e o f f s  r ' r ' i l l  b e  n c c e s s a r y  j n  t h e  s e l c c t j o n  o f  t h e  m a t c r i a l s  t o  b e  t r s c d '

A  d e t a i l e d  d e s i g n  o f  t t t t  d e v i c e  h a s  y c t  t o  b e  c o i i p l e t e d '

?

T h c r a

o i  the  de-

m a i n t a i n e d

l  oss bY

of  the gaP
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5 .  T h e r e  a r e  m a n y  p o t e n t i a l  p r o b l e m s  t r h i c h  c a n  l i m i t  t h e  u s e f u l n e s s

v i c e .  T h e r e  i s  t e c h n i c a l  u n c e r t a i n t y  i n  t h e  f o l l o t t . i n g  a r e a s :

( a )  T h e  t o l e r a n c c s  o n  t h e  d i r n e n s i o t r s  o f  t h e  v a c u u m  g a p  n a y  n o t ' b e

in  the  face  o f  the  tenpera lu re  and pressure  grad ien is ' '  Heat

conduct ion  r ' r i l l  be  inc reased a t  any  po in t  t ' there  the  t t ro  s ides

'  
-  cone in to  contac t

(b )  Outgass ing  o f  the  cor iponents  nay  degrade the  qua l i t y  o f  the  vacuun l r i ' uh

a t t e n d a n t  h e a t  l o s s  a c r o s s  t h e  g a p  t h r o u g h  c o n v e c t i o n '  -  " '

( c )  r i ie 'e lec t r i ca l  c i rcu i t  e le rnents  may no t  be  ab le  to  surv ive  
'uhe tenpara-

tu re  o r  Pres9ure  env i ronment '

( d )  L e a k a g e  c a p a c i t a n c e  o r  s t r a y  i n d u c t a n c e  m a y  i n f i u e n c e  t h e  e ' l c c t r i c a l

c h a r a c t e r i s t i c s  o f  t h e  c i r c u i t s '  c o u p l i n g  v r o u l d  c a u s e  i n e f i i c i e n c y '

( e )  r n e  c o s L  o f  n a n u f a c t u r i n g  t h e  d e v i c e  m a y  n a k e  i t  n o n c c r r p e t i t i ' r e  r ' r i t h

.  O t ; r a r  C I l < a J j l  C - l r ' r i i i . t s '  
b )
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The concept  i s  theorc t i ca l  l y  p1  aus ib le '  The e f f j c iency  r ' r ' i 11-  be  poorer

t l ' :an  c ' l  a  j r red .  There  are  many po ten t ia l  techn ica l  p rob lens  tha t  need to  be

bet ie r  unr . le rs tood.  l ' l o rk  on  the  concept  shot i ld  be  cons idered as  research  as

o p p o s e d t o p r o c u c t d e v e l o p n e n t . } l h j l e t h e r e i s a l l ' l a y s t h e r i s k o f s p e n d . i n g r e -

search  money and no t  ob ta in ing  a  p rac t ica l  dev ice  fu r ther  expend i tu re  o f  
' research

- funds  
is  deened appropr ia te  s ' ince  there  is  no  conc lus ive  ev idence a t  th is  s tage

t h a t t h e c o n c e p t c a n n o t b e m a d e t o t . t o r k . A n a t t e i r r p t s h o u . l d b e r , r a d e + - o n a n u f a c t u r e

and tes t  a  dev ice  o f  the  type  proposed '
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