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NOTATION 

The fo l lowing  symbols, which a r e  used r epea t ed ly  i n  t he  t e x t ,  a r e  

c o l l e c t e d  and def ined  f o r  t he  convenience of the r e a d e r .  

v  
D 

= c a l i b r a t e d  d i v i d e r  measurement of an  app l i ed  pulse  vo l t age .  

v  
K 

= Kerr system measurement of an  app l i ed  pulse vol tage  . 

I = t he  ins tan taneous  i n t e n s i t y  of t he  beam t r ansmi t t ed  by a  
g iven  Kerr system upon a p p l i c a t i o n  of vo l tage  t o  the  Kerr c e l l .  

I m  
= t he  maximum i n t e n s i t y  t r ansmi t t ed  by the  system. 

E = t he  ins tan taneous  e l e c t r i c  f i e l d  i n t e n s i t y  imposed by 
a p p l i c a t i o n  of vo l tage  ac ros s  the  p l a t e s  of the  Kerr  c e l l .  

Em 
= t h e  f i e l d  i n t e n s i t y  which produces the  f i r s t  t ransmiss  ion  

maximum I i n  a  given c e l l .  
m 

E = t h e  f i e l d  i n t e n s i t y  which produces the  f i r s t  t ransmiss ion  
min 

minimum . 

(E d)  = t he  Kerr c e l l  cons t an t ,  i . e . ,  the  vol tage  which produces the  
m 

f i r s t  t ransmiss ion  maximum lm when the eleceuic - f i e ld  
d i s t r i b u t i o n  uniform. 

d = the  K e r r . c e l 1  i n t e r e l e c t r o d e  d i s t a n c e .  

'min 
= t he  vol tage  which produces the f i r s t  t ransmiss  ion minimum 

Imin When the  f i e l d  i s  uniform, Vmin = J2 (~,d)  ; when t h e  

f i e l d  i s  nonuniform, Vmin i~ a func t ion  of l i g h t  path (e .g . ,  

s ee  F ig .  17 ) .  

'BIAS 
= the  d i r e c t  b i a s  vo l t age  appl ied  t o  the c e l l .  



CALIBRATION OF A' KERR CELL SYSTEM' 

FOR HIGH VOLTAGE PULSE MEASUREMENTS- . . . 

,>r ' .. ' , 

I . INTRODUCTION 

Many normally o p t i c a l l y  i s o t r o p i c  1 iqu ids  e x h i b i t  b i r e f r i ngence  'when 

sub jec t ed  t o  an  e l e c t r o s t a t i c  f i e l d .  When po la r i zed  l i g h t  is passed ' 

. . 

be&een two e l e c t r o d e s  immersed i n  a  v e s s e l  con ta in ing  such a ,  l i q u i d ,  
. . 

a p p l i c a t i o n  of  a  h igh  vo l t age  a l t e r s  t he  s t a t e  of p o l a r i z a t i o n  of t h e  

l i g h t .  I f  the v e s s e l  is i n s t a l l e d  between "crossed" p o l a r i z e r s ,  the  

app l i ed  vo l t age  i n  e f f e c t  causes  modulation o r  g a t i n g  of t h e  l i g h t  .' . , .  .;.. 

Devices (Kerr c e l l s )  u t i l i z i n g  t h i s  phenomenon, t h e  so -ca l l ed  Kerr  , e l e c t r o -  

o p t i c a l  e f f e c t  [ I ] ,  a r e  of t e n  used as u l t r a  high-speed o p t i c a l '  s h u t t e r s  - . 

and l a s e r  "Q-switches". 

The Kerr  c e l l  has  a l s o  been used f o r  measurement of h igh  vo l t ages ,  

wlih  irs application t o r  t h i s  purpose being r epo r t ed  a s  e a r l y  as 1930 [ 2 ] .  

I n  1956, Namba [3] u t i l i z e d  t h e  s i m i l a r  Pockels e f f e c t  f o r  measurements 

of d i r e c t  vo l t ages  up t o  10 kV. I n  1963, E t t i n g e r  and Venezia [ 4 ]  

developed a pulse  measuring system based on the  Kerr e f f e c t .  More 

r e c e n t l y ,  a  much improved system f o r  measurement of pu lses  between 30 and 

100 kV was descr ibed  by Wunsch and E r t e z a  [ 5 ] .  These systems, p a r t i c u l a r l y  

the  l a t t e r ,  o f f e r  unique advantages over  more convent iona l  r e s i s t i v e  and/or  

c a p a c i t i v e  d i v i d e r  techniques of high-vol tage pu lse  measurements, inc lud ing  

the  fol lowing:  (1) measurement r e s o l u t i o n  inc reases  w i th  t h e  magnitude 

of t he  app l i ed  vo l t age ;  (2)  t h e  system has  a  l i n e a r  frequency response t o  

about  100 MHz; and (3) t he  measuring c i r c u i t  i s  e l e c t r i c a l l y  i s o l a t e d  . 

from t h e  .main high-vol tage c i r c u i t ,  thus  avoid ing  sources  of ,  e r r o r  [6]  

which a r e  c h a r a c t e r i s t i c  of d i v i d e r  techniques.  . 



To da t e ,  most pu lse  v o l t a g e  measurements a r e  made by us,e of c a l i -  

b r a t e d  r e s i s t i v e  o r  c a p a c i t i v e  d i v i d e r s  [ 7 ] .  C a l i b r a t i o n  is  achieved 

e i t h e r  by low vo l t age  measurements (and e x t r a p o l a t i o n  t o  h igh  vo l t ages ) ,  

o r  by comparison a t  h igh  v o l t a g e  w i t h  a "standard" d i v i d e r  ( c a l i b r a t e d  

a t  low v o l t a g e s ) .  The d i v i d i n g  r a t i o  a t  h ighe r  v o l t a g e s  is Lherefore 

always somewhat unce r t a in .  The p re sen t  work r e p o r t s  development and 
,' 

e v a l u a t i o n  of s e v e r a l  methods f o r  c a l i b r a t i n g  a  Kerr c e l l  system, s i m i l a r  

t o  t h a t  de sc r ibed  i n  r e f e r ence  [53, for iiteasuremellL uT p u l s e 8  with  pcolt 
. 

amp1 i t u d e s  as h igh  a s  100 kV . Techniques which permie .ca l  i b r a t  ion  w l t l~uu i :  

r e f e r e n c e  t o  c a l i b r a t e d  .d iv ider  measurements a r e  e~nphasized,  inasmuch as 
.. ' . 

t hey  a n  independent check of d i v i d e r  mt? thods,  t hus  adding ' 
,, , , 

consideribly t o  our  con£ idence i n  t he  accuracy of h igh  vo l t age  pulse  

measurements . 

Indeed, it now appears  t h a t  measurements accu ra t e  t o  w i th in  f0.5% 

of pu l se s  cons ide rab ly  i n  exces s  of 100 kV a r e  f e a s i b l e  w i th  t he  Kerr 

c e l l  techn'ique . With f u r t h e r  ref inements ,  i t s  use a s  a  "standard" ' f o r  

c a l i b r a t i o n  o f .  pu lse  d i v i d e r s  i s  a n t i c i p a t e d .  

11. THE #ERR CELL DR.CT.CN AND LIQUID 

. . .  

Since K e r r . c e , l l s  s u i t a b l e  f o r  h igh  vo l t age  pu lse  ~xeasurements a r e  - 

. not commercially a v a i l a b l e  and s i n c e  c a l i b r a t i o n  techniques depend upon . . 

c e l l  c o n s t r u c t i o n  and the  p u r i t y  of i t s  l i q u i d ,  ,some d i scus s ion  of t he se  

a s p e c t s  is r e q u i r e d .  The c e l l s  .used i n  t he  p re sen t  work a r e  s i m i l a r  i n  

des ign  t o  t hose  descr ibed  by Zarem -- e t  a1 [8]. Glass  t o  Kovar s e a l s  a r e  

used f o r  i n s e r t i o n  of t h e  e l e c t r o d e s  ( p a r a l l e l  n i c k e l  p l a t e s )  i n t o  t he  

c e l l  which i s .  f i l l e d  w i th  h igh -pu r i t y  n i t robenzene .  One c e l l ,  wi th  0 . 2  cm 

x 1 . 5  cm x 10  c m  l.ong e l e c t r o d e s  and an  i n t e r p l a t e  d i s t a n c e  of about  0 .25  

cm'was used f o r  measurements of pu l se s  w i t h  peak ampli tudes of up t o  

10 kV. Two o t h e r . c e . l l s ,  one w i t h  p l a t e  dimensions 0 . 2  cm x 1 . 5  cm x 77;5.'i.. 

cm ( r e f e r r e d  t o  a s  C e l l  No. 1 i n  the tex t - - see  F ig .  1)  and the  o t h e r  . . 

wi th  p l a t e  dimensions 0 .2  cm x 1 . 5  cm x 10  cm (Ce l l  No. 2) ,  were 

cons t ruc t ed  w i th  an i n t e r e l e c t r o d e  d i s t a n c e  of about 0 .75 c m .  Although 



END VIEW SIDE VIEW 

Fig.  1 .  Kerr*~el l  .NO; 1 '(interelectrcde Cistance = 0.75 cm) installed 
in  micrometer-driven, spring lcaded holder. 



the  latter cells w e r e  designed f o r  use with voltages a s  high a s  69 kV, 

C e l l  No. 2 w a s  used f o r  measurement of pulses peaking a t  up t o  100 kV. 

To prevent ex te rna l  f lashover,  the cell  (except f o r  i ts  windows) w a s  

encapsulated i n  s i l i c o n e  rubber compound before working with vol tages  

h igher  than 60 kV. It should be noted, however, t h a t  exposure t o  such 

high f i e l d  s t r eng ths  is not recommended because of the increased probabi l i ty  

of i n t e r n a l  corona o r  f lashover.  These hazards should be avoided by 
- - -  - -  - -  . - 

using cells oFgrea- ter  in te re lec t rode  dis tance  at  higher v o l t a g e s ,  

Because of its la rge  Kerr constant  and r e l a t i v e l y  high d i e l e c t r i c  

s t rength ,  nitrobenzene is used i n  the Kerr c e l l s ,  I n  order t o  reduce 

space charge e f f e c t s  and minimize the p robab i l i ty  of e l e c t r i c a l  b r e a k d m  

i n  the  c e l l ,  nitrobenzene of high pur i ty  is necessary. Measurements were 

the re f  ore conducted t o  determine the  r e s i s t i v i t y  (which increases with 

pur i ty)  of c o m r c i a l l y  ava i l ab le  nitrobenzene. Direct  voltage, which rose 

exponent ia l ly  t o  a peak (100 t o  3000 v o l t s  depending upon the  l e v e l ' o f  

cu r ren t  passed by the  c e l l )  i n  a few seconds and then remained constant ,  

was applied t o  c e l l s  f i l l e d  with various grades of nitrobenzene. The 

waveform of the  applied vol tage  may be seen from the  osci l loscope t r ac ing  V 

i n  Fig.  2. Measurements performed with nitrobenzene of inadequate pur i ty  

showed t h a t  the  cur ren t  i passed by the  c e l l  (see typ ica l  r e s u l t  i n  

bottom trace of Fig. 2) i s  i n i t i a l l y  qu i t e  large  (- 20 pA) , t h a t  it obeys 

Ohm's l aw,  and t h a t  it decreases very slowly over a period of hours. I f  

vol tage  is applied f o r  severa l  minutes, removed f o r  severa l  minutes, and 

then reapplied,  the cur ren t  is found t o  be subs tan t i a l ly  the  same as 

before. The r e s i s t i v i t y  determined from these measurements was of the 
7 

order  of 10 ohm-cm. Since r e s i s t i v i t i e s  as high as 10lo ohm-cm have been 

repor ted  [9 1 ,  f u r t h e r  p u r i f i c a t i o n  w a s  undertaken. 

Af te r  evaluat ion and experimentation with various methods and 

combinations of methods of p u r i f i c a t i o n  [9 through 131, a s e l e c t i v e  

adsorpt ion technique was adopted. I n  t h i s  process, nitrobenzene is  



TIME - s 

Fig. 2.  Time-resolved measurements of voltage (V) and current ( i )  
before and after purification of nitrobenzene. 



passed through an adsorption column (length = 300 mm, diameter w 28 m) 

of alumina* as shown schematical ly i n  Fig.  3. A sealed vacuum system is 

used t o  draw the  l i q u i d  downward through the column and i n t o  the  Kerr 

c e l l .  This technique reduces the  time required f o r  f i l l i n g  a cel l  

considerably and prevents recontamination by prolonged exposure t o  

atmospheric condit ions.  The vapor hazard due t o  the  t o x i c i t y  of n i t r o -  

benzene is  a l s o  overcome by use of the sealed system and by placing 

the  e n t i r e  p u r i f i c a t i o n  and c e l l - f i l l i n g  apparatus under a laboratory 

exhauat hood, I n  addi t ion ,  a l l  mater ia ls  used fu  t l ~ e  apyatatus,  !ineluding 

glass ,  polyethylene, Teflon ( the stopcocks), n ickel  ( the c e l l  e lec t rodes) ,  

Kovar (g lass  t o  metal s e a l s ) ,  and Viton (O-ring sea l ) ,  w e r e  t e s t e d  and 

found t o  be s t a b l e  i n  s p i t e  of the  strong solvent  proper t ies  of n i t r o -  

benzene. The various components of the system were interconnected by 

polyethylene tubing. A simple technique w a s  developed t o  f sc il ictr~e 

s e a l i n g  between the g l a s s  and polyethylene members. These s e a l s  were 

e f f e c t e d  by pressing the  warmed, tapered end of each tubular  g l a s s .  

s e c t i o n  i n t o  polyethylene tubing wi th  I . D .  s l i g h t l y  smaller than the 

O.D. of the  g l a s s  tube. The polyethylene so f tens  on contact  with the 

w a r m  (near melt ing point)  g l a s s  and then con t rac t s  around the  tapered 

end a s  it cools,  thus forming a vacuum-tight s e a l  as i l l u s t r a t e d  i n  Fig .  

4 .  Sections of the  polyethylene tubing were a l s o  s t re tched (by Ileatifig) 

i n  order  t o  provide the  f l e x i b i l i t y  required f o r  .easy manipulation of 

the  Kerr c e l l  during the  f lushing and f i l l i n g  processes. ( I f  the system 

i s  e n t i r e l y  r i g i d ,  these processes a re  complicated by pockets of trapped 

gas.)  The ce l lu lose  f i l t e r  beneath the  chromatographic column was 

inse r t ed  t o  t r a p  alumina p a r t i c l e s  which pass between the  column and 

the  f r i t t e d  d i s c . +  The g l a s s  sec t ion  used f o r  temporary storage of 

p u r i f i e d  nitrobenzene provides a chamber where gases dissolved i n  the 

nitrobenzene a r e  boiled o f f  a s  t h e  l iqu id  comes under s t ronger  vacuum. 

These sec t ions  a re  shown at tached t o  the  chromatographic column ia Fig. 5. 

Woelum neu t ra l  alumina, a c t i v i t y  grade I, purchased from Alupharm 
Chemicals, New Orleans, Louisiana. 

+ ~ o r o s i t ~ :  coarse.  
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Fig. 4. Glass t o  polyethylene sea l  used i n  pur i f icat ion and c e l l - f i l l i n g  
sys tern. 

Fig. 5.  The chromatographic adsorption column a f t e r  passage and 

pur i f i ca t ion  of nitrobenzene. 



As t he  l i q u i d  passes  through t h e  column, p u r i f i c a t i o n  i s  achieved 

by s e l e c t i v e  adsorp t ion ,  w i th  t h e  impur i t i e s  c o l l e c t i n g  i n  d i s t i n c t ,  

b r i l l i a n t l y  co lored  (red,  yellow, brown, e t c . )  l a y e r s  of the  alumina a s  

shown. i n  F i g .  5. It should be noted t h a t  t h e  i n i t i a l  q u a n t i t i e s  of  

ni t robenzene passed through a system ( inc luding  the  c e l l )  a r e  contaminated 

by f o r e i g n  ma t t e r  i n  the  system i t s e l f ,  and t h a t  they a r e  t h e r e f o r e  t o  

be d i scarded  u n t i l  adequate p u r i t y  i s  achieved.  I n  t h e  p re sen t  work, 

t he  c e l l ' s  r e s i s t a n c e ,  and thus  t h e  r e l a t i v e  p u r i t y  of ' the nitrobenzene, 

i s  checked r epea t ed ly  by use of t h e  c i r c u i t  sketched i n . F i g .  6 .  I n  t h i s  

case ,  a low vol tage  square wave of a d j u s t a b l e  frequency, r a t h e r  than a 

h igh  d i r e c t  vo l tage ,  i s  app l i ed  t o  t he  c e l l ,  t hus  c i rcumventing the  

hazard of working wi th  dangerous vo l t ages  whi le  t he  c e l l ,  is  i n s t a l l e d  

a s  an i n t e g r a l  p a r t  of t he  p u r i f i c a t i o n  system. Measurements of t he  c e l l  

r e s i s t a n c e  R a r e  obtained a s  fo l lows .  The c e l l  capacitance..  and cathode 

fo l lower  input  capac i tance  (C + CCF) a r e  determined by apply ing  a high 

frequency square wave a t  t he  input  of t h e  c i r c u i t  and  observing the .  

amplitude of t he  l ead ing  edge of t he  ou tput  wave on an  o s c i l l o s c o p e .  

The swi tch  S is  c losed  dur ing  t h i s  observa t ion .  S i s  ' then 'opened and t h e  

v a r i a b l e  capac i tance  C '  is ad jus t ed  u n t i l  t he  l ead ing  edge of t h e  ou tput  

waveform i s  reduced t o  one h a l f  i t s  o r i g i n a l  ampli tude.  . A t  t h i s  po in t ,  

C = (C + CCF), and (C + C ) may be read  from the  s c a l e  of t h e  a d j u s t a b l e  
CF 

c a p a c i t o r  c '*: The frequency of t he  app l i ed  square wave i s  then  reduced 

u n t i l  the  decay t i m e  T of each output  waveform covers  approximately two 

t h i r d s  of t he  t o t a l  amplitude a s  per  t he  ske t ch  i n  F i g .  6, i . e . ,  u n t i l  7 

is approximately equhl  t o  t he  time cons t an t  of t h e  c i r c u i t  

Then knowing 7 from the  frcquency f of t h e  input  waveform: 

1 
I-=- 

2f ' 



F i g .  6 .  C i r c u i t  used f o r  r e p e a t e d  d e t e r m i o a t  i o n s  of Kerr  c e l l  r e s i s t a n c e  d u r i n g  p u r i f i c a t i o n  p r o c e s s .  
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t he  r e s i s t a n c e  R of the  c e l l  is  determined from the  fo l lowing  equa t ion :  

.As the  c e l l  ' s r e s i s t a n c e  i nc reases  (with i nc reas ing  n i t robenzene  p u r i t y ) ,  

' t he  input  square wave is ad jus t ed  t o  lower f r equenc i e s  i n  o rde r  t o  

main ta in  an  ou tput  s i g n a l  wi th  t h e  waveform sketched i n  F i g .  6 .  I n  

p r a c t i c e ,  t h e r e f o r e ,  t h e  r e l a t i v e  p u r i t y  of t h e  n i t robenzene  is de tec t ed  
.. . 

by monitor ing the  frequency of t h e  input  square wave. With our  p re sen t  

c e l l s  (which a r e  of approximately t h e  same capac i tance  200 pF) and 

c i r c u i t r y ,  exper ience  i nd i ca t ed  t h a t  h igh  p u r i t y  ni t robenzene.  was 

obtained when f  < 100 Hz. 

When these  tests  i n d i c a t e  t h a t  t he  c e l l  i s  f i l l e d  w i th  h igh  p u r i t y  

ni t robenzene,  t h e  c u r r e n t  passed by the  c e l l  upon a p p l i c a t i o n  of a  high 

(up t o  15 ' k ~ )  d i r e c t  vo l t age  i s  measured. This  measurement s e r v e s  . td  

d e t e c t  changes , i n  t he  p u r i t y  of t he  n i t robenzene  when the  c e l l  i s  s u b j e c t  

t o  high v o l t a g e s .  The procedure dur ing  these  tests i s  e s s e n t i a l l y  the  

same as JagcriLe'J u11 page 9, excepc rhar much h ighe r  vo l t ages  may now 

be app l i ed  wi thout  s i g n i f i c a n t l y  i nc reas ing  t h e  c u r r e n t  passed by t h e  c e l l .  

The t o p  t r a c e  i n  F ig .  2 i s  t y p i c a l  of  a  c u r r e n t  measurement a f t e r  adequate 

p u r i f i c a t i o n .  I n  c o n t r a s t  t o  t he  behavior  i nd i ca t ed  by t h e  bottom t r a c e ,  

t he  c u r r e n t  rises r a p i d l y ,  reaches  a p l a t e a u  which seems t o  depend i n  

d u r a t i o n  upon t h e  spacing between t h e  ce l l  e l e c t r o d e s ,  i nc reases  r a p i d l y  

t o  a  peak va lue ,  drops sharp ly ,  and then decreases  slowly ( i n  s e v e r a l  

minutes) t o  a  minimum va lue  (e0.5 pA) where it remains e s s e n t i a l l y  

c o n s t a n t .  Af t e r  t h i s  po in t  i s  reached, a d d i t i o n a l  i nc reases  i n  t h e  app l i ed  

vo l t age  do no,t cause propor t iona te  i nc reases  i n  t h e  c u r r e n t ;  t h e  c u r r e n t  

i nc reases  only momentarily and then  f a l l s  qu ick ly  t o  t he  former minimum 

cons t an t  v a l u e .  It was a l s o  found t h a t  t he  peak c u r r e n t  is  s t r o n g l y  

dependent upon the  time between vo l t age  a p p l i c a t i o n s ,  t h e  peak va lue  be ing  

smal le r  when t h i s  time i n t e r v a l  was s h o r t e r .  However, a f t e r  a  few minutes 

of "condi t ioning" a t  s e v e r a l  thousand v o l t s ,  t h e  c u r r e n t  f a l l s  slowly t o  t h e  

low, n e a r l y  cons t an t  va lue  observed prev ious ly .  



I n  summary, s i n c e  ni t robenzene of h ighe r  p u r i t y  than  i s  a v a i l a b l e  

commercially i s  necessary,  f u r t h e r  p u r i f i c a t i o n  was achieved by passing 

n i t robenzene  (under vacuum) through a chromatographic column of n e u t r a l  

alumina d i r e c t l y  i n t o  the  c e l l .  I n i t i a l  q u a n t i t i e s  of the  processed 

n i t robenzene  a r e  used t o  wash the  c e l l  and a r e  then  d iscarded  u n t i l  measure- 

ments of t he  c u r r e n t  passed by t h e  c e l l  upon a p p l i c a t i o n  of a high direct voltage 

i n d i c a t e  t h a t  adequate p u r i f i c a t i o n  has  been achieved.  The fol lowing 

c r i t e r i a  were found h e l p f u l  i n  t h i s  procedure: (1) when p u r i t y  is  no t  

adequate ,  the conduction i s  ohmic, and t h e  c u r r e n t  i s  r e l a t i v e l y  l a r g e  and 

independent of the time i n t e r v a l  between vo l t age  a p p l i c a t i o n s ;  (2) when 

p u r i t y  i s  s a t i s f ? c t o r y ,  t he  conduction is  nonohmic, t he  peak c u r r e n t  i s  

s m a l l e r  and s t rong ly  dependent upon the  time i n t e r v a l  between vol tage  

a p p l i c a t i o n s ,  and t h e  c u r r e n t ,  a f t e r  a few minutes of high-vol tage 

"conditioning", remains ' s t a b l e  a t  a r e l a t i v e l y  low leve 1 (< 0.5 pi) 

i n d i c a t i v e  of a r e s i s t i v i t y  of t he  o rde r  of l o l o  ohm-cm. A f t e r  adequate ' . 

p u r i t y  i s  ,achieved, t h e  c e l l  i s  f i l l e d  (under vacuum) wi th  the  processed 

l i q u i d  and sea l ed .  Small volumes, charged wi th  d ry  n i t rogen  (p re s su re .=  . . , 

1 'atm), a r e  allowed i n s i d e  the  f i l l i n g  p o r t s  t o  permit expansion. . . . . .  ' .. 

111. EUCIPRICAL INSTRUMENTATION AND PROCEDURE 

The e l e c t r i c a l  t r i g g e r i n g ,  de lay  and measuring ins t rumenta t ion  used 

f o r  most of t he  experiments i s  sketched i n  F ig .  7 .  With t h i s  arrangement, 

a high-vol tage pulse (peak amplitude from 5 t o  100 kV, dura t ion  M 15 ~ s ) ,  

produced by a pulse-forming Marx-type genera tor  (impedance 500 ohms), wa.s 

a p p l i e d  s imultaneously t o  t he  Kerr  c e l l  and t o  a c a l i b r a t e d  pulse d i v i d e r .  

The l a t t e r ,  which matched the  gene ra to r  impedance, w a s  made up of f i v e  

low-time cons t an t ,  metal  r ibbon r e s i s t o r s  wi th  low vo l t age  c o e f f i c i e n t s '  [14] .  

Time-resolved d i v i d e r  measurements of the  pulse were obta ined  by 

apply ing  t h e  vol tage  ac ros s  the low s i d e  of the  d i v i d e r  t o  the  +A input  

of a d i f f e r e n t i a l  o sc i l l o scope  p reampl i f i e r .  The top  waveform v i n  F ig .  8 
D 

i s  a t r a c i n g  from a t y p i c a l  o sc i l l o scope  record .  For p rec i s ion  pulse  
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d i v i d e r  measurements, a  d i r e c t  vo l t age  approximately equa l  t o  (10 t o  .I00 

mV l e s s  than)  t he  peak amplitude of  t h e  "low-side" vo l t age ,  was appl ied  

t o  t h e  -B input  of t h e  d i f f e r e n t i a l  p r eampl i f i e r .  The o s c i l l o s c o p e  thus  

recorded (A - B) o r  vS, v  being t h e  d i f f e r e n c e  between t h e  d i r e c t  
S 

vo l t age  and the  v o l t a g e .  ac ros s  the "low s i d e "  of the  pu lse  d i v i d e r .  The 

d i v i d e r  measurement was c a l c u l a t e d  from the  f o l l o w i n g ~ r e l a t i o n :  

v  = DR[vS + BIAS] 
D 

where DR i s  the  pulse  d i v i d e r  r a t i o  .and BIAS is  t he  d i r e c t  v o l t a g e  app l i ed  

t o  t h e  -B i npu t  as measured wi th  a p r e c i s i o n  d i g i t a l  vo l tme te r .  The 

waveform and de lay  gene ra to r s  provided a d j u s t a b l e  t r i g g e r i n g  o f  t he  ' 

osc i . l loscope sweep, t hus  f a c i i  i t a t i n g  expansion of. t h e  t i m e  s c a l e  by \, 

adjustment  of t he  h o r i z o n t a l  a m p l i f i e r  gain s o  t h a t  t h e  measured peak 

( j u s t  p r i o r  t o  t h e  t r a i l i n g  edge--see F ig .  7 )  of t h e  pu lse  could be viewed 

i n  d e t a i l  .on t he  o sc i l l o scope  sc r een .  The t o p  t r a c e  i n  F i g . .  9 .shows a 

t y p i c a l  record ,  of v  Measurements v  of t h e  peak ampl i t i de  made i n  t h i s  
S ' D 

way a r e  be l ieved  t o  be accu ra t e  t o  b e t t e r  t han  1%. . 

The o p t i c a l  l ayout  of t h e  Kerr  c e l l - p u l s e  measuring s y s t e m  i s  shown 

schemat ica l ly  i n  F ig .  10 .  The c e l l  is  i n s t a l l e d  between "crossed" p o l a r i z e r s  

s o  t h a t  no l i g h t  i s  t r ansmi t t ed  u n t i l  vo l t age  i s  a p p l i e d .  A laser (helium- 

neon, wavelength: 632.8 nm) beam i s  d i r e c t e d  through t h e  c e l l ,  between and 

a long  t h e  length  of t h e  p l a t e - e l e c t r o d e s ,  t o  a wel l - sh i e lded  photomult ip . l ier  

tube.* The components are a l igned  wi th  cons iderab le  c a r e  and b lack  f e l t  

squares ,  w i th  ho l e s  (diam. 1 cm) f o r  passage of t h e  beam, a r e  mounted 

over  t h e  i nne r  f aces  .of t h e  p o l a r i z e r  ho lde r s  i n  o r d e r  t o  minimize and 

a t t e n u a t e  r e f l e c t  ions .  Appropriate  Neut ra l  Densi ty  F i l t e r s  a r e  o f t e n  

i n s e r t e d  i n  t h e  o p t i c a l  path a s  i nd i ca t ed  t o  prevent  over loading  of t h e  

pho tomul t i p l i e r  c i r c u i t .  The nega t ive  l e n s  s e rves  t o  spread ou t  t h e  l a s e r  

l i g h t  over  t he  pho tosens i t i ve  s u r f a c e .  Carefu l  a l ignment  of t he  l i g h t -  

t i g h t  t ube ,  which keeps ou t  e x t r a n e o ~ l s  room l i g h t ,  i s  necessary  t o  i n su re  

* ~ ~ ~ e  5819 wi th  convent ional  supply and d i v i d e r  c i r c u i t s .  
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passage of most of t he  d ive rg ing  l a s e r  beam ( r a t h e r  than  i t s  r e f l e c t i o n s  

from t h e  i n n e r  w a l l  of t h e  tube)  t o  t h e  pho tomul t i p l i e r .  The viewing tube 

c l o s e  t o  t h e  pho tomul t i p l i e r  end of t h e  l i g h t - t i g h t  tube permits  observa t ion  

of  t h e  beam's r e f l e c t i o n  on a  removable s c r een  dur ing  c a l i b r a t i o n  e x p e r i -  

ments .  Th i s  s c r een  is  removed and the  viewing po r t  i s  capped dur ing  pulse  

measurement experiments .  I n  most experiments,  a  d i r e c t  vo l t age ,  which 

b i a s e s  t h e  system t o  i t s  f i r s t  t ransmiss ion  minimum, Was app l i ed  t o  t he  

c e l l .  I n  t h e  p re sen t  se tup ,  s i n c e  the  pu l se s  t o  be measured a r e  of p o s i t i v e  

p o l a r i t y  w i th  r e s p e c t  t o  ground, a  nega t ive  vo l t age  i s  app l i ed  t o  the  lower 

e l e c t r o d e  ( see  F i g s .  1 and 7) of t h e  Kerr c e l l ,  s o  t h a t  t h e  b i a s  i s  added 

t o  the v o l t a g e  d i f f e r e n c e  imposed ac ros s  t he  c e l l  by the  p o s i t i v e  pu l se .  

This  v o l t a g e  s e r v e s  s e v e r a l  purposes: (1) i t  reduces the  danger of i n t e r n a l  

a r c i n g  by "condi t ioning" t h e  c e l l  f o r  a p p l i c a t i o n  of h igh  vo l t age  ; (2 )  i t  

i n c r e a s e s  t h e  s e n s i t i v i t y  of t h e  Kerr system (more. o s c i l l a t i o n s  of the  

t r a n s m i t t e d  i n t e n s i t y  a r e  produced by a  g iven  pulse  vo l t age )  ; and (3)  it 

enab le s  c a l i b r a t i o n  of t he  system without  r e f e r ence  t o  pu lse  d i v i d e r  

measurements, as descr ibed  i n  Sec t ions  V I - B  and V I - C .  

When v o l t a g e  is app l i ed  a c r o s s  t he  c e l l  e l e c t r o d e s ,  the  s t a t e  of 

p o l a r i z a t i o n  of t he  beam i s  a l t e r e d  ( t h e  Kerr e f f e c t ) ,  t hus  causing 

v a r i a t i o n s  i n  t h e  i n t e n s i t y  of t he  t r ansmi t t ed  l i g h t .  The t r ansmi t t ed  

i n t e n s i t y  I a t  any i n s t a n t  is  dependent upon the  s t r e n g t h  E of t he  

e l e c t r i c  f i e l d  imposed by t h e  app l i ed  vo l t age  a s  fol lows [5,8] : 

J 

where I*,, i s  t h e  maximum i n t e n s i t y  t r ansmi t t ed  by the  system and E i s  the  . m 

f i e l d  s t r e n g t h  r equ i r ed  t o  produce the  f i r s t  t ransmiss ion  maximum. The 

r e l a t i v e  . i n t e n s i t y  (I/I ) of  t he  t r ansmi t t ed  beam a s  a  func t ion  of r e l a t i v e  
m 

f i e l d  s t r e n g t h  (E/Em), a s  computed by use of Eq. 5, i s  shown g r a p h i c a l l y  

i n  F i g .  ll. Maximum t ransmiss ion  w i l l  occur when (E/Em) = 1, 6, &, e t c . ,  

and minimum t r ansmis s ion  w i l l  occur  when (E/E ) = 0, fi, fi, e t c .  
m 



RELATIVE ELECTRIC FIELD STRENGTH (E/E,) 

F i g .  11. R e l a t i v e  t r a n s m i t t e d  ligh't i n t e n s i t y  v s .  r e l a t i v e  f i e l d  s t r e n g t h  w i t h  numerical  

v a l u e s .  a s s i g n e d  t o  s u c c e s s i v e  t r a n s m i s s  i o n  maxima and minima. 



Thus, t h e  r e l a t i v e  s t r e n g t h  (EIE,) of the  f i e l d  imposed by an  app l i ed  

vo l t age  may be determined from a  time-resolved osc i l l o scope  record of t h e  

pho tomul t ip l i e r  ' s  response t o  t he  modulated beam i n t e n s i t y  a s  fol lows : I f  

the r e l a t i v e  i n t e n s i t y  i s  increas ing  a t  t he  i n s t a n t  of measurement, 

2 L 1  
(E /Em) = [n + - a r c  s i n  (111~)  2]" , 

Ii 

where n  is t he  number of maxima and minima t r aced  by the  waveform p r i o r  

' t o  t he  i n s t a n t  of measurement, and ( I11  ) i s  the ' r e l a t i v e  i n t e n s i t y  of 
m 

the  beam a t  t he  i n s t a n t  of measurelwnt. I f  (111,) i s  decreas ing  a t  the  

i n s t a n t  of measurement, 

2 
(E/Em) =' [ ( n  + 1) - - a r c  s i n  (111~)  B1b 

I( 

The app l i ed  vo l t age  V is  determined from t h i s  r a t i o  (E/Em) by use of t h e  

fo l lowing  .equation: 

where the  prorlurit (Emd) of the  f i e l d  s t r e n g t h  Em requi red  t o  produce 

maximum t ransmiss ion  and the  i n t e r e l e c t r o d e  d i s t ance  d  i s  th; c e l l  c o n s t a n t .  

Determinat ion of t h i s  q u a n t i t y  (E d )  c o n s t i t u t e s .  c a l  i b r a t i o i  of t h e  system,. 
m 

I n  t he  p re sen t  work, caLibYaeians of L l l r  c a l l  with r c l o t i v o l y  small  inter- 

e l e c t r o d e  spacing ( -0 .25  cm) were achieved by the methods descr ibed  in .  

Sec t ion  IV.  I n  t h i s  case ,  the  f i e l d  imposed by an  appl ied  vol tage  was 

assumed t o  be uniform s i n c e  l i t t l e  evidence of f i e l d  d i s t o r t i o n  was 

observed. However, the two c e l l s  wi th  g r e a t e r  e l e c t r o d e  spacing (0.75 cm) 

e x h i b i t e d  s i g n i f i c a n t  f i e l d  d i s t o r t i o n  e f f e c t s  when d i r e c t  b i a s  vol tage  

w a s  app l i ed  t o  the  c e l l .  I n  t hese  cases ,  e f f e c t i v e  c a l i b r a t i o n s  were 

achieved by the  techniques descr ibed  i n  Sec t ionVI .  

Trac ings  from t y p i c a l  o sc i l l o scope  records  a r e  shown i n  F ig .  9 .  The 

top  t r a c e  vS (see E q .  4) g ives  the  d i v i d e r  measurement v  of the  peak 
D 

a m p l i t ~ . ~ d e  of the pulse .  The o t h e r  t r a c e s  show ( I / I m )  a s  a  func t ion  of 

t ime over  the  l a t t e r  po r t ion  of t he  pulse,  inc luding  the  peak ampl-itude 



point  and the t r a i l i n g  edge. Numerical values (n) are assigned t o  

successive maxima and minima as indicated above. These a r e  counted from 

r i g h t  t o  l e f t  f o r  convenience, s ince,  as may be seen from Fig.  8, the pulse --- 
amplitude a t  the se lec ted  point  of measurement occurred j u s t  p r i o r  t o  

the  t r a i l i n g  edge. It should be noted t h a t  the  value assigned t o  the  

f i r s t  i n t e n s i t y  peak (on the  r i g h t  of the  record) is af fec ted  by t h e  

b i a s  voltage.  When the c e l l  is  biased t o  the  f i r s t ,  second, o r  t h i r d  

transmission minimum, t h i s  peak is indica t ive  of n = 3, 5, o r  7, respect ively  

The traces were obtained with no b ias  voltage applied (second t race ) ,  and 

with applied d i r e c t  b ias  vol tages  which produced the  f i r s t  transmission 

maximum, the  f i r s t  minimum, and the t h i r d  minimum ( th i rd ,  fourth,  and 

f i f t h  traces, respect ively) .  The higher values of n p r i o r  t o  the  peak of the  

pulse (n = 19, 22, 33) demonstrate the increased. s e n s i t i v i t y  of the 

system at higher b ias  l eve l s .  Superimposed pulse d iv ide r  measurements a r e  

compared with superimposed Kerr system r e s u l t s  (obtained with another Kerr 

system) i n  Fig.  12.  The peak amplitude of the  superimposed pulses 

d i f f e r e d  by 0.1% (peak amplitudes i n  the  top records 142,295 v o l t s  and 

142,443 v o l t s )  and by 1% (peak amplitude8 i n  the boLLul11 records 142,235 

v o l t s  and 143,782 v o l t s ) .  The super ior  measurement r eso lu t ion  afforded 

by the  Kerr cell  system, as compared t o  t h a t  obtained with conventional 

d iv ide r  techniques, is evident  ; indica t ions  of the peak amp1 i tude 

di f ferences  are not detec table  i n  the  d iv ide r  records, whereas s i zab le  

d i f ferences  are noted i n  t h e  Kerr cel l  records.  

I V .  CALIBRATION WITH A UNIFORM FIELD 

As a ta ted  above, assumption of a uniform in ta re lec t rode  f i e l d  

rT d i s t r i b u t i o n  d id  not introduce ser ious  e r r o r  when a Kerr cel l  having 
3 

rk; 
r e l a t i v e l y  mall (- 0.25 cm) elec t rode spacing, f i l l e d  with highly 

u pur i f i ed  nitrobenzene, was used. I n  t h i s  case, severa l  s t r a i g h t f  orward 

m t h o d s  of c a l i b r a t i o n  were found t o  be va l id ,  including the  followingt 



DOUBLE TRACES 

DIFFERENCE IN PEAK AMPLITIJDE:O.IO/~ 

DIFFERENCE IN PEAK AMPLITUDE:I.O% 

Fig. 1 2 .  Superimposed p u l s e  d i v i d e r  ( t o p  Lraces i n  e a c h  r e c o r d )  and 
K e r r  sys tem (bottom t r a c e s )  mzasurements . 



A .  Pulse Divider  Techniques 

I f  no b i a s  vo l t age  is  app l i ed ,  t he  c e l l  cons t an t  (Emd) may be 

ob ta ined  q u i t e  simply from simultaneous c a l i b r a t e d  d i v i d e r  and Kerr 

system measurements by use of t he  fo l lowing  equa t ion :  

where v i s  t he  d i v i d e r  measurement der ived  from Eq. 4, and (E/Em) is. . 
D 

der ived  from t h e  pho tomul t i p l i e r  record  of n  and ( I / I m ) ' u s i n g  Eq. 6 o r  7. 

Accuracy i n  t he  c a l i b r a t i o n  is l i m i t e d  only by the  accuracy of t he  c a l i -  

b ra ted  d i v i d e r  r a t i o  and by e r r o r  i n  read ing  of (111 ) from the  o s c i l l o -  
m 

scope r eco rd .  I n  t he  p re sen t  work, it i s  es t ima ted  t h a t  t he se  e r r o r s .  

d i d  no t  exceed 1%. 

I f  a b i a s  vo l t age  2 app l i ed  t o  the  c e l l ,  (Emd) may be determined 

' from. t h e  fol lowing equa t ibn :  

I n  t he  p re sen t  work, t h e  d i r e c t  vo l t age  V which w a s  measured t o  
BIAS' . 

w i t h i n  0.01% by use of a r e s i s t i v e  d i v i d e r ,  was ad jus t ed  u n t i l  t h e  f i r s t ,  

second, o r  t h i r d  t ransmiss ion  minimum w a s  observed v i s u a l l y .  The f i r s t  

peak o f  t h e  pulse-i-nduced pho tomul t i p l i e r  record  was thus  i n d i c a t i v e  of 

n  = 3, 5, o r  7, r e s p e c t i v e l y ;  and (EDm) was t h e  t o t a l  r e l a t i v e  f i e l d  

s t r e n g t h  imposed by the  pu lse  and b i a s  v o l t a g e s .  Values o f  (E d) d e t e r -  
m 

mined i n  t h i s  way a r e  s u b j e c t  t o  t he  same e r r o r s  a s  i n  the above ca se ,  

the  p r i n c i p a l  l i m i t a t i o n  i n  both ca se s  being t h e i r  dependence upon the  

c a l i b r a t e d  pulse  d i v i d e r  measurements. 

B . Two-Pulse Technique 

Reference t o  pu lse  d i v i d e r  measurements may be avoided by apply ing  
' 

two i d e n t i c a l  pu lses  (v = v2) t o  t he  c e l l  whi le  i t  is  biased  f i r s t  a t  one 
1 

and then  a t  another  vo l t age .  The t o t a l  vo l t ages  a c r o s s  t h e  c e l l  a r e  thus :  



- - 
'1 - Vi +   BIAS^ and V2 - v2 + , (11) 

and t h e  c e l l  cons t an t  may be w r i t t e n  

w i t h  a l l  parameters measured a s  i n  Method [ I V - A ]  and wi th  t he  added 

advantage t h a t  pu lse  d i v i d e r  measurements a r e  n o t  r e q u i r e d .  S i g n i f i c a n t  

e r r o r s  may be ave r t ed  by making every  f e a s l b l e  e f f o r c  Lo s a t i s f y  t he  

fo l l owing  c r i t e r i a :  (1) t he  pu l se s  app l i ed  must be i d e n t i c a l ,  and 

(2) f a c t o r s  c o n t r i b u t i n g  t o  e r r o r  i n  t he  d i f f e r e n c e  [(E /E ) - (E /E ) ]  
1 m 2 m 

must be minimized. To achieve t h e  l a t t e r ,  t he  o s c i l l o s c o p e ' s  v e r t i c a l  

a m p l i f i e r  may be a d j u s t e d  t o  y i e l d  maximum d e f l e c t i o n  f o r  I on the  o s c i l l o -  
m 

scope sc r een ;  
"BIAS i 

may be made a s  h igh  a s  is  f e a s i b l e  w i th  a  given c e l l ;  

and  BIAS^ may be made a s  low a s  f e a s i b l e  (zero  i f  no b i a s  i s  des i r ed  f o r  

"condi t ioning" purposes) . -, 

Eva lua t ion  of t h i s  technique sugges ts  s e v e r a l  sources  uf e r r o r :  

(1) I f  V, and v 2  a r e  no t  i d e n t i c a l ,  one should expec t  an  e r r o r  a s  to l lows:  

where 6 i s  t h e  p ropor t i ona l  d i f f e r e n c e  between vl and v 2  and Av jv i s  
1 2  

t h e  percentage e r r o r  i n  t he  determined va lue  of (Emd). (2) It i s  

' e v i d e n t  from in spec t ion  t h a t  t he  accuracy of (Emd) w i l l  be increased 

when t h e  d i f f e r e n c e  between the  b i a s  v o l t a g e s  is  maximized. (3) When 

reasonable  c a r e  is  exe rc i s ed  (I1 /Im) and (12/Im),  from which (El /Em) and 

(E2/Em) a r e  determined, can  be measured from an osc i l logram wi th  r e l a t i v e  

ease t o  20.05 1,. For measurements w i th  n >  2, such an  e r r o r  would i n  

most c a s e s  in t roduce  e r r o r s  cons iderab ly  sma l l e r  than 0 .03  o r  1% i n  

(E/Em), w i th  t he  e r r o r s  d imin ish ing  a s  n  i n c r e a s e s .  However, f o r  measure- 

ments w i th  I / f m  near  a  maximum o r  minimum transmis'sion po in t ,  i . e . ,  when 



111, i s  between 0 .9  and 1 . 0  o r  when I/Im = 0 t o  0.1,  r e s p e c t i v e l y ,  

percentage e r r o r s  a s  l a r g e  as 4 . 7 U w h e n  n = 2) may be introduced i n  

(E/E,), w i t h  t he  e r r o r s  d imin ish ing  a s  n  i n c r e a s e s .  The percentage e r r o r  

A ( ~ l ,  2 / ~ m )  
i n  (E d) due t o  e r r o r s  i n  measurement and/or  read ing  of (I1/Im) 

m 

and (1211,) may be e s t ima ted  from the  fo l lowing  equa t ion :  .. . 

where 6 and 6 a r e  t h e  p ropor t i ona l  e r r o r s  i n  (E /E ) and (E2/Em) . 
1 2 1 m 

R e a l i s t i c  e r r o r s  of 4 . 0 1  and -0.01 i n  t h e  l a t t e r  could t h e r e f o r e  cause 

e r r o r s  a s  l a r g e  a s  4.1% i n  (E d ) .  
m 

I n  view of t he se  po in t s ,  it is  no t  d i f f i c u l t  t o  accep t  t h e  ,dev ia t ions  

noted i n  T a b l e ' l  a s  t y p i c a l  of c a l i b r a t i o n  r e s u l t s  ob ta ined  by t h i s  method. 

Rather  it is  encouraging ,to no t e  t h a t  t h e  a c t u a l  dev i a t i ons  of (E,d)IV-B 

ram (Emd> IV-A : were cons iderab ly  sma l l e r  than  one might expec t .  The ' 

va lues  of (Emd) ob ta ined  by t h i s  method [IV-B] f o r  t h e  0'.25 c m  c e l l ,  which 

e x h i b i t e d  l i t t l e  evidence of nonuniformity i n  i t s  f i e l d  d i s t r i b u t i o n ,  

d i f f e r e d .  from pulse  d i v i d e r  ca1ibrat . i  ons  [IV-A1 by about 2% ( see  ~ a b i e  1). 

C . Detec t ion  and Measurement of Bias a t  Minimum 

F i n a l l y ,  i f  t he  f i e l d  d i s t r i b u t i o n  is  uniform, independent c a l i -  

b r a t i o n  may be achieved by a d j u s t i n g  t h e  b i a s  vo l t age  u n t i l  t h e . f i r s t ,  

second, o r  t h i r d  t ransmiss ion  minimum (n = 2, 4,  o r  6 )  i s  observed o r -  

de t ec t ed .  photoelectrically .   he' c e l l  cons t an t  i s  then c a l c u l a t e d  from 

where Vmin i s  t he  b i a s  vo l t age  a t  which the  minimum i s  observed; and 

from Eq. 5, (Emin/E,) = fi, f i, o r  &. Minimum, r a t h e r  than  maximum, 

t ransmiss  ion p o i n t s  were s e l e c t e d  f o r  d e t e c t  ion,  because percept  ion  of 

t he  maximum i n t e n s i t y  of a  h i g h - i n t e n s i t y  source i s  more d i f f i c u l t .  

Minimum t ransmiss ion  po in t s ,  on t he  o t h e r  hand, were de t ec t ed  q u i t e  

reproducib ly .  Best r e s u l t s  were obtained w i t h  p h o t o e l e c t r i c  d e t e c t i o n .  
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Table 1. Cal ib ra t ions  of a Kerr  C e l l  wi th  N e a r - U n i f . ~ ~ ~ ~  E l e c t r i c  F i e l d  D i s t r i b u t i o n  

Kerr System Data 

*Deviation of c e l l  cons tan t  (E d) a s  de te rn ined  by Method [IV-B] f r ~ m  t h a t  ,determined by &thod [IV-A] . 
m 

?Deviation of {Emd) a s  determined by Method [IV-C] from t h a t  determined by Method [IV-A] . 
d 

*These c a l i b r a t i o n s  a r e  r e f e r r e d  t o  the experiment wi th  the  c e l l  biased a t  t he  t h i r d  t r a n s n i s s i o n  

minimum, i . e . ,  (E1/Em) and VBIASl i n  E q .  12 were taken a s  5.82 anc 6809 v o l t s ,  r e s p e c t i v e l y .  

J i 

Method [IV-C ] 

1 

Pulse-Divider 1 
Method [IV-A1 

(Emdl 

[ v o l t s  1 

2906 

2768 

' 2768 

2 7 79 

2768 

2768 

Two-Pulse* 
Method [IV-B] 

A +  

[%I 

+6.0 

-0.3 

-0.3 

+0.3 

-0.4 

-0.7 

(E d) AJ; 
m 

[ v o l t s ]  [%I 

2769 -0.3 

1 2752 -1.3 

2762 -0.7 

2742 -1.9 

Re f e  rence 

2750 -1.4 

2742 -2.1 

'Bias  Poin t  

Zero 

1 s t  Max 

1 s t  Min 

2nd Min 

3rd Min 

2nd Min 

1 s t  Min 

I 

. 

r 

(Emdl 

[volcs ]  

@/Em) 'BIAS 

, 

[ v o l t s ]  

0 

2906 

3915 

5536 

6809 

5535 

3914 

n 

9335 2777 

9334 2780 

( I / I  
m 

9329 

9325 

9336 

9326 

9343 

11 

l9 

22 

2 8 

33 

2 8 

22 

277b 

2773 

2 7 74 

2 7 73 

2782 

I 
I 

1 

I 

0.73 

. 0.66 

0.8B 

0 . 7 9  

0.05 

0.80 

0 . 7 9  

3.362 

4.404 

4.772 

5.357 

5.820 

5.358 

4.764 



For maximum s e n s i t i v i t y  and minimum e r r o r  due t o  d r i f t i n g  o f  t h e  o s c i l l o -  

scope beam, t h e  c a b l e  t e r m i n a t i o n  used d u r i n g  p u l s e  measurement e x p e r i -  

ments was removed d u r i n g  t h i s  p rocedure .  Th is  p r e c a u t i o n  reduced t h e  

s p r e a d - i n  o u r  d e t e c t i o n s  o f  t h e  minimum t r a n s m i s s i o n  v o l t a g e  from 1% t o  

abou t  0.1%. Values of (Emd) f o r  t h e  c e l l  w i t h  d  m 0 .25  cm, a s  determined 

by t h i s  method, d e v i a t e d  from p u l s e  d i v i d e r  c a l i b r a t i o n s  by l e s s  t h a n  1%. 

T h i s  method i s  p r e f e r r e d  o v e r  methods IV-A and IV-B because it does  n o t  

r e q u i r e  r e f e r e n c e  t o  p u l s e  d i v i d e r  measurements. Typ ica l  d a t a  and 

r e s u l t s  o b t a i n e d  by t h e  methods d e s c r i b e d  i n  t h i s ' s e c t i o n  [IV] a r e  

p r e s e n t e d  and compared i n  Table  1. 

Unfor tuna te ly ,  c a l i b r a t i o n s  of t h e  c e l l s  w i t h  g r e a t e r  i n t e r e l e c t r o d e  ., . . 

s p a c i q g  ( 4 . 7 5  cm) showed s i g n i f i c a n t  e r r o r s  when t h e  f o r e g o i n g  methods 

were employed. ' I n v e s t i g a t i o n s  showed t h a t  a p p l i c a t i o n  of a  d i r e c t  b i a s  . . . 

v o l t a g e  produces d i s t o r t i o n  i n  t h e  e l e c t r i c  f i e l d  d i s t r i b u t i o n  probably  

because it. c a u s e s  i o n i c  i m p u r i t i e s  i n  n i t r o b e n z e n e  t o  c o l l e c t  n e a r  

t h e  e l e c t r o d e s .  Experiments were t h e r e f o r e  performed t o  i n v c s t i g a t e  t h e  

e x t e n r  of f i e l d  d i s t o r t i o n .  

I n  t h e  f i r s t  of  t h e s e  exper iments ,  a  p inho le  a p e r t u r e ,  c o l l i m a t i n g  

l e n s  and beam expanding t e l e s c o p e , *  which expanded t h e  2 mrn d iamete r  beam 

t n  a c o l l i m a t e d  50 nun beam, were a t t a c h e d  t o  t h e  l a s e r  s o u r c e , ?  t h u s  c a u s i n g  

t h e  beam t o  cover  t h e  e n t i r e  i n t e r e l e c t r o d e  a r e a .  The p i n h o l e  a p e r t u r e  

provided a smooth Gaussian i n t e n s i t y  p r o f i l e  a c r o s s  t h e  c o l l i m a t e d  beam. 

The image of t h e  e l e c t r o d e s  s i l h o u e t t e d  by t h e  t r a n s m i t t e d  beam was 

observed on .and photographed from a ground-g lass  s c r e e n  p laced  between 

*Spectra-Physics  Models 331 and 332. 

t ~ p e c t r a - ~ h y s i c s  Model 131. 



t h e  n e g a t i v e  l e n s  and t h e  p h o t o m u l t i p l i e r  t u b e .  Typica l  photographs  w i t h  

v a r i o u s  d i r e c t  v o l t a g e s  a p p l i e d  t o  C e l l  No. 1 a r e  shown i n  F i g .  1 3 .  

The f i r s t  photograph (11,075 v o l t s )  shows t h e  r a d i a n t  f l u x  t r a n s m i t t e d  

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

t r a n s m i s s  i o n  maximum (approximately)  a p p l i e d .  Upon a p p l i c a r i o n  of 

v o l t a g e s  n e a r e r  t h a t  r e q u i r e d  f o r  t h e  f i r s t  t r a n s m i s s i o n  minimum, dark. 

r e g i o n s  of low and n e a r - z e r o  t r a n s m i s s i o n  were e v i d e n t  i n  c o n t r a s t  t o  

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

r e g i o n s  of d i f f e r e n t  e l e c t r i c  f i e l d  i n t e n s i t y .  The r e g i o n  of n e a r - z e r o  

t r a n s m i s s i o n ,  where t h e  f i e l d  i n t e n s i t y  was approximately  e q u a l  t o  t h a t  

(Emin) r c q u i r e d  f o r  t h e  f i r s t  minimum of l i g h t  t r a n s m i s s i o n ,  f i r s t  appeared 

as a  narrow d a r k  band p a r a l l e l  t o  t h e  s u r f a c e  of t h e  ca thode  a t  abou t  

12,970 v o l t s .  As t h e  a p p l i e d  v o l t a g e  was increased, ~11e bald  grew i n  

a r e a ,  bowed o u t  i n  t h e  c e n t e r ,  and moved toward t h e  anode a s  shown i n  t h e  

pho tographs .  At any g i v e n  v o l t a g e ,  t h e  p a t t e r n  was s t a b l e ,  showing no 

s h i f t i n g  of t h e  d a r k e r  r e g i o n s  even  over  p e r i o d s  of many minu tes .  .Minimum 

t r a n s m i s s i o n  occur red  between 15,903 and 16,203 v o l t s  ( c l o s e r  t o  15,903 

v o l t s ) .  

F i g u r e  1 4  i s  a "map" (composite t a k e n  from t h e s e  and o t h e r  s i m i l a r  

photographs)  o f  t h e  p r o f i l e  of t h e  e l e c t r i c  f i e l d  d i s t r i b u t i o n  o v e r  t h e  

e n t i r e  area between t h e  p l a t e s .  The r e l a t i v e  l o c a l  f i e l d  i n t e n s i t i e s  

(E/Emin) were d e r i v e d  from t h e  p i topor t i ana l  changes  ~ L I  v o l t a g e  r c q u i r e d  

f o r  g i v e n  s h i f t s  i n  t h e  t r a n s m i s s i o n  p a t t e r n .  The r e s u l t s  demonstra te  

s i g n i f i c a n t  nonuni fo rmi ty  i n  t h e  f i e l d  s t r e n g t h .  

I n  a second s e r i e s  of exper iments  i n v e s t i g a t i n g  t h e  f i e l d  d i s t r i b u t i o n  

i n  C e l l  No. 1, d i r e c t  v o l t a g e  w a s  a p p l i e d  t o  t h e  c e l l  and t h e  l a s e r  source  

(which was mounted on a n  a d j u s t a b l e  l a b o r a t o r y  j ack)  w a s  moved a c r o s s  t h e  

d i s t a n c e  between t h e  e l e c t r o d e s .  The i n t e n s i t y  of t h e  t r a n s m i t t e d  beam 

as a f u n c t i o n  o f  d i s t a n c e  was recorded  by a p p l y i n g  t h e  p h o t o m u l t i p l i e r  I s  

r e s p o n s e  t o  t h e  v e r t i c a l  a m p l i f i e r  of a n  o s c i l l o s c o p e .  At t h e  same t ime,  

t h e  v o l t a g e  a c r o s s  t h e  tapped p o r t i o n  of a t e n - t u r n  po ten t iomete r ,  w i t h  

t h e  t a p  mechan ica l ly  l i n k e d  t o  t h e  p o s i t i o n  o f  t h e  l a s e r  beam ( i  . e . ,  t o  

t h e  s u p p o r t i n g  j ack) ,  was a p p l i e d  t o  t h e  h o r i z o n t a l  a m p l i f i e r .  The g a i n  
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Fig. 13. Laser photographs showing profile of electric field in Kerr cell. 



Fig. 14. Profile of the electric field distriksution aver the 

interelectrode area of Cell No. 1 ( d  = 0 . 7 5  cm). 



was ad jus t ed  s o  t h a t  t h e  t r a v e l  r e q u i r e d ' t o  cover  t h e  d i s t ance  between 

the  p l a t e s  gave f u l l -  ( ho r i zon ta l )  s c a l e  d e f l e c t i o n  on t h e  o s c i l l o s c o p e .  

The p o s i t i o n  of the  o sc i l l o scope  beam thus  gave d i r e c t  i n d i c a t i o n  of t h e  

r e l a t i v e  i n t e n s i t y  111, of t he  t r ansmi t t ed  beam (on t h e  v e r t i c a l  s c a l e )  

and the  l o c a t i o n  of the  - l a s e r  beam's path through t h e  Kerr c e l l  (on t h e  

h o r i z o n t a l  s c a l e ) .  F igure  15 i s  a composite t r a c i n g  of o sc i l l o scope  

records  ob ta ined  wi th  va r ious  vo l t ages  (Curves 1 through 7) app l i ed  t o  

t h e  c e l l .  Since cons iderab le  c a r e  i s  r equ i r ed  f o r  i n t e r p r e t a t i o n  of t he se  

measurements, t he  measured va lues  of 111, and n a r e  noted a t  s e v e r a l  

p o s i t i o n s  on Curves 1 and 6 f o r  t he  convenience of t h e  r e a d e r .  Curve 7, 

which g ives  t h e  l e v e l  of maximum t ransmiss ion ,  was ob ta ined  wi th  t he  

p o l a r i z e r  and ana lyze r  "uncrossed" and wi th  no vo l t age  app l i ed  t o  t h e  c e l l .  

The r e l a t i v e  f i e l d  s t r eng ths  (E/Em) a t  va r ious  d i s t a n c e s  from t h e  anode 

i n  t he  c e l l  were der ived  d i r e c t l y  from these  measurements of 111, and n .  

Values of (E/Em) obtained i n  t h i s  way from Curves 1, 2, 5, and 6 a r e  

p l o t t e d  i n ' F i g .  16. (Curves 3 and 4 were omit ted f o r  c l a r i t y . )  The f i e l d  

d i s t r i b u t i o n  ind i ca t ed  shows t h a t  t h e  f i e l d  s t r e n g t h  was h ighes t  nea r  t he  

cathode,  , lowest a t  p o s i t  ion D, and then  h ighe r  aga in  n e a r  t h e  :anode. This  

d i s t r i b u t i o n  is  i n  agreement w i th  t h a t  i nd i ca t ed  by t h e  experiments of 

F i g s .  14  and 17.. '.1t i s  a l s o  important  t o  see  t h a t  t he  f i e l d  d i s t r i b u t i o n  

d i d  no t  vary  s i g n i f i c a n t l y  when the  app l i ed  vo l t age  was changed by a s  

much a s  35%. 

I n  a  t h i r d  s e r i e s  of experiments  w i th  C e l l  No. 1, t h e  d i r e c t  vo l t age  

'min 
which produced the  f i r s t  t ransmiss ion  minimum was measured wi th  t h e  

l a s e r  beam passed a long  va r ious  pa ths  between t h e  p l a t e s .  A micrometer 

coupled wi th  a spring-loaded base, a s  shown i n  F i g .  1, was used f o r  

adjustment  and measurement of t he  p o s i t i o n  of each pa th .  Resu l t s  

showing V as a f ~ i n c t i o n  of d i s t a n c e  was p l o t t e d  i n  F ig .  17 .  S i g n i f i c a n t  
min 

d i s t o r t i o n  of t h e  e l e c t r i c  f i e l d  d i s t r i b u t i o n  i s  e v i d e n t .  Ex t r apo la t i on  

of the  curve t o  t he  e l e c t r o d e s  suggested t h a t  even g r e a t e r  d i s t o r t i o n  

e x i s t e d  near  t h e  e l e c t r o d e s .  The fo l lowing  techniques  were t h e r e f o r e  

devised f o r  c a l i b r a t i o n  i n  t he  presence of f i e l d  d i s t o r t i o n  e f f e c t s .  
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DISTANCE BETWEEN PLATES (divisions: 

F i g .  15. Rela t ive  i n t e n s i t y  of t ransmi t ted  beam a s  a functiori  of 6 i s t ance  between the  e l ec t rodes  of 

C e l l  No. 1 a s  recorded by photomult ipl ier ,  tube, a t  1-arious appl iad  vol tages :  'V1 = 13,097 
V 2  = 14,640, Vj = 15,160, V 4  = 16,045, V5 = 17,082, and V6 = 18,986 v o l t s .  



, F i g .  1 6 .  R e l a t i v e  f i e l d  s t r e n g t h  i n  C e l l  No. 1 as a f u n c t i o n  o f  i n t e r e l e c t r o d e  
. d i s t a n c e ,  as d e r i v e d  from t h e  p h o t o m u l t i p l i e r  r e c o r d s  o f  111, 
and n  i n  F i g .  15 .  
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ANODE CATHODE 

DISTANCE BETWEEN PLATES - rn m 

F i g .  17 .  Measurements of t h e  d i r e c t  v o l t a g e s  V which produced t h e  f i r s t  t r a n s m i s s i o n  minimum 
min 

a l o n g  v a r i o u s  p a t h s  between t h e  e l e c t r o d e s  of C e l l  No. 1. 



V I .  CALIBRATION WITH A NONUNIFORM FIELD DISTRIBUTION 

A. Pulse  Div ider  Technique \ 

I n  c a s e s  where a p p l i c a t i o n  of a  d i r e c t  b i a s  vo l t age  imposed a  non- 

uniform f i e l d  d i s t r i b u t i o n ,  c a l i b r a t i o n  was achieved by r e f e r ence  t o  

pu lse  d i v i d e r  measurements a s  fo l lows:  The b i a s  was ad jus t ed  u n t i l  t he  

f i r s t  t ransmiss ion  minimum was d e t e c t e d .  A t  t h i s  po in t ,  t h e  r e l a t i v e  

f i e l d  s t r e n g t h  along the  s e l e c t e d  l i g h t  path was (Emin/Em) = f i .  
A measured pulse  vo l t age  vD was then  app l i ed  t o  t h e  b iased  c e l l ;  n  and 

(111~) were measured from t h e  pho tomul t i p l i e r  r eco rd ;  and (E/Em) was 

determined by use of Eq. 6 o r  7 . .  Since experiments  i nd i ca t ed  t h a t  the  

f i e l d  imposed by the  pulse  (du ra t i on  10 ps) is  uniform, t h e  c e l l  

cons t an t  (E d) was determined from t h e  fo l lowing  equa t ion :  
m 

Measurement of the  b i a s  vo l t age  was 'not  r equ i r ed .  

C a l i b r a t i o n s  i n  t h i s  manner a r e  l i m i t e d  only by inaccu rac i e s  i n  

t he  pu lse-d iv ider  measurement v  ( l e s s  than  1%) and by e r r o r  i n  t h e  
D 

d e t e c t i o n  of t h e  t ransmiss ion  minimum (about 0 .1%) .  The e r r o r  i n  

measurement of (III,), and thus  i n  ( E E m )  w i l l  be n e g l i g i b l e  i f  the  

amplitude of t h e  app l i ed  pu lse  i s  such t h a t  n  > 10.  

Data and r e s u l t s  from t y p i c a l  c a l i b r a t i o n s  of C e l l  No. 1 by t h i s  

method a r e  given i n  Table 2 .  The c a l i b r a t i o n s  were performed w i t h  t he  

l a s e r  beam passed along the  f i v e  d i f f e r e n t  pa ths  shown i n  F ig .  1 7 .  

The c e l l  cons t an t s  determined dev ia t ed  from t h e  average by less t han  0.5%. 

B. C a l i b r a t i o n  from Measurements of D i r e c t  Voltages which Produce 

Minimum Transmission , 

The c e l l  cons t an t  (E d)  was a l s o  der ived  from measurements (see F i g .  17) 
m 

of the  d i r e c t  v o l t a g e s  which produced t h e  f i r s t  t ransmiss ion  minimum 

a long  pa ths  a t  d i f f e r e n t  d i s t a n c e s  from one of t he  e l e c t r o d e s  of t he  c e l l .  



Table 2. Cal ib ra t ions  ~f a  C e l l  (No. 1) .with Nonuniform E l e c t r i c  F i e l d  D i s t r i b u t i o n  

+ ~ e v i a t i o n  of c a l i b r a t i o n  by Method [VI-A]  from average c a l i b r a t i o n  (11332 v o l t s )  by t h i s  method. 



Severa l  assumptions were made a s  fo l lows:  (1) t h a t  t h e  ce l l  cons t an t  does 

not  vary  s i g n i f i c a n t l y  wi th  1 imited changes i n  t imc, temperature ,  o r  

app l i ed  vo l t age ;  and (2) t h a t  t he  f i e l d  s t r e n g t h  a t  any po in t  between 

the  e l e c t r o d e s  i s  propor t i ona l  t o  the  app l i ed  v o l t a g e .  (Experiments 

performed over per iods  of s e v e r a l  months w i th  s e v e r a l  d i f f e r e n t  s ea l ed  

and "conditioned" c e l l s  i nd i ca t ed  t h a t  t he se  assumptions a r e  reasonable  .) 

On t h i s  b a s i s ,  t he  f i e l d  d i s t r i b u t i o n  imposed by a p p l i c a t i o n  of d i r e c t  

vo l t age  t o  C e l l  No. 1 was determined from t h e  measurements of F ig .  17, i n  

a  manner s i m i l a r  t o  t h a t  used f o r  p l o t t i n g  F i g .  1.4. The r e l a t i v e  f i e l d  

s t r e n g t h  (EIE ) a s  a f u n c t i o n  of d i s t a n c e ,  when t h e  d i r e c t  vo l t age  V 
min 4 

which produced minimum t ransmiss ion  a long  path 4 (of F i g .  17) was app l i ed  

t o  t h e  cel l ,  is  shown by t h e  curve i n  F ig .  18. The r e l a t i v e  f i e l d  

s t r e n g t h s  a long  pa ths  1, 2, 3, and 5 were deduced from t h e  p ropor t i ona l  

changes (from V4) i n  appl ied  d i r e c t  vo l t age  r equ i r ed  t o  pr.oduce t h e  f i r s t  

t ransmiss ion  minimum along each of t he se  pa ths .  The r e l a t i v e  s t r e n g t h  

(E1/Emin) of  t he  e l e c t r i c  f i e l d  which V4 would impose i f  t he  f i e l d .  

d i s t r i b u t i o n  were uniform, a s  determined from t h i s  curve by numerical 

i n t e g r a t i o n ,  i s  shown by the  h o r i z o n t a l  l i n e .  The r e l a t i o n s h i p  between 

t h e ' a p p l i e d  te rmina l  vo l t agc  V4 and the v u l l a g r  (Emind) which would 

produce a  uniform f i e l d  of i n t e n s i t y  Emin i s  t hus :  

and the  c e l l  cons t an t  may be w r i t t e n :  

(Emindl E min v 4 = 
(Emd) = = - v4 

E '  a (1.014) ' (18) 

C a l i b r a t i o n s  obtained i n  t h i s  manner d i f f e r e d  from d i v i d e r  c a l i -  

b r a t i o n s  by about 2%. Data and a  c a l i b r a t i o n  of Cell No. 1 a r e  given i n  

Table 2 .  With h ighe r  p u r i t y  n i t robenzene  and more accu ra t e  de te rmina t ion  

of t h e  f i e l d  d i s t r i b u t i o n  (from measurements of V i n  t h e  reg ions  very  
min 

c l o s e  t o  t h e  e l e c t r o d e s ) ,  we a n t i c i p a t e  t h a t  independent c a l i b r a t i o n s  t o  

w i t h i n  about 1% should be f e a s i b l e  by t h i s  method. 



ANODE ' I CATHODE 

Fig. 18. Relative electris field strength (E /Emin) as  a function of inter electrode distance 

in Cell No. 1 as deduced from the measureme~ts  of Fig. 17.  



C .  "Beam Expander Method" 

The foregoing a n a l y s i s  l e d  t o  t he  r e a l i z a t i o n  t h a t  (Emd) might be 

determined wi th  r e l a t i v e  ease ,  and perhaps g r e a t e r  accuracy, i f  t he  diameter  

of the l a s e r  beam were en larged  s o  t h a t  t he  l a s e r  r a d i a t i o n  f e l l  upon the  

e n t i r e  i n t e r e l e c t r o d e  d i s t ance .  I n  t h i s  case ,  the  r e l a t i v e  r a d i a n t  f l u x  

t r ansmi t t ed  over  t he  i n t e r e l e c t r o d e  d i s t a n c e  should be i n d i c a t i v e  of t he  

average i n t e n s i t y  of the  nonuniform f i e l d .  To t e s t  t h i s  idea,  t he  beam 

expanding te lescope ,  s p a t i a l  f i l t e r ,  and co l l ima t ing  l e n s  were a t tached  t o  

the  l a s e r  source so  t h a t  an expanded beam (diam. e 50 &) 'was  d i r e c t e d  

between t h e ' p l a t e s  of  t h e  c e l l  a s  shown i n  F i g .  19.  A mask wi th  a  

r ec t angu la r  s l o t  of length  s l i g h t l y  g r e a t e r  than  the  i n t e r e l e c t r o d e  

d i s t ance  and width 2 mm was placed i n  t he  o p t i c a l  path t o  reduce e r r o r s  

from f i e l d  d i s t o r t i o n  over  the  width of the e l e c t r o d e s .  The b i a s  

vol tage  which minimized the  t r ansmi t t ed  f l u x  was then  measured. The c e l l  

cons t an t  (E d) was determined by s u b s t i t u t i n g  t h i s  measured b i a s  vol tage  
m 

f o r  Vmin i n  Eq. 15. Such c a l i b r a t i o n s  of the two c e l l s  (Nos. 1 and 2 )  

wi th  0.75 cm i n t e r e l e c t r o d e  d i s t ance  d i f f e r ed .  from d i v i d e r  c a l i b r a t i o n s  

by less than 1%; i n  spite of va r i a t iu r l s  as l a r g e  as 10% (from the  average)  

i n  l o c a l  f i e l d  i n t e n s i t i e s  ac ros s  t he  i n t e r e l e c t r o d e  d i s t a n c e s .  Typical  

r e s u l t s  a r e  compared wi th  pulse  d i v i d e r  c a l i b r a t i o n s  (by Method VI-A) 

i n  Tab1.e 3 .  

Af te r  c a l i b r a t i o n ,  t h e  beam expander attachment w a s  removed from 

t h e  system, and pulse measurements were made us ing  t h e  two c a l i b r a t e d  

ce1l.s w i th  the  beam passed along va r ious  pa ths  be tween the  e l e c t r o d e s .  

I n  each experiment d i r e c t  vo l tage  (not  measured) w a s  appl ied  t o  b i a s  the  

c e l l  t o  t he  f i r s t  t ransmiss ion  minimum. The Kerr system r e s u l t s  v  were 
K 

then  obtained by use of t h e  fol lowing equat ion:  

where (E,/E ) was determined from the  photomul t ip l ie r  record  a s  before ,  
' 

m 
and Vmin was the  b i a s  vo l t age  which minimized the  r a d i a n t  f l u x  t r a n s -  

mi t ted  by the system dur ing  c a l i b r a t i o n .  Deviat ions of v from v d id  
K D 

not  exceed 1%. 
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PHOTOMULTIPLIER 

~ i g .  19. SYSTEM IJSED FOR INDEPENDENT CALIBRATION OF 

KERR SYSTEM I N  PRESENCE OF F I E L D  D I S T O R T I O N  EFFECTS 
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Table 3. Cal ib ra t ions  of C e l l s  wi th  Nonuniform E l e c t r i c  F i e l d  D i s t r i b u t i o n s  

A* 

[%I 

+O . O 1  

"Beam Expander 
Method" [VI-C ] 

(Emdl 

[ v o l t s ]  

C e l l  No. 1 11,171 

Pulse-Divider 
Method [VI-A] 

(Emdl 

[ v o l t s ]  

11,172 

11,148 

11,269 - 

C e l l  No. 2 9,870 

9,890 

9,973 

*Deviation of t h e  c e l l  cons tan t  (Emd) a s  determined by "Beam Expander Method" [VI-C] 
from t h a t  determined by Pulse-  Divider  E t h o d  [VI-A]. 

11,172 

11,231 

9,850 

9,935 

9,949 

1 -0.2 

4 . 3  

4 . 2  

-0.45 

-0.2 



Table 4. Pulse Measurement Experiments 

Pulse Divider 
Measurements 

v 
D 

[ v o l t s ]  

C e l l  No. 1 

36,323 

36,288 

36,323 

Ce l l  No. 2 

18,471 

36,310 

36,914 

36,294 

55,088 

73,563 

91,979 

*Deviation of Kerr system meEsurement v- f r o n  voltage d iv ide r  measurement v 
K D ' 

Kerr System Resul t s  a f t e r  "Beam Expander" Ca l ib ra t ion  

Beam Path 
! 

[ approx. 1 

Near anode 

Center 

Near cathode 

Center 

Near anode 

Center 
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V I I .  SUMMARY AND CONCLUSION 

This  r e p o r t  summarizes progress  made on the  Kerr  c e l l  pu lse  measure- 

ments p r o j e c t  over the  p a s t  3  yea r s .  The fol lowing a r e  included among 

t h e  p r i n c i p l e   accomplishment^ : 

(1) Systems f o r  p u r i f i c a t i o n  and t e s t i n g  of the  ni t robenzene 

used i n  our  Kerr c e l l s  were developed. 

(2) Methods f o r  c a l i b r a t i o n  of a  Kerr  system by r e fe rence  t o  

c a l i b r a t e d  pulse d i v i d e r  measurements, under both uniform (Method IV-A) 

and nonuniform (Method VI-A), f i e l d  cond i t i ons  were developed. These 

c a l i b r a t i o n s  a r e  bel ieved t o  be accu ra t e  t o  b e t t e r  than  1%. 

c3) .Methods f o r  independent (without r e f e rence  . to  p d s e  d i v i d e r  

measurements), under both uniform (Method I V - B  and IV-C) and nonLnifom 

(Methods v I -B  and VI-C) f i e l d  condi t ions ,  were deve10~e.d '  and' eSa lda ted .  
. . 1  , 

. . . . : .  . . 
(4) ' Pulse  vo l t ages  as high a s  100 kV were measured .< , 

(s imultaneously)  by use of a  c a l i b r a t e d  pulse  d i v i d e r  and a K e r r  system. 

Several  d i f f e r e n t  Kerr c e l l s  were used. Resu l t s  obtained a f t e r  c a l i -  

b r a t i o n  by t h e  "Beam Expander Method" [VI-C ] demonstrate agreement 

t o  b e t t e r  than  1% between the  Kerr system and t h e  pulse  d i v i d e r .  

With f u r t h e r  ref inements ,  i t  i s  a n t i c i p a t e d  t h a t  such c a l i b r a t i o n s ,  
. . 

accu ra t e  t o  w i t h i n  +0.5% w i l l  be f e a s i b l e  f o r  systems capable of time- 

reso lved  measurements of pulses  a s  high as 300.kV . 

V I I I .  FUTURE PLANS 

This program w i l l  continue during t h e  f i s c a l  year  1969, w i t h '  

emphasis on t h e  fol lowing t a sks :  

(1) cons t ruc t ion  and cal. i .bration of Kerr  c e l l s  wi th  va r ious  
' 

i n t e r e l e c t r o d e  d i s t ances ,  e s p e c i a l l y  of those having l a r g e r  (> 1 cm) 

i n t e r e l e c t r o d e  d i s t ances  r equ i r ed  f o r  measurement of h ighe r  vol tage  



pu l se s  (> 100 kV) . I n v e s t i g a t i o n s  of t he  e l e c t r i c  f i e l d  d i s t r i b u t i o n  

w i t h  v a r i o u s  i n t e r e l e c t r o d e  d i s t a n c e s  w i l l  be included.  

. (2) Development of systems f o r  gene ra t i on  and measurement 

(by pu l se  d i v i d e r  and K e r r  system techniques)  of pu lse  v o l t a g e s  a s  

(3) I n v e s t i g a t i o n  of t h e  e f f e c t  of temperature  upon Kerr  

system c a l i b r a t i o n s .  

IX . ACKNOWLEDGMENTS 

The au tho r s  a r e  g r a t e f u l  ' t o  D r s  . F . Ralph Kot.ter and Harr i son  E . 
Radford f o r  h e l p f u l  d i s cus s ion  and sugges t ions ,  t o  Roger P,. Chase and 

Wil l iam A. Bagley f o r  a s s i s t a n c e  i n  p u r i f i c a t i o n  of t h e  ni t robenzene,  

and t o  ~ l a r e n c e  V.  Kurtz  and Mary C .  King f o r  a s s i s t a n c e  i n  p repa ra t i on  

of t h i s  r e p o r t .  

X .  REFERENCES 

1. J. Kerr, P h i l .  Mag. 50, 337-348 and 446-458 (1875). 

2. V .  L, Pungs and H .  Vogler,  Phys. Z e i t s .  - 31, 485 (1930) . .  

3 .  S.  Namba, Rev. S c i .  I n s t r .  27, 336 (1956). 

4. S. Y .  E t t i n g e r  and A. C .  Venezia, Rev. Sc i .  I n s t r .  - 35, 221 (1963) 

5 .  D .  C .  Wunsch and A. E r t eza ,  Rev. S c i .  I n s t r .  35, 816 (1964). 

6 .  J. H .  Park and H. N .  Cones;AIEE Conf. Paper No. 57-215 (1957). 

7. W .  R. Fowkes and R .  M .  Rowe, IEEE Trans.  on I n s t r .  & Meas. IN-15, 

No. 4 ,  284-292 (December 1966) . 
8 .  A .  M. Zarem, F. R. Marshal l ,  and F. L .  Poole,  E l e c .  Eng. - 68, 283 

(1949). 

9 .  N .  J. F e l i c i ,  B r i t .  J. Appl. Phys. - 15, 801 (1964). 



X. REFERENCES (Cont. ) 

10.  G.  Briere  and N.  F e l i c i ,  C .  R. h a d .  Sc. P a r i s  259, 3237 (1964). 

11. Calmon and Kressman, Ion Exchanges i n  Orpanic and Biochemistry, , . 

(Interscience Pub .), 'New York (1962), p. 201. 

12. G.  ~ e a n m a i r e ,  Revue Generale de L I E l e c t r i c i t e  74, 3237 (1964) 

14. J .  H. Park and H. N .  Cones, J. Res. NBS m, 200 (1962). 



DISTRIBUTION: 

F. . R .  Kotter ,  Chief 

High Voltage Section 

Nat ional  B u r e a u  of S tandards  

Washington, D. C. (25) 

D. C. W u n ~ c h  

41 0 MacAr thur  

L a s  Cruces ,  New Mexico (3) 

L .  J. Paddison,  2400 

L .  J. Heilman,  7400 

W. E. Boyes, 7490 
S. R .  Booker,  7452 ( l o )  

W. J, Wagoner,  3413 
F o r :  DTIE (3) 

M. Goldstein (1) 

B. R.  Allen, 3421 
B. F. Hefley, 8232 
C .  H. Sproul,  3428-2 ( l o )  


