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Conductors a t  Equal Po ten t ia l  I n  t h i s  category 
we considcr f i r s t  t h e  elementam case i n  which no 
voltage i s  a?plied to e i t h e r  conductor.~he rssults 
obtained i n  th ree  consecutive o m r e s  of one sam- 
p l e  each of R059 B/U and RC62 3 cable a r e  compand 
i n  Table 1 in which t h e  peak values of t h e  current 
s ignals  obsemed i n  the  cen te r  conductors and t h e  
sh ie lds  a r e  l i s t e d  in micro-ampere. 

Several t y p i c a l  di f ferences  between t h e  tuo ca- 
b le  types arz read i ly  apparent. The center  conduc- 
t o r  s ignal  of t h e  RG59 B/U cable i s  so  small t h a t  
we needed addi t ional  preamplifiers f o r  i t s  m e a m  
ment. I n  th ree  exposures it d r i f t s  from -5 ua t o  
s n a l l e r  but pos i t ive  signals. A t  s u c h . 1 0 ~  s ignal  
l e v e l s  t h e  change i n  p o l a r i t y  i s  not necessar i ly  
s ignif icant .  The RG62 A/U cen te r  conductor, on t h e  
other  hand, shows a very strong signal of +750ua 
i n  t h e  f i r s t  shot, but changes t o  m c h  sinaller and 
negative values in t h e  second and t h i r d  exposum. 

The shield  s ignal  of a 5 9  B/U remains unchanged 
a t  -100 ua through a l l  t h r e e  shots, while t h a t  of 
RG62 A/U ndrrors t h e  behavior of i t s  center  cmduc- 
t o r  in dropping from the strong initial signal of 
- 1 , O ~  ua t o  a l e v e l  below -200 i n  t h e  subsequent 
shots. 

If we compare t h e  s igna l s  from both cables In 
t h e  t h i r d  shot with those i n  t h e  first w n o t e ,  t h a t  
t h e  response of RG62 A/U i s  c lose ly  approaching 
t h a t  of ~ ~ 5 9  B/u, and if we make allowance f o r  t h e  
s c a t t e r  of data  winch i s  cornonly encountered i n  
measurements of this type w s  conclude t h a t  t h e  c k  
b l e s  can no longer be distinggiched f m m  each other 
'by t h e i r  noise signals.  

It should be noted t h a t  i n  both cables tb 
shield  s ignal  exceeds t h a t  of the  center conductor 
by appraxir.ately two orders of rmgnitude. This dis- 
p a r i t y  i s  probably caused b:f t h e  f a c t t h a t  the  skidd 
braid  by v i r t u e  of i t s  much l a r g e r  area  and rela- 
t i v e l y  t h i n  i n d a t i o n  i s  ucoupledll much more c l o s e  
l y  t o  t h e  ionized environment than t h e  center con- 
ductore 

The d r a s t i c  reduction of t h e  noise s igna l s  i n  
consecutive expoawes under unchanged conditionsof 
applied voltage exemplified by t h e  RG62 A/U cable 
w i l l  henceforth be cal led f l t ra iningf lo  A sa t isfac-  
t o r y  explanation f o r  t h i s  e f f e c t  and f o r  +.he dras- 
t i c a l l y  d i f f e r e n t  behavior of t h e  two cahle t.ypes 
with respect t o  t ra in ing  i s  still laclang. 

The second case of equipotentinl cwrulucbrsstud- 
l e d  i s  t h a t  In  which a voltage of 268 v o l t  was a p  

. pl ied  t o  t h e  cen te r  and t h e  shield  simultaneoilslp 
The observed response s igna l s  a re  reproduced sche- 
mat ical ly  i n  Fig. 2 f o r  R059 B/U and i n  Fig. 3 f o r  
RG62 A/U. The voltage schedule used I n  this six 
s e r i e s  was t h e  normal sequence of t h r e e  shots a t  
+26W followed by o m  shot each a t  0 volt ,  +268V 
and -268Vo 

I n  Shot 4, t h e  nc+voltage shot, the  d g n a l s  were 
saallcr than had b o a  expected and therefore t h e  
s e n c i t i v i t y  of tho  measurement was 1nsufficj.ent t o  ' 
determino t h e i r  precise  values. We can s ta te ,  how- 
ever, t h a t  they a r e  compatible with t h e  data  1- 
in Table 1 f o r  tho  t h i r d  sho to  

The dmng pocitivo response of tho  -2 A/U 
cente cond c t o r  i n  t h e  f i r s t  shot du U c a t e s  in 
pol&fty antfmagnitude t h e  behavlor i n  !he f i r s t  n* 
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voltage shot in Table 1, and i t s  subsequent dras- 
t i c  decrease follows a l s o  t h e  pa t te rn  of i t s  coun- 
t e rpar t .  We note therefore  t h a t  t h e  t ra in ing  ef- 
f e c t  of t h e  RS62 A/U cable occurs i n  both e q u i  - 
voltage cases. 

The remaining r e s u l t s  s h a n  i n  Figs. 2 and 3 . 
d i f f e r  di-amatically from those covered so far.The 
s igna l s  from t h e  center corductors a r e  no longer 
u n i d r e c t i c n a l  pulses but s i n ~ J e  cycle sirmsoids 
with peak-to-peak values between 150 and 200 ua. 
The sh ie ld  s ignals  maintain t h e i r  s ing le  pulse n s  
ture ,  but t h e i r  peak values increased to  a range 
from 3,000 t o  3,500 ua, and t h e i r  p o l a r i t y  is gav- 
erned by t h a t  of t h e  applied voltage. 

The high values of the  shield  s ignals  haclbecn 
more o r  l e s s  expected i n  view of r e s u l t s  of e a r l i e r  
measurements2 In which thevol tage had been applied 
t o  tho  shield,  ant1 they a re  a l so  plausible  because 
of t h e  r e l a t i v e l y  int,imate contact between t h e  
sk ie ld  and i t s  e n v i r o w n t  a s  mentioned before. 

The o s c i l l a t o r y  response o f t h e  center conduc- 
t o r ,  hmrever, was a t  f i r s t  qui te  puzzlingo l.'hile 
s ignals  of t h i s  ty-pe had been observed by many- 
e r s  i n  this f i e l d  they were usually considered a s  
curious nnomalies u n t i l  an analysis  i n  terms of 
lumped-circuit parameters pointed t o  a possible ex- 
planation .5 

I n  f i g s ,  2 and 3 our  scale  fac to rs  a re  chosen 
in a r a t i o  of 20 t o  1 f o r  the  center conductors and 
t h e  sh ie ld  s igna l s  respectively. In t h i s  presen- . 
t a t ion ,  a t y p i c a l  osc i l l a to ry  peak-to-peak centar 
signal of 150 ua i s  equal in size t o  a 3,000ua sig- . 
n a l  from t h e  shield. Since practicL?lly all of the  
o s c i l l a t o r y  s igna l s  agree very c lose ly  in t h e i r  
magnitude a s  depicted with t h e i r  conpaxion shield  
values we concludo t h a t  a f ixcd re la t ionship be- ' , 

tween these signals must e x i s t  such t h a t  5 percent 
of t h e  sh ie ld  s igna l  a re  transformed i n t o  the  0s- 

c i l l a t o r y  center response. 
This re la t ionship was iden t i f i ed  a s  s t ra ight-  , 

forcrard dif ferent ia t ion.  I n  Fig. h we have replot- 
t e d  our c i r c u i t  sholdng t h e  cable capacitance of 
1,6k0 uuf and t h e  measuring r e s i s t o r  RS inthe shield , 

l e g  which was e i t h e r  100 ohm or  1,000 ohm. I n  the  
analysis  t h e  shield  current i s  represented bya sin- 
g l e  cycle of a s ine  wave b e g i n d q  and ending a t  
i ts  negative peak value. The r a t i o  of the d i f f e ~  
en t ia ted  current i n  t h e  center conductor and t h e  
s ignal  current i n  t h e  shield becomes 5 per  cent f o r  
R, = 1,000 ohm and .S per  cent f o r  RS - 100 ohm 
when t h e  pulse duration i e  about 200 us. This can. 
pares very favorably with t h e  actual  pulse durutifn 
considering the  o v e r s ~ l i f i c ~ t i o n  i n  the  a n d y s i g  . 

M r e c t  e l e c t r i c d  simulation measurements confinned 
t h e  o r ig in  and nature of t h e  osc i l l a to ry  s ignal  b 
yond any doubt. 

I f  t h e  con tdbut ion  from t h e  d i f fe ren t ia ted  
shield  current t o  t h e  center cc;nductor s igna l  i s  
subtracted from the observed values, we obtain t h e  . 

same response behavior as i n  the  no-voltage case, 
namely, very s m d l  values f o r  RG59 B U throughout 
and equally small v d u c s  f o r  RCh2 A A ,but f o r  this - 
cable only a f t e r  it has gone through a t  l e a s t  one 
t r a i n i n g  shot xdth a very strong signnl. 

The bohavior of tho equipotent ia l  RC S ~ B / U  , . 
cnxxi.d cablc ms compared with t h a t  of i t s  rncdi- 
f i e d  version, t h e  t r i -coaxlal  cable, type ZL-527, 
which d i f f e r s  fmm it by an additicmalshield b ra id  , 

b .  



and jacket.  h ro  ~ n n p l e s  of  t h i s  cab le  wore sub* . 
t e d  to t h e  u m a l  s ix-shot  cycle. The c i r c u i t  d ia -  
e ~ a m  is shown i n  Fig. 5. I n  t h e - f i r s t  two shot. . 

' . +268V wnc appl ied t o  t h e  c e n t e r  conductm and t h e  
inner  sh ie ld ,  i n  t h e  t h i r d  s h o t  o n l ~  t o  t h e  c e n t e r  . 
conductor, and i n  t h e  fourth,  f i f t h  and 8Fxthshots . 

. t h e  n o m l  rou t ino  of no-voltage, 4268 a n d .  -."hm 
WM folloved. The lmer s h i e l d  was l e f t  f l o a t i n g  
i n  the  t h i r d  shot.  The meaai~r!.ne r a s i z t o r  14 t h e  
c e n k r  conductor w . a  l',000 o h  d b b o t h  sh ie lds ,  
100  ohm. 

The two samples d i f f e r e d  i n  one r e s p e c t j  wN.le 
one w a s  e l e c t r i c a l l y  open a t  t h e  exposed end, tb 
c e n t e r  conductor of t h e  o ther  one was connectdd to , 

t h e . o u t e r  s h i e l d  by mane o f  a 100  k i l o - o h  ccs rba  
fib r e s i s t o r  s o  t h a t  a qu iescen t  c u r r e n t  of 2.7 
m i l l i - n q e w  w a s  f l o v i n g  d u r i n e  exposure. 

The observed s i g n a l s  w e  l i s t e d  I n  TQbls 2. 
Several  f a c t s  deserve r o t i c e .  The c e n t e r  conductas 
of both samples agree i n  t h e i r  s i g n a l s  aa c l o s e  M 
we can measure thorn through a l l  six shots .  The i r  
magnitude i s  naqonably  c l o s e  t o  tht of t h e  regu- 
lu RG59 B/U cable. I n  Shot 3 ve s e e  an o s c i l l n -  
t o r y  lrignal possibly due to t h a  f a c t  t h a t t h e  a h U  . 
was n o a t i n g  i n  t h i s  case. I n  s h o t s  5 and 6 t h  
s igna ls  become very s m a l l .  

In  s p i t e  o f  t h e  app l ied  vol tage o f  +26& tb 
. 

, s i g n a l  h.m t h e  inner  s h i e l d  i s  below lClO ua i n  
magnitude. This  remarkable d i f fe rence  f r o m  t h e  
behavior of  t h e  RG59 B/U cab le  must be c r e d i t e d  to 
t h e  presence of t h e  ou te r  s h l e l d  which appears t o  
provide e l e c t r o s t a t i c  . p r o t e c t i o n  fron i n t u a c t l c a  
v l t h  t h e  ionized environment. 

The p o l a r i t 7  of  t h e  inner  s h i e l d  s i g n a l  cur-  . 
r e n t  1s deternined by t h a t  of t h e  app l ied  ro l tage ,  
bu t  an i n t e r e s t i n g  discrepancy occurs i n  s h o t - b  
where t h e  vol tage i s  removed. For t h e  two samplas 
t h e  s i g n a l  assumes values o f  +20 ua  and + l ~ u w h i e h  
c o n t r u t  sharp ly  with t h e  le'vel of  -100 ua to -2d0 
ua i s t a d  la Table aa t y p i c a l  exanplea f o r  t he  

B/U m d  8G62 A jU  c ~ n f i g ~ a t i w ~  O b r i o u a ~ , t h ,  
d i f f e r e n c e  is being cauaed by t h e  pmsence of  tbr 
ou te r  s h i e l d  i n  t h e  21-527 cable; q u i t e  p o s s i b l y  
the small  p o s i t i v e  response sign& r e f l e c t  mrs 
c l o a e l y  t h e  i n t r i a s i c  behavior o f  t h o  haar a h i o l d  
than t h e  l a r g e r  negat ins  values, b u t  nore d a k  are 
required f o r  any rmch asssrtioa. 

The c u r r e n t  vdluea of  t h e  ou te r  s h i e l d  i b o l f  
are i n  post c a m e  highly Irregular. only t f u a  -50 
ua r r l u e  f o r  bo th  samples i n  Shot b rittmt .ppUrd  
m l t a g a  and tha  -100 or to -200 ua  d u e s  fcr snnplo 
21-527-2 in Shoee 2, 3 and 5 a r e  i n  k e e p i n g r i t h t h s  
e h i e l d  bahavior oe we ham described it before. ?m 
remaflning d u e s ,  howaver, ranging f o r  no apparent 
reason from 4700 na  to 9 0 0  ua  a r e  q u i t e  obv2owl.y 
moacilme, We ham been able  to i d e n t i 0  t h e  na- 
ture and source o f  these  o r r a t i o  s i g n a l s  an p ~ & -  
a l t i o  leakage c u r r e n t s  i n j e c t e d  I n t o  t h e  grounded 
e h i e l d  f i o ~  n o a r b  sanples  & o m  g r a d  p o t a n t i d .  
This  tw of i?ter.~tlon is  discussea la ~ c o v  do- 
hll i n  another  eeo t ioa  belolr, 

U n W , t b  expsPLasnt r i t h  t b t r i - c o a x i i l  
c a b l e  hul been p l u m e d  for t h a  pnrpose o f  a t o r -  

t h e  100 K i l o = o h  o u b m  flln r e a i r t a r  thrmgh . ' 

th. r rd ia t io r r  pplao, vo find tbt t h o  hm .. 
b o t h  o a b l e  i q l e r  cue p r e o t i c a l l ~  l m l l a t h g ~ i s b -  
.bla far oql gimn ohot, 1. o.thoir d i i f o m m e U  
Dot rn- oeaoitirit# or 2 5 e*, 

This i m  t r u e  desp i t .  t h e  f a t  t h d  th r w l a  r i t h  
t h e  r t t achsd  r e s i r t a t  c u r l e d  r quiescent  m n t  , 
of 2.7 d l l i - a n p a r a ,  We oonclode t h o r e f m  t h a t  
t h i s  c u r r e n t  flow d i d  n o t  ohan@ b7 nore t h r n  5 
ua  .nd that conse e n t  t h a  remis tor  maintaineb 
i t s  .due  within Y . 2  Lent -ng t h b  r d a t i m  . 
pulse ,  Tho p r a c t i o i l  u s s f b l a e s r  of t h i s  muurirrq 
method is roll derwmstrrtod by t h i s  f i r r t  remult . 

m d  further r r f l r m a n t o  vill Icgrora  itr r e m i t l g  
Coaductora a t  Di f fe ren t  P o t o n t l d s  Tho cult10 

conductor r ibboa cab lo  (hDwofmth  r e l e r n d  to rn 
K C )  WM brio- & ~ ~ r l b E d  h tb i n t r ~ d ~ c t i - .  
b e  m q l a  ran orposcd to t)r, mal n i x - r h ~ t  00- 
quenco a d  fw o f . 1 t r  e i g h t  O O ~ & O ~  b-. 
dir idu. l l f  noaltored. Conduotore 1 and .2 W O ~ O  hl- 
rqlm kept  a t  g m d  p o t e n t i d .  Conduo* 5 *Ird a 
c a r r i n d  . n , a p p l i r d  voltage o f  4268V a d  -268'1 r.- 
s p e c t i m u  ttrrough t h o  mt thrn q o m r r r j t b r r e  
were fo l lavad  by a no-vultage . #hot  m d  by two f l d  
expos\lrsm vhero bo th  ocadnctorr wore a t  tho amma 
poten t i iL  of  *268V and -268V r o s p o o t i a l y .  tbo trro 
upper U n e a  in ng. 6 cur a reproduotion of t h e ,  
nPla fkm Cowhators  1 and 2, uN10 tho raspon8.r 
of Conductarr 5 and 8 a r ~  ahovn i n  tb r o r a i a g  
t r o  row. I n  t h e  f i rs t  e x p o r n ,  t h o  r i g n a l  MU- 
nitude of  bo th  conduotorr wi th  q i p l i o d  p o t r n t i d  
1s ' ~ r j  high. It drop. c o n s i b r a b ~  i n  t h a  o u d  
sho t  and s tqa a t  t N o  l e r a l  during tho  third rcpe 
titirs expoewe.' The p o l a r i t y  of  tho  o m n t r  io 
tho  maas M t h a t  o f  t h e  app l ied  voltage. tbs o h r p  
m d  a p p u e n t l y  l r n r e r s i b l o  demline of  t h o  o i g n i l  
magnitude rfter ttn f i r s t  r h o t  is t h e  familiar 
t r a i n i n g  e f f e c t  M derar lbed  fcr R062 A h  
with e l p a l  c e n t e r  and ah ie ld  po ten t ia l s .  R 6  
of t h e  vol tage i n  Shut h moult# la a our ran tp&e 
of t h e  soss o i s e  a s  i n  Shot 3, but i t o  p o l a r i t y  18 
opposiw; t e - . p p i i c a t i ~ ~ ~  of t h e  p o t . n t i 4  i n  t h o  
f i f t h  s h o t  br ings tho sigail baok i n  p o l a r i t y  rab 
l e v e l  t o  i t s  response In Shot  3 h e r o  t h e  o a r s v ~ b  . 
h g r  wns applied. U p m  n m r o i n g  t lm oign of  tta 
appl ied  vol tage la t h e  lut orpomro  t h o  p o W Q  , 

.of t h o  observed no ise  s ignalu r s r a r r s o  .coo- 
while  tbir abso lu ta  Prgai tudo is about k i o m  tw 
o f '  t h e  p rc r iour  respoase. ' 

?ha boharior  of  the oablo dar ing  tha  requrnoo 
of rpp l ica t ion ,  mnoval ,  re-appl ioat ioa,  and re- 
v e r s a l  o f  t h e  vol tage is s t r o n g l y  ronlniocont  of a ,  
bi-etoble  mmq. Using ocnpater t e d n o l o ~  in 
describing t M s  behavior, & Drritsm proereas I.@. 
a s torage  of o h u g e o  iD tb o&le, would occur b 

. l o g  thc i n i t i a l  s e r l e r  o f  t h e  expoomrs w i t h  t& 
p o t e n t i a l  a p p l i s d j  la tho  mbosquoat rra-voltago 
r h o t  these  s to red  oharges u a  te leosed  bnd appeot 
M a n r r a d m t D  elgnd. N o  ncdrl 18 o a r s i s t e n t  
r i t h  tho dnpondenca of tho  r e a d m t  r i g n i l  polarity 
on tho sign of t h o  p o t e n t i a l  i n  t h e  prsculingexpo- 
wrr, t h o  r e p e t i t l a  of tho  e t a  rlgnd won ro- 
appl ica t ion  of the voltago, and i t o  doubling in 
s o l u t e  crgnltudm whso tb 8 p p l i . d  voltage ID ro- 
versed. 

The o~ary o t i e o t  l .m  b y  w, r n m o  linit.4 to tha 
)ICC b u t  It ocorw llkBao0 io tb RO59 ~ / b  and 80 

.62 A/U oableo wbmeror th rppl iod  p o t e n t i a l  &.  
goeo tho  appropr ia te  ohaagos b o w  mcooooi to  
r h o b .  thir t w t  l o  illwtrat.6 la fig. 7, wMoh . 
~ m a k  8 of our r o s r i l k  on a l l  U m e  . 
0 l e  t y p o .  rZD i&aea of tba OboQI.tOd pnk otu- 
~ ~ o r o p S o U c d ~ C a ) ( ) . b o a ~ ) ~ * ;  I 
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m l t e g e  schedule is  l i s t e d  i n  t h e  t a b l e  a t  ttm bot- 
t o m  of t h e  diagram. ' . 

I n  order  to coarpare these values we p l o t t e d  
a11 response s igna ls  obtalned i n  the  f i r s t  s h o t  i n  
t h e  "upn d i r e c t i o n  and those revers ing  t h e i r  pol- 
i t y  i n  l a t e r  sho ts  i n  the  ndovnn d i rec t ion .  k t -  ' 

more, ths s c a l e  f r c t o r  on t h e  l e f i  o r d i M t e  is  one 
hundred t h e 8  l a r g e  thnn  thrt ou ttm r i g h t  hand 
aide.  The f l r s t  s c a l e  app l ies  to both ths ~062m 
ard the  HCC and the  second one to RGS~'B/U. 

It is  indeed remarkable h4v a l l  these  values 
group themselves i n t o  t h e  t y p i c a l  t r a i n i n g  andmob 
ory p a t t e r n  discussed f o r  t h e  HCC before, namely 
t h e  reduct ion of  the  s i g n a l  ~ a g s i t u d e  in t h e  r e p -  
'titire three-shot s e r i e p  f o l l w e d  by t h e  readout, 
write m d  r e v e r s a l  signals i n  t h e  subsequent s h o t s  . 
v l t h  changing po ten t ia l .  

The p b e i c a l  nschui isn b r o l v e d  i n  t h e  s to rage  . 
and re leaaa  of tho m b p r e s a e d  in fa rna t ioun  i s  no t  
known. It could be m o t h s i s e d ,  hawsrsr, t h a t  
under t h e  c o n b i n e d ' i f i u e n c e  of  an e r l s t i n g  elec-  
t r i c a l  f l e l d  and a r a d i a t i m  pulse a space chwge  
i s  f m d  a t ' t h e  i n t e r f a c e  of t h e  conductorcndths 
d j a c e n t  d i e l e c t r i c  which p e r s i s t s  after cessa t ion  
of ths l r r r d i a t i o n .  By renoving ttm f i e l d  i n  t h e  ' 

subsequent e x p o e m  the  r a d i a t i o n  oauses equal isa-  
t im  of t h e  c h u g e s  lg .allowing a cur ren t  to n o w '  
i n  e i t h e r  direction between t h s  sur face  of t h a  dl- 
o l e c t r i o  and ' the c m d u c t o r j  t h e  dFrect ion of  t h i s  
c u r r e n t  1s determined by the p o l a r i t y  of t h e  char- 
ges  trapped a t  t h e  in te r face ,  and t h i s  dspends m 
the  f i e l d  d l r s c t i o n  i n  t h e  preceding vol tage shot.  

me m t m  t o  f ig.  6 i n  order  to d iscusr  them-' 
s p o w e  of  tha HCC Conductare 1 and 2 which y e  
kept  a t  groqnd'poteut lal  la all exposures. A8.e.- 
pected tb s i g n a l s  are c o w i d e r a b ~  smaller  than 

' 

those in tb m l t n g u  c u l p i n g  conductors, bu t  they 
r h w  gluing a n o d i e e  in magnituds and p o l u l t y ,  
I n s t a d  o f  na ln ta ln lng  a g l m n  rignil l e v e l  o r  ex- 
h i b i t i n g  a monoeoaio decline t b y  drop abrupt ly i n  
s h o t  k ,  r e t u r n  . t o  t h e i r  p r e a 0 ~ 8  @tude i n  Shot  
5 and reverse  t h e i r  p o l a r i q  in Shot  6. It is I& 
Ilf obvious that this p a t t e r n  i s  nothing b u t  a ~ n e  - 
w h a t  reduced nirmr image of the  s igna le  f r o m  Con-, , 

ductor  5. We , ~ s u m e  there fore  t h a t  durina t h e  ra-  
d i a t i o n  pulse a l a d r ~ g s  path is  c r e a t e d  be tveeo t t s  
conductors thus  persl i t t ing a considerable  por t ion  
o f  t h e  s i g n a l  cur ren t  f lov ing  I n  Conductor 5 to re- 
%tun to ground r i a  Cqdac toro  1 and 2. 

The p a r p s i t i c  P n b r a c t i o n  of .  simal c u r r e n t s  
m a  o b s e n a d  i n  severa l  o ther  instances.  Its effect 
em t h e  behavior of  t h a  oubr s h i e l d  of t h s  21-527 
cab le  wss alrerdy m n t i a e d ,  and w h a e r s r  s h i e l d s  
o f  neighboring cablea c a r r i e d  . d i l l e r e &  wlta(tes a . 
foir l~  st.x'oag leakage m e a t  WM u r n a l l y  detect-  
able. Quite, p s e i b l y  t h e  nsgnitude of  t h e  p w s s i -  
t i c  i n t e r a c t i o n  u8.y have been enhanced k q  a mtrl 
otrop r e r o s r  ttm wooden bsj used to hold the oa- 
010 a a n p b s  In t h e i r  groomr. ' 

we ~t to &cuss tha  response of t h e  
c o a x i d  cab le  sh ia lda  when' t h e  po ten t id l  i s  e p p l i d  . 
e i t h e r  tb cente r  cmduotof o r  to t h e  s h i e l d i t  
a r l f  . 

In *sf o w e  tha s h i e l d  s i g n a l s  of tb 
RO59 BAJ cable d v a y a  m g a t i r s  r n g d e s s  of 

. tho  PldtJ 05 tho  appl ied vol tage md 0- - Mefor la  . 18 tb f h t  t)P- r o p e t i t i -  ' r b t '  
im a ~ n i r 0 4 g . .  o r m t m t  at bout 40 uy . -... - . -  

' .  . . 
, . . . 
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the  subsequent removal,re-application and reversa l  . 
of the p o t e n t i a l t h s s h i e l d  cur ren t  undergws m i n o r  . 
f luc tua t ions  which r e f l e c t  the changes caused i n  

. t h e  can te r  conductor by t h ~  mnory e f f e c t .  
The s h i e l d  s i g n a l s  of t h e  RG62 A/U cab le  a r e  

much mom s t rongly  influenced b y t h s a p p l i c a t i o n  of  
a voltage to t h e  c e n t e r  conductor. Both conductors 
y i e l d  s i g n a l s  of equal  magnitude and oppobite'po- 
l a r i t y  in any given 8 h o t ~  vbenever t h e  c e n t e r  coo- 
ductor  sign&, changes its magnitude o r  l i g n  on =- 
count of  the  t r a i n i n g  and mnory e f f e c t  t h e  shield 
s i g n d  changes o c c o r d i n a .  The s h i e l d  s i g n a l r w  
roughly f rcmr  +2,500 ua  to -2,500 ua rs canparedbp 
the  range from -50 ua' to -200 ua  in tb RG59 B/U 
cable. 

If t h e  t o l t r g e  .source is applied .to t h e  s h i e l d  
i t s e l f  t h e  s h i e l d  response s i g n a l s  increase  g r e a t  
ly f o r  both cab le  types, namely to values between 
L,000 ua and 8,000 ua, and t h e  p o l a r i t y  Is de ta r -  
mined by t h e  appl ied po ten t ia l .  This behavior is 
eery sMlar t o  t h a t  encountered l o t h e c a s e  oCsquil 
voltage appl ied t o  both aonductors.1n. RG$9 B/U t h e  
nFRi l s r i ty  e r tends  a l s o  t o  t h e  behavior of  the  am- 
t e r  conductor vhlch is  dosinatad by t h e  c m t r i b u -  
tlcm from t h e  d i f f e r e n t i a t e d  s h i e l d  current.  A l -  
though this cont r ibu t ion  m a t  be a l s o  present  i n  
t h e  RM2 A/U cab le  it i s  completely svamped by the 
ordinary cen te r  conductor s ienals .  Thaes e i m a l s  u, 
of t h e  same nngnit,ude u those observed when t h e  
voltage Is applied to t h e  center  conductor i t s e l f .  

.The* p o l a r i t y  is  governed by t h e  s ign  of  the  po- 
, t e n t i A l  g rad ien t  across  t h e  d i e l a c t r ~ o .  

'The d i f fe rence  i n  t h e  response o f t h e  two c a b l e  
types is  bel ieved to  stma d i r e c t l y  f'rcm the  d i f f -  
erencs in t h e i r  cons'truction. It is m s w d  t h a t  
ths air space s m a u n d i n g  ths c e n t d  conductcn. o f  
t h e  RC;62 A/U cab le  becomes condqct im i d r a t i o n  
during t h e  r a d i a t i o n  pulse, thereby causing a 1- 
capacitance ' i n c r e a e  i n  tho  exposed p a r t  of ttpabh 
I n  t h e  presence of  a vol tage s m e  m e i t h e r  an- 
ductor  this rill c w e  .ohuging  cur ren ts  .- n ~ w h  ' 
both  conductors. . . 

RP Carr ie r  Modulntion 

The f i r s t  masurements on RP trureaiaslen thvu@ 
cables  exposed t o  nuclear  r a d i a t i o n  were n a d e i n  an 
e a r l i e r  experiment.3 An uraodulated c a r r i e r  s i g n a l  
of about P Mc/s and P v o l t  amplitude was found ta 
pass through Re59 B/U cab le  withoutnnoticeable de- 
gradat ion b u t  t o  s u f f e r  a pronounced temporary a t -  b 
b n u a t i o n  when t ransmi t ted  through RCh2 AD crble .  
Xeasurnments a t  a s i g n a l  l e v e l  ranging from 35 an. 
t o  WO m were included i n t o  the  presen t  expertwo. 
tal s e r i e s  i n  order  to detdrrrdne whether an e f f e c t  
would bacoma observable i n  t h e  RQ59 B/[I cab le  and 
whether t h e  nagnitads o f  t& e f f e c t  la RG62 A/U 

. 

would change a t  the l o v e r  s i g n a l  level .  
Thn m ~ u r e i m n t u  were U n i t e d  to one 1 0 0 f t . o '  

p l e  of e u h  o f  the. two cab le  typae.Tbslr c e u b r  pac 
t ion ,  b o u t  20 n. la length,  UM woundinto a ' n a t  
s p l r a l  c o i l  rad aounted far nadmm e x p o s e  c l o s r  
to thm r e a c t o r  r ~ r f u c e l  an addi t iona l  total of 30 
St. vaa i n s i d e  tb r e a c t o r  roan forn lng  e t t a l g h t  
l e a d s  to aad *on t h e  opird portloo. T b o l b l e r r r a o  
tarminatad a t  t h o  ioprt m d  output by r e a i s t c r r a E S  
ohing tho* ch8rac ta r i . t io  inpe&ncr. Tho 8Ikdna- 
tioa of ouperpoac&2car frowenef w h o  rignilo w u  
~~t -pbd inraareauumeaabb  ~ o t r .  

. .  . . - -- ... . 
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50 kc/s high-pass f i l t e r .  
. The oscilloscope t r a c e s  and the  d a t a  obtained 
us shown i n  Fig, 8. I n  all f o u r  sho ts  the peak- 
to-peak m p l i t u d a  of  tb RG59 B/U output  s i g n d l  in- 
mpins unchanged, I n  t h e s i g n a l  t r w m i t t e d  through 
the  RG62 A/U cable, however, a t t enua t ion  occurs i n  
ill c u e s  and Its amount v a r i e s  between l3 and 1 8  
per  cent. A s  much M c m  b e  dotarmined frcm t h e  
a r a l l a b l e  r e s u l t s  the  percentage of  attemmtclmdoes 
not  depend on t h e  s igna l  axpl i tude m d  t h e r s  ia.3ao 
no chmge dae t o  t r a i n i n g  e f f e c t 8  i n  r e p t i t i n  
rhots .  The complete suppression of  t h e  regulunalm 
s i g n a l  by t h e  f i l t e r  i n s e r t i o n  is  e r iden t .  

These r e s u l t s  u e  i n  keeping with t* e a r l i e r  
.observat ions.  Ue b a l i e n  t h a t  t h e  a t t enua t ion  i s  

caused by a temporary change i n  t h e  t r a n d s s i a a  
c h u r c t e r i o t i c s ,  o f  t h e  cable, poss ib ly  by t h e  In- 
crease i n  e f f e c t i v e  cab le  capaci tance by t h e  ion- 
i r a t i o n  of the  & around t h e  centur  conductor. 

A d l r e c t  w ~ u r e m e n t  of  t h e  h p e d l r ~ s  changeln 
tam of amplitude and phase s h i f t  w a s  attemptadby 
m a n s  o f  t h e  c i r c u i t  nnd fornmlss shown i n  Fig. 9. 
The t v o  r e s i s t o r s  a t  tho  input  end o f t h e  cablo a r e  
chosen s o  t h a t  toge ther  they mtch its c h u s c t e r l s -  
t i c  Fprpedancej t h e  one used .s c u r r e n t  rsrsurlng m- 
s i s t o r  was kept  u small a s  possibla  i n  a rQr  to 
preserve t h e  constant-voltage c h a r r c t e r i s t i c s o f t b s '  
source. The RF rolkge i s  coupled i n t o  tha  tast c b  
c u l t  by a t r m s f o r m r ,  thus. permit t ing tha o s o a -  
a t o r ,  t h e  cab le  and the osc i l loscop .  t o b e  ground& 
The high-paas f i l t e r  f o r  t h e  suppression o f  tha  or. 
din- cable  no ise  sfgnala  wau used .In these  mas- 

. u n m n t s  &so. 
Measurements were attempted on oables Y j t h m  

ious tenalnatiormaa l i s t a d  i n  Figure 10. For t h e  
phaae msarmrernent t h e  c u r r e n t  and vol tage a i g n i l s  
u e  srpanQd s o  that o n b  one cycle  appears on t h e  
 oscilloscope^ t h e  amplitude i s  displnyed o m r  q- 
p r o d m a t e l y  flve t imes the  pulse duration. Tho re- 
s o l u t i o n  o f  t h e  measurements rs e s t a b l i s h e d ~ c a -  
l i b r a t i o n  wrs found t o  be q u i t e  poor pr t h e  inten: 
ded purposej i t  was l h i t e d  to p o u t  - 15% f o r  the 
r e s i s t a n c e  values and t o  about  - 201 ar e n n  hM 
f o r  t h e  capaci tance changeu. It i s  there fore  not 
r u r p r i r i n g  that we were unable to f i n d  m y  &ria-  

. t i o n  exceeding o w  s e n s i t i r i t y  threshold. We h o p ,  
hovsmr, to n f i n e  t h e  w t h o d  by paruns t s r  opttd-  
r a t l a a  and t o  demonstrate i t r ~ c . p a b 1 l i t i . s  and use- 
f'ulnesr i n  h t u r a  experimsntr. 

Coacluslone 

The no ise  e l h a l a  a r i s i n g  h the i n q v l d u a l  con- 
duc tors  of RGS9 .B/u, RG62 A/U and n i l t i -conduc tor  
r ibbon c a b l e  during nuclear  pu lse  l r r a d l a t i o n r r o s  
found t o  depend i n  a r a t h e r  complex f rah ion  on t h e  
c a b l e  type, c 5 r c u i t  paranetera ,  app l ied  voltage, 
p o t e n t i a l  gradlent ,  and a rpoewe his tory.  Severa l  
processes  a f f e o t i n g  t h e  aaku.s m d  mngnitudo o f t h e  
response s i g n a l s  were s e p a r a t e 4  i d a n t i t i e d  f o r  t h s  
Sirst t h j  t b y  are: t ra ln lng ,  memory, d i f fe ren-  
t i a t i o n ,  p u r s i t l o  leakage urd, p o s r ' i b t ,  o a p . e i i  
t ux0  ohange by alr ion l ra t ioa .  

Rove1 rethodn o t i l l r e d  In tbse a x p e r k b n t r  h- 
alo&: do ms&mraxant of n r i s t o n c a  changes by c ~ c  

par laon  r i t h  a dmqf orbla ,  W r s ~ ~ ~ @ r a n t  o f  ID- 
padunoe olun,g8r by .ooi torFag pbssr  md u p l l t o d a ,  
ood W n  m j q m r r i o a  of m m J  n o w  riqnrlr in 

RP m s ~ s u r e ~ ~ s n t s  by f i l t e r i n g .  
On the  b r s i s o f  the  r e s u l t s  obtained i n  thir 

work tb f o l l d n g  r u l e s  m r e  a s t a b l i s h e d  for dni'- 
Dizing t h e  con t r ibu t ion  ear c a b l r  n o F s a r l g n i L i a  
t h e  rnemwsment o f  t r a n s i e n t  e f f a c t r  on o t h e r  t e a t  
ob jec t s :  

Use s h o r t - s t r a i g h t  cab le  run8 po in t ing  r a d i a l 4  
t w a r d  the  r ~ d l a t i o n  r m e .  
Space cablee un l forn ly  tp.rt n o i d l n g  IadnrM,: 
leakage pa ths  bstveen oab les  and to th. 
(metal stands, holdarr ,  p l a t e r ,  e te . )  
Provlda low res i s tance  ground oonnectioa for all 
cab le  shields .  
Use minirmnr operat ing vol tage o r  tri-corriil .or- 
b l e  v i t h  outer s h i e l d  grounded. . . 

. Use high-p.sr m p p n s s i o n  f i l t a r  i n  R? murm- , 

monts. 
Pre-erpwe t h e  oable u l t h o u t  t h e  tdst objeo t  a t  

, l e a s t  onco with t h s  appropriate  vo1t.g. q p l i a d  
befare aaklng a wrsurepsn t .  
Reoord cable  rrposura h i s t o r y  .nd w a  orbla'* 
undar condl t l aas  f o r  which they ham h e n  train& 
h n  w i n g  co~lpensat ioa b d q  o a b l a , t r . l n b d h  . 
oabler  t o g e t b r  and Poaitar tbFr  rigarrl. 1- 
p a n d e n t b  during tb trdnlng .bob .od t h o  YL 
sureaent.  

The authors  aoknwledge mi a p p r e d r b  tb coa- 
t r i b u t i o n s  to this work made by J w e p h  A. Kay r h o  
wra responsible  f o r t h  m q u l r l t i o n  o f  t h e  d a b  an 
t h e  SFUF u*i who a l s o  p r m d  t h e  d i f f a r e a t l a t i o n a f  
t h e  s h i e l d  cur ren t  s i g n a l  by s l n u l ~ ~ t i a a  with @loo- 
t r i c i i  w r s a r a m n t s ,  and thr conaclsnt ioua mppvrt 
of Anthow A. Allocca who r e d e r l m d  tb erobils h.. 
borator). f o r  g r e a t l y  f i c n r s e d  o p e r a t i d  off loi-  
enoy and r o l i a b i l i t ~ .  
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