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SUMLIARY

Tha mechanism o f  fo llo w  c u r r e n t  h as  b e e n  s tu d ie d  u s in g  a 

s y n th e t i c  power so u rc a  i n  c o n ju n c tio n  w i th  a Marx im p u lse  g e n e ra to r  

c i r c u i t ,  and  a i r  gaps o f  up  to  1#5 cm# The p e rfo rm an ce  o f  th e  

c i r c u i t  has been  e s t a b l i s h e d  a n a l y t i c a l l y  an d  e x p e r im e n ta l ly ,  

th e  s u i t a b i l i t y  o f  s y n th e t i c  power c i r c u i t s  f o r  fo llo w  c u r re n t  

s t u d i e s  h as  b een  co n firm e d  b y  th e  r e s u l t s  o f  t h i s  in v e s t ig a t io n #

A r e s i s t a n c e  d iv id e r  w ith  in h e re n t  v o l ta g e  l i m i t i n g  

c h a r a c t e r i s t i c s  was e s s e n t i a l  f o r  re  c o rd in g  th e  d is c h a rg e  v o lta g e  

betw een  th e  e le c t r o d e s #  A m ethod was d e v is e d  end was shown, b o th  

by a n a ly s i s  en d  e x p e rim e n t, to  have the  r e q u ir e d  c h a r a c t e r i s t i c s  

(A ppendix I j  a l s o  r e f e r e n c e  17)#

The e x p e r im e n ta l te c h n iq u e  h a v in g  b e e n  e s t a b l i s h e d ,  a s tu d y  

has b een  c a r r i e d  o u t  o f  th e  e f f e c t s  o f  v a r i a t i o n  i n  power and  

im pu lse  c i r c u i t  p a ra m e te rs ,  end i n  e le c t r o d e  m a t e r i a l ,  sh a p e , 

s p a c in g , and  s u r fa c e  c o n d itio n #  Three ty p e s  o f  fo llo w  c u r re n t  

have been  d e f in e d , and  t h e i r  m echanism s have b e e n  ex p la in ed #  a 

c lo s e  r e l a t i o n  h as  b ee n  shown to  e x i s t  i n  m ai^  cases  betw een  th e  

c o n d it io n s  u n d e r  w hich the  e s ta b l is h m e n t  o f  fo llo w  c u r r e n t  i s  j u s t  

p o s s ib le ,  and  th o s e  r e q u i r e d  f o r  a rc^g lo w  and g low *arc t r a n s i t i o n s  

i n  th e  t e s t  gap#

C r i t e r i a  w hich  d e te rm in e  th e  e s ta b l is h m e n t  o f  fo llo w  c u r re n t  

hove b een  d e riv e d #  A la r g e  number o f  v a r ia b le s  bSL9 b een  shown to  

be in v o lv e d  i n  t h i s  p rob lem , and  t h e i r  r e l a t i v e  im portance  has been 

d isc u sse d #  Recommendations have been  made f o r  f u r t h e r  s tu d ie s ,  a s  

w e l l  as f o r  th e  c o n t r o l  o f  v a r i a b l e s  i n  i n d u s t r i a l  t e s t s #
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I t  l8  known, a s  a m a t te r  o f  p r a c t i o a i  e x p e r lo n e o , t h a t  im p u lse  

v o l ta g e  breakdow ns on  e l e c t r i c a l  power equipm ent som etim ee^ b u t n o t 

a lw ays r e s u l t  i n  th e  e s ta b l is h m e n t  o f  a  power f re q u e n c y  a m #  The 

te rm s * Power F o llo w * , * Power F o llow  On*, * Follow  C u r re n t* ,  e t c # ,  

a r e  u s e d  to  d e s c r ib e  a  power a r e  i n i t i a t e d  i n  t h i s  m anner#

I t  i s  th e  p u rp o se  o f  t h i s  i n v e s t i g a t i o n  to  s tu d y  th e  m echanism  

o f  fo llo w  c u r r e n t  and  t o  d e te rm in e  c r i t i c a l  c o n d it io n s  u n d e r  w hich  

fo llo w  c u r r e n t  can  j u s t  be e s ta b l i s h e d #  The im p o rtan ce  o f  th e  

phenomena i n v e s t i g a t e d  l i e s  i n  th e  f a c t  t h a t  i n  many c a s e s  th e  

i n i t i a l  im p u lse  d is c h a rg e  does n o t cause  damage t o  eq u ip m e n t, w h ile  

fo llo w  c u r r e n t  may do s o ,  b ec au se  o f  th e  t h s m a l  an d  m a g n e tic  

f o r c e s  in v o lv ed #  I n  th e  case  o f  t r a n s m is s io n  sy s te m s , fo l lo w  

c u r r e n t  c o n s t i t u t e s  a s h o r t  c i r c u i t ,  an d  even  i f  no perm anen t 

damage i s  done, th e  system  i s  d i s tu r b e d  when th e  c i r c u i t  b re a k e r s  

a r e  opened to  c l e a r  th e  f a u l t #

C o n c lu s io n s  from  a s tu d y  o f  fo llo w  c u r re n t  phenomena w ould  a l s o  

f i n d  a p p l i c a t i o n  i n  th e  la b o ra to r y #  I n  i n d u s t r i a l  r e s e a r c h ,  fo l lo w  

c u r r e n t  i s  in v o lv e d  i n  t e s t s  o n  l i g h tn i n g  a r r e s t o r s  and  i n  th e  

im pu lse  t e s t i n g  o f  e n e rg is e d  t r a n s f o m e r s #  I n  fundam en ta l 

r e s e a r c h e s ,  im p u lse  d is c h a rg e s  a r e  som etim es u se d  to  i n i t i a t e  

heavy  c u r r e n t  a r c s ,  and th e  m echanism  In v o lv e d  i s  s im i l a r  t o  t h a t  

o f  fo llo w  c u r re n t#

1#1 P re v io u s  Work#

P re v io u s  fo llo w  c u r re n t  e x p e rim e n ts  w ere c a r r i e d  o u t  to  

d e te rm in e  o r  compare the  p erfo rm ance  o f  ite m s  o f  equ ipm en t, su ch  ms



•» 3 '*■'

I n s u la to r s  o r  a r r e s t o r s ,  u n d e r  s p e c i f i c  o p e r a t in g  c o n d i t io n s #

There was i n s u f f i c i e n t  v a r i a t i o n  o f  c i r c u i t  and  t e s t  gap p a ra m e te rs  

to  p ro v id e  d a ta  on  th e  fundam en ta l mechanism  o f  fo llo w  c u r r e n t s  i n  

many t e s t a ,  no a tte m p t was made to  d e te r a in e  th e  c r i t i c a l  c o n d it io n s  

u n d e r w hich fo llo w  c u r r e n t  was j u s t  p o s s ib l e ,  i t  b e in g  s u f f i c i e n t  

t h a t  i t  w as, i n  f a c t ,  e s t a b l i s h e d  « and  t h a t  th e  i te m  u n d e r  t e a t  

c le a re d  i t  a f t e r  a c e r t a i n  number o f  h a l f  «.cycles# th e n  o s c i U o -

grams w ere ta k e n ,  th e  sweep was u s u a l ly  s u f f i c i e n t l y  slow  t o  aocommo# 

d a te  a f u l l  h a l f  c y c le  o f  th e  power v o lta g e *  l i t t l e  in fo rm a t io n  

was th e r e f o r e  a v a i l a b l e  r e g a rd in g  e v e n ts  o c c u r r in g  d u r in g  an d  

im m ed ia te ly  a f t e r  th e  end  o f  th e  Im pulse#

E#R#A# {1956-40)^»^ r e p o r t s  th e  r e s u l t s  o f  fo llo w  c u r r e n t  t e s t s  

on i n s u l a t o r s  and su rg e  a r r e s t o r s #  The s i g n i f i c a n t  in fo rm a t io n  

p ro v id e d  by  th o se  t e s t s  was t h a t  fo l lo w  c u r re n t  was in d e p e n d e n t o f  

th e  Im pulse and power v o lta g e  p o l a r i t i e s  i n  th e  case  o f  i n s u l a t o r s ,  

and  o c c u rre d  more r e a d i ly  when th e  im pu lse  and  power v o l ta g e s  were 

o f  o p p o s i te  p o l a r i t y  I n  th e  ca se  o f  su rg e  a r r e s to r s #  P ro v o o s t 

(1952)^  a rg u e s  t h a t  i n  th e  c a se  o f  fu ll« w av e  im pu lse  t e s t s  on 

e n e rg is e d  t r a n s f o r m e r s ,  fo l lo w  c u r re n t  i s  more l i k e l y  when th e  

im pulse  a n d  power v o l ta g e s  a re  o f  th e  same p o la r i ty #  The a p p a re n t 

c o n t r a d ic t i o n  betw een  th e s e  c o n c lu s io n s ,  i s  due to  th e  f a c t  t h a t  

th e  r e l a t i v e  p o l a r i t y  o f  th e  im pu lse  and  power v o l ta g e s  a f f e c t s  th e  

e s ta b l is h m e n t  o f  fo l lo w  c u r r e n t  i n  a complex w ay, a s  w i l l  be shown 

i n  s e c t io n  14#

S im i la r  work h as  b een  c a r r i e d  o u t by  Jones and G a rra rd  (1950)^

on s u rg e  d i v e r t e r a ;  by  Ackermann (1951)^  on e x p u ls io n  ty p e  l ig h tn in g  

a r r e s to r s *  and  by Baumann (1 954 )^  on copper e le c t r o d e s  i n  a i r ,  and



m .’4

s e p a ra te d  by  s o l i d  in s u la t io n ^  th e  e le c t r o d e  a rran g em en t b e in g  o f  

th e  ty p e  u s e d  on 250 V o lt and  580 V o lt d i s t r i b u t i o n  sy s tem s i n  

S w itz e rla n d *  T hese p a p e rs  c o n ta in  l i t t l e  d a ta  r e le v a n t  t o  th e  

fu n d am en ta l machanism  o f  fo l lo w  c u r r e n t ,  tho u g h  th e y  d e s c r ib e  e z -  

p e r im e n ta l  te c h n iq u e s  s u i t a b l e  f o r  fo l lo w  c u r r e n t  t e s t s #

E d e ls  (1951)"^ c a r r i e d  o u t an  a n a l y t i c a l  i n v e s t i g a t i o n  o f  a 

c i r c u i t  s u i t a b l e  f o r  th e  i n i t i a t i o n  o f  a d .c #  a rc #  The c i r c u i t  

d i f f e r e d  from  f ig #  1 ,  i n  t h a t  L an d  C form ed a  f i l t e r  p r o t e c t i n g  

th e  d#c* so u rc e  (n o t  shown i n  f ig *  1 ) ,  th e  h i ^  v o l ta g e  te rm in a l  o f  

w hich was co n n e c ted  to  C t h r o u ^  e r e s i s t o r #  No e x p e r im e n ta l d a ta  

was g iv e n , o th e r  th a n  a s e t  o f  v a lu e s  o f  c i r c u i t  p a ra m e te rs  w ith  

w hich s a t i s f a c t o r y  im p u lse  i n i t i a t i o n  was o b ta in e d #  C e r ta in  

a ssu m p tio n s  had  t h e r e f o r e  t o  be made r e ^ r d i n g  th e  c h a r a c t e r i s t i c s  

o f  th e  t e s t  gap^* th e s e  assu m p tio n s  were s a t i s f a c t o r y  f o r  th e  

s t a t e d  o b je c t  o f  th e  i n v e s t i g a t i o n ,  nam ely f o r  show ing q u a l i t a t i v e l y  

th e  e f f e c t  o f  v a r i a t i o n  o f  c i r c u i t  p a ra m e te rs  (and  th e  p e rm is s ib le  

l i m i t s  o f  t h e i r  v a lu e s )  on th e  p r o b a b i l i t y  o f  a r c  i n i t i a t i o n ,  on  

th e  p r o t e c t io n  o f  th e  power s o u rc e , and o n  th e  f l a s h o v e r  o f  th e  t e a t  

gap# Now, i n  o r d e r  to  d e te rm in e  th e  fu n d am en ta l m echanism  o f  

fo llo w  c u r r e n t  i t  i s  n e c e s s a ry  to  i n v e s t i g a t e  th e  t e s t  gap c h a r a c te r 

i s t i c s  and  to  s e t  th e  c i r c u i t  end  t e a t  gap p a ra m e te rs  so  t h a t  fo llo w  

c u r r e n t  i s  o n ly  j u s t  p o s s ib le #  I n  t h i s  c o n d i t io n ,  th e  t e s t  gap 

c h a r a c t e r i s t i c s  can n o t be p r e d ic te d  w ith o u t c o n s id e ra b le  e x p e r i 

m e n ta l work* fu r th e rm o re , t h e i r  im p o rtan ce  i s  much g r e a t e r  i n  t h i s  

l i m i t i n g  c a s e ,  th a n  when c o n d i t io n s  a r e  more fa v o u ra b le  f o r  fo llo w

c u r re n t*  F o r  th e s e  r e a s o n s ,  th e  paper*^ th row s l i t t l e  l i g h t  on  

fund am en ta l fo llo w  c u r r e n t  phenomena, th o u g h  th e  fo l lo w in g  p o in ts
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a r e  w orthy  o f  n o ta i

(1 ) E f f a a t  o f  p o la r i ty *  I t  I s  a ta tad"^  t h a t  th e  Im pulse an d  a r e  

son roa  v o l ta g e s  sh o u ld  he o f  th e  same p o l a r i t y  f o r  s u c c e s s f u l  

I n i t i a t i o n  o f  th e  a rc »  T h is  l a  t r u e  i f  t h e  c u r r e n t  c i r c u l a t e d  by  

th e  im pu lse  i n  th e  L.V» c i r c u i t  ( i» e »  i n  L) b e f o r e  th e  t e s t  gap 

f l a s h e s  o v e r  (s e e  s e c t i o n  2*9 , c u r r e n t  I q ) i s  n e g l ig ib le »  I t  w i l l  

be se e n  i n  s e c t i o n  14*5 t h a t  i f  t h a t  c u r r e n t  i s  ta k e n  i n t o  a c c o u n t,  

a r c  i n i t i a t i o n  w i l l  he more l i k e l y  when th e  im p u lse  an d  a r c  so u rc e  " 

v o l ta g e s  a r e  o f  th e  sane o r  o f  o p p o s i te  p o l a r i t i e s ,  dep en d in g  o n  t t »  

p a ra m e te rs  o f  th e  c i r c u i t  and  t e s t  g ap ,

(2 )  P r e d ic t io n  o f  C u rre n t W aveform, A p r e d i c t i o n  o f  th e  waveform  

o f  th e  e u r ro n t  f lo w in g  i n  L i s  g iv e n " . T h is  w aveform  was s i m i l a r  

t o  t h a t  o b ta in e d  i n  th e  p r e s e n t  i n v e s t i g a t i o n  u n d e r  c o rre sp o n d in g  

c o n d it io n s  ( f i g . l O ( b ) ,  w aveshape) e x c e p t t h a t  t h e  i n i t i a l  c u r r e n t  

Ig  was ig n o re d  i n  th e  paper*^»

(S ) A rc-glow  T ra n s i t io n s *  I t  i s  s t a t e d ^  t h a t ,  a s  th e  im pu lse  

d is c h a r g e d ,  th e  t e s t  gap c u r r e n t  w ould e v e n tu a l ly  decay  to  a  v a lu e ,  

I ,  a t  w h ich  a n  a re -g lo w  t r a n s i t i o n  w ould o c c u r ;  th e  im pu lse  d is »  

ch a rg e  w ould  th e n  c e a s e ,  a M  th e  d . c ,  a r c  so u rc e  would be  J u s t  a b le  

t o  m a in ta in  th e  d i s c h a r g e .  T e s ts  c a r r i e d  o u t by  th e  p r e s e n t  a u th o r ,  

and  re v iew ed  i n  t h i s  t h e s i s ,  con firm ed  t h a t  a rc -g lo w  t r a n s i t i o n s  d o , 

i n  f a c t ,  o c c u r  u n d e r c e r t a i n  l i m i t i n g  c o n d i t io n s  b u t I t  l a  p ro b a b le  

t h a t  th e y  a re  cau sed  by th e  c e s s a t io n  o f  th e  im pulse (w hich te rm i

n a te s  when th e  o u tp u t gap o f  th e  im p u lse  g e n e ra to r  c e a se s  t o  p a ss  

c u r r e n t )  r a t h e r  th a n  t h a t  th e  c e s s a t io n  o f  th e  im pulse i s  b r o u ^ t  

ab o u t by  aro-gLow  t r a n s i t i o n s .  Be t h a t  a s  i t  may, one o f  th e
rt

c o n c lu s io n s  (maxinrom valu© o f  L) d e r iv e d  i n  th e  paper from  th e s e
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c o n s id e r a t io n s .  I s  d i f f i c u l t  t o  f o l lo w . A p p l ic a t io n  o f  K lrc h h o ff« a  

c u r re n t  law  t o  f ig *  1 ,  g iv e s

(T e s t Gap C u rre n t)  »  (C u rre n t i n  L) ♦ (C u rre n t i n  R p ), 

th e  p o t e n t i a l  d i v i d e r  c u r r e n t  b e in g  n e g l i g i b l e .  The c u r r e n t  i n  I, 

i s  th e  c u r r e n t  f lo w in g  from  th e  d*c« a r c  s o u rc e ,  an d  th e  c u r r e n t  

in  R_ i s  th e  im p u lse  c u r r e n t*  I f  th e  t e s t  gap c u r r e n t  an d  th e  

im pulse c u r r e n t  e a c h  e q u a l  I  (a s  i s  im p lie d  by  th e  a p p r o p r ia te  

e q u a tio n  g iv en  i n  th e  p a p e r ')  a t  t h e  i n s t a n t  a t  w h ich  th e  im pu lse  

d is c h a rg e  e e a e e s ,  th e  c u r r e n t  i n  L m ust e q u a l  z e r o .  H owever, i t  

i s  s t a t e d  i n  th e  p a p e r^  t h a t  th e  c u r r e n t  i n  I  m ust e q u a l  I  

im m ed ia te ly  a f t e r  th e  e n d  o f  tb s  im p u lse , an d  th e  e q u a t io n  a l r e a d y  

m en tioned  im p lie s  t h a t  t h a t  c u r r e n t  in c r e a s e s  g ra d u a l ly  from  z e ro  

88 th e  d is c h a rg e  p ro c eed s*  Hence th e  c u r r e n t  i n  L m ust be  v e ry  

n e a r ly  e q u a l  t o  I  when th e  im p u lse  d isc h a rg e  c e a s e s ,  i t  i s  

d i f f i c u l t  to  s e e  how th e s e  two c o n t r a d ic to r y  re q u ire m e n ts  may be 

r e c o n c i le d .

E x p erim en ts  c a r r i e d  o u t  by  th e  p re se n t  a u th o r  u n d e r s im i l a r  

c o n d i t io n s  show f i r s t l y ^  t h a t  th e  c u r re n t  i n  L d o e s , i n  f a c t  in c r e a s e  

g r a d u a l ly  a n d , s e c o n d ly , t h a t  b e fo re  th e  im p u lse  e n d s ,  t h a t  c u r re n t  

a l s o  c o n t r ib u te s  t o  th e  t e s t  gap c u r r e n t ,  i , e , ,  th e  s ta te m e n t o f  

K i r e h h o f f 's  c u r r e n t  law  g iv e n  above was v e r i f i e d  by  exper im a n t .

I n  v iew  o f  th e  r e l a t i v e l y  s c a n t  in f o m a t lo n  a v a i l a b l e  from  

fo llo w  c u r r e n t  i n v e s t i g a t i o n s ,  a t t e n t i o n  was tu rn e d  to  ex p e rim e n ts  

i n  w hich  th e  d e i o n i s a t i o n  o f  a t e s t  gap vas s tu d ie d  by  a p p ly in g  

p ro b in g  v o l ta g e  p u ls e s  some tim e  a f t e r  the ^ p  had  b een  s u b je c te d  

t o  an  i o n i s in g  c u r r e n t  d i s c h a r g e ^  * The e s s e n t i a l  d i f f e re n c e  

b e tw een  th e  d e io n i s a t i o n  an d  fo llo w  c u rre n t e x p e rim e n ts  was t h a t  i n
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tho fo rm er th e  t e a t  gap waa a lm o s t a lw ays a llo w e d  a  f i n i t e  tim e  I n  

which I t  c o u ld  d e io n ise *  I n  th e  l a t t e r  oase$ th e  t e a t  gap  i s  g iv e n  

an o p p o r tu n ity  to  d e io n is e  o n ly  I f  th e  Im pulse  an d  power v o l ta g s e  

a re  o f  o p p o s i te  p o l a r i t y  ( s e c t io n  14#$)#

The p re s e n t  a u th o r  c a r r i e d  o u t I n  19531 a su rv e y  o f  t e s t s  on 

th e  d e io n i s a t io n  o f  a l r ^ p s ^ #  So f a r  a s  th e  p r e s e n t  t h e s i s  I s  

concerned# th e  m ost s i g n i f i c a n t  in fo rm a t io n  a v a i l a b l e  a t  t h a t  d a te  

was c o n ta in e d  I n  a p a p e r  by  McCann and  C la rk  (1943)®# who showed 

th a t  th e  r a t e  o f  d e io n i s a t io n  o f  im pu lse  a r c s  v a r i e s  l i t t l e  w ith  

Im pulse m agn itude a r d  d u r a t io n  ( t h i s  I s  d is c u s s e d  b y  th e  p r e s e n t  

a u th o r  e lse w h a re ^ ^ )  w h i l s t  l a t e r  woxk (d a ta  by  McCann# C onner and  

E l l i s  (1950)® and  T fild l (1951)^® a n a ly s e d  b y  th e  p r e s e n t  a u th o r  

(1954)^^) showed t h a t  Im pulse  a r c s  d e io n is e d  much more r a p id ly  th a n  

power a rc s #  McCann and  C la rk  (1943)® a l s o  d is c u s s e d  th e  p r o b a b i l i t y  

o f  l i g h tn i n g  s t ro k e s  p ro d u c in g  fo llo w  c u r re n t#  ta k in g  th e  s p e c i a l  

case  o f  th e  im pulse f l a s h o v e r  o c c u r r in g  when th e  sy s tem  v o l ta g e  I s  

n e a r  i t s  a e ro  v a lu e#  The scope o f  th e  d i s c u s s io n  i s  to o  l i m i t e d  

to  e lu c id a te  th e  fu n d am en ta l fo llo w  c u r r e n t  phenomena#

Kolham (1954)^® c a r r i e d  o u t a com prehensive s tu d y  o f  th e  d e 

i o n i s a t i o n  o f  t e s t  gaps s i m i l a r  t o  th o se  u s e d  i n  th e  p re s e n t  work#

Two im p o rta n t r e s u l t s  emerge from  h i s  w ork:

(1 )  When t h e r e  l a  r e s i d u a l  I o n i s a t i o n  I n  th e  t e s t  gap an d  I t  i s  

f l a s h e d  o v e r  by  th e  p ro b in g  v o lta g e #  a glow i s  e s t a b l i s h e d  immedi

a t e l y  a f t e r  f la s h o v e r :  t h i s  i s  m a in ta in e d  f o r  a l i t t l e  w h ile  b e f o re

d e g e n e ra t in g  t o  an  a rc #  C onsequen tly#  th e  a ro  would n o t be 

e s t a b l i s h e d  i f  th e  e n e rg y  a s s o c ia te d  w i th  th e  p ro b in g  p u ls e  were 

i n s u f f i c i e n t  f o r  th e  t r a n s i t i o n  ( a l t e r n a t iv e ly #  a glow c o n d it io n
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w ould  n o t have be on  re c o rd e d  I f  th e  p ro b in g  c i r c u i t  h ad  c i r c u l a t e d  

to o  h ig h  & c u r r e n t  a t  f l a s h o v e r )#  T hese c o n d it io n s  a ro  s i m i l a r  to  

th o s e  covered  b y  th e  p r e s e n t  i n v e s t i g a t i o n  I n  t h a t  a f o l lo w  c u r r e n t  

a r o  was p re c e d e d  by  a glow u n d e r c e r t a i n  l i m i t i n g  c o n d it io n s #  as  

w i l l  be se e n  i n  th e  fo l lo w in g  s e c t io n s *

(2 )  The v o l ta g e s  r e q u i r e d  to  f l a s h  o v e r  th e  t e a t  gap  s h o r t l y  a f t e r  

th e  end  o f  th e  i o n i s i n g  d is c h a rg e  were o f  th e  same o rd e r  (b e tw een  

100 and  1#000 V o l t s )  a s  th e  v o l ta g e s  r e q u i r e d  to  o a t a b l i a h  fo llo w  

c u r r e n t  i n  s i m i l a r  gaps#

F in a l ly #  r e f e r e n c e  w i l l  be  made i n  s e c t i o n  15#S to  a p a p e r  by 

G am bling an d  E d e ls  (1954)^® d e a l in g  w ith  a r c  and  glow d is c h a r g e s  a t  

a tm o sp h e r ic  p re s s u r e s #

1 .2  S ta te m e n t o f  th e  Problem #

F undam en ta lly#  th e  problem  o f  fo llo w  c u r r e n t  r e s o lv e s  i t s e l f  

t o  th e  fo l lo w in g  f a c to r s *

When an  im p u lse  f l a s h o v e r  o c c u rs  on  a n  e l e c t r i c a l  power system # 

a d is c h a rg e  i s  m a in ta in e d  f o r  a  s h o r t  tim e#  t^ #  by  th e  e n e rg y  

a s s o c i a te d  w i th  th e  im pu lse#  D u rin g  t^^# p o w er-fre q u en cy  c u r r e n t  

may flo w  th ro u g h  th e  io n i s e d  p a th  p ro v id e d  by  th e  im pu lse#  A f te r  

t^ #  th e  im p u lse  e n e rg y  i s  d i s s i p a t e d  an d  i o n i s a t i o n  can  o n ly  be 

m a in ta in e d  i f  th e  pow er f e d  b y  th e  system  i s  s u f f i c i e n t  to  overcom e 

th e  l o s s e s  a s s o c i a t e d  w i th  th e  d isc h a rg e #  I f  i o n i s a t i o n  i s  m ain

t a i n e d  f o r  a s u f f i c i e n t  tim e# a power a r c  w i l l  be e s ta b l i s h e d #  i# e*  

power fo llo w  w i l l  o ccu r#

I n  a d d i t i o n  to  th e  p o w er-freq u en cy  c u r re n t#  r e l a t i v e l y  h i ^ i  

f re q u e n c y  c u r r e n t s  (up t o  some 10 k q / s )  may be c i r c u l a t e d  i n  th e
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p a th  o f  an  Im pulsa f la s h o v e r  by  th e  d is c h a rg e  o f  th e  s t r a y  c a p a e l-  

ta n c e s  a s s o c i a te d  w ith  th e  sy stem • Thus th e  im pu lse  may i n i t i a t e  

two m ain ty p e s  o f  fo llo w  c u r r e n t :  p o w er-fra q u sp cy  fo llo w  c u r r e n t#

and  h ig h - f re q u e n c y  fo llo w  c u r re n t#  I n  o rd e r  t&  ̂ a n a ly s e  th e  two
»

ty p e s  o f  fo llo w  c u r re n t#  i t  i s  n e c e s s a ry  t o  t r e a t ;  them  s e p a ra te ly #
i

t h a t  i s  to  say# i t  i s  n e c e s s a ry  to  s tu d y  th e  e f f e c t  o f  im pu lse  

f i s  shove r s  on s in g le - f r e q u e n c y  o l e c t r l c a l  system s# a t  f r e q u e n c ie s  

o f  50 c / s  t o  10 k c /s #

The b u lk  o f  th e  p r e s e n t  work was d e v o te d  t o  th e  s tu d y  o f  th e  

p o w e r-fre q u e n c y  fo llo w  c u r r e n t  mechanism# The case  o f  h i  in 

f re q u e n c y  fo llo w  c u r r e n t  i e  o f  sec o n d a ry  im portance#  a s  shown i n  

s e c t i o n  10 : i t  was# th e re fo re #  th e  s u b je c t  o f  a l i m i t e d  s tu d y  only#



2# THE TEST CIRCUIT

2#1 The Low V o ltag e  C i r c u i t  &

The c i r c u i t  u se d  i n  t h i s  i n v e s t i g a t i o n  i s  shown I n  f ig #  1#

The s ln g lo - f re q u o n c y  e l e c t r i c a l  netw ork# w hich w i l l  be r e f e r r e d  to

a s  th e  ♦Low V o ltag e  C i r c u i t* # c o n s is te d  e s s e n t i a l l y  o f  th e  c a p a c i to r

C and th e  in d u c to r  L# I t  was e n e r g is e d  by  c h a rg in g  0 to  a v o l ta g e

V b e fo re  a p p ly in g  th e  im pulse#
0

I t  w i l l  be shown i n  s e c t io n  2#9 t h a t  a c u r r e n t  was c i r c u l a t e d

by th e  im p u lse  i n  th e  L#V« c i r c u i t#  betw een  th e  tim e a t  w hich th e

im pulse  was a p p l ie d  and t h a t  a t  w hich th e  t e s t  gap f l a s h e d  o v e r ;

t h a t  c u r r e n t  was s u f f i c i e n t l y  s m a ll  to  be ig n o re d  a t  p re s e n t#

F la sh o v e r  th e r e f o r e  o c c u rre d  when th e  v o l ta g e  on  C was V # I f
o

fo llo w  c u r r e n t  became e s ta b l is h e d #  th e  v o l ta g e  on C o s c i l l a t e d  a f t e r  

f la s h o v e r#  th e  v a lu e  o f  i t s  f i r s t  peak b e in g  V^# H ence, w ith  th e  

m ethod a d o p te d  i n  t h i s  in v e s t ig a t io n #  f la s h o v e r  alw ays o c c u rre d  a t  

th e  peak o f  th e  v o l ta g e  wave# The c i r c u i t  co u ld  be a d a p te d  f o r  

♦po in t-on-w ave*  t e s t s  by  th e  m ethod su g g e s te d  i n  s e c t io n  16#2#

T hree m ain  ad v a n ta g es  ensu e  from  th e  u se  o f  a s y n th e t i c  L#V# 

c i r c u i t #  F i r s t ly #  v a r i a b le s  a r e  e a s i l y  c o n tro lle d #  a s in g le
1

f re q u e n c y  o u tp u t i s  r e a d i ly  o b ta in e d  and  th e  f re q u e n c y  ( f  «  )
2%̂ /LC

and th e  o u tp u t  im pedance (2 «  / l / C  ) can be v a r ie d  in d e p e n d e n tly  o f  

e a c h  o t h e r  by  v a r y in g  L and C s im u lta n e o u s ly #  Secondly# a l a r g e  

im pedance can be p re s e n te d  to  th e  im pulse  v o l ta g e  even  t h o u ^  th e  

o u tp u t  im pedance# 2# i s  r e l a t i v e l y  low# T h ird ly #  th e  o n ly  p a r t  o f  

th e  L#V# c i r c u i t  w hich  need  w ith s ta n d  th e  H#V# im pulse# i s  th e  

in d u c to r  L# so  t h a t  i n s u l a t i o n  problem s a ro  r e s t r i c t e d  t o  i t s  d es ig n *  

The in h e re n t  l i m i t a t i o n  o f  s y n th e t ic  c i r c u i t s  i s  t h a t  no energy
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i s  g e n e ra te d  I n  them  and# co n seq u en tly #  th e  c u r r e n t  and v o l ta g e  

p u ls e s  a v a i l a b l e  a r e  o f  r e l a t i v e l y  s h o r t  d u ra tio n #  T h is  has l i t t l e  

e f f e c t  o n  th e  p r e s e n t  in v e s t ig a t io n #  s in c e  th e  c r i t i c a l  e v e n ts  w hich 

detexm ina th e  e s ta b l is h m e n t  o f  fo llo w  c u r r e n t  w i l l  be  soon  to  o c c u r 

d u r in g  th e  f i r s t  h a l f  p e r io d  o f  th e  L#V# c i r c u i t  ( i# e #  w i th in  a tim e 

o f  n o t  more th a n  10 m ill is e c o n d s } #

2#2 V a lu es  o f  L.V# C i r c u i t  P aram ete rs#

The a v a i l a b l e  v a lu e s  o f  L#V# c i r c u i t  f re q u e n c y  ( f ) and o u tp u t  

im pedance (Z)# and  th e  c o r re sp o n d in g  v a lu e s  o f  L and C# a re  g iv e n  i n  

T ab le  1 .  Maximum u s e  was made o f  a v a i l a b l e  equipm ent by  s e l e c t i n g  

th e s e  v a lu e s  i n  g eo m e tric  p ro g re s s io n #  a s  shown by  th e  T a b le .

TABIfi 1#

A v a ila b le  v a lu e s  o f  f  an d  2# and  
c o r re sp o n d in g  v a lu e s  o f  L and  G#

40 126 400 1260 4000 12600

50 0*126 E 
79 pP

0*40 E 
ZBpP

158 0*040 B
25 jxF

0*126E
7.9pP

0 .40  H 
2 * 5 ^

500 0*0126E 
7*9 |aP

0*040E 0.126E  
0*79 pP

0*40 E 
0,25pP

1530 0*0040B 
2 i5  ^

0»0126E
0.79pP

0,040 E 
0*25 pF

0*126H
0i079uP

0*40 E 
0*025;#

5000 0*00126H 
0*79 pP

0*004 E 
0*25

0*0126E
0 * 0 7 ^

0.040E
0*025;#

0*126H
0 * 0 0 7 ^

0*40H
0.002S;aP

15800 0.00126E
0 . 0 7 ^

0*004E
0 .0 2 5 ^

0.0126S
0.0079pP

0.040H
0*0025;#

0*126E
0*00079pP
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The r e s i s t a n c e s  o f  th e  I n d u c to r  L# o f  th e  s h u n ts  B an d
9

R ( f ig #  1 )  an d  o f  th e  c o n n e c tin g  l e a d s ,  I n e v i t a b l y  I n t ro d u c e d  a n  
fig

ohmic r e s i s t a n c e ,  H, i n  th e  L.V* c i r c u i t *  R d id  n o t  ex c eed  one 

s i x t e e n t h  o f  th e  c r i t i c a l  dam ping r e s i s t a n c e  o f  th e  L.V# c i r c u i t  

an d  was u s u a l l y  l e s s  th a n  14  Ohms# I t s  e f f e c t  o n  t h e  e s t a b l i s h 

m ent o f  fo l lo w  c u r r e n t  c o u ld  th e r e f o r e  b e  ig n o re d  w i t h i n  th e  

a c c u ra c y  o f  th e s e  t e s t s #

The L#V# c i r c u i t  u s e d  i n  any  e x p e rim e n t can  be s p e c i f i e d  

f u l l y  w ith o u t r e f e r e n c e  to  th e  d is c h a rg e  r e s i s t a n c e #  The v a lu e  o f  

t h a t  r e s i s t a n c e  i s  n o t a f u n c t io n  o f  th e  L#V# c i r c u i t  a lo n e ;  i t  

i s ,  i n  f a c t ,  one o f  th e  d is c h a rg e  c h a r a c t e r i s t i c s  w h ich  a r e  s tu d ie d  

e x p é r im e n ta U y  i n  t h i s  woik# C o n s id e ra t io n s  o f  d l s d i a r g a  

r e s i s t a n c e  w ere th e r e f o r e  n o t in c lu d e d  i n  t h i s  s e c t i o n .

2 .S  T e s ts  o n  L.V# C i r c u i t  E le m e n ts .

The fo l lo w in g  s e t a  o f  m easurem ents wore ta k e n  to  d e te m in e

th e  f re q u e n c y , f ,  th e  o u tp u t  Im pedance, 2 ,  and th e  r e s i s t a n c e  o f

th e  in d u c to r s ,  R f
I

(1 ) The im pedance p r e s e n te d  by  th e  in d u c to r s  to  a 50  c / s  s in e  

wave was m easu red  by  th e  a m m e te r-v o ltm e te r  method#

(2 ) The r e s i s t a n c e  o f  th e  in d u c to r s  was m easu red  o n  a d#c# 

b r id g e  #

(5 ) The fre q u e n c y  o f  th e  L#V« c i r c u i t  was m easu red  by  r e c o rd in g  

o s c i l l o g r a p h i c a l l y  th e  v o l ta g e  a c r o s s  0 when i t  was 

d is c h a rg e d  th ro u g h  L (and  th e  s m a l l ,  b u t i n e v i t a b l e  w in d in g  

r e s i s t a n c e  a s s o c i a te d  w i th  L}#

The v a lu e  o f  f re q u e n c y , f ,  was d i r e c t l y  a v a i l a b le  from  t e s t  (5 ).
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The In d u c ta n c e  h  was c a lc u la te d  from  th e  r e s u l t s  o f  t e a t s  (1 )  and

( 2 ) :  f  an d  L b e in g  known, th e  o u tp u t Im pedance Z c o u ld  be

c a lc u la t e d .  I t  was fo u n d  t h a t  f  and Z w ere w i th in  1 ^  o f  t h e i r

nom inal v a lu e s  (T ab le  1 ) when f  »  50 c / s  (n o m in a l) , and w i th in  5^

a t  o th e r  f re q u e n c ie s #  ,

The v a lu e  o f  R was o b ta in e d  from  th e  decrem ent o f  th e  v o l ta g eI  '
a c ro s s  C ( re c o rd e d  i n  t e s t  ( 5 ) )  and  was w i th in  10^ o f  th e  v a lu e  

o b ta in e d  i n  t e s t  (2 )#

The a b i l i t y  o f  th e  induo t o r s  to  w ith s ta n d  th e  v o l ta g e  o u tp u t 

o f  th e  im p u lse  g e n e r a to r ,  b o th  chopped and  f u l l  w ave, was v e r i f i e d  

i n  A f u r t h e r  s e r i e s  o f  t e s t s #  R e s u l ts  were s a t i s f a c to r y #

2 .4  L .V . Charging; Source I E f f e c t  on  C i r c u i t  d u r in g  T e s ta .

The c a p a c i t o r  C was c h a rg e d  from  a n  e l e c t r o n i c  power p a c k , 

g iv in g  a maximum v a lu e  f o r  V^ o f  900 V o lts  ( f i g .  8 ) .  A 100 H enry 

(n o m in a l) i r o n  c o re d  r e a c t o r  was i n s e r t e d  betw een  C and th e  power 

pack to  s e p a ra te  th e  l a t t e r  from  th e  r e s t  o f  th e  c i r c u i t  d u r in g  

th e  tim e  t h a t  th e  t e s t  was c o n d u c tin g .

The com plete fo llo w  c u r r e n t  t e s t  c i r c u i t  ( f ig #  2 ) was u se d  i n  

a s e r i e s  o f  t e s t s  c a r r i e d  o u t to  en su re  t h a t  th e  c u r r e n t  f lo w in g  

from  th e  pow er so u rc e  c h a rg in g  C was n e g l i g ib l e  w h ile  the  t e s t  gap

was c o n d u c tin g , w h eth e r fo llo w  c u r re n t  O ccu rred  o r  no t#  R e s u lts

showed t h a t  I

(1 ) D uring  th e  c r i t i c a l  p e r io d  w hich  d e te rm in e d  w h e th e r  o r  n o t

fo llo w  c u r r e n t  w ould  o c c u r , th e  c u r re n t  fzom th e  L.V#

c h a rg in g  so u rce  ( i . e .  th e  c u r r e n t  i n  f ig #  2 ) d id  n o t

ex c eed  ab o u t o f  th e  c u r r e n t  i n  E •e
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(2 )  I n  th e  e v e n t  o f  fo llo w  c u r r e n t  b e in g  e s t a b l i s h e d ,  th e  v a lu e  

o f  th e  L.V# c i r c u i t  f re q u e n c y , f ,  was m t  a f f e c t e d  by  th e  

c h a rg in g  a o u r  0 0 *

2 .5  The High V o ltag e  C i r c u i t .

Â 53 kV peak v o l ta g e  p u ls e  was o b ta in e d  from  a th r e e  s ta g e  

Marx im p u lse  g e n e ra to r  h a v in g  a n  o u tp u t c a p a o ita n c e  o f  0 .083  

m ic ro fa r a d s .  W avefront c o n t r o l  was by  means o f  s e r i e s  r e s i s t a n c e  

o n ly .  The s t r a y  c a p a c i ta n c e  a s s o c ia te d  w i th  th e  t e a t  gap  was o f  

th e  o r d e r  o f  20 m ic ro -m ic ro fa ra d s .  Â s e p a r a te  wave t a i l  r e s i s t a n c e  

was p ro v id e d  o n ly  i n  t e s t s  15 -  17  ( s e c t io n  8 . 4 ) .  I n  a l l  o th e r  

t e s t s ,  th e  t a i l  r e s i s t a n c e  c o n s is te d  o f  th e  c h a rg in g  r e s i s t o r s  o f  

th e  im pu lse  g e n e r a to r ,  and  had a v a lu e  o f  75 k llo b m s . The v o l ta g e  

and  c u r r e n t  waveform s o f  th e  g e n e r a to r  a r a  d is c u s s e d  i n  s e c t io n s

2 .6  and  2 .7 #

F ig#  3 shows th e  c i r c u i t  u se d  f o r  t r i p p i n g  th e  im p u lse  

g e n e r a to r  an d  a s s o c ia te d  o s c i l lo g ra p h #  A c o n v e n tio n a l th r e e  

e l e c t r o d e  gap was c o n n e c te d  a c r o s s  th e  f i r s t  s ta g e  o f  th e  im pu lse  

g e n e ra to r#  The c e n t r a l  e le c t r o d e  c o n s i s te d ,  i n  f a c t ,  o f  two 

s e p a r a te  s p h e r e s ,  so t h a t  th e  two h a lv e s  o f  th e  th r e e  e le c t r o d e  gap 

i r r a d i a t e d  one a n o th e r#  A 50 megohm: 50 megohm p o t e n t i a l  d iv id e r  

was u s e d  to  e n e rg is e  th e  c e n t r a l  e le c tr o d e #  and  th e  550 m ic ro -

m ic ro fa ra d  c a p a c i to r  fo rm ed  a d e la y  c i r c u i t ;  th e  1 k ilohm  r e s i s t o r  

was i n s e r t e d  t o  damp o u t  a  h ig h  f re q u e n c y  o s c i l l a t i o n  in tro d u c e d  

by  th e  d e la y  c i r c u i t  i n  th e  c u r r e n t  o u tp u t  wave o f  th e  g e n e ra to r#

A p u ls e  from  th e  c a p a c i ta n c e  d iv id e r  was a p p l ie d  to  th e  ♦ tr ig g e r*  

t e r m i r a l  o f  th e  o s c i l lo g r a p h  when th e  s w itc h  3 was c lo s e d  and  th e



m 15

tim e  b a s e  began  t o  sweep# A f te r  a tim e  d e te rm in e d  b y  th e  d e la y  

c i r c u i t  an d  th e  s o t t i n g  o f  th e  th r e e  e le c t r o d e  g ap , th e  h l ^  

v o l ta g e  h a l f  o f  th e  th ro e  e le c t r o d e  gap f l a s h e d  o v e r ;  th e  o th e r  

h a l f  f l a s h e d  o v e r  Im m o d la te ly  a f te rw a rd s  and  th e  im p u lse  g e n e ra to r  

f i r e d #

2»6 V o lta g e  o u tp u t o f  Im pulse G e n e ra to r  C irc u i t#

The v o l ta g e  o u tp u t  o f  th e  Im pu lse  g e n e ra to r  c i r c u i t  ( i# e#  th e  

v o l ta g e  a t  th e  t e s t  gap) was v iew ed  o s c i l l o g r a p h i c a l l y ,  no L#V# 

c i r c u i t  b e in g  u s e d ,  a n d  th e  t e a t  gap b e in g  s e t  so a s  n o t to  f l a ± i  

o v e r  ( f ig #  4 ( a ) ) #  The wave f ro n t  r e s i s t a n c e  was 400 Ohms (woven 

w i r e ) ;  t h e r e  was no s e p a ra te  wave t a i l  r e s i s t a n c e  an d  a  conven

t i o n a l  9605 Ohm i 62#6 Ohm p o t e n t i a l  d iv id e r  was u s e d  f o r  re c o rd in g #  

R ecords showed th a t  th e  v o l ta g e  a t  th e  o s c i l l o g r a p h  re a c h e d  

i t s  peak  i n  0#2 m ic ro seco n d s  and  t h a t  th e r e  was a  v i o l e n t  o s c i l l a 

t i o n  on  th e  wave f r o n t#  TJith  su ch  a  r a p id ly  r i s i n g  w a v e fro n t , 

s p e c ia l  t e s t s  w ould have b een  n e c e s s a ry  to  e n su re  t h a t  th e  o s c i l l o 

g rap h  v o l ta g e  was a f a i t h f u l  r e p r o f i c t i o n  o f  th e  t e a t  gap  v o lta g e #  

How, i t  w i l l  be soon  from  th e  fo l lo w in g  s e c t io n s  t h a t  th e  v o l ta g e  

o u tp u t o f  th e  im p u lse  g e n e ra to r  a f f e c t s  th e  e s ta b l is h m e n t  o f  fo llo w  

c u r r e n t  o n ly  i n  so f a r  a s  i t  c i r c u l a t e s  a c u r r e n t  i n  th e  L#V# 

c i r c u i t  b e fo re  f l a s h o v e r ,  and  i t  c a u se s  th e  f la s h o v e r#  U nder th e  

c o n d i t io n s  o f  t h i s  i n v e s t i g a t i o n ,  th o  c u r re n t  c i r c u l a t e d  by  th e  

Im pulse i n  th e  L#V# c i r c u i t  was u s u a l ly  n e g l ig ib le  -  when i t  was 

n o t ,  i t s  v a lu e  was a v a i l a b l e  from  o s c i l lo g ra m s  o f  I .  ( f ig #  1 )#  

F o rtb em o p o »  tb a  t o s t  gap  s p a e ln g s  u s e d  v e ro  s u f f i c i e n t l y  sm a ll 

f o r  f l a s h o v e r  t o  o c c u r  on  e v e ry  a p p l i c a t i o n  o f  th e  im pu lse*  An
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a c c u ra te  r e p ro d u c t io n  o f  th e  v o l ta g e  w av e fro n t waa th e r e f o r e  

co n a id o ro d  u n n ec eaaa ry #

No s im i l a r  d i f f i c u l t y  o c c u r re d  i n  r e c o rd in g  th e  wave t a i l  an d  

f ig #  4 (b )  shows t y p i c a l  o s c i l lo g ra m  t r a c in g s #  T h e i r  shapos can 

be e x p la in e d  q u a n t i t a t i v e l y  by c o n s id e r in g  t h a t  d is c h a r g e s  

th ro u g h  th e  p o t e n t i a l  d i v i d e r  and  i t s  own c h a rg in g  r e s i s t o r s  i n  th e

case  o f  cu rve  ( i ) ,  and  t h a t  an d  C I n  s e r i e s  o s c i l l a t e  w i th  L 

i n  th e  case  o f  c u rv e s  ( l i )  and  ( i i i ) #

2 .7  C u rre n t O u tpu t o f  Im pulse  G e n e ra to r  C i r c u i t*

The c i r c u i t  o f  f ig #  5 ( a )  was u se d  to  m easure th e  c u r r e n t  o u t 

p u t o f  th e  im p u lse  g e n e ra to r#  Two ty p e s  o f  sh u n t (R__) w ere u s e d  

l a  th a s a  t e s t a *  c a rb e a  r e a l a t o r s  an d  s h o r t  l e n g th s  o f  r e s i s t a n c e  

v l r e *  The c u r r e n t  re c o rd s  o b ta in e d  f o r  a g iv e n  e x p e r im e n ta l  con

d i t i o n  m ere I d e n t i c a l*  so  t h a t  I t  mas assum ed t h a t  th e  In d u c ta n c e  

o f  th e  v l r e  an d  th e  te m p e ra tu re  and r e s le ta n c e  c o e f f i c i e n t s  o f  th e  

ca rb o n s v a ra  a l l  n e g l ig ib le *

Cj-Q v a s  m easu red  a t  60 t / a  an d  Rp en d  m ere m easu red  o n  a  

lo v  v o l ta g e  T Jhsatstone b r id g e *  The nom inal tim e  c o n s ta n ts  o f  

s e v e r a l  Im pu lse  c u r r e n t  v av efo rm s ( f ig *  6 ( b ) )  v e r s  th a n  c a lc u la te d  

from  T A Cjq Hj ,Hç/ (B ^  + R ) ,  and  th e  a c tu a l  tin®  c o n s ta n ts  v c fe  

o b ta in e d  by  n o t in g  th e  tim e ta k e n  f o r  th e  c u r r e n t  vave to  d e c a y  t o  

0*668 o f  I t s  I n i t i a l  v a lu e *  R e s u l ts  a r e  com pared I n  T ab le  S 

(page 17 )#  ag reem en t I s  s e e n  to  be  v e ry  good vhen  Rp a n d I L  b o th  

c o n s i s t  o f  woven w ire  r e s i s t o r s  (cu rv e  (1 1 ) )  an d  a l s o  when Ep 

c o n s i s t s  o f  woven w ire  r s a l e t o r s  an d  R_ c o n s i s t s  o f  ca rb o n  

r e s i s t o r s  b u t  a p p ro z lm s te s  to  an open  c i r c u i t  ( l« e *  Rp*
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cu rv es ( i )  and (1 1 1 ))*  A c o n s id e ra b le  d is c re p a n c y  e x i s t s  when 

Rp and  b o th  c o n s i s t  o f  ca ib o n  u n i t s  (c u rv e  ( iv ))-#  d u e , p ro b a b ly , 

t o  th e  te m p e ra tu re  c o e f f i c i e n t s  o f  th e  ca rb o n s*

O b se rv a tio n s  made u s in g  th e  com plete t e s t  c i r c u i t  ( f i g .  1) 

showed t h a t  th e  im p u lse  c u r r e n t  waveform s w ere d e te m in e d  a lm o s t 

e n t i r e l y  by  th e  H*V* c i r c u i t ,  an d  were s u b s t a n t i a l l y  in d e p e n d e n t 

o f  th e  L.V* c i r c u i t  and  t e s t  gap*

TABIK 2 .

C om parison o f  th e  a c tu a l  a n d  nom inal tim e  c o n s ta n ts  
o f  the  im pulse  c u r r e n t  waveform s o f  f i g .  5 ( b ) .

Curve No. 
(s e e  f i g . 5 ( b ) )

Nominal tim e  
c o n s ta n t ,  T

A c tu a l tim e c o n s ta n t ,  
o b ta in e d  from  o s c i l l o 

grams*

M icro seco n d s . M icro seco n d s.

i 35 35

i i 35 32

i l l 70 72

i v 35 23

2 .8  C onventions r e g a rd in g  th e  t e a t  c i r c u i t .

T hroughout t h i s  w ork , I i . ,  and  I  w i l l  be ta k e n  a s
-  l u t  g t

p o s i t iv e  when f lo w in g  i n  th e  d i r e c t i o n  in d i c a t e d  i n  f ig *  1 ,  and 

th e  p o l a r i t i e s  o f  V^ an d  w i l l  be ta k e n  a s  t h e i r  p o l a r i t i e s  

t o  e a r t h .  and  V^^^ w ere p o s i t iv e  i n  a l l  ex p e rim e n ts  co v e red  

by  t h i s  w ork , e x c e p t f o r  some o f  th e  e x p e rim e n ts  rev iew ed  i n



m XQ m

s e c t io n  1 4 ,where p o l a r i t y  e f f e c t s  a r e  d i s c u s s e d .

The c u r r e n t  f lo w in g  i n  th e  p o t e n t i a l  d iv id e r  i s  u s u a l ly  so  

sm a ll t h a t  i t  p la y s  no s i g n i f i c a n t  p a r t  i n  th e  o p e r a t io n  o f  th e  

c i r c u i t !  i t  w i l l  th e r e f o r e  be ig n o re d  t h r o u ^ o u t  t h i s  t h e s i s ,  

e x c e p t w here o th e rw is e  s ta te d #

2 .9  The L .V . c i r c u i t  c u r r e n t  a t  F la sh o v e r  H q )»

HUien th e  im p u lse  i s  a p p l ie d  -  i . e .  when XG09 f l a s h e s  o v e r  -  

an  im pu lse  v o l ta g e  a p p e a rs  a c ro s s  th e  t e s t  gap and  L .V . c i r c u i t .

Ij; w i l l ,  u n d e r  th e s e  c o n d i t io n s ,  e q u a l  th e  c u r r e n t  c i r c u l a t e d  by 

th e  im pu lse  i n  th e  L .V . c i r c u i t !  i f  th e  co n v e n tio n s  o f  f ig #  1 a r e  

a d o p te d , I^  »  -  ^IG t* the  i n s t a n t  o f  f l a s h o v e r ,  I ^  has th e

v a lu e  Ig  an d  u n le s s  o th e rw iso  s t a t e d ,  I ^  was s u f f i c i e n t l y  sm a ll 

to  be ig n o re d #  The grow th  o f  I^  a f t e r  f la s h o v e r  w i l l  be d is c u s s e d  

i n  l a t e r  s e c t i o n s .

I f  V ^ ^  i s  p o s i t i v e ,  t h e r e f o r e ,  I^  w i l l  be n e g a tiv e  im m ed ia te ly  

a f t e r  t h e  im pu lse  i s  a p p l ie d .  I n i t i a l l y ,  I^  w i l l  in c re a s e  i n  

m agn itude  a t  a r a t e  d e te rm in e d  by th e  com plete  t e a t  c i r c u i t  ( i n  th e  

p r e s e n t  i n v e s t i g a t i o n ,  th e  r a t e  o f  grow th o f  Ij. b e fo re  th e  t e s t  gap 

f l a s h e d  o v e r ,  was d e te rm in e d  p r im a r i ly  by  L and  R p ). I f  th e  

t e s t  c i r c u i t  i s  overdam ped, I ^  canno t r e v e r s e  b e fo re  th e  t e a t  gap 

f l a s h e s  o v e r ,  so  t h a t  I ^  w i l l  be n e g a t iv e .  I f ,  how ever, th e  t e s t  

c i r c u i t  i s  underdam ped, Ij, may r e v e r s e  b e fo re  f l a s h o v e r  o c c u r s .  

P ro v id e d  th e  fre q u e n c y  o f  Ij, b e fo re  f la s h o v e r  i s  l e s s  th a n  some 

10 k c / s  (a s  i t  was th r o u ^ io u t  t h i s  w o rk ), f l a s h o v e r  i s  u n l ik e ly  

a f t e r  I^  h as  r e v e r s e d ,  b ecau se  much o f  th e  e n e rg y  a s s o c ia te d  w ith  

th e  im pu lse  w i l l  have d i s s i ] ^ t e d  by th e n ,  and  s u c c e s s iv e  v o l ta g e
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peaks a t  th e  t e s t  gap w i l l  be o f  d e c re a s in g  m a g n itu d e . C onsequen tly , 

i f  th e  t e s t  gap  f a i l s  t o  f l a s h  o v e r  a t  o r  n e a r  th e  f i r s t  p e a k , i t  i s  

n o t l i k e l y  t o  f l a s h  o v e r  a t  a l l *  The p o s s i b i l i t y  o f  f l a s h o v e r  

o c c u r r in g  a f t e r  r e v e r s e d  w i l l  t h e r e f o r e  be ig n o red *  C o n seq u en tly , 

i f  i s  p o s i t i v e ,  I s  n e g a t iv e  a t  f l a s h o v e r  -  l* e#  i s  

n e g a tiv e *  P r e c i s e ly  th e  sazt^ re a s o n in g  w i l l  show t h a t  i s  p o s i 

t i v e  i f  V „  i s  n e g a tiv e #  W ith  th e  c o n v e n tio n s  a d o p te d , t h e r e f o r e ,  
lOo

i s  o f  o p p o s i te  p o l a r i t y  t o  th e  im pu lse  v o l ta g e ,  Vjq ^*

E xperim en t showed th a t  n o t  o n ly  d id  n o t r e v e r s e  b e fo re  

f l a s h o v e r ,  b u t  a t  th e  i n s t a n t  o f  f l a s h o v e r ,  1 .̂ was in c r e a s in g  i n  

m agnitude* T h is  was t o  be e x p e c te d , s in c e  f l a s h o v e r  o c c u rs  a t  o r
- I

n e a r  a v o l ta g e  p eak : c o n s e q u e n tly , ^  t  c o u ld  n o t r e v e r s e  p o l a r i t y
d t

by th e  tim e  f l a s h o v e r  o c c u rre d #  Hence th e  m agnitude o f  

in c r e a s e s  w ith  th e  t im e - to - f l a s h o v e r  o f  th e  t e s t  gap#

2*10 E f f e c t  o f  Im pulse C i r c u i t  on L*V* C i r c u i t  a f t e r  f la s h o v e r*

A f te r  th e  t e s t  gap f l a s h e s  o v e r ,  th e  L*V* c i r c u i t  c u r r e n t  i s ,  

o f  c o u r s e ,  a f f e c t e d  by  th e  d is c h a rg e  v o l ta g e :  i t  i s  n o t ,  how ever,

d i r e c t l y  a f f e c t e d  by  th e  im p u lse  c i r c u i t ,  u n le s s  a c u r r e n t  ae ro  

o c c u rs  i n  th e  t e s t  gap w h ile  IGOG ( f ig *  1} i s  s t i l l  conduc ting*

Such a c u r r e n t  z e ro  o c c u r re d  o n ly  u n d e r  th e  c o n d i t io n s  d is c u s s e d  i n  

s e c t i o n  14*3: t h a t  was th e  o n ly  case  i n  w hich th e  L.V* c i r c u i t  was

d i r e c t l y  a f f e c t e d  by  th e  im p u lse  c i r c u i t  a f t e r  f la s h o v e r*

IGOG d e io n is e s  a t  t h e  en d  o f  th e  im p u lse : w i th  th e  e x c e p tio n

o f  t e s t  17 ( s e c t io n  8*4) th e r e  w ere no r e s t r i k e s  o f  IGOG, so t h a t  

th e  im p u lse  c i r c u i t  was e f f e c t i v e l y  d is c o n n e c te d  from  th e  t e s t  gap 

and  It*V# c i r c u i t  a f t e r  th e  end  o f  th e  im pu lse*
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2,11 Imwlse Duration.
The impulse duration, t , , i s  defined in  section  5,6 as 

the duration of flow of impulse current. I t  could be measured 
very accurately by applying the voltage across ( f ig . 1) 
to  the oscillograph through an am plifier (section 4*4).

In  most experiments covered by th is  investigation , the 
impulse duration was determined prim arily by the impulse 
c ir c u it ,  the L.7, c irc u it  and te s t  gap having a secondary 
e ffe c t. In  a l l  te s ts  in  which a value i s  quoted fo r t . , and 
also in  a l l  experiments involving the Standard C ircu it (section 
5 .9 ), the s c a tte r  in  the value of t ,  (due to  changes in  the 
I .y .  c irc u it  and te s t  gap, and to  random conditions) did not 
exceed -5?(, except fo r te s ts  16 and 17 (section 8.4) in  which 
i t  did not exceed llQgl,



3# TBË TEST GAP.

A l l  e x p e r im e n ta l  work waa c a rr ie d , o u t i n  a i r  u n d e r 

fitm oepherio  c o n d it io n f l ,  a t  e l e c t r o d e  ap ac in g a  o f  n o t  more th a n

1 .5  cm#

T u n g a te n , p la t in u m ,h r a a a ,  s t e e l ,  alum inium  and  co p p er 

e l e c t r o d e s ,  o f  com m ercial p u r i t y ,  w ere used# The e le c t r o d e s  w ere 

o f  two p r i n c i p a l  ty p e s ,  a c c o rd in g  to  th o  r e l a t i v e  s i z e  o f  t h e i r  

a r c in g  s u r f a c e  and th e  a r e a  o f  th e  a ro  r o o t s t  ♦ l a r g e ♦ e l e c t r o d e s ,  

whose s u r f a c e  was much l a r g e r  th a n  th e  a ro  r o o t s ,  and  ♦sm all* 

e l e c t r o d e s ,  whose s u r fa c e  a re a  was o f  th e  o rd e r  a s  th e  a r e a  o f  

th e  a r c  r o o t s .

The ♦ la rg e*  e le c t r o d e s  w ere th em se lv es  o f two t y p e s .  The 

f i r s t ,  c o n s i s te d  o f  2 cm. d ia m e te r  s p h e re s ,  w hich were assem b led  

a s  shown i n  f i g .  6 ( a ) .  The fram e o f  th e  o le c tro d o  assem b ly  was 

o f  b a k e l i t e .  The a d a p to r  A was f ix e d  to  th e  fra m e , and  th e  

a d a p to r  B was f i x e d  to  th e  m ic ro m ete r h e a d , M, w hich was i n  tu r n  

f ix e d  to  th e  fram e* The e le c t r o d e  sp a c in g  was v a r ie d  b y  r o t a t i n g  

th e  m icrom o to r h ee d , w hich  o ls b  s e rv e d  to  m easure i t *

The sec o n d  ty p e  o f  ♦ la rg e *  e le c t r o d e s  c o n s i s te d  o f  d i s c s ,

15 cm* d ia m e te r ,  1 cm* t h i c k ,  w ith  edges rounded  to  1 cm* r a d iu s  

( f i g .  6 (b ) )*  They w ere assem b led  a s  shown i n  f ig *  6 (c )*  The 

e l e c t r o d e s  w ere m ounted on  m e ta l s h a f t s  w hich w ere h e ld  betw een  

b a k e l i t e  s u p p o r ts*  E l e c t r i c a l  c o n n e c tio n s  to  th e  e l e c t r o d e s  were 

made th ro u g h  th e  s h a f ts *  The s h a f t  s u p p o r t in g  th e  u p p e r 

o lo c tro d o  c o u ld  be moved v e r t i c a l l y  i n  g roves c u t  i n  th e  b a k e l i t e  

s u p p o r t s ,  th u s  a l t e r i n g  th e  e le c t r o d e  sp ac in g *  The s p a c in g  was



-  8a -
jB sasurod by  n e a n s  o f  ♦ f e e l e r ♦ gaugae#

The d i s c  e la o tro d e o  co u ld  be u s e d  l a  one o f  two w ays, 

nam ely ■

(1 )  They c o u ld  be r o t a t e d  a b o u t t h a l r  a x e s  so  a s  t o  o b ta in  

a  c le a n  a r c in g  s u rfa c e *  I n  th e  t e a t s  I n  w h ich  t h i s  

was done, th e  o l e c t ro d e s  wore r o t a t e d  once e v e ry  f i v e  

f la s h o v o r s j  I t  was found  t h a t  a lm o s t e v e ry  f la s h o v e r  

o c c u rre d  to  v i r g i n  m e ta l  i n  t h a t  case*

The a id e s  o f  th e  e le c t r o d e s  were c o v e re d  w ith  

b la c k  p a in t  ( f ig *  6 ( c ) )  and th e  m e ta l  a rrow s A bo ro  

on th e  p a in t  an d  s c r a tc h e d  i t  as tho  o lo c tro d o s  

ro ta te d #  th e  a n g u la r  movement o f tho  e l e c t r o d e s  

co u ld  th u s  be a s c e r ta in e d *

(2 ) They were f ix e d  i n  s p a c e , so  t h a t  a l l  f l a s h o v e r  a o c c u r re d  

on a sm a ll f r a c t i o n  o f  th e  d i s c  c irc u m fe re n c e | t h a t  

f r a c t i o n  o f  th o  c irc u m fe ren c e  became h e a v i ly  o x id is e d #

Those e le c t r o d e s  w ere u se d  o n ly  i n  e x p e rim e n ts  a im ed  a t

d e te rm in in g  th e  e f f e c t  o f  o x id a t io n  p roduced  b y  f l a s  h o v e rs  on th e

e s ta b l is h m e n t  o f  fo l lo w  c u r r e n t  ( s e c t io n  12 )*  Those ex p e rim e n ts

showed th a t  (a )  th e  c o n d i t io n s  u n d e r  w hich  fo l lo w  c u r r e n t  c o u ld

j u s t  be e s t a b l i s h e d  <l#e* th e  c r i t i c a l  V ,  s e c t io n s  12*7 and  12*10)
o

o b ta in e d  w ith  d i s c  e l e c t r o d e s  was th e  same a s  t h a t  o b ta in e d  w ith  

sp h e re s  u n d e r  th e  same c o n d i t io n s ,  and  (b ) t h a t  f l a s h o v e r  alw ays 

o c c u r re d  c e n t r a l l y  on th e  edges o f  th e  d i s c s  (s e e  a l s o  p h o to g rap h s  

o f  f ig s *  47 , 51 and 52)*

The ♦ s m a ll:  e l e c t r o d e s  c o n s is te d  o f  ro d s  h a v in g  a d ia m e te r  

o f  n o t more th a n  0*063 cm* The assem bly  o f  f ig *  6 (a )  was u s e d .
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e x c e p t t h a t  th e  a d a p to r s  w era ro p la c e d  by  a p a i r  s u i t a b l e  f o r  

h o ld in g  ro d  e le c tr o d e s #  The l e n g th  o f  e le c t r o d e  p ro t r u d in g  from  

th e  a d a p to r  was n o t lo s s  th a n  2 cm#



4 f  MSASUREMEKT TECHNIQUES

. . X7 ■
4#1 A P o te n t i a l  D iv id e r  w ith  a Kon^Ohiaio H ec ig to r»

Tho r e c o rd in g  o f  th e  t e e t  gap v o l ta g e  was c o m p lic a te d  h y  th e  

v e ry  c o n s id e ra b le  v a r i a t i o n  i n  i t s  am p litude»  B efo re  th e  t e a t  gap 

f la s h e d  o v e r  ( o r  i f  i t  f a i l e d  to  f l a s h  o v e r)  th e  v o l ta g e  a c ro s s  i t

co u ld  a t t a i n  33 kV# A d iv id e r  r a t i o  o f  th e  o rd e r  o f  100 i  1

would have b e e n  r e q u ir e d  to  ap p ly  t h i s  v o l ta g e  to  th e  o s c i l lo g ra p h #  

A f te r  f  la  shove r# th e  v o l ta g e  re d u ced  to  th e  a r c  ( o r  glow) v a lu e ,  

and th e  d e f l e c t i o n  on  th e  o s c i l lo g r a p h  w ould n o t  have been  v i s i b l e

had  a 100 t 1 d iv id e r  r a t i o  been  used#

The s o lu t io n  was found  i n  the  use o f  th e  p o t e n t i a l  d iv id e r  

shown i n  f ig #  7# and  a re  two ohmic r e s i s t o r s ,  c o n s t iu c te d

o f  woven w ire  r e s i s t a n c e  ribbon#  i s  a s i l i c o n  c a rb id e  non-ohm ic 

r e s i s t o r ,  th e  r e s i s t a n c e  o f  w hich  h a s  th e  in s ta n ta n e o u s  v a lu e  

and  0 and  C r e p r e s e n t  s t r a y  c a p a c ita n c e s#  A g e n e ra l  d is c u s s io nn  Xi
o f  t h i s  ty p e  o f  d iv id e r  i s  g iv en  i n  A ppendix I ,  to g e th e r  w i th  

p ro v in g  t e a t s  w hich were c a r r i e d  o u t o n  th e  a c tu a l  d i v id e r  u se d  i n  

t h i s  in v e s t ig a t io n #  The p r i n c i p a l  c h a r a c t e r i s t i c s  o f  th e  d iv id e r  

a r e  t h a t  R^ when th e  t e s t  gap v o lta g e  i s  h ig h ,  so t h a t  th e

v o l ta g e  a t  th e  o s c i l lo g r a p h  i s  l im i t e d  to  a s a f e  v a lu e#  when th e  

t e s t  gap v o l ta g e  has re d u ced  t o  th e  d is c h a rg e  v a lu e ,  R^^ 

a p p ro x im a te s  to  a n  open c i r c u i t  and  th e  d iv id e r  r a t i o  i s  .d e te rm in e d  

e s s e n t i a l l y  by  th e  ohm ic u n i t s #  (Rg 4  was m a in ta in e d  c o n s ta n t  

a t  23 k llo h m s i n  fo llo w  c u r r e n t  t e a t s ,  and th e  d i v i d e r  r a t i o  was 

v a r ie d  by a l t e r i n g  i g  and  R^ s im u lta n e o u s ly , s u b je c t  to  R^ è  10 

k ilohm s#  A p a rt from  th e  i n i t i a l  e r r o r  d is c u s s e d  below , th e  

a c c u ra c y  o f  th e  d i v i d e r  was e s t im a te d  a t  J



The m ain l i m i t a t i o n  o f  t h i s  ty p e  o f  d i v id e r  l e  due to  th e  

c h a rg es  w hich  accu m u la te  on th e  s t r a y  c a p a c ita n c e s  Og and  j u s t  

b e fo re  f la s h o v e r*  I n  th o  p r e s e n t  c a s e ,  th e  e f f e c t  o f  th e  charge 

on p red o m in a ted  and  d e lay e d  th e  r e d u c t io n  i n  a t  f la s h o v e r*  

T e s ts  d e s c r ib e d  i n  s e c t i o n  5#2 o f  A ppendix I  showed t h a t  th e  

i n i t i a l  charge d i s s i p a t e d  l a  some 5 m ic ro se c o n d s , a f t e r  w hich th e  

e f f e c t  o f  s t r a y  c a p a c i ta n c e s  re d u c e d  to  t h a t  on  th e  l i n e a r  d iv id e r  

th e  c o n v e n tio n a l case*  How, th e  v o l ta g e  w aveshape d u r in g  

th e  f i r s t  few m icro seco n d s i s  n o t v e ry  im p o r ta n t i n  th e  p r e s e n t  

i n v e s t i g a t io n  and  e v e n ts  re c o rd e d  i n  fo llo w  c u r r e n t  t e s t s  alw ays 

ex ceed ed  200 m icro seco n d s d u ra tio n *  C o n seq u en tly , an  in c re a s e  o f  

6 m icro seco n d s i n  th e  tim e r e q u ir e d  by  th e  t e s t  gap  to  c o l la p s e  

co u ld  h a rd ly  be d o te c te d  from  o sc il lo g x ^ m s , so t h a t  no s i g n i f i c a n t  

e r r o r  was in tro d u c e d  i n  fo llo w  c u r r e n t  t o s t  re c o rd s  by th© i n i t i a l  

cha rg e  on th e  s t r a y  c a p a c ita n c e s*

4#2 The A m p lifie r*

I t  was o s t lm a te d  b e fo re  t d s t s  w ere c a r r i e d  o u t  t h a t  th e  

c u r r e n t  f lo w in g  i n  th e  1*V* c i r c u i t  d u r in g  th e  c r i t i c a l  p e r io d  

when i t  was d e te rm in e d  w h e th e r o r  n o t  fo l lo w  c u r r e n t  w ould  be 

e s t a b l i s h e d ,  w ould n o t ex c eed  1 Amp* The v a lu e  o f  th e  sh u n t 

r e s i s t o r  u se d  to  re c o rd  t h i s  c u r r e n t  h ad  to  be  l e s s  th a n  10 Ohms 

i n  o r d e r  t h a t  H sh o u ld  b e  sm a ll  ( s e c t io n  2*2}* Hence i t  became 

e v id e n t  t h a t  an  a m p l i f i e r  w ould have t o  be I n s e r t e d  betw een  th e  

sh u n t and th e  o s c i l lo g ra p h *  These e s t im a te s  were l a t e r  

s u b s t a n t i a t e d  by exp erim en t*

Fig* 8 ( a )  i s  th e  c i r c u i t  d iag ram  o f  th e  two s t a g e ,  RO co u p led  

a m p l i f i e r  used*  Feedback was p ro v id e d  o n  b o th  s ta g e s *  E i t h e r
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th e  in p u t  s ta g e  a lo n e  o r  th e  com plete a m p l i f i e r  wae u s e d , and th e  

o v e r a l l  g a in  o f  th e  a m p l i f i e r  was 81* The am p litu d e  re sp o n se  was 

l i n e a r  over th e  ran g e  u s e d , th© f re q u e n c y  re sp o n s e  f o r  th e  

com plete a m p l i f i e r  b e in g  g iv en  i n  f ig *  8 (b )*

Th© a m p l i f i e r  was c a l i b r a t e d  a f t e r  e a ch  t e s t  i n  w hich i t  was 

u se d , the  m ethod b e in g  g iv en  i n  A ppendix I I #  V a r ia t io n s  i n  g a in  

d id  n o t exceed  t  2#8jJ* T h is  f ig u r e  c o u ld  p ro b a b ly  have b een  

re d u c e d , b u t t h a t  was n o t n e c e s s a ry  f o r  th e  p r e s e n t  purpose*

4*5 Q g c illo p T ap h ic  Equipm ent*

I n  fo llo w  c u r re n t  t e s t s ,  a doub le  beam o s c i l lo g r a p h  was u se d  

to  g iv e  a s im u ltan eo u s  r e c o rd  o f  th e  t e s t  gap v o lta g e  an d  o f  th e  

c u r r e n t  I n  one o f  th e  sh u n ts  ( f ig *  1)*

A h ig h  sp aed  t r a n s i e n t  o s c i l lo g r a p h  ( s in g le  beam) was u se d  

i n  t e s t s  concerned  w ith  th© H*V* c i r c u i t  a lo n e  ( s e c t io n s  2*6 and  

2*7) and  to  m easure th e  im p u lse  d u r a t io n  i n  eon© fo llo w  c u r r e n t  

t e a t s  ( s e c t io n  11)*

4*4 Tho Shunts*

Tho sh u n ts  a re  shown i n  th e  c i r c u i t  d iag ram  ( f ig *  l ) i  t y p i c a l

re c o rd s  o b ta in e d  a t  each  sh u n t a re  shown i n  f ig *  9* R was u se d
a

i n  c o n ju n c t io n  w ith  th© a m p l i f i e r  t o  r e c o r d  th e  c u r re n t  i n  th e  L*V* 

c i r c u i t  ( f ig s #  9 (g ) and  ( h ) ) |  was u se d  e i t h e r  i n  c o n ju n c t io n

w ith  the a m p l i f i e r  to  g ive a v e ry  a c c u ra te  r e c o rd in g  o f  th e  im p u lse  

d u r a t io n  (se e  f ig *  9 ( f ) )  o r ,  w ith o u t th e  a m p l i f i e r ,  to  m easure th e  

c u r r e n t  i n  th e  H*V* c i r c u i t  ( f ig *  9 (e ) )*  The sh u n t R c o u ld  be 

u se d  to  m easure th e  t e s t  gap c u r r e n t  ( f ig s *  9 (a )  « ( d ) ) ,  b u t u se  

was mad© o f  t h i s  sh u n t o n ly  to  e x p lo re  th e  o p e r a t io n  o f  th e  c i r c u i t
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and  t o  co n firm  r é s u l t a  o b ta in e d  w ith o u t  i t #  ; I t  was p r e f e r r e d  to  

s h o r t - c i r c u i t  K „  d u r in g  fo llo w  c u r r e n t  t e a t s  an d  to  o b t a in  th eBg
t o e t  gap c u r re n t  by  m easu rin g  i t s  com ponents i n  te rm s o f  th e  

v o l ta g e s  a c ro s s  R^ end  E T h e .re a so n  f o r  so d o in g  I s  d is c u s s e d
S SXCj

i n  A ppendix I I ,  where th e  o s c i l lo g ra m s  t r a c e d  i n  f ig #  9 ( a )  »» (d )  

a re  c o n s id e re d  i n  g r e a t e r  d e t a i l #

W ith  th e  e x c e p t io n  o f  soma t e s t s  c a r r i e d  o u t a t  500 c / s ,  when 

woven w ire  sh u n ts  w are u s e d ,  th e  s h u n ts  u se d  i n  fo llo w  c u r r e n t  

t e s t s  c o n s i s te d  o f  1 o r  0 w a tt  c a rb o n  r e s i s t o r s ,  th e  in d iv id u a l  

v a lu e s  o f  w hich d id  n o t ex ceed  10 Ohms# th e  TOlue o f  in d iv id u a l  

sh u n ts  d id  n o t ex ceed  6 Ohms#



6* PRIHCIPAL lËPlK rriOHS
S«1 STObola»

P r in c ip a l  s p ib o la  a r e  d e f in e d  on  th e  c i r c u i t  d iag ram  o f  f ig *  1 ,  

I n  th e  c a se  o f  q u a n t l t l e a  W ilch  v a r y  I n  t im e , th e  s u f f i x  t  l a  U sed 

to  d en o te  in s ta n ta n e o u s  v a lu e  ( l# e *  v a lu e  a t  any tim e  t ) «  When i t  

I s  IntezK led to  r e p r e s e n t  th e  v a lu e  o f  su ch  a  q u a n t i t y  a t  a s p e c i f i e d  

t im e , th e  s u f f i x  t  I s  r e p la c e d  by th e  tim e concerned*  Thus I  I s  th e  

in s ta n ta n e o u s  v a lu e  o f  th e  L*V* c i r c u i t  c u r r e n t j  I  I s  I t s  v a lu e  a t  

tim e  a e r o .  I . .  I s  I t s  v a lu e  a t  tim e  t . ,  I  l a  I t s  v a lu e  a t  tim e  t  ,
X vM M

an d  fio f o r th #

Time siero l a  ta k e n  a a th e  I n a ta n t  o f  f la s h o v e r*

8*2 Fo llow  C u rre n t*

I t  h a s  b een  shown i n  s e c t io n  1*2 t h a t  two p r i n c i p a l  ty p e s  o f  

fo llo w  c u r r e n t  may o c c u r on  power aye tem si p o w er« frequency  fo llo w  

c u r r e n t ,  due to  the  e*m *f# g e n e ra te d  i n  th e  sy s tem , an d  

h igh"*frGquency fo llo w  c u r r e n t ,  due to  th e  d is c h a rg e  o f  s t r a y  

c a p a c i ta n c e s  a s s o c ia te d  w ith  th e  system * I t  i s  now n e c e s s a ry  to  

d e f in e  th e s e  two ty p e s  o f  fo llo w  c u r r e n t  an d  th e  c o n d i t io n s  w hich 

m ust be s a t i s f i e d  i n  e a c h  case  i n  o r d e r  t h a t  fo llo w  c u r r e n t  be ta k e n  

to  have occurred#  th o s e  d e f i n i t i o n s  a r e  g iv en  below  i n  t e r n s  w h ich  

a r e  e a s i l y  i n t e r p r e t e d  expe r im en t a l l y  *

6*8 IiOW^Prequencv Fo llow  C u rre n t {L»F* F o llow  C u r re n t) *

I t  w i l l  be bo rne  i n  m ind f i r s t l y ,  t h a t  u n d e r  th e  co n d itio n a l 

o f  t h i s  i n v e s t i g a t io n  f l a s h o v e r  o c c u r re d  when th e  low  v o l ta g e  

c i r c u i t  c u r r e n t  was e q u a l (o r  ap p ro x im ated ) to  a e ro  an d , s e c o n d ly , 

t h a t  i n  th e  case  o f  p o w er-frcq u o n cy  fo llo w  c u r r e n t ,  th e  h a l f  p e r io d  

l / ( 2 f )  i s  much lo n g e r  th a n  tli© im p u lse  d u r a t io n ,  t^ *  C o n seq u en tly , 

i f  power fo llo w  c u r r e n t  becomes e s t a b l i a h o d ,  a n a t u r a l  c u r r e n t  s e r e



e f  th e  c i r c u i t  w i l l  -e© curb's eim- l / ( 2 f  ) seconds'•from » th e  « in s ta n t

©f f l a s h o v e r .  D uring  t h a t  t im e , much o f the I n i t i a l  I o n i s a t i o n  

due t o  th e  Im pulse w i l l  have d i s s i p a t e d  and th e  s t a t e  o f  i o n i s a t i o n  

o f  th e  d is c h a rg e  w i l l  depend l a r g e l y .  I f  n o t w h o lly , on th e  c u r r e n t  

t h a t  has  been  fe d  to  I t  by th e  L#V* c i r c u i t*  Hence th e  r e i g n i t i o n  

o f  th e  d is c h a rg e  a f t e r  a n a tu r a l  c u r r e n t  e e ro  i s  e f f e c t i v e l y  

in d ep en d e n t o f th e  im p u lse , end i s  n o t r e le v a n t  to  th e  c o n d i t io n s  

u n d e r  w hich an  im pulse  i n i t i a t e d  a r c  deve lops i n t o  a s h o r t  c i r c u i t  

on a power system * P ow er-frequency  fo llo w  c u r r e n t  w i l l  th e r e f o r e  

be ta k e n  to  have b een  e s ta b l i s h e d  i f  th e  L*V« c i r c u i t  h as  m a in ta in e d  

th e  d is c h a rg e  up  to  i t s  f i r s t  n a tu r a l  c u r re n t  z e ro  fo l lo w in g  upon 

th e  end o f  the  im pulse  *

The mechanism by w hich an  im pulse « - in i t ia te d  d is c h a rg e  i s  

m a in ta in e d  up  to  i t s  f i r s t  n a t u r a l  c u r r e n t  z e ro  a f t e r  th e  end  o f  

th e  im p u lse , i s  n o t s p e c i f i c  to  th e  u s u a l  power f r e q u e n c ie s  o f  50 

o r  60 c /s *  A s im i l a r  mechanism o p e ra te s  i n  a l l  c a se s  i n  w hich 

fo llo w  c u r re n t  i s  d e f in e d  as above and  i n  w hich t^ <  l / ( 2 f ) #  t h i s  

m echanism  w as, i n  f a c t ,  in v e s t ig a te d  a t  f r e q u e n c ie s  up to  500 c / s  

i n  th e  p re s e n t  work* The to m  Low-Frequency (L*F*) F o llow  C u rren t 

w i l l  t h e r e f o r e  be u sed  i n  p re fe re n c e  to  Power-*Frequoncy Follow  

C u rre n t to  d e s c r ib e  t h i s  ty p e  o f  fo llo w  c u r re n t*

As th e  f re q u e n c y , f ,  o f  the  fo llo w  c u r re n t  i s  in c r e a s e d  u n d e r 

th e s e  c o n d i t io n s ,  th e  im pu lse  w i l l  have an  in c r e a s in g  e f f e c t  on  th e  

r e i g n i t i o n  o f  th e  d is c h a rg e  a f t e r  th e  f i r s t  n a t u r a l  c u r r e n t  zero*  

N e v e r th e le s s ,  th e  mechanism by  w hich th e  L*V* c i r c u i t  ta k e s  o v er 

end  m a in ta in s  tho  d is c h a rg e  a f t e r  the im pu lse  has c e a se d , em erges, 

a s  b e f o r e ,  from  th e  a n a ly s i s  o f  e v e n ts  o c c u r r in g  betw een th e  end  o f
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th e  im pulse and tho  f i r s t  su b seq u en t n a tu r a l  c u r re n t  z e ro  o f  th o  

L*V* c i r c u i t#  th e  r e i g n i t i o n  o f  th o  d is c h a rg e  a f t e r  t h a t  c u r r e n t  

z e ro  rem ains i r r o l e v e n t  t o  the  p re s e n t  in v é e t ig a t io n #  Tho 

fo llo w in g  d e f in i t i o n s  can  th e r e f o r e  be e ta  ted #

1# THE TYPE OP FOLLOW CTRHT̂ NT OPERATING TŒN TEE DERATION

IS  lESS THAN THE HALF lERIOD OF THE L#V* CIRCUIT <i*e* 

t^ <  l/(S f))W IL L  m  KNpY.H AS LOW-FREQUENCY FOLLW CURRENT*

2* Two re q u irem en t a e re  d e f in e d  f o r  th e  e s ta b l is h m e n t  c f  fo llo w  

c u r r e n t ,  v i z . ;

( i )  THE DISCHARGE T#ST BE MAINTAINED BY.THE L.V* CIRCUIT UP TO 

ITS FIRST NATURAL CURRENT ZERO AFTER THE END OF THE IMPULSE. 

I f  th e  e f f e c t s  o f  1^ and  o f  th e  d is c h a rg e  v o l ta g e ,  V ^ ,  

a r e  ig n o re d , t h i s  c o n d i t io n  becom es th a t  th e  L*V* c i r c u i t  

c u r re n t  -  and  hence th e  d is c h a rg e  c u r r e n t  f lo w s

f o r  l / ( 2 f )  seconds from  th e  i n s t a n t  o f  f la s h o v e r*  The 

e f f e c t s  o f  and  a r e  o f  seco n d ary  im p o rtan ce  i n  t h i s  

in s ta n c e  and  a r e  d is c u s s e d  i n  th e  A ppendix (V)*

( i i )  THE DISCHARGE HAS AN ARC CHARACTERISTIC FOR MOST OF THE

T iœ  ELAPSING BETVifEEN THE END OF THE IMPULSE AND THE FIRST 

NATURAL CURRENT ZERO*

5*4 Hiph«^Frequency Fo llow  C u rre n t (H»F* Follow  C u rre n t)*

The e s ta b l is h m e n t  o f  h ig h * fre q u e n c y  fo llo w  c u r r e n t  was s tu d ie d

from  th e  p o in t  o f  v iew  o f  i t s  e f f e c t  on  th e  d is c h a rg e  w h ile  th e

im pu lse  a r e  was b u rn in g , f o r  two re a so n s*  F i r s t l y ,  th e  o n ly

a l t e r n a t i v e  w ould have b een  to  s tu d y  th e  m echanism  by  w hich a

h ig h - f re q u e n c y  fo llo w  c u r r e n t  a r c  w ould be m a in ta in e d  by  th e  L*V* 

c i r c u i t  a f t e r  the im p u lse  has ceased*  I t  was c o n s id e re d  t h a t  th e
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l a t t e r  m ethod w hich v a e .  I n  f a c t ,  a d o p te d  i n  th e  c a se  o f  L*F*

Follow  C u r r e n t ,  wee u n l ik e ly  to  r e v e a l  a n y  s i g n i f i c a n t  d a ta  n o t  

shown by th e  s tu d y  o f  L«F» Follow  C u rren t*  S eco n d ly , th e  

im p o rtan ce  o f  h lg h » fre q u an cy  fo llo w  c u r r e n t  I n  th e  ea se  o f  power 

system s l i e s  p r im a r i ly  I n  I t s  e f f e c t  on  th e  e s ta b l is h m e n t  o f  

pow er#frequency  fo llo w  c u r re n t}  t h i s  w i l l  depend v e ry  l a r g e l y  o n  

th e  e f f e c t  o f  h lg h -fre q u e n c y  fo llo w  c u r r e n t  on  th e  s t a t e  o f  

I o n i s a t i o n  o f  th e  d ls c lm ir^  d u r in g  tise li^p u lse*

The fo l lo w in g  d e f in i t i o n s  ware th e r e f o r e  a d o p te d )

1 .  UBS TfFE OP FOU,aS} CUREBHT OfERATIEG BESH IBB lUFCISB PORâTIOH

KXCESDS THB HâL? PERIOD OP THE L.V . CIRCUIT ( i . e .  t_  >  l / ( 2 f )
X

WILL œ  KECEH AS «HIOH-PREQUEMOY FOLLOW CURREHT*.

2 .  H.P* FOLLOW CÏÏPJSET WILL HS ÏMEH TO HAVE OCCURRED IP  THE L.V .

CIRCUIT H&3 SUPPLIBD AliTC POUSSE TO THE DISCHâRÛE, THAT POWER

BEIKO DRAm FROM THE IHITIAL EHERUr 4V ®0 STORED OH C ATo
FIASEOVEH»

5*5 N a tu ra l  C u rren t Zero#

Â (N a tu ra l  C u rren t Zero* o f  th e  L*V# c i r c u i t  w i l l  be t a k e n  to  

mean a c u r r e n t  z e ro  w hich haa boon re a c h e d  p r im a r i ly  b ec au se  o f  th e  

norm al r e v e r s a l  o f  c u r r e n t  i n  a re so n a n t c i r c u i t  c o n s i s t i n g  o f  1» 

and  C ( f ig *  1 ) ,  the tim e a t  w hich th a t  c u r r e n t  z e ro  i s  re a c h e d  

b e in g  s u b s t a n t i a l l y  in d ep en d en t o f  th e  e f f e c t i v e  r e s i s t a n c e  o f  th e  

t e s t  gap*

T h is  q u a l i t a t i v e  d e f i n i t i o n  i s  s a t i s f a c t o r y  f o r  tho  g r e a t e r  

p a r t  o f  t h i s  in v e s t ig a t io n *  A q u a n t i t a t i v e  i n t e r p r e t a t i o n  l e  

r e q u i r e d  o n ly  f o r  c e r t a i n  t e s t s  and  i s  g iv e n  i n  th e  A ppendix (V)#
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5 .6  H a lf  C ycle and H a lf  P eriod#

A * E s ir  Cycle* o f  th a  L#V. c i r c u i t  w i l l  be ta k e n  to  o c c u r  

be tw een  two n a t u r a l  c u r re n t  ze ro s*  I t s  non iinal d u r a t io n  i . e «  

th e  *Hfelf P e r io d * , w i l l  th e r e f o r e  be 3 / ( 8 f )  seconds*

5 .7  Im pu lse  D u ra tio n  ( t ^ ) .

The im pulse  d u r a t io n ,  t ^ ,  w i l l  be ta k e n  a s  th e  tim e  e la p s in g  

betw een  th e  i n s t a n t  o f  f la s h o v e r  and  th e  i n s t a n t  a t  w h ich  I
IG t

f a l l s  to  z e ro  f o r  th e  f i r s t  (and g e n e r a l ly  th e  o n ly )  tim e#

5 .8  C r i t i c a l  v a lu e s  and  r a n r e s .

The tezm * c r i t i c a l  V * w i l l  be ta k e n  to  mean th e  v a lu e  o f  Vo o
a t  w h ich  th e  e s ta b l is h m e n t  o f  fo llo w  c u r re n t  i s  J u s t  p o s s ib le  i n  

a g iv e n  e x p e r im e n ta l  c o n d i t io n .  The ra n g e  o f  c r i t i c a l  v a lu e s  o f  

o b ta in e d  i n  a g iv en  e x p e r im e n ta l c o n d i t io n  ( i . e . . t h e  range o f  

v a lu e s  S t w hich fo llo w  c u r r e n t  o ccu rs  a f t e r  a f r a c t i o n  o f  

f l a s h o v e r s )  w i l l  be known as  th e  • c r i t i c a l  ran g e  o f

The v a lu e s  o f  o th e r  v a r ia b le s  re c o rd e d  when V^ was g iv e n  i t s  

c r i t i c a l  v a lu e  w i l l  be known a s  th e  • c r i t i c a l  v a lu e s*  o f  th o se  

v a r ia b le s *  T h e ir  ra n g e s , re c o rd e d  when was i n  i t s  c r i t i c a l  

ran g e  w i l l  be known a s  th e  • c r i t i c a l  ranges*  o f  th o se  v a r ia b le s *

5*9 The S ta n d a rd  C i r c u i t .

The S ta n d a rd  C i r c u i t  i s  d e f in e d  a s  a  c i r c u i t  h a v in g  th e  

fo l lo w in g  p a ra m e te rs :  f  « 60 q / s ,  Z »  40 Ohms, 0^^ «  0*033 micro*»

f a r a d s ,  a  75 k ilohm s (c a rb o n ) , Rp »  420 Otos (woven w ire ,  

u n le s s  o th e rw ise  s t a t e d ) ,  «  33 kV. The v a lu e  o f  i s  n o t 

s p e c i f ie d *  The im pulse  c u r re n t  waveshape o b ta in e d  w ith  th e
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S ta n d a rd  C i r c u i t  i s  g iv en  i n  f ig #  Q (c u rv e  i i i ) # I t s  peak v a lu e  

was 79 Amps and th e  im p u lse  d ia ra tio n , v a r ie d  betw een  170 and  

180 m ic ro seco n d s#

5 .1 0  The S ta n d a rd  E le c tro d e s#

0 .0 6 3  cm. d ia m e te r  T u n g sten  ro d s ,  th e  t i p s  o f w h ich  have b ee n  

h e a v i ly  o x id is e d  and e n la rg e d  to  a d ia m e te r  o f  some 0 .0 7 5  cm ., 

w i l l  be known as  th e  (S ta n d a rd  E le c tro d e s*  # The o x id a t io n  and  

e n la rg e m e n t o f  th e  e le c tr o d e  t i p s  was due to  th e  a p p l i c a t i o n  o f  

ab o u t 1 ,0 0 0  f l a s h o v e r s ,  the  S ta n d a rd  C i r c u i t  ( s e c t io n  5 .9 )  b e in g  

u s e d , w i th  s e t  to  w i th in  th e  c r i t i c a l  r a n g e ,  and a gap sp a c in g  

o f  0 .5  cm. The e le c tr o d e  s u r fa c e  due to  th e s e  f la s h o v e r s  was 

s i m i l a r  to  t h a t  o b ta in e d  i n  a t y p i c a l  t o s t  ru n  and  d id  n o t change 

s i g n i f i c a n t l y  i n  th e  co u rse  o f  th e  fo llo w  c u r r e n t  t e s t a  d e a c r ib e d  

h e re  (e x c e p t f o r  th e  t e s t a  d ia c u sso d  i n  s e c t i o n  1 8 .2 ,  where th e  

e f f e c t  o f  o x id a t io n  was i n v e s t i g a t e d ) .  The e le c t r o d e s  were 

c le a n e d  w ith  m e ta l  p o l i s h  and o th e r  b e fo re  th o  f i r s t  f l a s h o v e r  

was a p p l i e d  and  w ore n o t c le a n e d  su b s e q u e n tly , (e x c e p t a s  s t a t e d  

i n  s e c t io n  1 8 .2 ) .

5 .1 1  The S ta n d a rd  Gap.

The gap c o n s i s t in g  o f  th e  S ta rd a rd  E le c t r o d e s ,  sp a c e d  0 .5  cm. 

a p a r t ,  w i l l  be  known a s  th e  S tan d a rd  Gap#

5 .1 2  The S ta n d a rd  t o n d l t i o n .

The S ta n d a rd  C o n d itio n  w i l l  be  s a id  to  h o ld  when th e  

S ta n d a rd  Gap i s  u se d  i n  c o n ju n c tio n  w ith  th e  S ta n d a rd  C ir c u i t#
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The f o l lo \d n g  p ro ced u re  wee a d o p te d  i n  fo llo w  c u r r e n t  t e s t a i  

F o r  a g iv en  t e s t  c o n d i t io n ,  a l l  v a r i a b l e s  w ere f i x e d ,  e x c e p t  

th e  v o l ta g e  V^, to  w hich  th© c a p a c i to r  0 ( f ig *  1 )  was dxargad  

b e fo re  th o  im pulse  was a p p l i e d :  1^ b e in g  q u i te  s m a l l ,  t h a t

v o lta g e  can  be ta k e n  e q u a l t o  th e  v o l ta g e  t o  w hich th e  c a p a c i to r  

was ch a rg ed  a t  the  i n s t a n t  o f  f la s h o v e r  ( s e c t io n  2*1)#

was v a r io d  u n t i l  i t  h ad  a c r i t i c a l  v a lu e ,  i* e*  u n t i l  

fo llo w  c u r r e n t  o c c u r re d  o c c a s io n a l ly *  I t  was th e n  in c r e a s e d  

u n t i l  fo llo w  c u r r e n t  o c c u r re d  a f t e r  ev e ry  one o f  n  f la s h o v e r s  

a p p l ie d ,  g iv in g  one l i m i t  o f  th e  range o f  c r i t i c a l  v a lu e s  o f  V^*

V^ was th e n  d e c re a s e d  i n  o r d e r  to  e s t a b l i s h  th e  o t h e r  l i m i t  o f  

th e  range*  U n less  o th e rw ise  i n d i c a t e d ,  eadh  l i m i t  was e s t a b l i s h e d  

i n  t h i s  way s e v e r a l  t im e s  i n  each  t e s t *

When n e a r  to  one o f  th e  l i m i t s ,  was v a r ie d  i n  s te p s  o f  

n o t  more th a n  10^* The q u a n t i t y  n  had  th e  v a lu e  5 o r  1 0 , a s  

i n d ic a te d  w here th e  a p p r o p r ia te  r e s u l t s  a r e  p r e s e n te d ;  i f  no 

i n d i c a t i o n  i s  g iv e n , n  had  th e  v a lu e  5*

The u p p e r  and  lo w er l i m i t s  o f  th e  c r i t i c a l  ra n g e  o f  w ere 

d e te rm in e d  th e  sane number o f  t im e s :  t h e i r  a r i t h m e t i c  mean was

ta k e n  a s  th e  mean v a lu e  o f  c r i t i c a l  f o r  a  s p e c i f i c  t e a t#
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I t  haa b ee n  shown t h a t  F o llow  C u rre n t I s  o f  two p r i n c i p a l  

ty p e s t  L*F* and  E*F$ Follow  C u rren t ( s e c t io n s  1 * 2 , 6#2 , 5*3 an d  

3 # 4 ) .  E x p e r im e n ta l w ork, w hich w i l l  now be re v ie w e d , h as  

r e v e a le d  t h a t  L*F# Follow  C u rre n t may i t s e l f  be o f  tw o ty p e s  

w hich  w i l l  be known a s  H igh -V oltage  and H ig h -C u rre n t F o llow  C u rre n t 

T hree m ain  ty p e s  o f  F o llow  C u rre n t h a v e , t h e r e f o r e ,  b een  

i d e n t i f i e d ;  H i^ - V o l t s g e ,  H ig h -C u rren t and H i^«*P requency  

F o llow  C u rren t#

The c h a r a c t e r i s t i c s  o f  each  type  o f  F o llow  C u rre n t a r e  

sum m arised below  and  a d e t a i l e d  d is c u s s io n  i s  g iv en  I n  s e c t io n s  

8 -  10# Only th e  ca se  o f  V^ and V^^^ b e in g  p o s i t i v e  i s  d is c u s s e d  

i n  th e s e  s e c t i o n s ;  p o l a r i t y  e f f e c t s  a r e  c o n s id e re d  i n  s e c t i o n  14#

7#1 H i ^  V o ltag e  F o llow  C u rre n t (H#V# F ollow  C u rre n t ) #

T h is  typo o f  fo l lo w  c u r r e n t  was o b ta in e d  whon t^ <  3 / ( 1 6 f )  

i# e #  t ^  was v e ry  sm a ll com pared to  th e  h a l f  p e r io d  o f  th e  L#V# 

c i r c u i t  * F ig#  10 shows t r a c in g s  o b ta in e d  from  o s c i l lo g ra m s  o f  

d is c h a rg e  v o l t a g e ,  and  L#V# c i r c u i t  c u r r e n t  th e  t r a c in g s  

a r e  i d e a l i s e d  d u r in g  th e  p e r io d  t ^ ,  a s  e x p la in e d  below#

B efo re  th e  im p u lse  i s  a p p l ie d ,  the  t e s t  gap v o l ta g e  e q u a ls  

th e  v o l ta g e  to  w hich  C i s  d ia rg e d ;  i t  h as  b een  s e e n  t h a t  t h a t  

v o l ta g e  h a s  t h e  v a lu e  V^# Im m ed ia te ly  th e  im pu lse  i s  a p p l ie d ,  

th e  t e s t  gap  v o l ta g e  r i s e s  b u t  th e  v o l ta g e  a t  t h e  o a e i l l o g r ^ h  

does n o t  r i s e  i n  p r o p o r t io n  because  o f  th e  n o n - l in e a r  u n i t .  En 

o f  th e  p o t e n t i a l  d iv id e r#  A t th e  same t im e , a c u r r e n t  i s
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c i r c u l a t e d  In  th e  L*V* c i r c u i t  by th e  im p u lse t t h i s  c u r r e n t  

re a c h e s  th e  v a lu e  a t  f la s h o v e r#  1^ a p p e a rs  to  r i s e  

in s ta n ta n e o u s ly  i n  f ig #  10 b ecause  o f  th e  tim e r e s o l u t i o n  u s e d :  

i t s  a c tu a l  r a t e  o f  g row th  i s  d is c u s s e d  i n  s e c t i o n  2«9# E x cep t 

w here o th e rw is e  s t a t e d ,  was n e g l ig ib ly  sm a ll*

When f la s h o v e r  o c c u r s ,  th e  v o l ta g e  a t  th e  t e s t  gap c o l la p s e s  

and  i s  m a in ta in e d  a t  a low v a lu e  by th e  im p u lse  c u r re n t#  T h a t

c u r r e n t  c e a se s  a t  t , ,  when th e  L,V# c i r c u i t  fe e d s  a c u r r e n t  I . .1 t l
t o  th e  d is c h a rg e #  Iin ised ia te ly  a f t e r  t^^, b e g in s  t o  r i s e ,  th e

e x te n t  and n a tu re  o f  th e  r i s e  depend ing  on  th e  power a v a i l a b l e

from  th e  L#V# c i r c u i t #  The wave shapes o f  d u r in g  th e  p e r io d

t ^ ,  and  e v e n ts  o c c u r r in g  d u r in g  th a t  p e r io d ,  a r e  d is c u s s e d  i n

d e t a i l  i n  s e c t io n  8# At p r e s e n t ,  i t  n ee d  o n ly  be n o te d  t h a t  th e

v o l ta g e  and c u r r e n t  wave shapes a f t e r  t  a r e  a s  shown i n  f ig # 1 0 (e }c
o r  1 0 ( b ) ,  d ep en d in g  on  w hether o r  n o t fo llo w  c u r r e n t  i s  e s t a b l i s h e d  

an d  th a t  th e  p r i n c i p a l  c h a r a c t e r i s t i c s  o f  H#V* fo llo w  c u r r e n t  a r e :

(1 )  The c r i t i c a l  i s  s m a ll ,  re c o rd e d  v a lu e s  b e in g  b e tw een  

0#1 an d  0 .7  Amps. T h is  i s  o f  th e  o rd e r  o f  c u r r e n t  

a s s o c ia te d  w i th  high^^presaure glows and  g lo w -a rc  t r a n s i t io n s '# '^  

F i g .  11 shows w aveshapes o b ta in e d  when h as  th e  v a lu e

a t  w hich  fo llo w  c u r r e n t  i s  j u s t  p o s s ib le :  fo l lo w  c u r r e n t

i s  n o t e s t a b l i s h e d  a f t e r  e v e ry  f l a s h o v e r  i n  t h a t  c o n d it io n *

(2 ) The c r i t i c a l  v a lu e  o f  V^ i s  r e l a t i v e l y  l a r g e  and  a p p ro a c h e s  

t h a t  r e q u i r e d  to  m a in ta in  a c o n s ta n t  c u r r e n t  ^ o w  i n  th e  

t e s t  gap#

(3 )  E i t h e r  fo l lo w  c u r r e n t  i s  e s t a b l i s h e d  o r  th e  t e s t  gap d e io n is e s  

w i th in  a s h o r t  tim e  ( u s u a l ly  o f  th e  o r d e r  o f  100 m ic ro se c o n d s)
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from  th e  end of th e  Im p u lse .

7 .2  H igh C u rre n t F o llow  C u rre n t (H.G. F o llo w  C u r re n t) .
1 1T h is  ty p e  o f  fo l lo w  c u r re n t  o b ta in e d  when —  *1 6 f 2 f

P ig .  12 shows s k e tc h e s  o f t y p i c a l  o s c il lo g ra m s  re c o rd e d  when th e  

v a lu e  o f  Vq was i n  th e  c r i t i c a l  ra n g e . They a r e  s im i l a r  to  th o se  

o f f i g .  10 , ex c ep t t h a t  i s  l a r g e r ,  so t h a t  th e r e  i s  l i t t l e  

r i s e  i n  a t  t ^ ,  # i e t h e r  o r  n o t fo llo w  c u r r e n t  i s  e s t a b l i s h e d .  

Tho p r i n c ip a l  c h a r a c t e r i s t i c s  o f  H.G. F o llo w  C u rre n t a r e ;

(1) The c r i t i c a l  v a lu e  of i s  s u f f i c i e n t l y  l a r g e  t o  

m a in ta in  an a rc  a f t e r  th e  end o f  th e  im p u lse .

(2 ) The c r i t ic a l  V© i s  low, being of tha order o f  the arc

v o lta g e .

(3) C u rre n t flow s f o r  a  c o n s id e ra b le  tim e  a f t e r  th e  end o f  

th e  im p u lse , w hether o r  n o t  fo llo w  c u r r e n t  i s  e s t a b l i s h e d .

The tim e t^ y  f o r  w hich L.V. c i r c u i t  c u r r e n t  f lo w s  in c r e a s e s  

w ith  Vq (ex cep t a t  v e ry  low v a lu e s  o f  Vq,  a s  e x p la in e d  i n  

s e c t io n  9) u n t i l  tj;^  — l/(2f). T h is  i s  i l l u s t r a t e d  i n  f i g . 1 3 .

7 .3  H igh  F requency  F o llow  C u rre n t (H .F . F o llow  C u r r e n t ) .

H .F . F ollow  C u rre n t was o b ta in e d  when t^^ > l / ( 2 f )  ( s e c t io n  6 .4 ) .

C u rre n t and v o l ta g e  waveforms o b ta in e d  from  o so iU o g ro m s a r e

sk e tc h e d  in  f i g .  1 4 . They a re  shown f o r  two c a s e s ;  i n  o n e , V_o
i s  w e l l  above th e  v a lu e  re q u ir e d  f o r  fo llo w  c u r r e n t ,  and i n  th e  

o th e r  i t  i s  v ;e ll below  i t .  As Vq ap p ro ach es  i t s  c r i t i c a l  v a lu e .

I t  d e c re a s e s  in  m ag n itu d e . When Vq r e a c h e s  th e  c r i t i c a l  v a lu e .

I t  i s  v e ry  much s m a l le r  th a n  th e  v a lu e  o f  th e  Im pulse c u r r e n t  IxQt* 

C o n seq u en tly , th e  main c h a r a c t e r i s t i c s  o f  t h i s  ty p e  o f
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fo llo w  c a r r e n t  a r e :

(1 ) The d is c h a rg e  I s  m e ln te ln e d  f o r  a tim e 6  l / ( 2 f )  w h e th e r o r  

n o t  fo l lo w  c u r r e n t  o ccu rs*

(8 ) Whon l a  i n  th e  c r i t i c a l  ra n g e , th e  c h a r a c t e r i s t i c s  o f  

th e  d is c h a rg e  a r e  d e te m in e d  p r im a r i ly  by  th e  im p u lse  

g e n e r a to r  o u tp u t  end th e  t e s t  gap : th© e f f e c t  o f  th e  L.V*

c i r c u i t  i s  r e l a t i v e l y  sm all*
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Thrm» p o s a i b l l l t l e s  a r i s e ,  dep en d in g  on  tb s  v a lu e  o f  T^-.

(1 )  The v a lu e  o f  I s  l e s s  th a n  c r i t i c a l *  T h is  c a s e  i s  I n

e v e ry  way s i m i l a r  to  t h a t  o f  f ig *  18 ( a ) # ( b ) ,  w hich  l a

d is c u s s e d  In  s e c t io n  9»

(2 ) The v a lu e  o f  I s  g r e a t e r  th a n  c r i t i c a l *  O sc illo g ra m s

o b ta in e d  a r e  s im i l a r  t o  th o se  o f  f ig *  1 0 (e )*  e x c e p t t h a t  th e  

r i s e  I n  V . a f t e r  t .  I s  s m a l le r ,  a n d  th e  c o r re s p o n d in g  r i s egv 1
i n  in  move ra p id #

(3 ) The v a lu e  o f  i a  c r i t i c a l .

The c h a r a c t e r i e t i c a  o f  H.V* F o llow  C u rre n t em erge from  a n  

a n a ly s i s  o f  caae  (3 )$  Tha o th e r  two c a s e s  a r e  n o t  r e le v a n t  t o  

th e  p re s e n t  s e c t io n ,  and  w i l l  n o t be d is c u s s e d  f u r t h e r .

8 .1  Q u a l i t a t i v e  d is c u s s io n *

The m echanism  o f  E ,V . Follow  C u rre n t w i l l  be d is c u s s e d  

q u a l i t a t i v e l y ,  i n  th e  f i r s t  p la c e ,  r e f e r r i n g  to  th e  c i r c u i t  o f  

f ig #  1 , and  to  th e  w aveshapes o f  f i g .  10#

The d is c h a rg e  i s  an  a r c  d u r in g  th e  im p u lse  p e r io d ,  when i t  i s  

m a in ta in e d  by th e  im pu lse  and  L*V* c i r c u i t s  -  m a in ly  th e  fo rm er#  

A f te r  th e  end  o f  th e  im p u lse , th e  pow er in p u t  to  th e  d is c h a r g e ,

^ g t ^ g t ^ g t ^ s u p p l i e d  by th e  L*V# c i r c u i t  a lo n e :  u n le s s

i s  a p p r e c ia b ly  l a r g e r  th a n  i t s  c r i t i c a l  v a lu e ,  th e  d is c h a rg e  w i l l  

th a n  b e g in  to  d e io n is e ,  an d  w i l l  in c r e a s e  i n  v a lu e .

Now, (P ig .  1 ) a f t e r  th o  im p u ls e . So lo n g  a s

Vg^ <  It w i l l  be p o s i t i v e ,  so t h a t  w i l l  c o n tin u e  to  

in c r e a s e  a s  r i s e s :  c o n s e q u e n tly , w i l l  a l s o  in c r e a s e ,  and
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a p o in t  m j  b© re a c h e d  a t  which P . w i l l  e q u a l  th o  d o lo n la la g

lo s s e s #  F u r th e r  l u c r e s s s  i n  w i l l  t h e r e f o r e  be ch eck ed , b u t

^ g t  c o n tin u e  to  in c r e a s e ,  I n c r e a s in g  7 ^  th e n  b e g in s

to  d e c re a s e ,  r e s u l t i n g  i n  a more r a p id  in c r e a s e  i n  an d  tho

outcome o f  t h i s  cu m u la tiv e  p ro c e s s ,  w i l l  bo th e  e s ta b l is h m e n t  o f

fo llo w  c u r re n t#  I f  however* the  d e io n i s in g  lo s s e s  ex c eed
d la f t e r  V . a  7 . ,  th o n  V . w i l l  r i s e  f u r t h e r  and  L w i l l  become 

#  ^ e t  d t
n e g a tiv e #  w i l l  d e c re a s e ,  r e s u l t i n g  i n  more r a p id  in c r e a s e

i n  V . ,  and th o  d is c h a rg e  w i l l  cease  w ith o u t fo l lo w  c u r r e n t  b e in g  
g t

e s ta b l i s h e d #  Konce, i n  th a  l im i t i n g  c o n d i t io n  i n  w h ich  fo l lo w

c u r r e n t  i s  J u s t  p o s s ib l e ,  ^ t  0 im m e d ia te ly  a f t e r  th e  im pulse#
d t

îlo ra  s p e c i f i c a l l y  i f  th e  maximum v a lu e  o f  V . o c c u rs  a t  tim e  

t  *5 t ^ ,  th e n

m 0 ( I )
d t

an d  c o n se q u e n tly , from  f i g .  1 , 7  . _  a  V # Now, t , ,  i s  n o t  much
gtm tM M

g r e a t e r  th a n  t ^  and  l a  th e r e f o r e  sm all compared to  th e  h a l f  p e r io d

o f  th e  L.V* c i r c u i t  ( fo llo w  c u r re n t  b e in g  o f  th o  H#V# ty p e ) .  

C o n seq u en tly  V^g:=2=. V ^, and hence

' ' o - V « — - .............................

H ence, th e  c r i t i c a l  v a lu e  o f  V_ l a  d e te rm in ed  by  th e  f a c to ^
t h a t  i t  m ust c i r c u l a t e  a s u f f i c i e n t l y  l a r g e  c u r r e n t  i n  th e

d is c h a rg e  a t  the  e%^ o f  th e  im p u lse , f o r  th e  maximum d is c h a rg e

v o l ta g e  to  be a p p ro x im a te ly  e q u a l to  V^#

The above d is c u s s io n  may be m o d if ie d  by a re -g lo w  and g lo w -aro

t r a n s i t i o n s ,  a s  w i l l  be s e e n  below  ( s e c t io n  8 # 2 ) .  I t  i s  b a se d  on

th e  t a c i t  a ssu m p tio n  t h a t  th e  d is c h a rg e  h a s  a  n e g a tiv e
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c h a r a c t e r i s t i c  I t h i s  a ssu m p tio n  i s  d is c u s s e d  i n  s e c t io n  13*4 .

8*2 D isch a rg e  C h a r a c t e r i s t i c s  -  E f f e c t s  o f  T r a n s i t io n s  to  Glow*

The r e s u l t s  o b ta in e d  u n d e r d i f f e r e n t  e x p e r im e n ta l c o n d it io n s  

can  be d iv id e d  in to  th r e e  m ain ty p e s ,  dep en d in g  o n  th e  

c h a r a c t e r i s t i c  o f  th o  d is c h a rg e  i n  th e  Im m ediate p o s t- im p u ls e  

p e r io d ,  t^ *

Tyne I#  The d is c h a rg e  i s  an  a r c  d u r in g  t  an d  th e  V . cu rve 

i s  sm ooth, e x c e p t t h a t  d is tu rb a n c e s  o f  v e ry  s h o r t  d u r a t io n  o c c u r 

a f t e r  some f la s h o v e r s  ( f ig #  1 5 (a )}*  The fo l lo w in g  re a so n s  g iv e  

r i s e  to  th e  b e l i e f  t h a t  th e  d is tu rb a n c e s  w ere ca u sed  by  a rc -g lo w  

t r a n s i t i o n s ,  fo llo w e d  a lm o s t im m ad ia te ly  b y  g lo w -a rc  t r a n s i t i o n s *

(1 ) Tha d is c h a rg e  c u r r e n ts  w ere o f  th e  o r d e r  a s s o c ia te d  

w i th  t r a n s i t i o n s  ( s e c t io n  7 * 1 , p o in t  1)«

(2 ) The d is tu rb a n c e s  d id  n o t o c c u r  i f  th e  d is c h a rg e  

c u r r e n t  was in c r e a s e d  (by  in c r e a s in g  V^)#

(3 )  A rc-glow  t r a n s i t i o n s ,  fo llo w e d  a f t e r  a f i n i t e  tim e  

by g lo w -a rc  t r a n s i t i o n s ,  have b ee n  i d e n t i f i e d  u n d er 

e x p e r im e n ta l  c o n d it io n s  w hich d i f f e r e d  o n ly  s l i g h t l y  

from  th o se  d is c u s s e d  h e re  (se e  ty p e  I I  b e lo w , end  

f ig *  1 5 ( b ) ) .

B ecause o f  th e  s h o r t  d u ra t io n  o f  th e  d i s tu r b a n c e s ,  t h e i r  

e f f e c t  on e q u a tio n s  ( I )  and  ( I I )  ( s e c t io n  8 .1 )  can  be ig n o r e d .

Type U #  The d is c h a rg e  i s  an  a r c  d u r in g  m ost o f  t ^ ,  b u t 

glows e ra  m a in ta in e d  f o r  tim es  o f  th e  o r d e r  o f  10 m ic ro -se c o n d s  

( f ig *  1 5 (b ) )  a f t e r  soira f l a s h o v e r s .  The L .V . c i r c u i t  m ust 

t h e r e f o r e  be c a p a b le  o f  f o r c in g  a g lo w -a rc  t r a n s i t i o n  i n  o r d e r  t o
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e s t a b l i s h  fo llo w  c u r r e n t ,  and  Vq m ust ex ceed  th e  mmximm a r c  v a lu e  

o f  i t  n eed  n o t ,  how ever, e q u a l th e  maximum glow v a lu e  o f

Vg^, bo cause  an  a p p r é c ia b le  f r a c t i o n  o f  th o  v o l ta g e  r e q u ir e d  t o  

m a in ta in  th e  s h o r t  d u r a t io n  gdow ca n  be  s u p p l ie d  by  th e  e n e rg y  

s to r e d  i n  L . Thus th o  c r i t i c a l  V^ i a  l e s s  # ia n

i s  n e g a tiv e  d u r in g  tW  glow p o r lo d ^ a n d  p o s i t iv e  d u r in g
d t

th e  a r c  p e r io d s t  on th e  w ho le , th e r e  i a  l i t t l e  v a r i a t i o n  i n  

d u r in g  th e  im nm diate p o s t  Im pulse p e r io d #

Type H I .  Tho d is c h a rg e  i s  a glow d u r in g  m oat o f  t ^  a f t e r  

a lm o s t e v e ry  f la s h o v e r#  The ^ p w  may have b een  re a c h e d  by © 

g ra d u a l in c r e a s e  i n  v o l ta g e  ( f ig #  15 ( c ) ) ,  o r  by a sudden  

t r a n s i t i o n  ( f ig *  15 ( d ) ) .  E q u a tio n s  ( I )  an d  ( I I )  ( s e c t io n  0*1} 

h o ld ,  W in g  Q ^ o w  v o lta g e #  T h is  le a d s  t o  th e  Glow C r i te r io z ^

68 e x p la in e d  i n  s e c t io n  13*2,

6*8 Q u a n t i t a t iv e  A n a ly s is  #, P rocedure#

A l l  b u t  th r o e  o f  th e  t e s t s  w hich w i l l  be d is c u s s e d  i n  

s e c t i o n  8#4 w ere c a r r i e d  o u t  w ith  th e  S ta n d a rd  E le c tro d e #  ( s e c t io n  

5*10)#  I n  two c a s e s  ( t e s t s  15 an d  1 4 ) th e  e l e c t r o d e s  c o n s i s t e d  

o f  0*04? cm# d ia m e te r  p latizm m  rods#  B efo re  b e in g  u s e d ,  th e se  

e l e c t r o d e s  wore c le a n a d  w ith  m o ta l p o l i s h  and  e t h e r  en d  w ere 

s u b je c te d  t o  soma 500 p r a l lm iw r y  f l a s h o v e r s ,  th e  e x p e r im e n ta l  

c o n d it io n #  b e in g  a s  i n  t e s t  13 ( s e c t io n  8*4) and  V^ h a v in g  m 

c r i t i c a l  v a lu e *  Tha p u rp o se  o f  th e s e  f la s h o v e r s  e a s  to  p ro d u ce  

A s u r fa c e  c o n d i t io n  s i m i l a r  to  t h a t  due t o  th e  t e s t s ,  so  t h a t  th e r e  

sh o u ld  be no a i s n l f l e a n t  change I n  e l e c t r o d e  c o n d i t io n s  a s  th e  

t e s t s  p roceeded*  The appearan ce  o f  t h e  e l e c t r o d e s  a t  th e  end  o f  

th e s e  t e s t s  was s i m i l a r  t o  t h a t  d e s c r ib e d  i n  s e c t io n  10*3 , « h e re
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o th e r  t e a t#  on p la tin u m  e la o tro d e a  a r e  d iacu a sed *

2 cm# b r a s s  sp h e re s  ware u se d  i n  t e s t  1 2 , Im m ed ia te ly  a f t e r

b e in g  c le a n e d  w ith  m e ta l p o l i s h  and e th e r#  P r e l lm im r y  f la s h o v e r s

were n o t a p p l ie d ,  b ecau se  o th e r  work ( s e c t io n  12#3) has shown t h a t

i n  th e  case o f  b ra s s  s p h e re s  th e  c r i t i c a l  c o n d i t io n s  r e q u i r e d  f o r

H#V# F o llow  C u rre n t do n o t change w ith  th e  a p p l i c a t i o n  o f

f la s h o v e r s  -  i »e#  a s t a b l e  c o n d i t io n  e x i s t s  even when th e  s p h e re s

a r e  d e a n  and  u n to u ch ed  b y  f la s h o v e rs #

F o r th e  a n a ly s i s ,  v a lu e s  o f  V . and  I  . w ere re c o rd e d  a f t e rg t  g t
th e  en d  o f  th e  im p u lse , a t  two s p e c i f i e d  t im e s , t g  and  t ^ ,

m easu red  from  th e  i n s t a n t  o f  f la s h o v e r#  These tim e s  w ere so  f ix e d

f o r  a  g iv e n  im pulse  d u r a t io n ,  t h a t  when th e  v a lu e  o f  was

c r i t i c a l  and  fo llo w  c u r r e n t  was e s t a b l i s h e d ,  was s l i g h t l y

s m a lle r  th a n  th e  d e io n is in g  l o s s e s ,  w h ile  P ex ceeded  them
g to

s l i g h t l y #  C o rre sp o n d in g  d i f f e r e n c e s  betw een  I  and  I  ,  an d
g t2  g t5

be tw een  V . .  and  w ere sm all#  A lso , t . <  t „ <  t .  and  V
g tg  g t3  2 M 3 g t 2 '

V . ,  o r  b o th ,  w ere n e a r ly  e q u a l  to  V (e x c e p t a s  e x p la in e d  f o r  geo g t a
T e s t 28)#

R ecorded  v a lu e s  o f  I  ^ and V ,  and d e r iv e d  v a lu e s  o f  P ^ and
g t  g t '  g t

E_^ a r e  g iv en  i n  f ig s #  16 an d  17* I n  some c a s e s ,  when %wsuits 
g t

ware o f  ty p e  I I  and th e  glow d u r a t io n  was p a r t i c u l a r l y  s h o r t ,  a r c

v o l ta g e s  o n ly  w ere e n te r e d  i n  f ig s #  16 an d  1 7 , where d o t te d  l i n e s

a re  u s e d  to  i n d ic a te  t h i s  co n d itio n #

The v a lu e s  o f  V . and  were a v a i l a b le  from  ab o u t one
g t  g t

h und red  o s c i l lo g ra m s  i n  e a c h  one o f  th e  t e s t s  d is c u s s e d  i n  s e c t io n

8#4# I t  was fo u n d , f i r s t l y ,  t h a t  i n  an y  one t e a t  th e  l i m i t s  o f

th e  c r i t i c a l  ra n g es  ( s e c t io n  6 ,5 )  o f  th e  q u a n t i t i e s  re c o rd e d  were
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u s u a l ly  a v a i l a b le  from  o s c il lo g ra m s  ta k e n  a t  th e  maximum and

minimum v a lu e s  o f  u s e d  i n  th e  t e s t  a n d , s e c o n d ly , t h a t  th e

d i f f e r e n c e  betw een  th e  v a lu e s  o f  any g iv e n  q u a n t i ty  (o # g , I  )
6 t —

re c o rd e d  on  d i f f e r e n t  f l a s h o v e r s ,  b u t  a t  th e  same v a lu e  o f  w ere 

u s u a l l y  sm a ll com pared to  th e  c r i t i c a l  ran g e  o f  t h a t  q u a n t i ty *

Not more th a n  20 (and  n o t l a s s  th a n  5 ) o s c i l lo g ra m s  w ere th e r e f o r e  

a n a ly s e d  f o r  e a c h  t e s t }  th e y  in c lu d e d  o s c i l lo g ra m s  ta k e n  a t  th e  

l i m i t s  o f  th e  c r i t i c a l  ran g e  o f  V^, th e y  were u n ifo rm ly  d i s t r i b u t e d  

o v e r  t h a t  ran g e  and t h e i r  number v a r ie d  w ith  i t  ( i . e #  th e  g r e a te r  

th e  c r i t i c a l  ran g e  o f  th a  more o s c i l lo g ra m s  were a n a ly s e d ) ,  and 

th e y  co v e red  th e  l i m i t s  o f  th e  c r i t i c a l  ranges o f  a l l  t a b u la t e d  

v a r i a b l e s f

8 .4  Q u a n t i ta t iv e  A n a ly s is  -  D is c u s s io n  o f  r e s u l t s *

The r e s u l t s  o f  t e s t s  1 -  6 o f  f ig #  16 g iv e  a n  i n d i c a t i o n  o f

th e  random v a r i a t i o n s  o c c u r r in g  f o r  a g iv e n  e x p e r im e n ta l  c o n d i t io n ,

and  can  be u se d  a s  r e f e r e n c e s  to  show th o  e f f e c t  o f  d i f f e r e n t

v a r ia b le s #  c o n s is te d  o f  ca rbon  r e s i s t o r s  i n  t e s t s  1 - 3 ,  and

o f  woven w ire  r e s i s t a n c e  r ib b o n  i n  t e s t s  4 - 6 *  i t s  • cold^ v a lu e

was 420 Ohms i n  b o th  cases#  The d i f f e r e n c e  i n  th e  c o n s t i t u t i o n

o f  Bp r e s u l t e d  i n  t ^  b e in g  some 10JÎ s m a l le r  when ca rb o n  r e s i s t o r s

were used# (Im pu lse  c u r r e n t  w aveshapaa o b ta in e d  w ith  th e  two

ty p e s  o f  r e s i s t o r ,  a r e  g iv e n  i n  f ig #  5 ( b ) ,  c u rv e s  i l l  an d  iv )#

I n c r e a s in g  Z ( t e s t  7 ) r e s u l t e d  i n  a lo w e r r a t e  o f  r i s e  o f  I .  *
t

c o n se q u e n tly , th e  c r i t i c a l  in c re a se d *  b e in g  l a r g e r ,  fo llo w

c u r r e n t  co u ld  be e s t a b l i s h e d  a f t e r  a h l ^ i e r  v a lu e  o f  t h a t

IB Why th e  c r i t i c a l  I  ^ g tg  A t th e o e
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low  c u r ro n t  taluoQ * tbcj sg ln to raA c a  o ?  nn e r a  "fcocssno n o ro  G i f f i o o l t  

GO tlim t r o s u l t a  w-sro o f  typo  I I ,  ao n g p ln a t typo  I  I n  th a  S ta n d a rd  

C o n d itio n *

în c r o s s î a g  f  ( t o a t  0 )  In c re o so d  th o  r a t a  o f  ï4 e a  o f  I  t
%

c r l t i c s l  7  th o r o f c r a  d o cro aso d , w ith  mnBOquent in c r e a s e  I n  t0  I
end I  # Tbi revarae hapnsnod In testa  9 10, in  which the

r a t a  o f  r i s e  o f  c u r r a n t  waa docrraasaS (w ith  M fa ra n o a  t o  t e a t  0 )

b y  Ir .c ra a s ln G  z* 1rs t o s t  9 ,  th o  valiro  2 / f ,  end  honco th© r o t a  o f

r i s e  o f  m r r e n t ,  r o r o  th o  rono o s  I n  th a  s tn n d o rd  C ond ition*

r o c u l t a  waro I d a n t l c a l  a l t h  th o r a  o f  t e a t  3 ( th lc d i ïtsa  c a r r i e d  o u t

I m o d l a t a l y  bofor©  t e s t  9 )»  V P . and  n  ^ 0 3 1 9  l a r r a  I n
#  g t  g t

t e a t  1 0 ,  bocausa they  In c lu d e d  v a lu e s ,

T o s t 11 Bhonn t h a t  a l l  t a b u la te d  v a lu o a  o z e o n t R , „ en d  R_^_g t s  e t s
In c ro a s e d  when th e  t e a t  (ysp a p ac in g  In o rcaso d #  R e p la c in g  th e

s ta n d a r d  E le c tr a d e a  by  2 o a , d le r ia te r  b r a s s  s # 10r e s  l a  ehosra b y

t o s t  12 t o  have no a p p re c ia b le  e f f e c t  o n  v a lu e s  re c o rd e d *

Rowovar, when th e  e le c t r o d e s  wore re p la c e d  by  0 ,0 4 7  0 3 ,  d lo n © te r

p l e t l m n  ro d s  ( t o s t  1 3 ) ,  q s l lc j t i t  b u t  d e f i n i t e  I n c r e a s e  o o eu rv ed

I n  a l l  re c o rd e d  t^ lu o e *

Tiia p l a t i m a  c lo c tro d o s  c o re  r e ta in e d  in  t e s t  1 4 , an d  th e  gap

s p a c in g  was In c re a s e d  t o  1 ,5  ea» t th o  e f f e c t  o f  s p a c in g  was

q u a l i t a t i v e l y  th e  so re  as w ith  S tc n d a rd  B lQ c tr e d e s ,  O a o ll lo / .re n s

BhOBSd t h a t  i n  f a c t  t ^  — tg  I n  t e a t s  11 an d  1 4 , so  t h a t  « a s

r e r y  n e a r ly  e q u a l to  th e  p o so r in p u t  j u s t  s u f f i c i e n t  to  u o l n t a l n

I o n i s a t i o n ,  How, w^asn th a  s p a c in g  uno In e re o e e d  f r e a  0 ,5  t o

1 ,5  <sa,, P ^ q  In o ro a eo d  abou t 5 ^  tirse a  l a  th o  c a se  o f  S ta n d a rd  g t3
ElectroSos, end ebout 2  ̂ tiaas la  th© cas© of platlnsan elect redes*
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T h is  d i f fe ro n c o  p o in ts  to  th© S ta n d a rd  E le c tro d e s  h a v in g  a  

lo w e r work fu n c tio n #  so t h a t  t h a i r  im p o rtan ce  i s  re d u c e d  a s  

com pared to  t h a t  o f  th e  a i r  space betw een them# i n  o p p o sin g  th e  

e s ta b l is h m e n t  o f  fo llo w  c u r re n t#  The e f f e c t  o f  e le c t r o d e  

m a t e r i a l ,  shape and  a im oing  l a  d ia c u a a e d  f u r t h e r  i n  s e c t i o n  12»

The e f f e c t  o f  changes i n  im pulse  g e n e ra to r  p a ram e te rs#  an d  

hence i n  th e  w aveshape o f  the im pulse  c u r re n t#  i s  shown i n  

f ig #  17# Bp c o n s is te d  o f  woven w iro  r e s i s t a n c e  r ib b o n  i n  a l l  

t e s t s  o f  f ig #  17 so t h a t  th e  c u r re n t  waveform I s  a n  e x p o n e n tia l  

d ecay  from  th e  i n i t i a l  v a lu s  1^^^ (a # g . f ig #  5 (b )#  cu rv es  1 -  i l l )  

and  be corns 8 z e ro  when XGOG d e io n is e s  a t  tim e t^ #  The w aveshape 

i s  th e r e f o r e  d e f in e d  by  th e  maximum v a lu e#  and  th© im p u lse

d u ra tio n #  t ^ ,  b o th  o f  w hich a r e  e n te r e d  i n  f ig #  17# A p art from  

v a r i a t i o n s  I n  R j and  Rg, th e  S ta n d a rd  C o n d itio n  h e ld  i n  th o  t e s t a  

r e  co rd ed  I n  f ig #  17»

A d e c re a se  I n  im pulse  d u r a t io n  was o b ta in e d  b y  d e c re a s in g  R^

( t e s t s  15 -  17)#  The im pu lse  d u r a t io n  b e in g  s m a l le r ,  b ad  l e s s

tim e  to  b u i ld  u p : th e  c r i t i c a l  7  ̂ in c r e a s e d ,  w ith  con seq u en t

d e c re a se  i n  th e  c r i t i c a l  I  *
E t

T e s t  17 was th e  o n ly  one i n  w hich r e s t r l k e s  o f  IGOG ( f ig #  1 )

w ere re c o rd e d #  IGOG i a  co n n e c ted  i n  s e r i e s  w ith  an d  R^ a c ro s s

th e  t e s t  gap , and  (Rp 4» 1 ^ ) had  a low v a lu e  (565 Ohms) i n  t e s t  17#

When a n  a rc -g lo w  t r a n s i t i o n  o c c u rre d  a t  th e  t e a t  g ap , and V . ro s e

t o  a r e l a t i v e l y  h ig h  v a lu e ,  th e  f r a c t i o n  o f  V a p p e a r in g  a c ro s s
g t

IGOG was s u f f i c i e n t l y  h ig h  to  r e s t r l k e  IGOG i n  some ca ses#  The 

e n e rg y  s to r e d  i n  L co u ld  th e n  d isc h a rg e  th ro u g h  I ^ ,  IGOG and
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30 t h a t  th a ro  was l e s s  chnnco o f  fo llo w  o u rro n t b e in g  o c ta b l l s h o d

a f t e r  a glcw-arc t r a n s i t io n  (l*a* ao In  type I I  r é s u l t a ) # Hence

th e  c r i t i c a l  7^  was s u f f l c i o n t l y  la r g e  to  p re v e n t  a ro -g lo w

t r a n s i t i o n s #  and  waa th e r e f o r e  h ig h e r  th a n  I t  would have b e e n , h ad

I0OŒ n o t been  l i a b l e  to  ro s t r lk o #

An a tte m p t was made I n  t e a t s  18 -  20 to  m a in ta in  a  c o n s ta n t

Im pulse d u r a t io n ,  w h ile  do c r e a s in g  tho  im p u lse  c u r r e n t  m agnitude#

Results wore modifiod by the discharge re 01 stance and the

impulse duration decreased with « Ono e f fe c t  of the decrease
lOo

i n  t ^ .  I s  t h a t  has l e s s  tim e to  b u i ld  u p , so  t h a t  th e  c r i t i c a l

7^  m ust in c re a s e #  I t  was s e e n  from  th e  t e s t s  o f  f ig #  16 t h a t  f o r

a g iv e n  t e s t  gap and im p u lse  c u r r e n t ,  th e  c r i t i c a l  I ^ _  and I
g t2  g t3

d e c re a s e d  when 7_ in c re a se d #  I n  t o s t  1 9 , how ever, I ^ ^  an d  Io '  g tS  g t3
w are l a r g e r  th a n  i n  t e s t  18 , a l th o u # i  the  c r i t i c a l  7  was h ig h e ro
i n  th e  form er ra sa #  F u rth e rm o re , r e s u l t s  w ere o f  ty p e  I  i n  

t e s t  18 and  o f  ty p e  I I  i n  t e s t  19 -  i . e #  i t  was more d i f f i c u l t  to  

m a in ta in  a n  a r c  a t  th e  h ig h e r  c u r re n t#  E v id e n t ly  th e  v a r i a t i o n  

i n  im pu lse  a i r r e n t  waveform has a m arked e f f e c t  on  th e  s t a t e  o f  

i o n i s a t i o n  o f  th e  t e s t  gap a t  t g  and tg*  i n  th e  p r e s e n t  c a s e ,  th e  

i o n i s a t i o n  d e c re a s e d  when th e  m agnitude o f  t h e  im p u lse  c u r r e n t  was

reduced#  The r e s u l t s  o f  t e a t  20 con firm  th i s *  I  . .  was s l i g h t l y
g t^

s m a l le r  th a n  i n  t e s t  1 8 , b u t  I  was la r g e r *  7  was l a r g e r  th a n
gtS  o

e i t h e r  i n  t e s t  18 o r  1 9 , and  r e s u l t s  were o f  ty p e  I I #

B o th  th o  im p u lse  c u r r e n t  m agnitude^ and  i t s  d u r a t io n  t ^ ,  w ere  

v a r i e d  i n  t e s t s  21 -  2 8 ; Rp was p r o g r e s s iv e ly  d e c re a s e d , th e re b y  

in c r e a s in g  tho  c r i t i c a l  7^» I n i t i a l l y  ( t e s t s  2 1 - 2 6 )  r e s u l t s  

w ere o f  ty p e  I ,  and  th e  in c re a s e  i n  7^ r e s u l t e d  i n  s m a l le r  v a lu e s
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o f  I  .Q and  I  . I n  t e s t  27 , I  an d  I  In c re a s e d  s l i g h t l y  

g tz  g to  g t2  g t3
an d  r e s u l t s  were o f  ty p e  I I  -  i . e .  I t  became more d i f f i c u l t  f o r

th e  L.V# c i r c u i t  to  m a in ta in  an  a r c ,  d e s p i te  th e  l a r g e r  c u r re n t

v a lu e s#  Hence th e  i o n i s a t i o n  o f  the t e s t  gap a f t e r  th e  end  o f

th e  im p u lse  was l e s s  in te n s e  th a n  i n  p re v io u s  t e s t s #  T h is  d e c re a se

i n  i o n i s a t i o n  can  o n ly  bo duo to  th e  d e c re a se  i n  im p u lse  c u r r e n t

d u r a t io n ,  to  tu rb u le n c e  due to  in c re a s e  i n  im pu lse  c u r re n t

m ag n itu d e , o r  to  b o th ;  th o  e f f e c t  o f  th e s e  p a ra m e te rs  i s  d is c u s s e d

i n  d e t a i l  i n  s e c t io n  11#

T e s t  28 shows t h a t  f w t h e r  in c r e a s e  i n  l y  r e s u l t e d  i n  a low

v a lu e  o f  V . # T h is  i s  because  I  was v e ry  la rg o  an d  r e s u l t e d  
g tS  IG t

i n  in te n s e  i o n i s a t i o n  on th e  one hand; on  th e  o th e r  h a n d , th e

im pu lse  d u r a t io n  was v e ry  s h o r t ,  and th e r e  was l i t t l e  tim e f o r  th e

i o n i s a t i o n  to  d e c re a s e :  co n se q u en tly  V . was v e ry  low  a t  th e  end

o f  th e  im pulse#  Im m ed ia te ly  th e  im pulse  c e a se d , V . began  to  r i s e
g t

sm ooth ly  ( th e r e  were no a rc -g lo w  t r a n s i t i o n s )  and  I t s  peak v a lu e  

was u s u a l ly  re a c h e d  by t^#  In  many c a s e s ,  th e  d is c h a rg e  was a 

glow a t  i t s  maximum v o l ta g e ,  end fo llo w  c u r r e n t  was e s t a b l i s h e d  

a f t e r  a gLow -arc t r a n s i t i o n #  I n  a few I s o l a t e d  in s t a n c e s ,  

c o n tin u e d  to  r i s e  a f t e r  t^  ( re a c h in g , i n  one c a s o , 940 V o l t s ) ,  y e t  

fo l lo w  c u r r e n t  became e s t a b l i s h e d  a f t e r  a g lo w -aro  t r a n s i t i o n  

e v e n tu a l ly  o cc u rred #  I n  g e n e r a l ,  how ever, th e  maximum (glow )

v a lu e  o f  V . d id  n o t exceed  V , so t h a t  i n  t h i s  t e s t  c o n d it io n sg t  o
w ere th o s e  d e f in e d  by  th e  Glow C r i t e r io n  ( s e c t io n  13#2).

The c h a r a c t e r i s t i c s  of H#V# fo llo w  c u r r e n t  emerge from th e  

a n a ly s i s  g iv en  i n  t h i s  s e c t io n :  th e s e  c h a r a c t e r i s t i c s  have a l r e a d y

b e e n  s t a t e d  i n  s e c t io n  7#1#
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The mechanism o f  E.C* Follow  C u rren t i s  b e s t  e x p la in e d  by

c o n s id e r in g  a wide ran g e  o f  V_ v a lu es#  T y p ic a l  w aveshapes o fo
t e s t  gap v o lta g e ^  and L«V$ c i r c u i t  c u r re n t#  a r e  g iv e n  i n

f ig s #  19 and  18# Th3 v a lu e  o f has no s i g n i f i c a n t  o f f s e t  on th e

q u a l i t o t i v o  d is c u s s io n  g iv en  below  so th a t  th e  waveform s o f  f i g #  18

have b een  sk e tc h e d  f o r  t  ho s im p l i f ie d  ca se  o f  b e in g  n e g l ig ib le #

F ig#  1 8 (a )  i s  ty p ic a l  o f  th e  c o n d it io n s  o b ta in in g  when V i s
o

so sm a ll t h a t  I  . _ o  o •# i «o# th e  d isc h a rg e  c e a se s  a t  o r  b e fo re  th e
g t l

end  o f  th e  im p u lse t fo llo w  c u r re n t  i s  c l e a r l y  im p o ss ib le  i n  t h a t

case#  B efore f la sh o v e r#  t r a c e s  a re  s im i l a r  to  th o s e  o f  f ig #  1 0

(section  7.1)# Immodiatoly after flashover# V. exceeds V in  the
^ g t

ca se  c o n s id é ré e  * A p p lic a t io n  o f  K irc h h o ff^ s  Law to  th e  L#V# 

c i r c u i t  g iv e s
d l^  (ohmic r e s i s t a n c e  b e in g

^ t  * ^ g t  n e g lig ib le #  s e c t i o n  2#2)
^ Y

Hence L i s  p o s i t iv e  -  i , e .  I .  i s  p o s i t iv e  and in c re a s in g #  
d t ^

C on seq u en tly  0 d is c h a rg e s  rough th e  t e s t  gap# and  d e c re a s e s  a s

th e  d is c h a rg e  p roceeds#  At th e  same tim e# d e c re a s e sl u t
e x p o n e n tia l ly #  I  la  i n i t i a l l y  much sm a lle r  th a n  so t h a t  X .

V iwv g t
d e c re a s e s  a l s o  ( f ig #  1)# The im pulse d is c h a rg e  h as  a n e g a tiv e

c h a r a c t e r i s t i c #  b e in g  an arc#  so t h a t  th e  d e c re a s e  i n  r e s u l t s

i n  V r i s in g #  E v en tu a lly #  th e re fo re #  p o in t  A i s  reach ed #  a t  
g t

w h ich  «a and su b se q u e n tly  V ^ becomes g r e a t e r  t h a n  so t h a t  

b e g in s  to  d e c re a se  a t  A | i t  f a l l s  t o  ze ro  a t  B and th e n  

r e v e r s e s #  A f te r  B# th e re fo re #  th e  im pulse g e n e ra to r  s u p p l ie s  b o th  

th e  d is c h a rg e  and th e  L#7# c i r c u i t  c u r re n ts #  i#e#

^ l a t  I “  p g t  I + I



-  50 -

so  t h a t  th e  c u r r e n t  f lo w in g  i n  1000 exceoSa th e  d is c h a rg e

c u r r e n t ,  I  * C o n seq u en tly , 1000 c o n tin u e s  to  co n d u c t a f t e r  
g t

I  . »  0 , i , e «  a f t e r  th o  t o s t  gap d is c h a rg e  h a s  ce a se d  ( p o in t  C)* 

Between C and  D, I*  ( a  •  I _ _ . ,  w ith  th o  « s n r s n t io n  o f  f i g ,  1 )  

d ocroacoe  a t  a r o te  Q e te m liæ d  p r i œ r l l y  by  L e n d  C „ ,  1000
£w

d o io n ie o s  a t  D end tb a  en e rg y  s t i l l  s to r e d  i n  L e t  t h a t  moment

d is c h a rg s a  th ro u g h  th o  r e s io te n c o  o f  th s  p o t e n t i a l  d iv id e r #

P ig s ,  19 (b )  » (d )  e rg  t y p i c a l  o f  th o  c o n d i t io n  i n  w h ich  V
o

waa s u f f i c i e n t l y  l a r g e  f o r  I  . t o  be f i n l t g *  I n  t h i s  c o n d i t io n ,
fStl

i s  p o s i t iv e  so th a t

I , @8 I
Gt l e t 1 *

a n d  th s  d l s c h a r ^  i s  m a in ta in e d  by  I .  a l t e r  1900 c e a se s  t o  conduc t 

c u r r e n t  ( l# e #  a f t e r  o  0}# (Were s ig n i f i c a n t#  w ould b e  

n o i^ t lv o  Gt th o  b e g in n in g  o f  th o  Im puleo o n ly )#  I  i s  

r s le t iV G ly  low  i n  f i g ,  18 ( b ) ,  so  t h a t  V . r i s e s  a p p r e c ia b ly  a f t e r  

th a  en d  o f  tb a  im p u lse , r e s u l t i n g  i n  V , >  7  * Hence h  - 3
t  a t

becomes n e g s t iv a  s h o r t l y  a f t e r  th e  im pu lse  end  th e  c u r r e n t  b e g in s  

t o  d ec rease*  th e  d isc h a rg a  ends soon a f te r w a r d s ,  a s  i n  th o  H ,T , 

c a s e ,

Ihg  c h a r e c t e r l e t i c s  o f  H ,C , Follow  C u rre n t em erge when V i s

l a r g e r  s t i l l ,  a s  i n  f i g ,  1 8 (c )*  I  l a  s u f f i c i e n t l y  l a r g e
g t l

( > 0 * 5  im p s) to  m a in ta in  a n  a r e  c o n d i t io n ,  so  t h a t  t t ^ r e  I s  l i t t l e

r i s e  i n  a f t e r  th s  im p u lse  ceases*  However, d e c re a s e s  a s  th e

d is c h a rg e  p x o ce ed s , and  a t im e ,  t  ,  i s  iw aehed a f t e r  w h ich  V .
1  S t

e x c e e d s  V # C o n seq u en tly , X b e g in s  to  d e c re a s e  a f t e r  t  ,  an d  t h s  
t  t  9

d is c h a rg s  may be m a ln ta in a d  f o r  a p p r e c ia b ly  l e e s  th a n  l / ( 2 f )  #> 

i , e ,  fo llo w  c u r r e n t  i s  n o t o s ta b l ie h g d ,  a l th o u # i  a n  a r c  was
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I

malntâlïiod fo r  aoma tlzno a fte r  the end o f  the liapxilso and there
I .

T/ae very l i t t l e  r ise  in  immediately a fter  the impulse ceased#

I n c r e a s in g  in c r e a s e s  V*, and bones t  t t h i s  i s  i l l u s t r a t e d  o % q
q u a n t i t a t i v e l y  i n  f i g s #  19w»21# which w i l l  now be o cn s id o re d #

^han i s  sm a ll ( d o t te d  p a r t s  o f  curves}#  »  o# an d  th o

c o n d i t io n s  h o ld in g  a re  th o se  o f  f ig *  1 8 (a )#  I n c r e a s in g  7
o

d e c i 's a s e s  th e  c u r r e n t  c i r c u l a t e d  I n  th e  I#V# c i r c u i t  by th e  

im p u lse  » How# th a t  c u r re n t  m a in ta in s  IGOQ co n d u c tin g  a f t e r  t^ #  

Hence# tho  s m a lle r  i t  is #  th e  more r a p id ly  w i l l  IGOG i n t e r r u p t  i t #  

T hat i s  why th e  d u r a t io n  o f  flow  o f L#V# c i r c u i t  c u r re n t#  t^y#  

d e c re a s e s  I n i t i a l l y  a s  in c re a s e s #

F u r th e r  in c r e a s e  i n  V # r é s u l t a  i n  I  . ,  becom ing f i n i t e
^ d t(o#g# fig# 13(b)) and t_„ increases rapidly at f ir s t t

^  dVo
do c re a s e s  a s  t ^  ap p ro ach es  l / ( 2 f ) #  I n  some oases#  t^ y  ex ceed s

s l i g h t l y  ] / ( 2 f  ) when i s  r e l a t i v e l y  sm all#  b u t te n d s  to  3 / ( 2 f )

i f  i s  in c re a s e d *  T h is  i s  due to  th e  t e s t  gap v o l ta g e  re d u c in g

th e  r a t e  o f  d is c h a rg e  o f  C a t  low v a lu e s  o f  V^*

The t e a t  gap d is c h a rg e  m ust a ltrsy s  have some e f f e c t#  however

sm all#  on  th e  d u r a t io n  o f  th e  f i r s t  lo o p  o f  c u r re n t  f lo w in g  from

th e  L#F* c i r c u i t#  and  th e  a c tu a l  v a lu e  o f  t ^  a t  w hich H#C# fo llo w

c u r r e n t  i s  ta k e n  to  havo boon e s t a b l i s h e d  i s  d is c u s s e d  i n  th e

A ppendix (V)#

The c o n c lu s io n  to  be drawn from  t h i s  d is c u s s io n #  i s  t h a t  th e

e s ta b l is h m e n t  o f  H#C* F ollow  C u rre n t depends p r im a r i ly  on  th e

c h a r a c t e r i s t i c s  o f t ! ^  I#V* c i r c u i t  an d  o f  th e  d is c h a rg e #  a nd i s

s u b s t a n t i a l l y  in d ep en d e n t o f  th e  im p u lse # p ro v id ed  th e  l a t t e r  does#

i n  f a c t #  i n i t i a t e  a n  arc#  E x p e rim en ta l c o n f irm a tio n  o f  t h i s  
c o n c lu s io n  i s  g iv e n  I n  s e c t i o n  11 #4#



10# ANALYSIS OF HIGH^FBEQOEITCY FOLLOW CURRENT CHARACTERISTICS#

TWO p o in ts  emerge from  w hat has a l r e a d y  been s a id  on 

H igh-F requency  F o llow  C u r re n t .  F i r s t l y #  H.P* F o llow  C u rre n t i s  

b e s t  s tu d ie d  from  th e  p o in t  o f  view  o f i t s  e f f e c t s  d u r in g  th e  tim e 

t h a t  im pulse  c u r r e n t  i s  f lo w in g . Hence th e  e f f e c t s  o f fo llo w  

c u r r e n t  on th e  fundam en ta l c h a r a c t e r i s t i c s  o f  th e  d isc h a rg e #  may 

be masked by th e  Im pulse c u r re n t*  Now# i n  th e  c a se  o f  L.P# F o llow  

C urren t#  a t t e n t i o n  i s  c e n tr e d  p a r t i c u l a r l y  on e v e n ts  o c c u r r in g  

a f t e r  t h e  im pulse h as  c e a se d . Hence th e  s tu d y  o f  H .P . F o llo w  

C u rre n t i s  l e s s  l i k e l y  to  p roduce  fu n d am en ta l d a ta  on d is c h a rg e  

c h a r a c t e r i s t i c s  th a n  th e  s tu d y  o f L .P . F o llo w  C u rre n t .  seoondly# 

in  th e  c a se  o f power sy s tem s, th e  e s ta b l is h m e n t  o f  H .F . F o llow  

C u rre n t i s  im p o rta n t on ly  in  so  f a r  a s  i t  a f f e c t s  th e  e s ta b l is h m e n t  

o f L .F . (p o w er-freq u en cy ) F o llo w  C u r re n t.  Hence H.F# F o llow  

C u rre n t i s  l e s s  im p o rta n t a  phenomenon th a n  L.F .F o llo w  C u rre n t ,  

and w i l l  be th e  s u b je c t  of a  b r i e f  s tu d y  only#

I t  w i l l  be remembered t h a t  H .P . F o llo w  C u rre n t m echanism  h e ld  

when >  l / { 2 f ) .  A p p lic a t io n  o f H iro h h o ff  *s Law to  th e  c i r c u i t  

o f  f i g .  1 g iv e s  th e  fo llo w in g  e x p re s s io n  f o r  th e  r e l a t i o n  betw een 

I t»  Vq and Vg^ ( th e  ohmic r e s i s t a n c e  o f th e  L .V . c i r c u i t  b e in g  

n e g l i g i b l e )%

.• .



«k e s  «•

To make a simple analysis possible# i t  w ill  be assumed# in

the f ir s t  place# that V . Is constant a t the value during tbagt go
impulse and that i s  n e^ ig ib le#  In that case

I t  ^  s in
2 %/lc

and

\  -  j s î s £ l  m Vgg + (Vg .  V ) CO» - à
0 -  GO- ^

P ig*  22 shows cu rv es  o f  1^# o b ta in e d  from  tiaese  e x p re s s io n s

f o r  th o  case  V >  7  # The inpodanco o f  t h e  im p u lse  c i r c u i t  carT
o go

be ta k e n  to  be l a r g e  compared t o  t M t  o f  th e  d is c h a rg e  (w hich  i s  

an  im pu lse  a r c )  so  t h a t  th e  f r a c t i o n  o f  f lo w in g  i n  th e  im pu lse  

c i r c u i t  i s  n o ^ i g l b l e *  How# i t  w i l l  be  n o te d  t h a t  d u r in g  th e

f i r s t  h a l f  c y c le  o f  L#V* c u r r e n t  flow

(1 ) th e  L#V* c i r c u i t  c u r r e n t  flow s th ro u g h  th e  t e s t  gap 

i n  th e  p o s i t iv e  d i r e c t i o n  i #e$ i n  th e  same d i r e c t i o n  

a s  th e  im pu lse  c u r r e n t  » so t h a t  th e  L#V« c u r r e n t  

fe e d s  power to  th e  d isch a rg e#  

and  (8 ) th e  L«V* c i r c u i t  c u r r e n t  flow  i s  due to  th e  cha rg e

. t h i s  l a  p a r t  o f th e  ch a rg e  s to r e d  on  C j u s t

b e fo re  f la s h o v e r*

Hence power l a  f e d  to  th e  d is  char  ̂  from  th e  e n e rg y  

s to r e d  on C a t  f la s h o v e r#  and fo llo w  c u r r e n t  i s  e s ta b l i s h e d #  i n  

ac co rd an c e  v r i th  s e c t io n  5*4#

I f  i s  d e c re a s e d  so t h a t  V «  V # I  #  0# and  th e r e  i s
o P g o ' t

c l e a r l y  no f  o llow  c u r r e n t  #
Tf* V d e c re a s e d  f u r t h o r ,  so  t h a t  V <  V ^ #  I#, an d  V#.J - i f Q   ̂ o go w w
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w aveshapes a r e  a s  shown I n  f ig *  23* D uring  th e  f i r s t  h a l f  c y c le

o f  L*V* c u r r e n t  flow# i s  o f  o p p o s ite  p o l a r i t y  t o  I^^^#  so t h a t

d e c re a s e s  {» * | l ^ |  i n  t h i s  c a s e ) .  Hence th e  L.V#

c i r c u i t  does n o t  in c re a s e  th e  power a v a i l a b l e  to  th e  d is c h a rg e s

on th e  c o n tra ry #  power i s  drawn by  th e  L#V# c i r c u i t #  i n  o rd e r  to

charge  C to  th e  voltage(zV g^ '-X ) !

On th e  fo llo w in g  h a l f  cy c le #  r e v e r s e s  an d  in c r e a s e s  th e

I%)wer a v a i l a b l e  to  th e  d is d ia rg e s  however# t h i s  power comes from

th e  e n e rg y  s to r e d  on C d u r in g  th e  f i r s t  h a l f  c y c le  o f  c u r r e n t  flow

( i . e .  from  en e rg y  drawn from  th e  im p u lse )  so t h a t  fo llo w  c u r r e n t  i s

n o t e s t a b l i s h e d  i n  t h i s  case#

Hence# i f  V . i s  c o n s ta n t#  fo l lo w  c u r r e n t  i s  e s t a b l i s h e d  i f #  g t
and  o n ly  i f #  V ex ceeds V # I n  th e  g e n e ra l  ca se#  however# V .

o g t  gw
v a r ie s  w ith  t im e .  How# th e  d e f i n i t i o n  o f  H.F# fo llo w  c u r r e n t  i s  

su ch  ( s e c t io n  5 .4 )  t h a t  when th e  e s ta b l is h m e n t  o f  fo l lo w  c u r r e n t  

i s  j u s t  p o s s ib le #  th e  power f e d  by  th e  L.V* c i r c u i t  to  th e  

d is c h a rg e  l a  sm all#  and th e  d is c h a rg e  c h a r a c t e r i s t i c s  a r e  n o t 

s u b s t a n t i a l l y  a f f e c t e d  by i t .  C onsequently#  V . r i s e s  a s  t h eg t
im p u lse  c u r r e n t  d e c re a s e s  « i . e #  V . w i l l  in c r e a s e  i n  t im e .

g t
When V^ i s  i n  i t s  c r i t i c a l  range#  th e re fo re #  V^^ w i l l  be a

minimum j u s t  a f t e r  f l a s h o v e r ,  and  w i l l  e q u a l V « I f  V >  V_ .go o go
and  I ^  i s  n e g l ig ib le #  the  L.V* c i r c u i t  w i l l  f e e d  some power t o  

th e  t e a t  gap# t h a t  power b e in g  draw n from  th e  i n i t i a l  en e rg y  s to r e d  

on C« Hence H .F . F o llow  C u rre n t i s  e s t a b l i s h e d  i f #  an d  o n ly  i f #

V
I f  I ^  i s  f i n i t e #  I^  w i l l  be i n i t i a l l y  n e g a tiv e #  an d  th e  L.V# 

c i r c u i t  w i l l  n o t  be a b le  t o  f e e d  power to  th e  d is c h a rg e  u n t i l  I^



h as  r e v e r s e d .  The c r i t i c a l  i s  th e n  in c re a s e d #  an d  th e  

c o n d i t io n  f o r  th e  e s ta b l is h m e n t  o f  H .P . F o llow  C u rre n t becomes 

t h a t  m ust ex ceed  th e  v a lu e  o f  a t  th e  i n s t a n t  a t  w hich I ,

r e v e r s e s  f o r  th e  f i r s t  tim e a f t e r  f l a s h o v e r .

The above d is c u s s io n  has b een  v e r i f i e d  e x p e r im e n ta l ly .  The 

c i r c u i t  p a ra m e te rs  w ares f  #  6200 c / s |  2 »  20 ohms; »  0 .083  

m ic ro fa ra d s ;  Eg m 4100 Ohms; »  ?5 k l l o h a s .  The S ta n d a rd  Gap 

( s e c t io n  5 .1 1 )  was u s e d . The b u rn in g  v o l ta g e  o f  th e  d is c h a rg e  

was n e a r ly  c o n s ta n t  d u r in g  th e  f i r s t  h a l f  c y c le  o f  th e  L.V* c i r c u i t#  

O sc illo g ra m s  were ta k e n  o f  th e  d is c h a rg e  v o lta g e #  V ^ #  o f  th e  L .V . 

c i r c u i t  c u r re n t#  I^# and  o f  th e  L.V . c i r c u i t  c a p a c i to r  v o lta g e #  V ^. 

Good q u a n t i t a t i v e  ag reem ent was o b ta in e d  w ith  th e  above a n a l y s i s .

The p r i n c i p a l  c h a r a c t e r i s t i c s  o f  H .F . Follow  C u rren t#  w hich  

em erge fr<m  th e  above d is c u s s io n #  have b een  sum m arised i n  s e c t io n  

7 .3 .



n .  EPïEGT OP VARIATION IN IMPULSE CURRENT WAVEFORM 
ON THS ESTABLISmiENT OP L .F . FOLLOW CURRENT.

The e f f e c t  o f  v a r i a t i o n  i n  im pulse c u r re n t  waveform  on th e

e s ta b l is h m e n t  o f  L.F# Follow  C u rre n t, w i l l  be d i s c u s s e d  f o r  th e

c o n d i t io n  o f  V^ and V _  b e in g  p o s i t iv e #  I  was n e g l i g ib l e  I n
o 100 o

a l l  ex p e rim e n ts  rev iew ed  i n  t h i s  s e c t io n  an d  th e  S ta n d a rd  

E le c t ro d e s  ( s e c t io n  5#I0)  were used#

11»! An A pproxim ate A n a ly s is  f o r  th e  Case o f  H.V» F o llow  C u rren t#

The im pulse c u r re n t  l a r g e ly  d e te rm in e s  th e  i o n i s a t i o n

i n t e n s i t y  o f  th e  d isc h a rg e  d u r in g  th e  im p u lsa  p e r io d ,  t ^ ,  and

e f f e c t s  i t  f o r  a c o n s id e ra b le  tim e a f t e r  th e  im pu lse  h a s  c e a se d

(se e  s e c t io n  8#4, t e s t s  15 S 3 ) . Tho r e s id u a l  e f f e c t s  o f  th e

im p u lse  co m p lica te  a n  e x a c t a n a ly s i s  o f  th e  s e p a ra te  e f f e c t s  o f

th e  im pu lse  d u ra t ld n ,  t ^ ,  and th e  Im pulse  c u r r e n t  a m p li tu d e , on

th e  c o n d it io n s  r e q u ir e d  f o r  fo llo w  c u r re n t#  An ap p ro x im ate

a n a ly s i s  o f  th e  e f f e c t s  o f  th e s e  p a ra m e te rs  i n  th e  case  o f  H#V«

Follow  C u rre n t w i l l  be a t te m p te d  on the  a ssu m p tio n  t h a t  th e

p r o b a b i l i t y  o f  fo llo w  c u r re n t  in c r e a s e s  w ith  th e  v a lu e  o f  th e

L#V# c i r c u i t  c u r re n t  a t  the  end o f  th e  im p u lse , and  w i l l  Ig n o re

th e  r e s id u a l  e f f e c t s  o f  th e  im p u lse . The peak v a lu e  o f  th e

im pu lse  c u r r e n t ,  I  w i l l  be ta k e n  as a m easure o f  th e  a m p litu d e
IGo

o f  t h a t  c u r r e n t .

Now, i t  w i l l  be shown i n  s e c t io n  13#1 t h a t

■ * 0 * 1  Î * X - V “
1 f t

an d  I t  l a  e v id e n t  from  f i g .  1 t h a t  Vt “  ^  j
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Hence, + i j  (y,, _ i j  I^dt -  Vgt)dt

In  th e  ca se  o f  H#V. F o llow  C u rren t ( s e c t io n  7 .1 )  i s  la r g e
I f ^

com pared to  th e  v o lta g e  l o s t  by C ( »  I t d t )  d u r in g  th e  Im p u lse , 

s in c e  th e  im pulse d u r a t io n ,  t^^, i s  s h o r t  com pared to  th e  h a l f  

p e r io d ,  l / ( 2 f ) |  fu r th e rm o re , Vq,  w hich te n d s  to  a  glow v o l ta g e ,  

i s  l a r g e  compared to  Vg^ d u rin g  m ost o f  t ^ ,  s in c e  th e  d is c h a rg e  

i s  an  a rc  d u rin g  t h a t  t im e . Hence, t o  a  f i r s t  a p p ro x im a tio n ,

^ tl — I q ^
L

C o n seq u en tly , In c re a s e s  w ith  th e  Im pulse d u r a t io n  t^^.

^IGo n o t  ap p ear in  th e  above e x p re s s io n ,  b ecau se  i t s  e f f e c t

i s  r e f l e c t e d  on ly  in  Vg^, and was s u f f i c i e n t l y  s m a ll  to  be 

ig n o re d  r e l a t i v e  to  V^.

The c o n c lu s io n  i s  t h a t  th e  p r o b a b i l i t y  o f  H.V. F o llow  c u r re n t  

b e in g  e s ta b l i s h e d  In c re a s e s  w ith  th e  im p u lse  d u r a t io n ,  and t h a t  

th e  e f f e c t  o f im pulse c u r r e n t  am p litu d e  can  be Ig n o re d  to  a f i r s t  

a p p ro x im a tio n . The p h y s ic a l  i n t e r p r e t a t i o n  o f  t h i s  s ta te m e n t i s  

t h a t ,  th e  lo n g e r  th e  im pulse  d u ra t io n ,  th e  g r e a t e r  th e  p r o b a b i l i t y  

o f  fo l lo w  c u r r e n t ,  b ecau se  th e  L .V . c i r c u i t  c u r r e n t  h a s  a  lo n g e r  

tim e to  b u i ld  u p . The m agnitude o f th e  Inqm lse c u r r e n t  a f f e c t s  

th e  s t a t e  o f  io n i s a t io n  o f  th e  t e s t  g ap , b u t  t h i s  e f f e c t  i s  n o t  

v e ry  im p o rta n t p ro v id ed  th e  d is c h a rg e  i s  an  a rc#

Experimental v e r if ic a tio n  of th is  analysis  i s  given below.

1 1 .2  V a r ia t io n  i n  Im pulse D u ra tio n , t i ;

The im pulse  d u r a t io n ,  can be v a r ie d  In d e p e n d e n tly  o f  ï j ^ o t  

by a l t e r i n g  R^, o r  s im u lta n e o u s ly  w ith  t^Go* a l t e r i n g  Rp 

( f i g ,  2 4 ) ,  R e s u lts  o b ta in e d  in  two su ch  ex p e rim e n ts  a r e  g iv e n  in
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f i g .  25 . O ther a s p e c ts  o f th e s e  r e s u l t s  have b een  d is c u s s e d  in  

s e c t io n  8 .4  ( t e s t s  15 -  17 and 24 -  2 8 ) .

The c u rv e s  o f  f ig #  25 a re  in  c lo s e  ag reem en t o v e r th e  

ran g e  100 <  t^ ^ c  200 m ic ro seco n d s , co n f irm in g  th e  c o n c lu s io n s  o f 

s e c t io n  11*1 . The agreem ent betw een th e  two c u rv e s  rem a in s  

S a t i s f a c to r y  a t  lo w er v a lu e s  o f  t ^ ,  b u t  i t  m ust be remembered 

( s e c t io n  8# 4 , t e s t  17) t h a t  in  th e  ca se  o f th e  lo w er curve, 

would have been  oven s m a lle r  had IGOG n o t been  l i a b l e  t o  r e s t r i k e #  

Hence a n a ly s i s  o f  th e  r e s u l t s  o f  f ig #  25 shows t h a t  i n  th e  ca se  

o f  t-ĵ  13 65 m ic ro se c o n d s , a  h ig h e r  v a lu e  o f  r e q u i r e s  a  h ig h e r

v a lu e  o f  Vq#

Now an in c r e a s e  in  I jqq r e s u l t s  i n  h av in g  a  lo w er v a lu e

d u r in g  th e  Im pulse p e r io d .  V^j. opposes th e  g row th  o f  on

th e s e  g rounds a lo n e ,  fo llo w  c u r r e n t  shou ld  be e s t a b l i s h e d  a t  a

lo w er v a lu e  o f  Vo when I jqq i n c r e a s e s .  T h is  i s  th e  o p p o s ite  o f

th e  c o n c lu s io n  d e r iv e d  from  f ig #  25, and th e  c o n t r a d ic t io n  can  on ly

be due to  two c a u s e s ;  th e  i o n i s a t io n  o f th e  d is c h a rg e  a f t e r  th e  end

o f  th e  im p u lse  d e c re a s e s  due to  tu rb u le n c e  when I jqq  i n c r e a s e s ,

a n d /o r  th e  s c a t t e r  o r  r e s u l t s  masks th e  t r u e  e f f e c t  o f  I jq o *

su p p o r t  i s  g iv en  to  th e  fo rm er view  by th e  c o n c lu s io n  a r r iv e d  a t  i n

s e c t io n  8 .4  ( t e s t  2 7 ) ,  t h a t  th e  s t a t e  o f  i o n i s a t i o n  o f  th e  d is c h a rg e

a f t e r  th e  end o f  th e  im pulse d e c re a se d  when Rp was d e c re a se d  to  th e  

v a lu e  c o rre sp o n d in g  to  t ^  » 55 m ic ro seco n d s , b u t th e  d e c re a s e  in

io n i s a t i o n  in  t h a t  c a se  may have been due t o  th e  d e c re a s e  in  t ^ ,  

end n o t  to  th e  in c r e a s e  i n  . H ence, two p o s s i b i l i t i e s  rem a in ;

th e  e f f e c t  o f  i s  n e g l i g ib l e ,  o r  an in c r e a s e  i n  may make
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fo llo w  c u r re n t  l o s s  l i k e l y ,  boçausa o f  th e  more v i o l e n t  # l r  

movement and co n seq u en t d e io n i s a t io n  o f  th e  t e s t  gap # p roduced  

by th e  l a r g e r  amount o f  h e a t g en e ra ted #

11#5 V a r ia t io n  i n  Im pulse C u rren t M apnitude»

An a tte m p t to  a l t e r  th e  m agnitude# b u t n o t th e  d u r a t io n  o f  

th e  im pu lse  c u r r e n t  was d is c u s s e d  i n  s e c t io n  8#4 (T e a ts  18 ## 20}# 

R e s u l ts  were m o d if ie d  by th e  r e s i s t a n c e  o f  th e  d l s d ^ r g e #  so t h a t  

t ^  v a r ie d #  T ak in g  tho S tan d a rd  C o n d itio n  a s  re fe re n c e #  t^  

d e c re a s e d  by 26^  when I  _ d e c re a se d  by  90^# th e  r e s u l t i n g  r i s e  i n
XuO

c r i t i c a l  V^ b e in g  58^* I t  i s  re a so n a b le  to  assum e t h a t  th e

in c r e a s e  i n  V w ould have b een  no g r e a t e r  had  t .  b een  c o n s ta n tf  o 1

i n  f a c t#  i t  w ould p ro b a b ly  have b een  sm a lle r#  A f ig u r e  o f  m e r i t

f o r  th e  e f f e c t  o f  I _  on V can  be o b ta in e d  by com paring
IGo o

p e rc e n ta g e  changes* i n  th e  p re s e n t  ca se  t h a t  f ig u r e  w i l l  n o t be

g r e a t e r  th a n  38 «1 90 «b 0*42#

A s im i la r  f ig u r e  o f  m e r i t  can be o b ta in e d  from  th e  r e s u l t s

o f  s e c t io n  11#2# Over th e  range 175 <  t ^ ^  95 m icroseconds#  tj^

d e c re a s e s  by 46^# w ith  a r e s u l t i n g  in c r e a s e  i n  V^ o f  44}f# The

f ig u r e  o f  m e r it  show ing th e  e f f e c t  o f  t ^  on V^ i s  t h e r e f o r e

(44 % 46) = 0#96# The co rre sp o n d in g  f i g u r e  i s  a p p r e c ia b ly  g r e a te r

o v e r  th e  ra n g e  95 <  t ^ <  55 m icroseconds#  b u t  th e  in c r e a s e  may th e n

be due# i n  p a r t#  to  th e  s p e c ia l  f a c t o r s  d is c u s s e d  i n  s e c t i o n  8 .4

(T e a t 1 7 ) ,  However# even  a t  th e  v a lu e  o f  0#96# th e  f ig u r e  o f

m e r i t  shows t^  to  be a p p re c ia b ly  more e f f e c t i v e  th a n  i n

d e te rm in in g  the  c r i t i c a l  V .,  T h is  c o n s t i t u t e s  f u r t tm rw
c o n f irm a tio n  o f  th e  c o n c lu s io n s  re a c h e d  i n  s e c t io n  11 #1#
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1 1 .4  V a r ia t io n  o f  Im pulse C u rre n t Waveshape o b ta in e d  by v a ry in g  R^*

I n c r e a s in g  Rp in c r e a s e s  th e  im p u lse  c u r re n t  d u r a t io n  ( f i g .  24)
S 3  TT 1 nS

and  d e c re a s e s  i t s  a m p litu d e  ( I  sc ■— Amps ) .  A fa m ily  o f  ^IGo Rp
cu rv es  show ing th e  r e l a t i o n  b e tw een  Rp and  th e  c r i t i c a l  V^ i s  

g iv en  i n  f i g s .  26 •  2 8 . A ll  c u rv e s  a r e  s im ila r#  and th e  c r i t i c a l  

V^ d e c re a s e s  a s  Rp i n c r e a s e s .  Fo llow  C u rre n t was o f  H.V. ty p e  

a t  Rp <  X lo 3  Ohms# an d  o f  B .C . typo  a t  h ig h e r  v a lu e s  o f  Rp.

(The im p u lse  g e n e ra to r  o u tp u t was a p e r io d ic  f o r  a l l  v a lu e s  o f  Rp 

u se d  i n  t h i s  w o rk ) .

I t  w i l l  be s e e n  from  th e  graphs# t h a t  th e  c r i t i c a l  V
o

d e c re a se s  l i t t l e  when Rp i s  d e c re a se d  below  ab o u t 100 Ohms. T h is

i s  because  th e  c r i t i c a l  dam ping r e s i s t a n c e  o f  th e  im pulse  c i r c u i t

i s  o f the  o rd e r  o f  (b u t l e s s  th a n )  100 Ohms. At R p<  100 Ohms#

th e re fo re #  th e  s t r a y  in d u c ta n c e  o f  th e  im p u lse  c i r c u i t  i s  im p o rta n t

i n  c o n t r o l l i n g  th e  im p u lse  c u rre n t#  and  th e  e f f e c t  o f  changes i n

Rp i s  r e l a t i v e l y  s m a l l .  When Rp i s  In c re a s e d  above 100 Ohms# i t

becomes more e f f e c t i v e  i n  c o n t r o l l i n g  b o th  th e  m agn itude  and  th e

d u r a t io n  o f  th e  im p u lse  c u r re n t#  and V^ f a l l s  r a p id ly  a t  f i r s t .

E v e n tu a lly #  th e  r a t e  o f  d e c re a se  o f  V^ i s  much reduced* t h i s  i s

b ecau se  B .C . F o llow  C u rre n t th e n  h o ld s#  and  an  a r c  may be m a in ta in e d

f o r  a c o n s id e ra b le  tim e a f t e r  th e  end o f th e  im pulse#  w ith o u t

n e c e s s a r i l y  b e in g  m a in ta in e d  f o r  a f u l l  h a l f  c y c le  o f  th o  L .V .

c i r c u i t .  The c r i t i c a l  V te n d s  to  be d e te rm in e d  b y  th e  L .V .
0

c i r c u i t  and  th e  d is c h a rg e  c h a r a c t e r i s t i c s #  r a th e r  th a n  b y  th e

Im pulse# and  changes i n  im p u lse  p a ra m e te rs  a re  l e s s  im p o rta n t th a n

i n  th o  H.V. case ( s e c t io n  9 ) .

The r e l a t i o n  betw een  th e  c r i t i c a l  V^ and (R p f) /5 0  I s  
I l l u s t r a t e d  i n  f i g .  2 9 .



1 2 . EIECTRODE EFFECTS.

Thé o b je c t  o f  ex p o rlm o n ts  d is e a a s o d  I n  t h i s  s e c t i o n  was t o  

d e te rm in e  th e  e f f e c t  o f  e le c t r o d e  m a te r ie l#  sp ac in g #  an d  s u r f a c e  

c o n d i t io n  on th e  e s ta b l is h m e n t  o f  F o llow  C u rre n t*  They w ere 

c a r r i e d  o u t e i t h e r  w ith  th e  S ta n d a rd  C i r c u i t  ( s e c t io n  5 .9 }  o r  w i th  

a c i r c u i t  d i f f e r i n g  from  i t  o n ly  i n  t h a t  th e  o u tp u t im pedance# 2# 

was 126 Ohms. The e f f e c t  o f  v a r i a t i o n  i n  o u tp u t  im pedance (a s  

d i s t i n c t  from  e le c t r o d e  e f f e c t s )  on th e  e s ta b l is h m e n t  o f  fo llo w  

c u r r e n t  h as  b een  d is c u s s e d  i n  s e c t io n  8 .4 #

Follow  C u rren t was o f  th e  H.V# ty p e  i n  th e s e  eagperinen ts#  

and  were p o s i t i v e ,  and  was n e g l ig ib le  u n le s s  o th e rw ise

s t a t e d .

I t  was n e c e s sa ry  to  c a r ry  o u t t e s t a  w ith  e lo c t r o d e s  b o th  

r e l a t i v e l y  unoxLdloed# and  h e a v i ly  o x id is e d  i n  o rd e r  t o  d e te rm lm  

th e  e f f e c t  o f  s u r fa c e  c o n d i t io n .  Rod e l e c t r o d e s  o x id is e d  oo 

r a p id ly  when f l a  a hovers were a p p lied #  th a t  ex p e rim e n ts  w ith  

u n o x ld ls e d  ro d s  were u n p r a c t ic a b le .  I n  some cases#  th e  e f f e c t  

o f  o x id a t io n  co u ld  be a s c o r ta in o d  from  t e s t s  on s p h e r ic a l  

e lo c tro d e s #  by n o t in g  th e  v a r i a t i o n  i n  c r i t i c a l  a s  f l a s h o v e r s  

w ere a p p lie d *  where th e s e  r e s u l t s  were in c o n c lu s iv e #  d i s c  

o le c t r o d e s  ( s e c t io n  5} w ere r e s o r t e d  t o .

1 2 .1  P r e s e n ta t io n  o f  R e s u lts #

The m ethod a d o p te d  f o r  p r e s e n t in g  e x p e r im e n ta l  r e s u l t s  w i l l  

be e x p la in e d  i n  t h i s  s e c t io n ;  th o  r e s u l t s  th em se lv es  w i l l  be 

d is c u s s e d  i n  th e  fo l lo w in g  s e c t io n s .
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Tho e f f e c t  o f  o lo c tro d o  shape and  s u r f a c e  c o n d i t io n  i s  

p re s e n te d  f o r  each  m a te r i a l  by  zseans o f  • ^ q u s n c e  Diagrams*

( o ig .  f ig #  SO)* th o s e  show th e  e x c u rs io n  i n  th s  c r i t i c a l  v a lu e  o f  

o b ta in e d  i n  e a c h  fo llo w  c u r re n t  t e s t  ( s e c t io n  0 ) and  th e  

d i f f e r e n c e  betw een  the  c o n d itio n s  h o ld in g  i n  e a c h  t o s t  and  th e  

p re c e d in g  t e s t s #  ' C o n d itio n s  common to  a l l  t e s t s  o f  a d iag ram  a r e  

s t a t e d  i n  th o  c a p tio n #  o r  i n  th e  t e x t .  The e l e c t r o d e s  w ere n o t  

c le a n e d  betw een  t e s t s #  ex c ep t a s  s t a t e d  on  th e  d ia g ra m s .

The s u r fa c e  c o n d i t io n  o f th e  e le c t r o d e s  was a f f e c t e d  p r im a r i ly  

by  f l a s h o v e r 8* th e  norm al a c t io n  o f th e  a tm osphere  on  th e  e le c t r o d e  

m a te r i e l  was v e ry  sm a ll i n  com parison . I n  o rd e r  to  d e te rm in e  th e  

e f f e c t  o f  f l a s h o v e r 8# and to  a l t e r  th e  s u r f a c e  c o n d itio n #  th e  

e le c t r o d e s  w ere eomatimos ’ cond itioned*  by th e  a p p l i c a t i o n  o f  a  

la r g e  number o f  f l a s h o v e r s .  was s e t  w i th in  th s  c r i t i c a l  range

f o r  c o n d i t io n in g  f la s h o v e r  a# i n  o rd e r  to  g iv e  a s u r f a c e  c o n d i t io n  

s im i l a r  to  t h a t  o b ta in e d  f o r  a t y p i c a l  t e s t  s e q u e n c e . Tbs number 

o f  c o n d i t io n in g  f la s h c v e r s  i s  s t a t e d  on th e  Sequence Diagram# where 

a p p r o p r i a t e .  I n  some cases# o th e r  fo llo w  c u r r e n t  t e s t s #  n o t  

re c o rd e d  on th e  Sequence Diagram# were c a r r i e d  o u t  w i th  th e  same 

e le c tr o d e s #  betw een  t e s t s  w hich were reco rd ed *  W henever t h i s  was 

done# an  o s t im a te  o f  th e  number o f f l a s h o v e r 8 a p p l ie d  to  th e  

e le c t r o d e s  i n  th e  o th e r  t e a t s  was e n te r e d  on th e  Sequence Diagram#

The e f f e c t  o f  e le c t r o d e  s p a c in g  i s  shown by  m eans o f •S p ac in g  

Diagrams* ( e .g .  f i g .  3 3 ) .  In  th e s e  d iagram s v e r t i c a l  l i n e s  a re  

u se d  to  r e p r e s e n t  the  s c a t t e r  i n  th e  v a lu e  o f  and  h o r i z o n t a l  

l i n e s  i t s  mean# o b ta in e d  a t  a g iv en  s p a c in g . A l l  sp a c in g  d iag ram s 

have b ee n  o b ta in e d  f o r  2 cm. d la im te r  sp h e re s  w hich  h ad  b e e n
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h e a v i ly  o x id is e d  by  c o n d itio n in g #

In fo rm a tio n  r e g a rd in g  th e  c h a r a c t e r l a t l c s  o f  th e  d is c h a rg e

may be o b ta in e d  by  exam in ing  o s c i l lo g r a p h ic  re c o rd s  o f  th e  d is c h a rg e

v o lta g e #  and  th e  L.V# c i r c u i t  c u r re n t#  %^# d u r in g  th e  c r i t i c a l

p e rio d #  t^ #  i n  w hich th e  e s ta b lis h m e n t o f  fo l lo w  c u r r e n t  i s

d e te m in e d  ( s e c t io n  8#2)# The g e n e ra l w aveshapes o f  V . a n d  Is t t
shown by  th e s e  re c o rd s  have a lre a d y  b een  e x p la in e d  ( s e c t io n s  7 .1

and  8) i n  c o n n e c tio n  w i th  f ig s #  10 and IS #  I n  th e  p r e s e n t  s e c tio n #

th e s e  w aveshapes w i l l  be exam ined o n ly  to  d e te rm in e  e le c t r o d e

e f f e c t s #  To f a c i l i t a t e  com parison  o f  th e  re c o rd s  w ith  f i g s .  10

and  15# th e  tim e  co v e red  by  tho  re c o rd s  has b een  ex ten d e d  t o  in c lu d e

a t  l e a s t  p a r t  o f  th e  im pulse  p e rio d #  t^ #  an d  s a l i e n t  p o in ts  ( e . g .

V . m V # t « 0 # t t s t .  ) have been  m arked on  them# The d is c u s s io n  
g t o 1

o f  w aveshapes w i l l  be q u a l i t a t i v e  only# and  f o r  t h a t  r e a s o n  c u r i^ n t

and  v o lta g e  s c a le s  a re  n o t g iv en  i n  c o n ju n c t io n  w ith  th e  re c o rd s

( q u a n t i t a t iv e  a n a ly s e s  a re  g iv en  i n  s e c t io n s  7 .1#  8 .4  an d  1 3 # 5 ) .

The c u r r e n t  and v o l ta g e  s c a le s  o f  d i f f e r e n t  r e c o rd s  g iv en  on one

f ig u r e  a r e  n o t  n e c e s s a r i ly  th e  same# The com plete  a m p l i f i e r

( s e c t io n  4 .2 )  was u s e d  f o r  re c o rd in g  m ost c u r r e n t  w aveform s; i n  a

l im i t e d  number o f  cases#  however# o n ly  th e  in p u t  s ta g e  was used#

and  th e  r e s u l t i n g  w aveshape r e c o rd  was th a n  re v e rs e d #

I n  a d d i t i o n  to  th e  w aveshapes o f  V̂ #_ and  X. # m ost o f  th egw t
o s c i l lo g ra m s  shown w i l l  be see n  to  c o n ta in  two *zero  l i n e s * ;  th e  

m anner i n  w hich th s  so l i n e s  w ere o b ta in ed #  and  t h e i r  purpose#  i s  

e x p ia in o d  i n  A ppondix V I.

12#2 Tunpisten S le c t r o d e s .

The e f f e c t  o f  s u r fa c e  c o n d i t io n  and  e le c t r o d e  shape was
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i n v e s t i g a t e d  w i th  tw o ty p e s  o f  e l e c t r o d e s ,  n am ely :

(1 )  The S ta n d a rd  E le c t r o d e s  «*• 0 .0 6 )  cm* d ia m e te r  ro d  e l e c t r o d e s ,  

h e a v i ly  o x id i s e d ,  and

(2 )  T u n g s te n  t ip p e d  b r a s s  sp h e re s#  The s p h e re s  w ere 2 cm# 

d ia m e te r  and  had  a  t u n g s te n  ca p  1  cm* d ia m e te r  by  0«5 cm* d e e p  

F la s h o v e r  a lw ay s o c c u r re d  on th e  tu n g s te n  c a p ;  t h e r e  was no 

e v id e n c e  o f  th e  a r c  r o o t s  e v e r  to u c h in g  th e  b ra s s #  From t h e  

p o in t  o f  v iew  o f  th e  e x p e r im e n t,  t h e s e  e l e c t r o d e s  w ere 

t h e r e f o r e  e q u iv a le n t  t o  2 cm# tu n g s te n  s p h e r e s ;  th e y  h ad  th o  

a d d i t i o n a l  a d v a n ta g e  t h a t  th e y  w ere e a s i e r  t o  m an u fac tu re#

The Sequence D iagram  i s  g iv e n  I n  f ig #  30# I n  o r d e r  t o  

d i s t i n g u i s h  be tw een  i n d i v i d u a l  e l e c t r o d e s ,  one s p h e re  and  one ro d  

w ere r e p r e s e n te d  i n  th e  d iag ram  by a  b la c k  c i r c l e  and  a  b la c k  

r e c t a n g l e ,  r e s p e c t i v e l y ,  end  t l ^  o th e r  sp h e re  and  th e  o t h e r  ro d  

w ere  r e p r e s e n te d  b y  a  w h ite  c i r c l e  and  a  w h ite  r e c ta n g le #

T e s t s  29 and  30  show t h a t  t h e r e  i s  a  d e f i n i t e  lo w e r in g  o f  th e  

c r i t i c a l  v o l t a g e  l e v e l  a s  c o n d i t io n in g  p ro c eed s#  A t t h e  en d  o f  

t e s t  3 0 , when some 2800 f l a s h c v e r s  h ad  b een  a p p l i e d ,  t h e r e  was no 

i n d i c a t i o n  t h a t  a  s te a d y  v o l ta g e  l e v e l  h ad  b een  reach ed #

Typical oscillogram s obtained In t e s t  29 (l«e# before 

conditioning) are given la  fig#  31# I t  w ill  be seen that they  

are o f type I I  (of# dig# 31 (c) and (d),  end fig#  13 (b))# 

Ckicillograms obtained in  t e s t  30 d iffered  In that they were 

of type I; they were sim ilar to  figs#  31 (a) and (b),  but 

fo llow  current was never estab lished  a fter  a sustained glow period, 

as In fig#  31 (o) and (d)# This difference may be due to  the 

fa c t that only when the electrodes are r e la t iv e ly  unoxldlsed, Is



V s u f f i c i e n t l y  h ig h  to  m a in ta in  a glow f o r  a  tim e  o f  th e  o rd e r  

o f  10 JXB̂  and th e n  cause a g low *arc t r a n s i t i o n *  I n  th e  o âse  o f  

o x id is e d  e le c tro d e s #  the  d is c h a rg e  c e a se s  s h o r t ly  a f t e r  a ^ o w  

c o n d i t io n  has been  reached# and th e re  i s  th u s  no fo llo w  c u r r e n t  i n  

t h a t  c a s e .

The e le c tr o d e s  ap p ea red  smooth to  th e  naked eye a t  th e  end  

o f  t o s t  SO# b u t th e  fo llo w in g  m arkings w ere v i s i b l e :  -

At th e  anode# th e re  w ere b lu is h - g i^ y  a r c  ro o ts  o v e r  a c i r c l e  

o f  ab o u t 0#25 cm* d iam ater*  Around and  c o n c e n tr ic  w ith  th e s e  

marks# o v e r a 0*5 cm# d i s m te r  c i r c le #  th e  e le c t r o d e  h ad  a c q u ir e d  

a y e l lo w is h  tin g e #  T h is c i r c l e  was su rro u n d e d  by  a b l u i s h  c i r c le #  

The m arking on th e  cathode was much more f a i n t  an d  i r r e g u la r *  

T here  was a c e n t r a l  i s h i t i s h  p o rtio n #  ab o u t 0*15 cm# d iam eter#  

b ro k e n  i n  many p la c e s  by b la c k  a r c  ro o ts#  T h is was su rro u n d e d  by  

c o n to u r  l i n e  a t  abou t 0#2 -  0*3 cm* from  th e  c e n tr e  o f  th e  e le c t r o d e  

su rfa c e #  w hich was i n  t u r n  su rro u n d ed  by a b lu i s h  l in e #  U n lik e  

th e  c o n to u r l i n e s  on th e  anode# th e se  l i n e s  w ere n o t c i r c le s *

The ma Ik in g  d e e c rib o d  above d id  n o t change s i g n i f i c a n t l y  i n  

su b seq u en t t e s t s  u n t i l  the e le c tr o d e s  were c le a n e d  ( t e s t  44) * I n  

o rd e r  to  remove th e  m arkings# i t  was n e c e s s a ry  t o  ru b  th e  

e lo c t r o d e s  w ith  emery paper#  In  no t e s t  was th e r e  any  ev id en ce  

o f  ox id e  d u s t b e in g  g e n e ra te d  a t  a s p h e r i c a l  e le c tro d e #

At tho  en d  o f  each  te s t#  th e  anode was warmer to  to u c h  th a n  

th e  ca thode#

R e s u lts  o b ta in e d  w ith  c o n d it io n e d  ro d  e le c t r o d e s  a r e  g iv e n  i n

t e s t s  51 and  33* i t  w i l l  be se e n  th a t  th e  c r i t i c a l  i s  s m a l le ro
and  i t s  range i s  narrow er th a n  i n  th e  case  o f  s p h e r i c a l  e le c tr o d e s #
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The f a c t  t h a t  r e s u l t s  o b ta in e d  w ith  tu n g s te n  ro d  e l e c t r o d e s  (i* e#

w ith  th e  S ta n d a rd  E le c tro d e s )  can  be re p e a te d  w i th  c o n s is te n c y #

was a l s o  n o te d  in  t e s t s  d is c u s s e d  e a r l i e r  (e .g #  t e s t  1 m 3 end

4 *• 6# f ig #  16) #

I t  has  been  e x p la in e d  i n  th e  in t r o d u c t io n  to  s e c t io n  12 t h a t

i t  was n o t p r a c t ic a b le  to  c a r r y  o u t t e s t s  w i th  u n o x ld ls e d  ro d

e lo c tro d e s #  At th e  b e g in n in g  o f  t o s t  51# tl:^  e l e c t r o d e s  h ad  been

co v e red  w ith  w hitlsh-»yollow  d u st#  w hich  c o u ld  e a s i l y  be rem oved

by w ip in g  w ith  a c lo th #  The d u s t sp re a d  some d is ta n c e  a x i a l l y

a lo n g  th e  e le c tro d e s  th e  o x id e -c o v e re d  re g io n  was lo n g e r  a t  th e

anode th a n  a t  tho  cathode# in d i c a t i n g  th a t#  as  i n  th e  c a se  o f

s p h e r i c a l  e le c tro d e s #  h e a t in g  was more in te n s e  a t  th e  anode# The

t i p s  o f  b o th  e le c t r o d e s  wore s l i g h t l y  en la rg ed #  to  a d ia m e te r  o f

some 0*075 cm* The ap pearance  o f  th e  o l e c t ro d e s  d id  n o t change

i n  su b seq u en t t e s t s .  T y p ica l o sc il lo g ra m s  a r e  g iv e n  i n  f ig #  52 :

th e y  a re  o f  ty p e  I  (cfc f ig #  15 ( a ) )  end w i l l  be s e e n  to  be much

sm oo ther th a n  th o se  o b ta in e d  w ith  tu n g s te n  sp h e re s  ( f ig *  3 1 )#

T e s t  52 shows th a t  when th e  anode i s  s p h e r ic a l  and  th e  ca th o d e

i s  Q rod# the  c r i t i c a l  ran g e  does n o t d i f f e r  much from  t h a t

o b ta in e d  w ith  anode and  ca th o d e  rods* The o s c i l lo g ra m s  ta k e n  i n

t h i s  t e a t  were a ls o  s im i la r  to  th o se  o f  t e a t  51# ( f ig #  52) th e

v o lta g e  cu rv es  b e in g  sm oother th a n  i n  t e s t s  29 and  SO. T h is

c o n f lm a  t h a t  ca thode phenomena a r e  more im p o rta n t th a n  anode

phenomena i n  th e  e s ta b lis h m e n t o f  fo llo w  c u r re n t*

T e s t 55 shows t h a t  th e  c r i t i c a l  range o f  o b ta in e d  w i th  ro do
e le c t r o d e s  has n o t changed d u rin g  t o s t  52* The e f f e c t  o f  

r e p la c in g  th e  cathode ro d  by a sphoro# was i n v e s t i g a t e d  i n  t e s t  54*
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The c r i t ic a l  then Increased, roughly to  the value which 

had been obtained with sphere anode and cathode In t e s t  30 

a fter  ( f ) ,  end the following was noted;

(1) A white oxide dust was spluttered from the rod 

anode on to the surface o f the spherical cathode. 

This dust covered the cathode w ell beyond the 

region marked by flashcvers, and extended onto 

the brass. The dust could e a s ily  be removed by 

wiping.

(2) The oscillogram s obtained were sim ilar to  those 

taken with rod anode and cathode.

Tests 35 -  38 were carried out suocessively  on the 

same day. Their purpose was to  confirm and extend the 

Information available from te s t s  30, 32 and 33# The time 

Interval between te s t s  35 ~ 38 was kept as short as 

possib le , as a precaution against atmospheric changes, 

and changes In electrode conditions, occurIng between the 

t e s t s .  The oxide dust, which had been spluttered on to  

the cathode In te s t  34 was removed by wiping before t e s t  

35# which gives the c r it ic a l  obtained with a spherical 

anode end cathode.

Test 36 confirms the resu lts o f t e s t  32. Additional 

Information Is supplied by te s t  36, because the cathode 

was I n it ia l ly  clean In that t e s t ,  and two points emerges-

(1) When the cathode la  r e la tiv e ly  clean, the c r i t ic a l  Is  

below that of t e s t  35# This would Indicate that the cathode 

shape. In addition to I ts  surface layer, has considerable
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e f f e c t  on th e  fo llo w  c u r r e n t  mechanism# I t  m u s t, how ever,

be borne i n  m ind t h a t  ro d  e le c t r o d e s  o x id i s e  r a p id l y ,  ( i . e #  ,

a f t e r  a sm a ll number o f  f la s h o v e ra )  so  t h a t  th e r e  may have

been  a p p re c ia b le  ox ide fo rm a tio n  on th e  ca th o d e  w h ile  th e

l i m i t s  o f  th e  range were b e in g  e s ta b l i s h e d #  I t  i s  n o t

p o s s ib l e ,  t h e r e f o r e ,  to  g iv e  a q u a n t i t a t i v e  r e s u l t  f o r  th e

e f f e c t  o f  th e  shape o f  th e  cathode oh th e  fo llo w  c u r r e n t

mechanism* A ll t h a t  can  be s a id  i s  t h a t  fo llo w  c u r r e n t  i s

more r e a d i ly  e s t a b l i s h e d  i f  th e  cathode i s  sm a ll com pared to

th e  a r c  r o o t  th a n  i f  i t  i s  l a r g e ;  t h i s  may be due to

te m p e ra tu re  o r  t o  f i e l d  e f f e c t s ,  o r  to  b o th .

(2 )  The ca thode  (b u t n o t th e  anode) became cov ered  w ith  o x id e  d u s t

a f t e r  c o n d itio n in g *  Thus in  th e  case o f  ro d  e l e c t r o d e s ,  th e

ca th o d e  a s  w e ll  a s  th e  anode i s  r a i s e d  t o  e te m p e ra tu re

s u f f i c i e n t l y  h ig h  to  cause  o x id a tio n *  T h is  r e s u l t  removes

th e  p o s s i b i l i t y ,  w hich m ight have been  c o n te m p la te d  a f t e r

t e s t  34 t h a t  In  th e  c a se  o f  anode and ca th o d e  r o d s ,  th e  o x id e

d u s t  on  th e  cathode may have been  s p l u t t e r e d  from  th e  anode*

T e s t  57 confirm s th e  r e s u l t s  o f  t e s t  55 and shows t h a t  th s

c r i t i c a l  ran g e  o f  has n o t changed d u r in g  t e s t  36 f o r  th e  case

i n  w hich  b o th  anode and ca thode w ere sp h e re s#  T e s t  38 shows t h a t

th e  c r i t i c a l  rang© o f  i s  unchanged f o r  tho  f i r s t  few f la s h o v e r » ♦

As th e  t e s t  p ro ceed ed , th e  anode became o x id is e d  and  ox ide  d u s t

was s p l u t t e r e d  on to  th e  cathode# A f te r  c o n d i t io n in g  th e  ca th o d e

was w e l l  c o v e re d  w ith  ox ide  and th e  c r i t i c a l  ra n g e  o f  V was mucho
lo w e r , b u t th e  mean v a lu e  o f  th e  c r i t i c a l  was s t i l l  somewhat 

h ig h e r  th a n  i n  t e a t  33# (T o st 33 was n o t c a r r i e d  o u t on  th e  same
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day a s  t e s t s  35 -  3 0 , b u t e x p e r ie n c e  had shown t h a t  th e r e  w ould be 

l i t t l e  v a r i a t i o n  i n  th e  r e s u l t s  o f t e s t  3 3 , w hich  c o u ld  be re p e a te d  

c o n s is te n t ly ) #  Hence th e  te m p e ra tu re  a n c /o r  f i e l d  e f f e c t s ,  due 

to  a r e d u c t io n  i n  cathode d ia m e te r ,  rem ain  Im p o rta n t even  i f  th e  

ca thode  i s  covered  by an  o x id a  l a y e r  w hich lo w ers  th e  c r i t i c a l  V^*

T e s ts  39 and 40 were c a r r i e d  o u t to  I n v e s t ig a te  f u r t h e r  th e  

e f f e c t  o f  the ox ide  l a y e r  w hich had been  s p l u t t e r e d  on th e  ca th o d e  

i n  t e s t  39# R e s u lts  were in c o n c lu s iv e ,  due no doubt to  th e  f a c t  

t h a t  th e  two s p h e r ic a l  e le c t r o d e s  were n o t i d e n t i c a l  ( q u i te  a p a r t  

from  the o x id e  l a y e r  on one)* d i f f e r e n c e s  i n  the  c o n d i t io n  o f  th e  

s u r fa c e s  were due to  th e  f a c t  t h a t  th o  sp h e re  r e p r e s e n te d  by a 

b la c k  c i r c l e  had alw ays boon u se d  as  anode, w h ile  th e  o th e r  had  

been  u se d  a s  cathode* The anode became h o t t e r ,  and more m arked 

by  f l a s h o v e r 8 th a n  th e  c a th o d e , as d is c u s s e d  i n  c o n n e c tio n  w ith  

t e s t  30#

The d i f f e r e n c e  betw een th e  c o n d i t io n  o f  th o  two s p h e r ic a l  

e le c t r o d e s  was confirm ed  by t e s t s  41 43# The ep h a ro s  w ere

w iped  b e fo re  t o s t  41 in  o rd e r  to  remove th e  o x id e  d ust#  (T h is  

d id  n o t a f f e c t  th e  m arkings d e s c r ib e d  on page 6 5 , w hich co u ld  o n ly  

bo removed by ru b b in g  w ith  emery p ap e r)*  I t  w i l l  be se e n  from  

th e  Sequence Diagram , t h a t  th e  c r i t i c a l  range o f  d ian g ed  when 

th e  sp h e re s  were re v e rsed #

At th e  b e g in n in g  o f  t e s t  44 , th e  e le c t r o d e s  were c le a n e d  i n  

a n  a t te m p t to  roaove th e  t r a c e s  o f  p re v io u s  f la s h c v e r s #  A f te r  

c le a n in g  w i th  rough and f in e  emery p a p e r , m e ta l  p o l i s h  and  e t h e r ,  

th e  e le c t r o d e  s u r fa c e s  ap p e a re d  unmarked and smooth to  th e  naked 

eye* th e y  w ere, how ever, l e a s  b r ig h t  th a n  th e y  had  b een  b e fo re
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t e a t  29# E v id e n tly  m inute e c ra tc h e a  had  b een  l e f t  by th e  em ery 

paper*  These may have r e s u l t e d  i n  h i ^  l o c a l  f i e l d  i n t e n s i t y :  

i n  an y  e v e n t ,  th o  c r i t i c a l  was low* W iping th e  e le c t r o d e s  w ith  

an  e t h e r  soaked  c lo th  (p o in t  ( J )  on Sequence D iagram ) r e s u l t e d  i n  

an  in c re a s e  i n  the  c r i t i c a l  range# T h is  may have b een  due t o  

th e  f a c t  t h a t  i r r e g u l a r i t i e s  p roduced  by f la s h o v e r s  on  th e  

e le c t r o d e  s u r f a c e s  were rubbed  i n t o  th e  d e p re s s io n s  ca u sed  by  th e  

em ery p a p e r , so  t h a t  l o c a l  h ig h  f i e l d  i n t e n s i t y  s p o ts  w ere removed# 

A photo  ̂ a p h  o f  th e  e le c tr o d e s  ta k e n  a t  th e  en d  o f  the  so t e s t s  

i s  shown i n  f ig #  33#

The fo llo w in g  can bo concludod from  th e s e  o b s e r v a t io n s : -

(1 ) Fo llow  C u rren t o ccu rs  a t  a lo w er c r i t i c a l  i n  th e  case  

o f  t h i n  ro d  e le c t r o d e s  th a n  i n  th s  case  o f  r e l a t i v e l y  l a r g e  

s p h e r ic a l  e le c tro d e s #  T h is  i s  due t o  two s e p a ra te  S e ts  o f  c a u se s :

( a )  Q u ite  a p a r t  from  th e  fo rm a tio n  o f  o x id e s ,  th e  t h i n  

e le c t r o d e s  w i l l  be r a i s e d  to  h ig h e r  te m p e ra tu r e s ,  and 

th e  f i e l d  s t r e s s  w i l l  be h i# ie r#  Thus th e  e m is s io n  o f  

e le c t r o n s  a t  the ca thode w i l l  bo g re a te r#

(b )  S ince  th e  th in n e r  e le c tr o d e s  a r e  r a i s e d  to  h ig h e r  

te m p e ra tu re s , l a r g e r  q u a n t i t i e s  o f  o x id e  a r e  p ro d u ced  

a t  th e  su rfa c e #  Those o x id e s  low er v e ry  a p p r e c ia b ly  

th e  c r i t i c a l  range#

(2 )  I n  the casa  o f  th e  s p h e r ic a l  e l e c t r o d e s ,  a  s te a d y  c r i t i c a l  

ra n g e  was no t re a c h e d  i n  th o se  e x p e r im e n ts , b ecau se  o f  th e

dependence o f  th e  c r i t i c a l  on th e  s u r fa c e  c o n d itio n *

(3 ) In  the  case o f  ro d  e le c t r o d e s ,  a s te a d y  c r i t i c a l  I s  re a c h e d  

v e ry  r e a d i ly ,  be cause th e  h ig h  te m p e ra tu re s  in d u c e d  by  f la s h o v e r s
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r e s u l t  I n  r a p id  o x id a t io n  o f  th o se  e le c tr o d e s #

I t  h a s  been  s t a t e d  t h a t  i n  tho case  o f  s p h e r ic a l  e l e c t r o d e s ,

â s te a d y  c r i t i c a l  was n o t re a c h e d  i , e #  th e  c r i t i c a l  v a r ie do 0
a s  f la s h o v e r s  w ere a p p lie d *  Hénco, i f  a S p ac in g  D iagram  h a d  b een  

ta k e n ,  tho  c r i t i c a l  re c o rd e d  a t  one s p a c in g  would have a l t e r e d ,

w h i l s t  th e  c r i t i c a l  co rre sp o n d in g  t o  a n o th e r  s p a c in g  was b e in g

e s ta b l i s h e d *  th e  Diagram would th e r e  for© have been  m ean in g le ss#

A S p ac in g  Diagram was n o t o b ta in e d  f o r  tu n g s te n  s p h e re s ,  f o r  t h i s  

re aso n *

The e f f e c t  o f  sp a c in g  and o f  changes I n  c i r c u i t  p a ra m e te rs  

has b ean  d is c u s s e d  in  d e t a i l  f o r  tu n g s te n  ro d s  i n  s e c t i o n  8*4*

12*3 P la tin u m  E le c tro d a s*

The S tan d a rd  C i r c u i t  was u sed  i n  a  s e r i e s  o f  t e s t s  on

0*047 cm* d ia m e te r  p la tin u m  e le c t r o d e s ,  sp aced  0*5 cm* a p a r t*  th e

Sequence Diagram i s  g iv en  i n  f i g .  34*

The purpose o f  th e se  t e s t a  was to  d e te rm in e  w hethe r th e

c r i t i c a l  range  o f  was s m a lle r  and th e  c o n s is te n c y  g r e a t e r ,  th a n

i n  th e  case  o f  o th e r  ro d  e le c tro d e s *  th e  t e a t s  w ere c a r r i e d  o u t

a t  s e v e r a l  days^ i n t e r v a l  from  one a n o th e r*  I t  w i l l  be s e e n  from

th e  Sequence Diagrams ( f ig s *  30 ,  35 ,  3 9 , 43 and  48) t h a t  th e

c r i t i c a l  ra n g e  and c o n s is te n c y  o f  r e s u l t s  i s  o f  th e  same o rd e r  as

i n  o th e r  t e s t s  on ro d  e le c tro d e s *

The e lo c tro d e s  were c u t  from  p la tin u m  w ir e ,  b e fo re  t e s t  45 ,

and  th e  s l i g h t  in c re a s e  i n  c r i t i c a l  w hich o c c u rre d  a s  th e  t e s t s

p ro ceed ed  was p ro b ab ly  due to  changes i n  e le c t r o d e  shape* At

th e  end  o f  t e s t  47 , th e  e le c tr o d e  t i p s  wore s l i g h t l y  e n la r g e d ,  

a p p ro x im a tin g  to  0*063 cm# d iam e te r sp h e re s*  The t i p s  wore
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b r i g h t e r  th a n  th o  r e s t  o f  th e  o le c t r o d o s ,  and th e re  was © b la c k  

d e p o s i t  a t  tM  anode, e x te n d in g  a x i a l l y  a b o u t S màé and  s i t u a t e d  

ab o u t 1 ircn* above th é  t i p .  The b la c k  d e p o s i t  co u ld  e a s i l y  be 

removed by s c ra p in g . T here  was no d e p o s i t  v i s i b l e  to  th e  naked  

oya a t  the e le c tro d e  t ip s #

The o sc il lo g ra m s  ta k e n  i n  t e s t s  45 -  47 wer© s im i l a r  t o  th o se  

o b ta in e d  i n  th e  S tan d a rd  C o n d itio n  ( f i g .  32 )#  The e f f e c t  o f  

sp a c in g  baa been  d is c u s s e d  i n  d e t a i l  i n  s e c t io n  8 .4  f o r  p la tin u m  

ro d  o l o c t rodes#

1 2 .4  B rass  E le c tro d e s#

B oth t e s t  c i r c u i t s  were u sed  in  t e s t a  on 2 cm, b ra s s  s p h e re s

and 0#056 cm# d iam e te r b ra s s  r o d s .  R e s u lts  a r e  g iv e n  i n  th e

Sequence Diagram o f  f i g .  3 5 , w hich shows t h a t  the  c r i t i c a l  i s

n o t a f f e c t e d  by  f la s h o v e rs  i n  th e  case o f  s p h e r i c a l  e l e c t r o d e s ,  so

t h a t  no c o n d it io n in g  i s  r e q u ir e d  i n  o r d e r  to  o b ta in  a s te a d y

c r i t i c a l  V^è I n  tho  case o f  ro d a , th e  c r i t i c a l  V* i s  r a i s e d  by O ' O ' '

c o n d itio n in g *  t h i s  i s  p ro b a b ly  due to  the f a c t  t h a t  s h a rp  ed g es

a re  l o f t  on  th e  e le c tr o d e  t i p s  when th ey  a r e  c u t ,  and  c o n d i t io n in g

b u m s  them o ff#  I t  w i l l  be se e n  from  th e  Sequence Diagram t h a t

th e  c r i t i c a l  V o b ta in e d  w ith  c o n d it io n e d  r o d s ,  i s  v e ry  n e a r ly  th e

same a s  t h a t  o f  s p h e re s , a t  b o th  v a lu e s  o f  o u tp u t im pedance , Z#

C o n seq u en tly , the s i g n i f i c a n t  in fo rm a tio n  p ro v id e d  by  th e  Sequence

D iagram , i s  th a t  th e  c r i t i c a l  i s  s u b s t a n t i a l l y  in d e p e n d e n t o f

s u r fa c e  c o n d it io n  and e le c t r o d e  shape i n  th e  c a se  o f  b r a s s

e l e c t r o d e s ,  p ro v id ed  th e re  a re  no sh a rp  edges*

The o sc il lo g ra m s  o b ta in e d  i n  t e s t s  on  b ra s s  ro d s  a r e  s im i la r  

to  th o se  o b ta in e d  w ith  tu n g s te n  rods ( f i g .  3 2 ) .  T y p ic a l

, j
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oacilX ogram s o b ta in e d  w ith  s p h e r ic a l  b r a s s  e le c t r o d e s  a r e  shown In

f ig *  3 6 ; a q u a n t i t a t i v e  a n a ly s is  o f  su ch  o s c i l lo g ra m s  I s  g iv e n  i n

f ig #  16# In  some cases (e*g* f ig #  56 ( b ) )  V d e c re a s e d  r a p id ly
g t

b e fo re  fo llo w  c u r re n t  was e s t a b l i s h e d  (th o u g h  lo s e  r a p id ly  th an  a t  a 

g lo w -a rc  t r a n s i t i o n ) #  T h is  r e s u l t e d  i n  a v e ry  p ronounced  peak i n  

th e  V waveshape# S im ila r  waveshapes have a ls o  been  o b te in a d  

w ith  c o n d itio n e d  s t e e l ,  alum inium  and co p p e r sp h e re s#  I n  t h e  ca se  

o f  tu n g s te n  s p h e re s , and  o f  a l l  th e  ro d  e l e c t r o d e s  u s e d  i n  t h i s  

i n v e s t i g a t io n ,  f e l l  much moro s lo w ly  a f t e r  r e a c h in g  i t s  peak  

v a lu e ,  u n le s s  e g low -aro  t r a n s i t i o n  o cc u rred #

The appearance  o f  th e  s p h e r ic a l  e lo c t ro d e s  a t  th e  en d  o f  

th e s e  t e s t s  i s  shown in  f ig *  37* The anode s u r f a c e  was c o m p le te ly  

co v ered  by grey-brow n sp o ts  o v er a c i r c l e  ab o u t 0#6 cm* d ia m e te r ,  

and  had  rem ained  smooth# The cathode s u r fa c e  was cov ered  w ith  

b la c k  s p o ts  o v e r  a c i r c l e  o f  about 0*6 cm# d ia m e te r , and  had  been  

roughened  s l i g h t l y  by th e  a r c  ro o ts#  A p p a re n tly  c le a n  b ra s s  was 

v i s i b l e  a t  the bottom  o f  th e  t r o u t s  l e f t  by the  a r c  r o o ts  on  th e  

ca th o d e  su rfa c e #

The t i p s  o f  th e  ro d  e le c tr o d e s  were c o v e re d  w i th  a b la c k  

d e p o s i t  a t  th e  end  o f  th e s e  t e s t s #  There was a ls o  a w h ite  d e p o s i t  

on the  anode t i p  s i t u a t e d  a x i a l l y  above th e  b la c k  d e p o s it#  The 

t i p s  were n o t e n la rg e d , b u t tho cathode t i p  was ro u g h ly  c o n ic a l  

w ith  a p o in te d  end#

The Spacing  Diagram f o r  b ra s s  is  g iv en  i n  f ig #  38# The two 

cu rv es  shown were o b ta in e d  i n  two s e p a ra te  t e s t  ru n s  c a r r i e d  o u t 

a t  an  i n t e r v a l  o f  19 days*
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12 #5 S te e l  E le c tro d e  a*

B oth t e s t  c i r c u i t  a were u se d  i n  a s e r i e s  o f  t e a t s  on 2 cm# 

s t e e l  sp h e re s  and 0«056 cm# d ia m e te r  s t e e l  rods*  The Sequence 

D iagram  o f  f ig #  39 was o b ta in e d  from  th e s e  t e s t s #

The e le c t r o d e s  w ere c le a n e d  w ith  m e ta l p o l i s h  and e t h e r  b e fo re  

t e s t s  55# 57 and 63# I n  th e  case  o f  s p h e r i c a l  e le c tro d e s #  a 

b r i ^ t  s u r f a c e  was o b ta in e d  a f t e r  c lea n in g #  The s u r f a c e  became 

r a p id ly  r u s t e d  a s  f la s h o v e r s  were a p p lie d #  a n d  th e  c r i t i c a l  7^  was 

lo w ered  a t  th e  same tim e# Once th e  a r c in g  t i p s  o f  th e  e le c t r o d e s  

were co v e red  i n  r u s t  over a c i r c l e  o f  some 0#6 cm# d iam ete r#  th e  

c r i t i c a l  range o f  was n o t e f f e c t e d  by f u r t h e r  f  l a  shove rs#  and 

r e s u l t s  co u ld  be r e p e a te d  c o n s is te n t ly #  The r a p id  lo w e r in g  o f  

th e  c r i t i c a l  a s  th e  o x id a t io n  o f  th e  e le c t r o d e  s u r f a c e s  

proceeded# was th e  m ost s ig n i f i c a n t  in fo rm a t io n  p re s a n te d  by th e  

Sequence Diagram#

The appearance  o f  th e  s p h e r ic a l  e le c t r o d e s  a t  th e  en d  o f  th e  

t e s t s  i s  shown i n  f ig *  40# The c e n t r a l  p o r t io n  o f  th e  anode was 

co v e red  by a b la c k  and  r u s ty  d e p o s it#  The b la d e  d e p o s i t  was 

form ed by a la r g e  number o f  c lo s e ly  sp aced  p o in ts#  ta k e n  to  be a r c  

ro o ts #  The d e p o s i t  on  th e  ca thode s u r f a c e  was s im ila r#  e x c e p t  

t h a t  th e  b la d e  sp o ts  were la rg e r#  l e s s  c lo s e ly  spaced# and  i t  was 

more e v id e n t  th a t  th e y  were d i s t i n c t  from  th e  r u s ty  l a y e r  w hich  

su rro u n d e d  them#

The ro d  e le c tr o d e s  were v e ry  much a f f e c t e d  by  f l a s h o v e r s t  

in c a n d e s c e n t m eta l was s p lu t t e r e d  o f f  when fo llo w  c u r r e n t  o c c u rre d #  

At th e  end  o f  th e  te s t s #  th e  t i p s  o f  th e  ro d s  bad a c q u ir e d  a r u s t y  

l a y e r  e x te n d in g  a x i a l l y  ab o u t 0#5 cm# a lo n g  th e  anode# and  0#2 cm#
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a lo n g  th e  cathode#  The a r c in g  ends o f  th e  ro d a  ( a t  r i g h t  a n g le s

to  th e  a x i s )  were b lack*

The Sequence Diagram shows t h a t  a s te a d y  c r i t i c a l  was

o b ta in e d  i n  the case o f  rods# a f t e r  c o n d itio n in g #  The mean

c r i t i c a l  was s l i g h t l y  sm a lle r#  and  i t s  ran g e  was narrow er#  th a n

i n  th e  case o f  s p h e r ic a l  e le c t r o d e s  when th e  s ta n d a r d  c i r c u i t  was

u se d : a t  th e  h ig h e r  Z v a lu e ,  however- th e  mean c r i t i c a l  V* waso
s l l g i t l y  l a r g e r  i n  th e  case  o f  ro d  e le c t r o d e s  and  th e re  was l i t t l e

d i f f e r e n c e  i n  the  w id th  o f  th e  two ran g es  o f  c r i t i c a l  I t  I s

re a so n a b le  to  assume t h a t  th e  d i f f e r e n c e s  i n  mean c r i t i c a l  V a r eo
due to  random c o n d itio n s#  On th e s e  grounds# th e re fo re #  i t  i s

concluded  th a t  th e  c r i t i c a l  i s  s u b s t a n t i a l l y  in d ep en d e n t o f

e le c tr o d e  shape in  th e  case  o f  h e a v ily  o x id is e d  s t e e l  e le c t r o d e s #

T y p ic a l o s c il lo g ra m s  o b ta in e d  w ith  s t e e l  s p h e re s  a r e  shown

i n  f ig #  41: th e y  a r e  s im i la r  to  th o se  o b ta in e d  w ith  b r a s s  sp h e re s#

e x c e p t th a t  th e r e  was some r o u ^ e n ln g  o f  th e  V . waveshape due tog t
s h o r t  « d u ra tio n  d is tu rb a n c e s  o f  th e  ty p e  a s s o c ia te d  w ith  ty p e  I  

r e s u l t s  ( s e c t io n  8#2}# O sc illo g ram s o b ta in e d  w ith  s t e e l  rods#

were s im i l a r  to  th o se  o b ta in e d  w ith  tu n g s te n  ro d s  ( f ig #  52)#

The S pacing  Diagram f o r  h s a v i ly  o x id is e d  s t e e l  sp h e re s  i s  

g iv en  i n  f ig #  42# Two t e a t  ru n s  w ere c a r r i e d  ou t#  a t  a n  i n t e r v a l  

o f  sev en  w eeks: i t  w i l l  be n o ted  t h a t  th e r e  i s  good agreem ent

betw een r e s u l t s  o b ta in e d  a t  la rg e  sp a c in g s  (0#5 cm# o r  m ore)# b u t 

n o t a t  low sp ac in g s  (0 ,1  cm#)# T his p o in ts  to  th e  d is c re p a n c y  

re c o rd e d  a t  low sp ac in g s  b e in g  due to  e le c t r o d e  e f f e c t s #  I t s  

p ro b ab le  cause was t h a t  even  a f t e r  th e  e le c t r o d e s  had  been  

o x id is e d  by  f la sh o v e rs #  and a n o m in a lly  s t a b l e  e le c t r o d e  c o n d i t io n
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had  b een  re a c h e d , f la s h o v e rs  s t i l l  r e s u l t e d  i n  random d ian g es  i n  

th e  e le c tro d e  s u r fa c e  « i#9* r id g e s  were p ro d u c ed  o r  e ro d e d  by  

f le s h o v o rs#  The e f f e c t  o f  such r id g e s  i s  more im p o r ta n t a t  low  

th a n  a t  h ig h  sp ac in g s#

Two s p o t  t e s t s  (n o t re c o rd e d  i n  f ig #  48) w ere c a r r i e d  o u t 

u n d e r tho  c o n d itio n s  o f  f ig #  4 2 | a t  a s p a c in g  o f  0*1 cm# The 

r e s u l t s  o b ta in e d  l a y  betw een th o se  reco rd ed .

12 #6 Aluminium E le c tro d e s  « Sphere a#

Both c i r c u i t s  ware u se d  i n  a s e r i e s  o f  t e s t s #  th e  r e s u l t s  o f

w hich  a re  shown i n  th e  Sequence Diagram o f  f ig #  43# The s p h e re s

w ere c le a n e d  w ith  m e ta l p o l i s h  and e th e r  and  th e  c r i t i c a l  ran g e

o f  V was d e te rm in ed  w ith  n  #  5 (i« e#  o n ly  f iv e  f la s h o v e r s  w ere o
a p p l ie d  a t  a g iven  v a lu e  o f  V^)# T h is  sm a ll v a lu e  o f  n  was

chosen i n  o rd e r  to  have a s  few f la s h o v e rs  a s  p o s s ib le #  and  so

o x id is e  th e  e le c tro d e s  a s  l i t t l e  a s  p o s s ib le  d u r in g  th e  t e a t#

N e v e r th e le s s , o x id a t io n  p ro ceed ed  r a p id ly :  a t  th e  end o f  t e s t  67

( f ig #  43) th e  a r c in g  t i p  o f  th e  anode had  been  co v e red  w i th  a w h ite

ox ide  o v e r a ro u g h ly  e l i p t i c a l  area#  w ith  ax es o f  0#5 x  0#6 cm#

app ro x im ate ly #  T h is  a re a  was b roken  by  a l a r g e  number o f  b la c k

p o in ts  « p resum ably  a r c  ro o ts  « w hich had p e n e t r a te d  th e  m e ta l u p

t o  a d e p th  o f  th e  o rd e r  o f  10**  ̂ cm# The e f f e c t  o f  th e s e  num erous

p e n e tr a t io n s  was to  g ive  th e  anode a porous ap p earan ce#

The appearance o f  th e  ca thode was s im i l a r  t o  t h a t  o f  th e  anode#

ex cep t t h a t  the  lÉ iite  s u r fa c e  was more in te n s e #  I t s  b o u n d a r ie s

were more i r r e g u l a r ,  b u t la y  w i th in  a c i r c l e  0 ,5  cm# d ia m e te r#

The w h ite  ox ide  co u ld  be w iped o f f  w ith  a c lo th  b u t th e  b la c k  

marks co u ld  o n ly  be removed by s c ra p in g .
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T e s t 67 shows an  i n i t i a l  t r e n d  f o r  V t o  r i s e  a s  th e  t e a to
procG3d3d# b u t t h i s  t ro n d  was n o t m a in ta in e d  a f t e r  p o in t  (a )»  I t

i s  th e r e f o r e  no t p o s s ib le  to  a t t r i b u t e  th e  i n i t i a l  in c r e a s e  i n  th e

c r i t i c a l  to  o x id a t io n  o f  th e  e l e c t r o d e s :  i t  may have b een  due

to  o th e r#  random f a c to r s #  To i n v e s t ig a t e  th is #  th e  o x id e  l a y e r

was removed by  ru b b in g  th e  e le c tr o d e s  w ith  em ery paper#  and  th e n

c le a n in g  them w ith  m e ta l p o l i s h  and e t h e r ;  t e s t  68 was th e n

c a r r i e d  o u t as  a r e p e a t  o f  t e s t  67# T here was no in c r e a s e  i n  th e

range i n  t o s t  68# and i t  was d e c id e d  to  u se  th e  d i s c  e le c t r o d e s

to  dotorm ine th e  e f f e c t  o f  th e  oxide l a y e r  ( s e c t io n  12*7)$

I t  was n o ted  t h a t  o x id a t io n  p ro ceed ed  v e r y  r a p id l y  i n  t e s t  68#

th e  ap p earance  o f  th e  e le c tr o d e s  a t  th e  en d  o f  th e  t e s t  b e in g  v e ry

n e a r ly  th e  same a s  a t  th e  end o f  t e s t  67 , S ubsequen t ex p e rim e n ts

made l i t t l e  d i f f e r e n c e  to  th e  appearance  o f  th e  e l e c t r o d e s ;  a

p h o to g rap h  o f  the  o le c tro d o a  was ta k e n  a t  th e  en d  o f  t e s t  73# and

i s  rep ro d u ced  i n  f ig #  44 ,

T e s ts  69*72 were c a r r i e d  o u t w ith  th e  e le c t r o d e s  h e a v i ly

o x id ise d #  They show th a t  th e re  i s  l i t t l e  v a r i a t i o n  i n  th e

c r i t i c a l  range o f  and th a t  i t  i s  n o t a f f e c t e d  b y  f l a s h o v e r s .

T y p ic a l o sc illo g ra m s  o b ta in e d  i n  t e a t s  67*72 a re  shown i n

f ig #  45 , R e la t iv e ly  sm ooth V w aveshapes o f  th e  ty p e  shown i ng t
f ig #  45 (a)#  were re c o rd e d  o n ly  when th e  v a lu e  o f  was n e a r  th e  upper 

l i m i t  o f  th e  c r i t i c a l  r a n g e . I n  a l l  o th e r  cases#  th e  

waveshape was v e ry  rough# as  I l l u s t r a t e d  by f i g s ,  45 (b )  * ( f )  ( th e  

r o u ^ e n in g  i s  i l l u s t r a t e d  more s t r i k i n g l y  by f i g s ,  45 (b ) « (d)#  

th a n  i n  f ig s #  45 (o ) * ( f  ) because th e  o s c i l l o g r a p h ic  sweep was 

more i ^ p id  i n  th e  fo rm er c a s e ) ,  Tha r o u ^ e n i n g  was due to  s h o r t
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d u r a t io n  d is tu rb a n c e s #  o f  th e  type  a s s o c ia te d  w i th  ty p e  I  r e s u l t s

( s e c t io n  8#2) w hich fo llo w e d  upon one a n o th e r  i n  q u ic k  s u c c e s s io n

i n  t h i s  case*  W hile such  d is tu rb a n c e s  have a l s o  b e e n  re c o rd e d

w ith  o th e r  e le c tr o d e s  (n o ta b ly  tu n g s te n  an d  copper sp h e re s )#  th e y

o c c u rre d  a f t e r  a g r e a te r  p ro p o r t io n  o f  f la s h o v e rs #  and  were more

numerous i n  th e  c a se  o f  alum inium  e le c tro d e s #  e x p e r im e n ta l

c o n d it io n s  b e in g  the sam e.

I n  a d d i t io n  t o  th e se  s h o r t* d u ra t lo n  d is tu rb a n c e s #  some o f  th e

o s c il lo g ra m s  showed d e f in i t e  s te p s  i n  th e  7 ^  cu rve  (e * g , f i g ,

4 5 (e )#  p o in t  X ), The am p litu d e  o f  th e s e  s te p s  was to o  sm a ll t o  b e

a t r a n s i t i o n  from  a ^ o w  to  an a r c  c o n d i t io n .

In c re a s in g  th e  Z v a lu e  ( t e s t  73# f i g ,  43) made no s i g i i f i c a n t

d i f f e r e n c e  to  th e  V . and  1 w aveshapes,
t

The S pacing  Diagram i s  g iv en  i n  f i g ,  4 6 , When th e  s p a c in g

was 0 ,0 5  cm,# o sc il lo g ra m s  d i f f e r e d  from  th o se  o b ta in e d  a t  0 ,5  cm,

i n  t h a t  th e  s h o r t* d a r a t io n  d is tu rb a n c e s  w ere o f  g r e a t e r  am p litu d e

a t  th e  lo w er s p a c in g . The m agnitude o f  th e s e  d i s tu r b a n c e s

d e c re a se d  a s  th e  t e s t  gap sp a c in g  in c re a s e d #  b u t  was n e a r ly  c o n s ta n t

o v e r  th e  ran g s  0 ,3  * 0 ,8  cm,

When th e  t e s t  gap s p a c in g  was in c r e a s e d  above 0 ,8  ms,# th e

u p p e r l i m i t  o f  th e  c r i t i c a l  range o f  was r a i s e d  v e ry  c o n s id e ra b ly

and  o s c il lo g ra m s  showed t h a t  I^  v a r ie d  i n  m agn itude from  f la s h o v e r

t o  f la sh o v e r#  and was o f te n  v e ry  l a r g e .  The e f f e c t  o f  on  th e

c r i t i c a l  T^# i s  e v id e n t  from  f ig *  10* I t  w i l l  be  seen  t h a t  th e

L,V , c i r c u i t  c u r re n t#  I .  # b u i ld s  up  from  th e  (n e g a t iv e )  v a lu e  I  ,t  o
I t s  r a t s  o f  grow th i s  s u b s t a n t i a l l y  in d ep en d e n t o f  I  ,  an d  i s  

d e te m in e d  p r im a r i ly  by  V_^ an d  th e  c i r c u i t  p a ra m e te rs*  Bo«,
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th e  e s ta b lis h m e n t o f  fo llo w  c u r r e n t  depends on  th e  I#,V# c i r c u i t

c u r r e n t  b e in g  s u f f i c i e n t l y  la rg e  to  m a in ta in  the  d is c h a rg e  a t  th e

en d  o f  th e  im pulse#  an d  th e  b ig g e r  th e  s m a l le r  w i l l  t h a t

c u r r e n t  be a t  th e  a p p ro p r ia te  tim e (i» e#  th e  s m a l le r  w i l l  I . ,  b e ) ,
t l

Hence# i f  i s  n o t n e g l ig ib le #  th e  v a lu e  o f  a t  w hich  th e

e s ta b l is h m e n t  o f  fo llo w  c u r re n t  i s  j u s t  p o s s ib le #  w i l l  v a ry  w i th

and  th e  u p p e r l i m i t  o f  th e  c r i t i c a l  w i l l  o n ly  be re a c h e d

when i s  s u f f i c i e n t l y  l a r ^  t o  e s t a b l i s h  fo llo w  c u r r e n t  a t  th e

maximum v a lu e  to  w hich  I  can  r i s e ,o
In  th e  case  o f  th e  S pacing  Diagram# was n e g l ig ib le  

( <  0 ,0 5  I^ ^ )  a t  sp a c in g s  up  to  0 ,8  cm. A t h ig h e r  sp ac in g s#  

became s i g n i f i c a n t  so t h a t  a d i r e c t  co m parison  w i th  o th e r  r e s u l t s #  

o b ta in e d  w ith  a n e g l ig ib le  v a lu e  o f  1^# was no lo n g e r  p o s s ib le ;  

t h a t  i s  why th e  S pacing  Diagram was n o t c o n tin u e d  t o  h ig h e r  

s p a c in g s .

The re a so n  f o r  th e  h ig h  v a lu e  o f  I  m ust be  t h a t  th e  f la s h o v e r
o

tim e o f  th e  t e s t  gap i s  long# f o r  o n ly  i n  t h a t  c a se  h as  th e  im pulse  

v o l ta g e  s u f f i c i e n t  tim e to  b u i l d  up a l a r g e  c u r r e n t  i n  L , T h is  

phenomenon had n o t been  re c o rd e d  w ith  any  o th e r  e le c t r o d e  

m a te r ia ls #  so t h a t  i t  was e v id e n t ly  cau sed  by  th e  p a r t i c u l a r  

e le c t r o d e s  u se d  i n  t h i s  t e s t  * i , e ,  h e a v i ly  o x id is e d  alum inium  

s p h e r e s .  Long t  ime s * t  o * f l a  shove r  a r e  n o t g e n e r a l ly  a s s o c ia te d  

w i th  alum inium  e le c tro d e s #  so t h a t  th e  o x id e  l a y e r  was assum ed to  

be t h e i r  c a u se ; t e s t s  w ith  alum inium  d i s c  e l e c t r o d e s  ( s e c t io n  

1 2 ,7 )  showed th i s  a ssu m p tio n  to  be c o r r e c t .

I t  i s  i n t e r e s t i n g  to  n o te  t h a t  th e  e f f e c t  o f  th e  o x id e  l a y e r  

i s  to  make fo llo w  c u r re n t  l e s s  l i k e l y  i n  t h i s  c a se ;  i t  w i l l  be
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se e n  I n  s e c t io n  14 ,3  t h a t  a l a r g e  v a lu e  o f  (and  bonce th e  o x id e

la y e r )  baa the  re v e rs e  e f f e c t  i f  V and V ..  a r e  o f  o p p o s i teo m o
p o l a r i t y  to  e a r th #

1 2 ,7  A lum iniun E le c tro d e s  * D is c s #

The S tan d a rd  C ir c u i t  was u se d  i n  t e s t s  c a r r i e d  o u t w ith  d i s c  

v ie  s tro d e  3 ( s e c t io n  5) a t  a sp a c in g  o f  0 ,5  cm# A f r a c t i o n  o f  th e  

p e r ip h e ry  o f  each  e le c tr o d e  was th e n  c o n d it io n e d  by th e  a p p l i c a t i o n  

o f  a l a r g e  number o f  f la s h o v e rs  (soe f ig #  43# t e s t  74) and  th e  

c r i t i c a l  range o f  waa determ ined#  A p h o to g rap h  o f  th e  

c o n d it io n e d  s e c t io n s  o f  th e  © loctrodos i s  re p ro d u c e d  i n  f ig #  4 7 (a )#  

The d is c s  were th e n  r o t a t e d  a f t e r  ev e ry  f i v e  f la s h o v e r s #  and 

th e  c r i t i c a l  v a lu e  o f  was do term inod  f o r  th e  r e l a t i v e l y  d e a n  

e le c t r o d e  su rfa c e  ( t e a t  7 5 ) ,  The p h o to g r ^ h s  o f  f ig #  47 ( b ) * (e )  

were o b ta in e d  in  t h i s  t e s t ;  th e y  show t h a t  th é  m ark ing  o f th e  

ca thode  i s  much more In tense  th a n  on th e  anode# p a r t i c u l a r l y  i f  

t h e r e  i s  no fo llo w  c u r r e n t .  Pig# 4 7 (c ) shows t h a t  th e  m azkinga 

o v e r la p  i n  th e  case o f  f la s h o v e r s  w hich r e s u l t e d  i n  fo llo w  c u r r e n t ;  

th a  amount o f  o v e r la p  i s  v a ry  s l i g h t  a t  th e  cathode# and  i s  g r e a te r  

a t  th e  anode# where th e  m ark ings e x te n d  o v e r  a  much g r e a te r  a r e a  

th a n  i n  th e  case  o f  n o « fo llo w -c u rre n t f la s h o v e rs #  Now# i t  w i l l  

be remembered th a t  th e  e s ta b lish m e n t o f  S#V# Follow  C u rre n t i s  

d e te rm in ed  s h o r t ly  a f t e r  th e  end o f  th e  im pulse#  when th e  d is c h a rg e  

c u r re n t  i s  q u i te  em ail ( s e c t io n  7 ,1 ) ,  Hence# a t  th a  c r i t i c a l  

tim e s  a t  tih ich  fo llo w  c u r re n t  i s  determ ined# th e  a re a  o f  th e  

e le c t r o d e  su rfa c e  a f f e c t e d  by  each a r c  ro o t  i s  ro u g h ly  th e  same a s  

i n  f i g #  47(b) w hether o r  n o t fo llo w  c u r re n t  o ccu rs#  C onsequently#

th e  a re a  a f f e c te d  by  a n  a rc  ro o t a t  th o se  c r i t i c a l  tim es#  had  n o t  
ge no r a l l y  been  a f f e c te d  by p re v io u s  f la s h o v e rs #
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F in a lly #  th e  c r i t i c a l  was a g a in  d e te rm in e d  f o r  th e

c o n d it io n e d  p a r t  o f  th e  e le c t r o d e s  ( t e s t  76 ) a s  a check  a g a in s t

p o s s ib le  changes i n  V due to  random c o n d it io n s #o
I t  w i l l  be s e e n  from  th a  Sequence Diagram  ( f ig #  43) t h a t

th e r e  i s  l i t t l e  v a r i a t i o n  i n  the  c r i t i c a l  o b ta in e d  i n  t e s t s

74 « 76 ; consequen tly#  th e  ox ide l a y e r  p ro d u ced  b y  c o n d i t io n in g

has no s ig n i f i c a n t  e f f e c t  on the  c r i t i c a l  V #
o

The e le c t r o d e s  wore th e n  m achined to  remove a l l  t r a c e s  o f  a r c

r o o ts  an d  w ere c lea n ed  w ith  m e ta l p o l i s h  an d  e th e r#  An ex p e rim en t

was th e n  c a r r i e d  o u t t o  de term ine  th e  e f f e c t  o f  th e  o x id e  l a y e r

p roduced  by c o n d itio n in g #  on tha  tim e * to * fl© sh o v e r (and hence I ^ )

a t  l a r g e  gap s j^ c in g s #  The S tan d a rd  C i r c u i t  was used#

I n  t t ^  f i r s t  p lace#  a f r a c t i o n  o f  th e  e le c t r o d e  s u r f a c e s  was

c o n d itio n e d #  The gap sp a c in g  was re d u ced  to  0#5 cm# d u r in g

c o n d i t io n in g  so t h a t  the u p p e r  l i m i t  o f the  c r i t i c a l  ra n g e  o f

w ould n o t exceed  th e  maximum a v a i la b le  v a lu e  o f  V ; i t  w i l l  be
0

remembered t h a t  the  u p p er l i m i t  may be much in c r e a s e d  by  th e  h ig h

I  a t  la r g e  gap spac in g s#  C o n d itio n in g  c o n s i s te d  o f  400 f l a s h -  
o

o v e rs  a t  V. «  600 V o lts  (V g r e a te r  t h a n  c r i t i c a l )  and 300 f l a s h *u O
o v e rs  a t  V^ »  260 V o lta  ( c r i t i c a l  V^)# The g e n e ra l  ap p earan ce  o f  

th e  c o n d it io n e d  p a r t  o f  t h e  o le  c t  rode a was s im i l a r  to  t h a t  shown 

i n  f ig #  4 7 (a ) and d id  n o t change i n  th e  su b seq u en t t e s t #

The sp a c in g  was th en  in c re a s e d  to  1#0 cm# and  20 f la s h o v e r s  

were a p p l ie d  a t  V^ » 600 V o lts  (fo llo w  c u r r e n t  o c c u rre d  on e v e ry  

f la s h o v e r )  and 10 a t  V^ «  300 V o lts  ( fo llo w  c u r re n t  o c c u r re d  a f t e r  

6 f la s h o v e r s  only)# O s c il lo g ru a s  showed t h a t  th e r e  was c o n s id e ra b le  

v a r i a t i o n  i n  th e  m agnitude o f  I^# w hich was la rg o  i n  many c a se s  

(se e  page 82 , t a b l e  3# f i r s t  l o t  o f  30 f la s h o v e r s ) #  The
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experim en t was c o n tin u e d  by a p p ly in g  f la s h o v e r s  t o  th e

u n c o n d itio n e d  p a r t s  o f  th e  e le c tro d e s *  O sc illo g ram s ta k e n  i n

20 f la s h o v e rs  (V^ «  300 v o lts #  6 ca ses  o f  fo llo w  c u r r e n t)  showed

th a t  was n e g l ig ib le  i n  e v e ry  case* F i n a l l y ,  a n o th e r  t e s t  was

c a r r i e d  o u t a s  a check# by a p p ly in g  to  th e  c o n d it io n e d  p a r t s  o f

th e  e le c tro d e s #  12 f la s h o v e r s  a t  m 300 v o l t s  ( fo llo w  c u r r e n t

o c c u rre d  a f t e r  6 f la s h o v e r s  o n ly ) and  26 f la s h o v e r s  a t  600 v o l t s

( fo llo w  c u r re n t  o c c u rre d  a f t e r  e v e ry  f l a s h o v e r ) ;  th e r e  was

c o n s id e ra b le  v a r i a t i o n  i n  th e  m agnitude o f  I  o b ta in e d  i n  th e s eo
38 f la s h o v e rs *

TABIE 3 ,

E le c tro d e
c o n d it io n

T o ta l  number 
o f

F la sh o v e rs*

Number o f  f l a s h o v e r s  on  w hich  
th e  m agnitude o f  I  l a y  

i n  th e  ran g e  shown#

0*. 0*05 * 0*1 * 3 ,25  • Over
0*05 0*1 0*25 0 ,8 0 ,3
Amps Amps Amps Ampa Ampa

C onditioned#
h e a v ily  o x id is e d
e le  c tro d e s 30 8 14 8

♦Clean^
e le c t r o d e s 20 20 «• m ■ m

C onditioned# -

h e a v ily  o x id is e d
e le c t r o d e s 38 13 8 7 3 7

A q u a n t i t a t i v e  a n a ly s i s  o f  th e  r e s u l t s  o b ta in e d  i n  th e s e

t e s t s  i s  g iv e n  i n  th e  above T a b le , The d a ta  o f  t h a t  tw b le  p ro v es  

t h a t  th e  heavy oxide la y e r#  w hich  i s  caused  by re p e a te d  f la sh o v e rs#
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r e s u l t s  I n  random an d  p o t e n t i a l l y  la rg o  v a r i a t i o n s  i n  th e  v a lu e

o f  Iq# and  banco i n  th e  t im e ^ to -f la sh o v o r#

The t e s t  on th e  1#0 cm# gap a ls o  p ro v id e d  in fo rm a tio n  on  th e

e f f e c t  o f  c o n d it io n in g  on g low «arc t r a n s i t i o n s #  12 f la s h o v e r s

w ere a p p l ie d  to  th e  c o n d itio n e d  s e c t io n  o f  t h e  e l e c t r o d e s  a t  a
c r i t i c a l  v a lu e  o f  (V^ #  SOO v o lts#  6 c a s e s  o f  fo l lo w  c u r r e n t )

an d  20 f la s h o v e r s  were a p p l ie d  to  u n co n d itio zm d  s e é t io n s  o f  th e

e le c t r o d e s  a t  th e  same v a lu e  o f  V^ (6  ca ses  o f  fo l lo w  c u r r e n t )#

O sc illo g ram s o f  f l a s h o v e r s  to  th e  c o n d itio n e d  s e c t io n  w ere s im i l a r

to  th o se  o b ta in e d  w ith  c o n d itio n e d  sp h e re s  ( s e c t io n  1 2 * 0 ) |  th e y

were o f  type I  ( s e c t io n  8 # 2 ) , end th e  V . w aveshape was roughenedg t
by a l e r ^  number o f  s h o r t - d u r â t io n  d is tu rb a n c e s #  O sc illo g ra m s  

o f  f la s h o v e r s  to  th e  u n c o n d itio n e d  s e c tio n s#  w ere o f  ty p e  I I  

( s e c t io n  8 # 2 ) | glows were m a in ta in e d  i n  a l l  b u t one o f  th e  tw en ty  

o s c il lo g ra m s  taken#  t h e i r  d u ra tio n  ra n g in g  from  a few m icro seco n d s 

to  100 m icroseconds o r  m ore. The w aveshape was smooth w h ile  

glows were m ain ta ined#  b u t i t  was roughened  by  s h o r t  ̂ d u r a t io n  

d is tu rb a n c e s  w h ile  th e  d is c h a rg e  was an  a rc#

Now# th e  view  h as  b een  advanced i n  s e c t i o n  8*2 ( ty p e  I  

r e s u l t s )  t h a t  th e  s h o r t  « d u ra tio n  d is tu rb a n c e s  a r e  ca u sed  by 

a rc -g lo w  t r a n s i t i o n s  fo llo w e d  a lm ost im m e d ia te ly  by ^ o w - a r c  

t r a n s i t io n s #  l#e#  t h a t  th e y  a re  s h o r t - d u r a t io n  glows# T h is  view  

i s  su p p o rte d  i n  the  p re s e n t  in s ta n c e  by  th e  f a c t  t h a t  glows were 

re c o rd e d  u n d e r th e  same e x p e rim e n ta l c o n d i t io n s  a s  th e  a h o r t -  

d u r a t io n  d is tu rb a n c e s#  F urtherm ore#  i f  th e  d u ra t io n  o f  some o f  

th e s e  glows had been  h a lv e d  o r  q u a rte re d #  th e y  w ould have b een  

in d i s t in g u i s h a b le  from  th e  s h o r t - d u r a t io n  d is tu rb a n c e s #



I f#  th o ro fo ro #  tho d is tu rb a n c e s  a re#  i n  f a c t#  s h o r t - d u r a t io n

glows# i t  fo llo w s  th a t  th e  tim e s  f o r  w h ich  glow s c a n  be m a in ta in e d

a r e  much g r e a te r  i n  th e  case  o f  im c o n d itio n e d  e l e c t r o d e s  (w here

t r a n s i t i o n s  to  a r c  o f te n  o c c u rre d  a f t e r  glow p e r io d s  o f  th e  o rd e r

o f  10 m icro seconds) th a n  i n  th e  case o f  oond lticz^^d  e le c t r o d e s

(w here th e  glow d i r a t io n s  were so sh o rt#  t h a t  th e  glows a p p e a re d

m ere ly  as  d is tu rb a n c e s  i n  th e  V . cu rv e )*  Hence th e  o x id a t io n
g t

p rod u ced  by c o n d i t io n in g  f a c i l i t a t e s  g low -aro  t r a n s i t i o n s #

12#8 Aluminium E le c tro d e s  « Rods*

The Sequence Diagram f o r  ro d  e le c t r o d e s  i s  shown i n  f i g #  43# 

The ro d s were o b ta in e d  from  0#051 cm# d ia m e te r  a lum inium  w ire#

They were c u t w ith  a r a s o r  b la d e  so t h a t  t h e i r  ends were# a s  

n e a r ly  a s  p o s s ib le #  p lan e  and  p e rp e n d ic u la r  to  t h e i r  axes# B efo re  

th e  t e s t s  were c a r r i e d  o u t th e  ro d s  were c le a n e d  w ith  m e ta l p o l i s h  

and  e th e r#  e x c e p t a t  th e  c u t s u r fa c e s  w hich were c le a n e d  w i th  

e th e r  only#

C o n d itio n in g  r e s u l t e d  i n  c o n s id e ra b le  o x id a t io n  an d  

d e fo rm a tio n  o f  th e  e le c t r o d e  t ip s #  M etal sp ik e s#  up to  0#1 cm# 

lo n g  w ere j u t t i n g  o u t from  the e le c t r o d e  t i p s  a t  r i g h t  a n g le s  to  

th e  e le c tr o d e  a x is  a t  th o  b e g in n in g  o f  t e s t  78 ( f ig #  43)# and  th e  

m e ta l a t  th e  e le c tr o d e  t i p s  was porous i n  app earan ce#  The t e s t  

gap in c re a s e d  a p p re c ia b ly  a s  f la s h o v e r s  w ere a p p l ie d  and  was r e s e t  

re p e a te d ly #  Hone o f  th e  o th e r  m a te r ia l s  t e s t e d  was a f f e c t e d  by 

c o n d i t io n in g  i n  t h i s  m anm r#

I t  w i l l  be seen  from  th e  Sequence D iagram  ( f ig #  43) t h a t  

th r e e  s e p a ra te  s e t s  o f  ro d  e le c tr o d e s  w ere u se d ; th e y  a l l  show 

t h a t  th e r e  i s  l i t t l e  v a r i a t i o n  i n  th e  c r i t i c a l  ran g e  o f  when



th e  e le c tro d o a  a re  n o t h e a v ily  deform ed and  o x id is e d  (i* e*  b e fo re  

c o n d itio n in g )#  A lso  r é s u l t a  o b ta in e d  w i th  one s e t  o f  e le c t r o d e a  

co u ld  be re p e a te d  c o n s i s te n t ly  w ith  a n o th e r  s e t  o f  e lo c t ro d e s  i f  

th o  e x p e rim e n ta l c o n d it io n s  were th o  same (o f*  t e s t a  77# 79 and 

84) #

C o n d itio n in g  r e s u l t e d  i n  c o n s id e ra b le  in c re a s e  i n  V # Thuso
when th e  S tan d ard  C ir c u i t  waa used# V ro s e  from  some 220 # 300o ’
v o l t s  ( t e a t s  77# 70 and 84) to  300 * 440 v o l t s  ( t e a t  82) and  when 

th e  o th e r  c i r c u i t  was u sed  (Z »  126 ohma)# ro se  from  some 

320 « 420 v o l t s  ( t e s t  83) t o  400 •  550 v o l t s  ( t e s t  81)#  Two 

d i s t i n c t  f a c to r s  may c o n tr ib u te  to  th e  in c r e a s e  i n  c r i t i c a l  V^# 

n am e ly :-

(1 ) Q u ite  a p a r t  from  th e  fo rm a tio n  o f  o x id e#  th e  c o n s id e ra b le  

en la rg em en t o f th e  e le c tr o d e  t i p s  may r e s u l t  i n  a d e c re a se  i n  

th e  te m p e ra tu re  of# and  th e  v o l ta g e  g r a d ie n t  a t#  th e  

e le c tro d e s #

(2 ) The ox id e  l a y e r  may have th e rm al and e l e c t r i c a l  (i* e#  work 

fu n c tio n )  p ro p e r t io a  w hich would make e l e c t r o n  e m is s io n  

more d i f f i c u l t #

The r e s u l t s  o f  s e c t io n s  12#6 and  12#7 show t h a t  th e  o x id e  

l a y e r  does n o t a f f e c t  th e  c r i t i c a l  v a lu e  o f  e x c e p t i f  th e  

v o lta g e  g ra d ie n t  j u s t  b e fo re  f la s h o v e r  i s  r e l a t i v e l y  low# so  t h a t  

can be la rg e #  W ith ro d  e le c tro d e s #  an d  a t  the  sp a c in g  

c o n s id e re d  (0#5 cm#) th e  v o lta g e  g ra d ie n t  was s u f f i c i e n t l y  h i ^  

f o r  t o  be n e g l ig ib le ;  hence# on  th a  b a s i s  o f  th e  r e s u l t s  j u s t  

q u o ted  th e  in c re a s e  i n  th e  c r i t i c a l  canno t be due to  th e  ox id e  

l a y e r  and m ust be due to  th e  in c re a s e  i n  th e  s i z e  o f  th e  e le c t r o d e
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t ip s #  and th e  oonaequent da c re a se  i n  te m p e ra tu re  a n ^ /o r  v o l ta g e

g r a d ie n t# T h is  argum ent l a  b aaed  on th e  a ssu m p tio n  t h a t  th e

o x id e  l a y e r  h a s  th e  same c o m p o s itio n  and e l e c t r i c a l  an d  th e rm a l

p r o p e r t ie s  i n  th e  ca se  o f  th e  ro d s  a s  i n  t h a t  o f  th e  sp h e re s#

T h is  assu m p tio n  i s  su p p o rte d  by th e  f a c t  t h a t  th e  ap p e a ra n c e  o f

th e  o x id e  l a y e r  was th e  same i n  b o th  c a s e s ;  th e  p o s s i b i l i t y #

n e v e r th e le s s #  rem ains th a t  tb s  ox id e  fo rm a tio n  may be d i f f e r e n t

i n  th o  two cases#  j u s t  b ecau se  th e  rods become c o n s id e ra b ly  h o t t e r

th a n  th e  sp h e re s#

O sc illo g ram s o b ta in e d  i n  t e s t s  on rod  e le c t r o d e s  showed t h a t

th e  g e n e ra l  shape o f  th e  V curve was s im i la r  to  t h a t  o b ta in e d  w i th
g t

tu n g s te n  ro d s  ( f ig #  32) e x c e p t t h a t  th e  r a p id  v o l ta g e  f l u c tu a t io n s  

a s s o c ia te d  w ith  h e a v ily  o x id i s e d  alum inium  e l e c t r o d e s  ( f ig #  45) 

were a ls o  p re se n t#  There was no s i g n i f i c a n t  d i f f e r e n c e  I n  th e  

ap p earan ce  o f  o s c il lo g ra m s  o b ta in e d  w ith  r e l a t i v e l y  u n o x id ise d #  

and  h e a v i ly  o x id is e d  (c o n d it io n e d )  ro d  e le c tr o d e s #

12#9 Popper E le c tro d e s  -  S pheres#

R e s u lts  o b ta in e d  w ith  2 cm# copper sp h e re s  sp aced  0#5 cm# 

a p a r t#  a re  g iv en  on th e  Sequence Diagram o f  f ig #  48# T e s ts  66 a n d  

87 o f  t h a t  Diagram I n d ic a te  t h a t  tho  c r i t i c a l  was# i f  an y th in g #  

s l i g h t l y  l a r g e r  b e fo re  th a n  a f t e r  f la s h o v e r s  w ere a p p l ie d ;  t h i s  

a g re e s  w ith  th e  r e s u l t s  o b ta im d  w ith  d i s c  e le c t r o d e s  ( s e c t io n  

12*10)# T e s ts  87*90 and  91-93  show th a t  th e r e  i s  l i t t l e  v a r i a t i o n  

i n  th e  c r i t i c a l  V^ o b ta in e d  w ith  o x id is e d  e le c t r o d e s  i n  a g iv e n  

e x p e r im e n ta l c o n d i t io n  -  i#e#  th e  c r i t i c a l  was u n a f f e c te d  by  

c o n d i t io n in g  once th e  e l e c t r o n s  were o x id is e d #
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I t  was not p o s s ib le  to  o b ta in  a s e t  o f  o a c ll lo g ra m s  f o r  th e

u n o x id iso d  c o n d i t io n  i n  th e s e  t e s t s #  becau se  th e  e l e c t r o d e s

o x id is e d  as  th e  t e s t  p roceeded  (o s c il lo g ra m s  f o r  th e  u n o x id is e d

c o n d i t io n  wore o b ta in e d  w ith  d is c  e le c tro d e s #  s e c t io n  18*10)*

The o sc illo g ra m s  o b ta in e d  w ith  o x id is e d  e l e c t r o d e s  ( l a t t e r  p a r t  o f

t e s t  86# t e s t a  87-90  and 91-93) d id  n o t  d i f f e r  i n  any s i g n i f i c a n t

way from  th o se  o b ta in e d  w ith  o x id is e d  d i s c  e le c t r o d e s  u n d e r

s im i l a r  c o n d itio n s  ( f ig s *  63 and 65)* I n  th e  case  o f  Z «  40 Ohms

( t e s t a  86-90) r e s u l t s  were u s u a l ly  o f  ty p e  I  ( f ig *  63 (a )  -  ( c ) )

th e  o n ly  e x c e p tio n  b e in g  one re c o rd  o f  ty p e  I I  (e s  f ig *  5 3 (d ))*

The s h o r t - d u r a t io n  d is tu rb a n c e s  i n  th e  V . waveshape# w hich  have
g t

a l s o  b een  re c o rd e d  w ith  alum inium  e le c tro d e s #  were p re s e n t  i n  a l l  

cases*

VJhen Z was in c re a se d , to  126 Ohms ( t e a t s  91-93} r e s u l t s  became

o f  type  H I  ( f ig *  56)* The d isc h a rg e  u s u a l ly  d e g e n e ra te d  i n t o

a glov; a t  th e  end o f  th e  im pulse# and fo llo w  c u r r e n t  co u ld  th e n

be e s ta b l i s h e d  o n ly  a f t e r  a g low -arc  t r a n s i t i o n *  D uring  th e  tim e

t h a t  th e  glow was m ain ta ined#  th e  d is c h a rg e  c u r r e n t  wag n e a r ly

co n s tan t#  so t h a t  V . éûr V * To a s u f f i c i e n t l y  good ap p ro x im a tio nge t
V. d u r in g  t h a t  time# so th a t  V 7  - a s  shown b y  f ig *  65*O t  '  Q g t

T h is  i s  an  o x p e rim o n ta l v e r i f i c a t i o n  o f  th e  d is c u s a io n  o f  

s e c t io n  8*1#

The Spacing Diagram i s  given I n  f ig #  49* O sc illo g ram s 

o b ta in e d  a t  d i f f e r e n t  sp ac in g s  were s im i l a r  t o  th o se  ro c o rd e d  w ith  

a 0*5 on* gap* In  the  case  o f  o s c il lo g ra m s  o b ta in e d  a t  

Z sa 126 Ohms# th e  tlm os f o r  v h ich  a n e a r ly - c o n s ta n t - v o l ta g o  glow 

was m ain ta in ed #  d e c re a se d  a s  tho  sp a c in g  in c re a s e d *  Thus th e



d u r a t io n  o f  th o  c o n s ta n t  v o lta g e  glowa was o f  tlie  o rd e r  o f

0*1 r iH lla e c o n d a  I n  tho case o f  a 1*0 m *  o^p# and o f  th o  o rd e r s

o f  1 and  10 m ill is e c o n d s  i n  th a  ca sa  o f  a  0*05 cm* gap# I t  r a s

Q iao n o te d  t h a t  I n  tho caso o f  low gap a p a c in g s  (0*1 o r  0*08 cm#)

th e  d iach n rg o  v o lta g e  ro n a ln a d  v e ry  m a r l y  c o n s ta n t  a s

d e c re e so d  to  c a ro  a f t e r  a glow c o n d i t io n  t?aa reach ed *  Suc^i

o a c lllo g rn m s  mvQ  o b ta in e d  wîian fo llo w  e i r r o n t  was n o t  o s tc b l la b a d i

In  tlio  cane o f  coiT8o%)ondf.ng c s c ll lo g m m s  o b ta in e d  a t  h ig h e r  gap

sp ac in g s#  V . ro se  a a I  . f o i l #
6# g t

Tha appecranco  o f  th a  o lo c tro d e s  e t  th e  end  o f th o s e  t e s t s  

i s  shown I n  f ig *  50* Tho c o n t r o l  p o r t io n  o f  th e  anod^ was 

g re y is h  i n  co lour#  and c o u ld  be o n d o s a d  i n  Q 2 mm. d ia m o te r  

c i r c le *  This was su rro u n d e d  by a b la c k e n e d  a rea#  e x te n d in g  up  

to  a d ia m e te r  o f  4 m * ;  by a g re e n  a rea#  e x te n d in g  up  to  a 

d im n e te r  o f  5 m *  and by an  a r e a  i n  w hich tho  co p p er was 

d i s  co loured#  e x te n d in g  up  to  Q d ia m e te r  o f  8 mm* On th e  ca thode#  

th e r e  was m c e n t r a l  a rea#  w hich la y  w i th in  a 4 m #  d ia m e te r  c i r c l e #  

i n  w hich th e  m e ta l was b r ig h t  and  o f  the  u s u a l  co p p e r c o lo u r#

T h is  was su rro u n d ed  by a b la c k  c i r c le #  w h ich  was i n  t u r n  

su rro u n d ed  by a reg ion#  9 mm* d is n o to r#  i n  w hich  th e  co p p e r wae 

d isc o lo u re d #  Tho o lo c tro d e  s u r fa c e s  a p p e a re d  smooth to  th e  

naked eye*

18*10 Conner E le c tro d e »  D iscs*

A l l  t e s t s  i n  which d ic e  o le c tro d e a  w ere u se d  w ere c a r r i e d  

o u t a t  a  sp a c in g  o f  0#5 cm# A p h o to g rap h  o f  th e  c o n d it io n e d  

GO é t io n s  o f  tho  e lo  c tro d e s  i s  g iv en  i n  f ig #  51# and  p h o to g rap h s  

o f  c o rre sp o n d in g  s e c t io n s  o f  th o  e l e c t r o  dee# to  w hich  o n ly  f i v e
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f la s h o v e r 8 had been  ap p lied #  a r e  shown i n  f ig *  52* C lose 

ex am in a tio n  shows th a t  a c e r t a i n  amount o f  o v e r la p p in g  o f  m arkings 

p roduced  by f la s h o v e r s  e x i s t s  i n  th e  ca se  o f  f ig *  5 2 ( b ) ,  and tho  

rem arks made i n  s e c t io n  12*7 i n  co n n e c tio n  w ith  f ig *  4 7 (c )  ap p ly  

hero  a lso *

R esu lts  have been  sum m arised i n  th e  Sequence Diagram  o f  f ig *

48# T e s ts  94 and 95 show th a t  th e  o x id a t io n  p rod u ced  by  c o n d it io n 

in g  r e s u l t s  i n  an  a p p re c ia b le  lo w erin g  i n  th e  c r i t i c a l  V^* T y p ic a l

o sc illo g ra m s  o b ta in e d  in  th o se  t e s t s  a re  g iv e n  i n  f ig s *  55 and 64 , 

R e la t iv e ly  few (53) o sc il lo g ra m s  were ta k e n  w ith  o x id is e d  d i s c s ,  

because t h e i r  r e s u l t s  wore con fiim od  by th o se  ta k e n  w ith  o x id is e d  

spheres#  They showed t h a t  wave shapes woro u s u a l ly  o f  ty p e  I  

( s e c t io n  8 * 2 ) , as i l l u s t r a t e d  by  f i g s ,  53 (a )  -  ( c ) .  I n  many

c o se s , the  waveshapo was ro u ^ o n o d  by s h o r t - d u r a t io n

d is tu rb a n c e s  r h ic h  w ere p ro b a b ly  s h o r t - d u r a t io n  glows ( s e c t io n s  

8 ,2  and 1 2 * 7 ), A few typo  I I  wavoshapes were ro c o rd e d  (e*g* 

f ig *  5 3 (d ) ) ,  and arc -g lo w  t r a n s i t i o n s  o c c u r  ro d  f r e q u e n t ly  i n  th e  

case o f  n o - fo l lo w -c u r re n t  o sc illo g ra m s  (o*g* f ig #  5 3 (e ) )*

05 o sc illo g ra m s  were ta k e n  whon f la s h o v e r s  w ere a p p l ie d  to  

th e  o x id ise d  p a r t  o f  th e  e le c tro d e s *  They d i f f e r e d  from  th o se  

o b ta in e d  w ith  o x id is e d  e le c t r o d e s  i n  th a t  glows w ere m a in ta in e d  

f o r  lo n g e r  tim es* Type I I  re c o rd s  (e*g* f ig *  5 4 (b ) )  were more 

f r e q u e n t ,  and type  I I I  re c o rd s  wore o b ta in e d  i n  th re e  c a se s  

(e*g# f ig *  5 4 ( c ) ) ,  i n  which n e a r ly - c o n s ta n t - v o l ta g e  glow s were 

m a in ta in e d  f o r  300 m icroseconds o r  m ore, b e f o re  f o l i o  ; c u r re n t  

became e s ta b l is h e d *  I n  a f o u r th  in s t a n c e ,  a n e a r ly -  

c o n s ta n t v o lta g e  glow was m a in ta in e d  f o r  o v e r 1000 m ic ro se c o n d s .
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whan th a  end o f  th e  o ac lX lo g rap h  awaap v aa  reached#

T es te  c a r r i e d  o u t a t  tho h ig h e r  v a lu e  o f  Z ( t e a t s  96 and  97} 

showed th a t  th o  e f f e c t  o f  o x id a t io n  i s  much s m a l le r  th a n  a t  th e  

lo w e r v a lu e  o f  2* O sc illo g ram s ta k e n  i n  t e s t s  96 and  97 w ere o f  

ty p e  I I I  ( f ig #  85 and  56)# Thus th e  o x id e  l a y e r  lo s e s  much o f  

i t s  e f f e c t  on th e  c r i t i c a l  i f  th e  e x p e r im e n ta l  c o n d i t io n s  a r e  

such  th a t  fo llo w  c u r r e n t  can  o n ly  ha e s t a b l i s h e d  a f t e r  a  ^ o w  has 

been  m a in ta in e d  f o r  a  tim e o f  th e  o rd e r  o f  100 lo lc ro seco n d s o r  

more ( i , e #  i f  th e  l im i t i n g  c o n d i t io n  o f  th e  Glow C r i t e r i o n  h as  b e e n  

re a c h e d )  ev e n  th o u ^ i  th e  e le c tr o d e s  a r e  o x id is e d #

One s i g n i f i c a n t  e f f e c t  o f  th e  ox ide  i s  m a in ta in e d  a t  th e  

h ig h e r  v a lu e  o f  Zi ^ o w s  p recede  th e  e s ta b l is h m e n t  o f  fo llo w  

c u r re n t  i n  few er c a s e s ,  and l a s t  f o r  s h o r t e r  t im e s ,  i f  th e  

e le c t r o d e s  a re  o x id is e d , th a n  i f  th e y  a re  n o t#  T h is  s ta te m e n t 

i s  borne o u t by th e  q u a n t i t a t i v e  a n a ly s i s  o f  T able 4#

TABŒ 4#

B is clirods 
C o n d itio n

T e a t Ho* 
(Sequence 
D ie gram 
f i g .  48)

T o ta l  Humber 
o f

F laataovera 
r e a u l t l n g  In  

Follow  
C u rre n t

Humber (and  
o f  f le a h o v e ra  

on  which. 
F o llow  C u rre n t 

was p re c e d e d  
toy « glow

Mean d u r a t io n  
o f  ëLows w hich 

p re c e d e d  
fo llo w  c u r re n t

U noxidlse d  97 53 58 m % ) 2 me *

O z id is sd 96 78 63 (83)g) l e a s  th a n  
a s*
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1 2 .1 1  Ooppar E le o tro d e a  * Roda*

R é su lta  o b ta in e d  w i th  0*056 cm* d ia m e te r  c o p p e r  r o d a ,  «paced  

0#5 cm# a p a r t ,  a re  g iv en  I n  f ig #  48 ( t e a t s  98 -  101)#  When 

Z »  40 Ohma ( t e s t a  98 -  1 0 0 ) , th e  lo w er l i m i t  o f  l a  th e  same 

a a  i n  th e  caae  o f  o th e r  e le o t r o d e a ,  b u t th e  c r i t i c a l  ran g e  l a  

n a rro w e r i n  th e  case  o f  ro d s#  When Z i s  in c r e a s e d  to  126 Ohms 

( t e s t  1 0 1 ) , b o th  l i m i t s  o f  7^  a r e  lo w er i n  th e  c a se  o f  r o d s ,  b u t  

th o  c r i t i c a l  range h as  ro u g h ly  th e  same am p litu d e#

T y p ic a l o s c il lo g ra m s  o b ta in e d  i n  th e s e  t e s t s  a r e  shown i n  

f ig #  57# I t  w i l l  be se e n  t h a t  waveforms a r e  o f  ty p e  I#  I n  no 

case  was th e  e s ta b lis h m e n t o f  fo llo w  c u x re n t p re c e d e d  by  

lo n g - d u r a t io n  glows o f  th e  typo re c o rd e d  w i th  * la rg e *  c o p p e r 

e le c t r o d e s  ( i # e .  sp h e re s  an d  d i s c s ,  s e c t io n  5 ) u n d e r s im i la r  

c o n d itio n s#
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The c r i t e r i a  w hich de te rm in e  th e  e s ta b l is h m e n t  o f  fo llo w

c u r re n t  w i l l  now be d e r iv e d  i n  te m a  o f  V • X an d  th e  d is c h a rg e
o o

c h a r a c t e r i s t i c s ,  f o r  th e  c o n d it io n s  o f  s e c t io n s  6 « 1 1 , -  i# e *  f o r  

th e  c o n d itio n s  o f  V_ and  V ..  b e in g  p o s i t iv e  to  e a r th *  I t  w i l lO iUO
be scon  from  s e c t io n  14 , t h a t  th e s e  c r i t e r i a  a re  n o t a f f e c t e d  by 

th e  a c tu a l  p o l a r i t i e s  o f  and and  depend o n ly  on  t h e i r

r e l a t i v e  p o l a r i t i e s *  When and a r e  o f  o p p o s i te  p o l a r i t i e s ,  

th e  c r i t e r i a  a r e  d i f f e r e n t ,  and a re  g iv en  i n  s e c t io n  14*6*

The c r i t e r i a  d e r iv e d  i n  t h i s  s e c t io n  a r e  s t a t e d  i n  T ab le  5 

(page 9 3 ) , and a re  i l l u s t r a t e d  by f ig *  58 f o r  th e  case  I ^  «  0*

13*1 L«F* Follow  C u rre n t;  C r i t e r i a  o f  N o -F o llo w -C u rre n t*

I t  w i l l  be remembored t h a t  th e  L*V# c i r c u i t  c u r r e n t ,  I ^ ,

m ust flow  up to  i t s  f i r s t  n a tu r a l  c u r r e n t  z e ro  o c c u r r in g  a f t e r  th e

end o f  th o  im pulse  i n  o rd e r  t h a t  L*P* Follow  C u rre n t be e s t a b l i s h e d

( s e c t io n  5*3)* Now, a t  th e  i n s t a n t  o f  f l a s h o v e r ,  th e  L*V* c i r c u i t

v o lta g e  has th o  p o s i t iv e  v a lu e  and  th e  L#V# c i r c u i t  c u r r e n t  has

th e  n e g a tiv e  v a lu e  I^*  The f i r s t  n a tu r a l  c u r r e n t  z e ro  o f  th e

L*v* c i r c u i t  ( s e c t io n  5*7) th e r e f o r e  o c c u rs  some

1 1 <̂>2 
^no ’ *  ^  (v2 +

th e  in s t a n t  o f  f la sh o v e r*  U nder th e  c o n d it io n s  o f  t h i s

in v e s t ig a t io n ,  was so sm a ll compared t o  V ^ 2 ,  t h a t  th e  im pu lse

d u ra tio n , t . ,  exceeded  t  * i n  a l l  cases  i n  w hich L#F* F ollowX no
C urren t was o s ta b l i s h e d t  i n  o th e r  w ords, I^  had  r e v e r s e d  p o l a r i t y
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C r i t e r i a  o f  F o llo w -C u rren t and  M o -F o llo it-C u rren t.  fo p  
Xq and o f  th e  aame p o l a r i t y  t o  e a r th »

F o llow
C u rre n t

Typo
C r i t e r io n

Typo
S ta tem en t o f  C r i t e r i o n

L*P* H o-Follow -
C urren t*

(Arc
C r i t e r io n )

Follow  C u rre n t canno t be ,
o s ta b l la h a d  I f  (V ?  + I  2 z ) a  1»V o
le a a  th a n  th e  mean v a lu e  o f  th e  
d isc h a rg e  v o l ta g e ,  ta k e n  o v e r  
th e  im pu lse  p e r io d *

Follow  C u rre n t can n o t be 
e s t a b l i s h e d  i f  i s  l e a s  th a n  
th e  d is c h a rg e  v o i ta g e  a t  t h e  end 
o f  th e  im p u lse , p ro v id e d  th e  
im pulse  d u r a t io n  i s  much l e s s  
th a n  th o  h a l f  p e r io d  o f  th e  L*V# 
c i r c u i t*

F o llow -
C u rren t

(Glow
C r i te r io n )

Follow  C u rre n t w i l l  be 
e s ta b l i s h e d  i f  V ex ceed s a v a lu e  
a p p ro x im a te ly  e q u a l to  t h a t  
r e q u ir e d  to  m a in ta in  a c o n s ta n t  
c u r re n t  glow i n  th e  t e s t  gap
(a )  a t  a c u r r e n t  e q u a l  to  ,  

i f  a c o n s ta n t  c u r r e n t
glow can be m a in ta in e d  a t  
t h a t  c u r r e n t ,  o r

(b ) a t  th e  maximum c u r r e n t  a t  
w hich a ^ o w  can  be m ain
t a i n e d ,  i f  t h a t  c u r r e n t  i s
l e s s  th a n  # 

g t l

E .P . N o-Follow -
C u rre n t

(A rc
C r i t e r io n )

F ollow  C u rre n t can n o t be 
e s t a b l i s h e d  i f  i s  l e s s  th a n  
th e  v a lu e  o f  th e  d is c h a rg e  
v o lta g e  a t  th e  f i r s t  c u r r e n t  z e ro  
o f  Ig  ( i . e .  a t

F o llo w - Follow  C u rre n t w i l l  be « s tab lish ed
C u rren t

(Arc
C r i t e r io n )

i f  ex ceed s  th e  v a lu e  o f  th e  
d ie  charge v o l ta g e  a t  t h e  f i r s t  
c u r re n t  z e ro  o f  I  (i* e*  a t  t ^ t ) *
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an d  had  be come p o s i t iv e  b e fo re  th e  end  o f  th e  im pulse*

The c r i t e r i a  o f  n o - fo l lo w -c u r re n t  w i l l  bo d e r iv e d  f o r  th e  

c o n d i t io n  which h e ld  i n  th e s e  e x p e r im e n ts , nam ely , o r

t ,  > - i -  s in * ^
^  ( v |  ♦  1 ^ ) *

w hich  l a  s a t i s f i e d  when;

(Z I )^ >  V 2 tan® 2%£ t  
o o 1

I t  has bean  shown above t h a t  i f  t h i s  c o n d i t io n  i s  met an d  

L#F* fo llo w  c u r re n t  i s  e s t a b l i s h e d ,  m ust

(a )  become p o s i t iv e  d u r in g  th e  im p u lse  p e r io d ,  t ^ ,  and

(b ) f lo u  f o r  a h a l f  c y c le  i n  tho  p o s i t iv e  d i r e c t  ion#

How, th o  d is c h a rg e  v o l ta g e ,  V . , . opposes th o  grow th o f  I ,gt t
( f ig *  1 ) i n  t h i s  c o n d itio n *  C o n seq u en tly , i f  V^ -  and  hence -

i s  s u f f i c i e n t l y  sm a ll i n  r e l a t i o n  to  V ,  th e n  I  ( th a  v a lu e  o f
g t

I  and  th e  end  o f  t m  im p u lse ) may be to o  sm a ll f o r  th e  d is c h a rg e  

to  be m a in ta in e d  f o r  a h a l f  cy c le#  I n  th e  l i m i t ,  L*F* fo llo w  

c u r r e n t  w i l l  c l e a r ly  n o t be e s ta b l i s h e d ,  i f  so f a r  a f f e c t s  th e  

L#V* c i r c u i t ,  t h a t  = 0*

How, r e f e r r i n g  to  f ig *  1 , and  rem em bering t h a t  th a  ohm ic 

r e s i s t a n c e  a s s o c ia te d  w ith  th e  L*V* c i r c u i t  i s  n e g l ig ib le  ( s e c t io n  

0 *2 ) ;

dL
L t

*  "  " t - v »

s u b je c t  to ;  I .  w I  a t  t  =» 0
t o

H ence, i n t e g r a t i n g  frcrm ze ro  t o  t^

L i i t i  - 1 . )  -  •  V "
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h i  "  **■ L

CQ t h a t  L*F* Follow  C u rren t cannot o ccu r i f

I -  \ t ) a t  = 0

1.9. i f  “ v^dt * -I,, + 1 1*^ V di?
0

Now, I f  LfF# Follow  C u rren t cannot o c c u r  a t  a g iv en  v a lu e  

o f  i t  w i l l  c l e a r ly  n o t o c c u r  a t  lo w er v a lu e s#  H ence,

th e r e  can  be no L#P# Follow  C u rren t I f

F u rth e rm o re , th e  peak v a lu e  o f canno t ex c eed  (V^ +

c o n se q u e n tly , f ^ V d t  <  4
 ̂ o  ̂ J o  o

so t h a t  th e r e  can  be no L#F# Follow  C u rre n t i f

-  - I .  ♦  i  n ^ e t "

- "  . y , » 6 j f T , . .

How, i s  n e g a t iv e ,  so t h a t  th e re  can  be no L#P# F ollow  

Cuivrent i f

* l y i *  ^ i  V *

Hence th e  c r i t e r i o n  o f  n o - fo l lo w -c u r re n t  i s  s t a t e d  i n  th e  

f i r s t  column o f  T ab le 5*

I f  ^  L#F# Follow  C u rren t canno t o c c u r  ev en  th o u g h
o  o  O X

f  I^Z )N has a h i ^ e r  v a lu e  th a n  t h a t  g iv en  by  th e  above



o r i t e r io n *  I t  @111 be rœ em b areâ  t h a t  th a  tim e a t  v h ie h

I .  «  0 end  l a  a oasim isa ( i f  Z>»F« F o llow  C u rre n t i s  e a ta b l l e b a d )  

I s  l e s s  th a n  t^^, l , a ,  l a  d e c re a s in g  from  I t s  maximum v a lu e  

tow ards th a  end o f  th e  im pulse*  Row, i t  b aa  b een  shown t h a t

■  < S - V
d%&

and I f  — * should bo com csgQtiv© d arin g  t .  ,  I  w i l l  b e ^ n  to  
d t  — %

do crease § decreases © xponontlsliy  i n  any case so th a t

^g t ^ ^IGt^ T^lll docroasot consequently , w i l l  r i s e  ( th e

In p ilc o  d ischarge has a nogatlvo c h a M c te r ls t lc ,  be ing  an  a r c )#
dim.

V. decreases in  any case so th a t i f  —& becomoa n e g a tiv e , i t  w i l l  
^ d t

rem ain so u n t i l  the  end o f  tho discharge# How, I f  L#F# Follow 

C urrent i s  e s ta b lis h e d , should not become m g a tlv e  u n t i l  some
1 at

( tj^ *  4 ^ )  seconds from tho in s ta n t  o f  fla sh o v er#  Hence, i f

tj^<5:-d- end  becomes n e g a tiv o  a t  any tim e  ~^x* F o llowA . end 
2 f  d t

C u rre n t cannot be o e te b l i s h a d .  I n  th e  l i m i t ,  t h e r e f o r e ,  th e r e

w i l l  be no Ii#F# Follow  C u rre n t i f  becomes n e g a tiv e  a t  t*..
d l#  ^i#o#  a t  tm , wJk, <  0 , w hich means t h a t  (V .. -  ) < 0 #

* a t
Now, th o  riaxiiîusa v a lu e  o f  V* w i l l  be g r e a t e r  th e n  V I f  I

X o o
l a  f i n i t e  b u t w i l l  n o t ©xcood 4 I®S®)«, an d  two a p p ro x im e tio n s  

a r e  p o s s ib le ,  because  t ^  I s  much s m a lle r  th a n  l / ( B f )* F i r s t l y ,

I^S w i l l  be mudi s m a lle r  th e n  7 ^  ( s in c e  (I^S)®  <  7 ^  ta n ^ 2 x f  t ^ a n d  

t ^ < & ] / ( 2 f ) ) ,  BO t h a t  (V® +  fo eo ïB îly , th a

c a p a c i to r  C w i l l  have l o s t  o n ly  a sm all f r a c t i o n  o f  i t s  d m rg s  

d u r in g  tj^ , so t h a t  7 ^  ^  7^# Hence L,F# F o llow  C u rre n t c an n o t 

be e s ta b l i s h e d  i f
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She eooond o r l t e r l o n  o f  n o - fo llo w * e u z re n t i a  th e r e f o r e  e n te r e d  

I n  T a b le  3  (aecond  colUEon}*

The d ls c h a re a  I s  an  a r e  d u r in g  th a  la p u le o  p e r io d ,  so  t h a t  

b o th  c r i t e r i a  o f  n o - fo U o w -c u r rs n t  a r e  e x p re s s e d  i n  t e r n s  o f  a n  

a r e  v o lta g e *  c o n se q u e n tly , th e s e  c r i t e r i a  w i l l  bo known a s  *Are 

C r i t e r i a * «

I n  no oxporim ent was fo l lo w  c u r r e n t  e s t a b l i s h e d  a t  a  v a lu e  o f  

V s m a l le r  th a n  th a t  g iv en  by  th e  a p p r o p r ia te  c r i t e r i o n *

IS  *2 H«V« Follow  C u rre n t -  The Glow C r i te r io n *

The c r i t e r i o n  o f  L*F« F ollow  C u rre n t w i l l  be d e r iv e d  f o r  th e  

e a se  o f  H*V* Follow  C u rre n t I n  th e  f i r s t  p l a c e ;  I t  w i l l  th e n  be 

shown to  a p p ly  a ls o  to  th e  c a se  o f H*C* F ollow  C u rra n t ( s e c t i o n  

1 3 * 5 ) .

I t  h a s  been  e s t a b l i s h e d  i n  th e  d i s c u s s io n  o f  H*V* F o llow  

C u rre n t ( a e e t lo n  8 ) th a t*

(1 )  Tha e s ta b lla h m a n t o f  H«V* F ollow  C u rre n t i s  j u s t  p o s s ib le

i f  V — V ( s e c t io n  0 * 1 ); fo llo w  c u r r e n t  w i l l  b e  
o  g tn

e s t a b l i s h e d  a t  a l l  h l ^ s r  v a lu e s  o f  V «
d

(E ) The d is c h a rg e  may have e i t h e r  a n  a r e  o r  a  glow c h a r a c t e r i s t i c  

a t  tim e  t ^  ( s e c t io n  0*2}*

Hence H«V« Follow  C u rre n t w i l l  a lw ays be  e s t a b l i s h e d  i f  V 

e x c e e d s  a v a lim  a p p ro x im a te ly  e q u a l  to  th e  m axlm m  {^ow v o l ta g e  

o f  th e  d l e c h a r ^ *

The maximum glow v o l ta g e  o f  t h e  d is c h a rg e  w iU  depend  o n  

th r e e  f a c to r s *  nam ely;

(1 )  The t e s t  f^p#

(8 )  The c u r r e n t  f lo w in g  th ro u £ ji th o  d l s c h a r ^  a t  t h e  tlm o t h a t
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th e  d is c h a rg e  a t t a i n s  I t s  Mzimum (glow ) v o lta g e *  T hat tim e

i s  d en o ted  by t ^ ,  so  t h a t  th e  a p p r o p r ia te  c u r r e n t  h a s  th e

v a lu e  X ,*  
gtM

How, i t  w i l l  be remembered ( s e c t io n  8*1) f i r s t l y ,  t h a t

ft a f t e r  t ^ ,  se c o n d ly , t h a t  t ^  o c c u rs  s h o r t l y  a f t e r  t ^ ,

and  t h i r d l y ,  t h a t  i f  th e  e s ta b l is h m e n t  o f  8*7* F o llow  C u rre n t

i s  j u s t  p o s s ib l e ,  f E t -«  0 s h o r t ly  a f t e r  t^ ♦ H ence,
d t  ^

I  I  . . i# e*  th o  c u r re n t  f lo w in g  th ro u g h  th e  d is c h a rg e
gtM g t l

a t  t j j  can  be ta k e n  a s  th e  c u r r e n t  f lo w in g  th ro u g h  th e  d i s 

charge  a t  th e  en d  o f  th e  im pulse*  I t  w i l l  be shown i n  

A ppendix 7X1 t h a t  th e  l a t t e r  c u r r e n t  c a n  be p r e d ic te d  f a i r l y  

a c c u r a te ly  f o r  a g iv en  t e s t  gap , im pu lse  d i s c h a r g e ,  and  L*V* 

c i r c u i t ,  p ro v id e d  7^ does n o t ex ceed  th e  maximum c r i t i c a l  

v a lu e  #

(3 ) The p a s t  h i s t o r y  o f  th a  d isc h a rg e *  L et 7  be th e  v o l ta g egc
v a lu e  r e q u ir e d  to  m a in ta in  a glow d is c h a rg e  i n  th e  t e s t  gap

a t  a c o n s ta n t  c u r r e n t  I ^ ^ *  7 ^ ^  w i l l ,  i n  g e n e r a l ,  d i f f e r

from  7  ,  b ecau se  i n  th e  case  o f  th e  p r e s e n t  e x p e r im e n ts , th e
go

d is c h a rg e  c u r re n t  had  a h ig h  (Im p u lse ) v a lu e  b e fo re  f a l l i n g  

to  a glow value*  The h ig h  i n i t i a l  c u r r e n t  v a lu e  co u ld  have 

one o f  two p redom inan t r e s id u a l  e f f e c t s  a t  nam ely ,

( i )  Owing to  th e  h ig h  i n i t i a l  i o n i s a t i o n  o f  th e  d i s c h a r g e ,

th e  i o n i s a t i o n  a t  t , ,  co u ld  be h ig h e r  th a n  t h a t
M

c o rre sp o n d in g  to  7  t c o n se q u e n tly , 7  ^  7  *gc gtM ^  go
( i i )  I t  i s  co n c e iv ab le  th a t  tu rb u le n c e  s e t  up d u r in g  th e

im pu lse  may r e s u l t  i n  more r a p id  d e io n i s a t io n  a t  t ^ ,  
th a n  would be th e  case  had th e  d is c h a rg e  c u r r e n t  b ee n



c o n s ta n t  a t  th a  v a lu e  Eanoe* V . „  may ex coad  V #
gtlC gtU go

So f a r  a s  the  a u th o r  i s  aiparo, t h e r e  i s  no e x p e r im e n ta l

ev id en ce  a v a i l a b le  t o  I n d ic a te  th e  m agn itude o f  e f f e c t  (11 )

and a n  i n v e s t i g a t io n  aitnod a t  d e te rm in in g  i t  i s  now b e in g

p lan n ed  ( s e c t io n  16*1)# In  th e  l i g h t  o f  e x i s t i n g  know ledge,

th e r e f o r e .  I t  I s  re a so n a b le  to  assum e t h a t  t h i s  e f f e c t  can

bo ig n o re d  to  a f i r s t  a p p ro x im a tio n , so  th a t  V w i l l  n o t  be
gtM

s u b s t a n t i a l l y  g r e a te r  th a n  hence nood n o t be

s u b s t a n t i a l l y  g r e a te r  th an  I n  o rd e r  to  e s t a b l i s h  H*V# 

Follow  C urren t#

I t  fo l lo w s ,  t h e r e f o r e ,  t h a t  H#V. F o llow  C u rre n t w i l l

i n v a r ia b ly  be e s ta b l i s h e d  I f  exceeds a v a lu e  a p p ro x im a te ly  e q u a l

to  th e  v o l ta g e  re q u ir e d  to  m a in ta in  a c o n s ta n t  c u r r e n t  glow i n  th e

t e s t  gap , a t  a c u r r e n t  v a lu e  I  # T h is  c r i t e r i o n  w i l l  be known
g t l

a s  th e  *Glow C r i te r io n *  *

13 <5 E x p e rim en ta l C o n firm atio n  o f  th e  Glow C r i te r io n *

The l i m i t i n g  c o n d i t io n s  o f  th e  Glow C r i t e r i o n  w ere re ach ed  I n  

two s e r i e s  o f  ex p e rim en ts  d is c u s s e d  below#

(1 ) T e s ts  on T ungsten  Rods*

R efe ren ce  i s  made to  t e s t s  21 «• 28 ( f ig #  1 7 , s e c t i o n  8 * 4 ) , 

i n  w hich th e  e f f e c t  o f  v a r i a t i o n  I n  ( f ig #  1 ) was i n v e s t i g a t e d  

u s in g  0*063 cm* d iam e te r tu n g s te n  ro d s ,  sp ac ed  0*5 cm# a p a r t*  I t  

w i l l  be s e e n  from  f ig #  1 7 , t h a t  a s  c o n d it io n s  became p r o g r e s s iv e ly  

l e s s  fa v o u ra b le  f o r  th e  e s ta b lis h m e n t o f  fo l lo w  c u r r e n t ,  a n d  the  

c r i t i c a l  In c re a s e d , the  o sc il lo g ra m s  o b ta in e d  changed from  

ty p e  I  ( t e s t s  21 •  26) to  ty p e  I I  ( t e s t  27) and  f i n a l l y  t o  

ty p e  I I I  ( t e s t  28)# I n  th a  case o f  t e s t  2 8 , t h e r e f o r e ,  a glow
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was e s t a b l i s h e d  an d  m a in ta in e d  im m ed ia te ly  a f t e r  end  o f  the

im p u ls e , and fo llo w  c u r re n t  co u ld  o n ly  bo e s t a b l i s h e d  by  a

glow#»arc t r a n s i t i o n #  The d u ra t io n  o f  th e  glow p e r io d  was to o

lo n g  f o r  any  s u b s t a n t i a l  p a r t  o f th e  v o l ta g e  r e q u ir e d  f o r  th e

t r a n s i t i o n  to  be s u p p lie d  by  th e  e n e rg y  s to r e d  I n  L ( f ig #  1 ) ,  so

t h a t  was v e ry  n e a r ly  e q u a l  to  V ( s e c t io n  8 # l ) j  I n  o th e r  u gtM
w ords, th e  l i m i t i n g  c o n d it io n s  o f  th e  Glow C r i t e r io n  w ere re a c h e d

I n  t e s t  23#

An e s t im a te  o f  th e  v a lu e  o f  c o rre sp o n d in g  to  t e s t  23 ,

can be o b ta in e d  from  d a ta  p u b lish e d  by Gam bling an d  E d e ls^ ^  f o r

1#2 cm# d ia m e te r  tu n g s te n  e le c tr o d e s  sp aced  0*5 cm# a p a r t ;  o v e r

th e  c u r re n t  range o f  t e s t  2 8 , had  a v a lu e  o f  some 490 •  500

V o l t8 ^^ , w h ile  th e  c r i t i c a l  ran g ed  from  440 to  650 V o lts#

H ence, th e  c r i t i c a l  V^ l a  ap p ro x im a te ly  equal ( w ith in  3 3 ^ ) to

I n  th o  l i m i t i n g  case o f  th e  Glow C r i te r io n #

O th er r e s u l t s  o b ta in e d  w ith  tho  same e le c t r o d e s  an d  a t  th e

cam© sp a c in g  ( t e a t s  1 -  1 0 , f ig #  1 6 , and  15 ♦ 2 7 , f ig *  17) were

a n a ly s e d  I n  th e  came way# I t  was found  t h a t  I n  a l l  c a se s

( In c lu d in g  t e s t  2 8 ) , the  c r i t i c a l  V was l o s s  th a n  1 ,3 3  V -»
0 gc

1 ,0 #  fo llo w  c u r r e n t  was I n v a r ia b ly  e s t a b l i s h e d  i f  V exceeded

1 ,3 5  V # T h is  co n firm s the  Glow C r i te r io n #
go

(2 )  Copper E le c tro d e s *

I t  h as  b een  seen  th a t  n e a r ly « o o n s ta n t« v o lta g e  glows w ere 

m a in ta in e d  f o r  tim e s  o f  th e  o rd e r  o f  1 m i l l i s e c o n d  a f t e r  th e  end  

o f  th e  im pulse  i n  th e  c a se  o f  u n » o x ld ise d  copper d i s c s ,  sp aced  

0#5 cm# a p a r t  and  Z «  126 Ohms ( t e s t  97 , s e c t i o n  12*10) # The 

o s c il lo g ra m s  o f  f ig #  56 w ere o b ta in e d  I n  t h a t  c o n d i t io n ,a n d  th e y
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c o n s t i tu te  by f a r  th e  m ost s t r i k i n g  I l l u s t r a t i o n  o f  th e  Glow 

C r i t e r io n ,  s in c e  th ey  showed t h a t  fo llo w  c u r r e n t  o c c u r re d  I f  V
o

w ere cap ab le  t o  in a in ta ln  a glow and to  fo r c e  a t r a n s i t i o n  to  a r c  
dX

(L — was n e a r ly  z e ro  d u r in g  th e  glow p e r io d )*  
d t

The c r i t i c a l  V ra n g e d  from  4S0 to  550 V o lta  I n  t e a t  97» and

th e  c r i t i c a l  I  ^  ran g ed  from  0*12 to  0*14 Amps ^ap p ro x , )* The

v a lu e  o f  V c o rre sp o n d in g  to  t h a t  c u r r e n t  an d  sjgacing i n  th e  case  ■go
o f  0*7 cm* d iam e te r copper ro d  e le c tz o d e a  i s  g iv e n  hy  Q arabling and  

1 3
E d e l« “ as  510 -  520 V o lts#  The c lo s e  ag reem en t b e tw een  t h i s  

v a lu e  and t h a t  o f  th e  c r i t i c a l  V^ confirm s th e  Glow C r i te r io n #

15#4 C u rren t Ranges o v er w hich  Glow C r i t e r io n  i s  V a lid #

The Glow C r i t e r io n  depends on the  f a c t  t h a t  so  lo n g  a s  V.
t

ex ceeds th e  maximum d is c h a rg e  v o l ta g e ,  t  he d is c h a rg e  c u r r e n t  m ust

I n c r e a s e ,  and c o n se q u e n tly  th e  d isc h a rg e  v o l ta g e  m ust f a l l ;  t h i s

r e s u l t s  I n  a more r a p id  In c re a s e  I n  c u r r e n t ,  and hence  a f u r t h e r

d e c re a se  I n  v o lta g e #  I n  o th e r  w ords, th e  Glow C r i t e r io n  depends

on th e  d is c h a rg e  h a v in g  a n e g a tiv e  c h a r a c t e r i s t i c #

îTo^, i t  i s  w e ll known, from  work c a r r i e d  o u t  a t  low p r e s s u r e s ,

t h a t  the  glow d isc h a rg e  h a s  a p o s i t iv e  c h a r a c t e r i s t i c  a t  low

c u r re n ts #  I n  th e  ca se  o f  d is c h a rg e s  i n  a i r  a t  a tm o sp h e ric

p r e s s u r e s ,  a n e g a tiv e  c h a r a c t e r i s t i c  has l^ e n  re c o rd e d  a t  c u r r e n t

v a lu e s  down to  some 0#01 So f a r  as th e  a u th o r  i s  aw are ,

p o s i t iv e  c h a r a c t e r i s t i c s  have n o t been  o b ta in e d  i n  th e  ca se  o f  glow

d is c h a rg e s  in  a i r  a t  a tm o sp h e ric  p r e s s u r e s t  such c h a r a c t e r i s t i c s

may w e ll  h o ld  a t  low er c u r re n ts #  I n  th e  l l ^ t  o f  a v a i l a b le

e v id e n c e , t h e r e f o r e ,  th e  Glow C r i t e r io n  a p p l ie s  when has

v a lu e s  g r e a te r  th an  some 0#01 Amps; i t s  a p p l i c a t i o n  a t  lo w er 
c u r r e n ts  depends on  th e  c h a r a c t e r i s t i c  o f  th e  d isc h a rg e #  I n  th e
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p r e s e n t  w ork, tho  c r i t i c a l  was n o t l e a s  th a n  0#1 Amps*

13>5 L»F» F ollow  C a rre n t ## The C r i t e r io n  o f  F o llow  C u rre n t»

I t  has b ee n  shown ( s e e t io n d  7*2 and  9 )  t h a t  th e  c r i t i c a l  

r e q u ir e d  f o r  th e  e s ta b lis h m e n t o f  H#C# F o llow  C u rre n t i s  o f  the  

o rd e r  o f  a n  a r c  v o lta g e #  H ence, i f  V i s  g iv e n  a glow v a lu e ,

H#C# Follow  C u rre n t w i l l  be e s t a b l i s h e d ,  so t h a t  th e  Glow C r i t e r i o n  

rem a in s  v a l i d ;  t h i s  s ta te m e n t was co n firm ed  b y  a l l  th e  e x p e r im e n ta l  

ev id en c e  rev iew ed  f o r  t h i s  t h e s i s ,  I n  w hich  fo llo w  c u r r e n t  was o f  

th e  E#C# type#

The Glow C r i t e r io n  d e f in e s  I n  te rm s o f  th e  v o l ta g e  r e q u i r e d

t o  m a in ta in  a œ n s ta n t  c u r r e n t  glow I n  th e  t e s t  gap  a t  a  c u r r e n t

e q u a l to  X .  ̂ « Now, i n  th e  case o f  H#C# Follow  C u r re n t ,  th e  
g t l

c r i t i c a l  v a lu e  o f  I  may be to o  la rg o  t o  m a in ta in  a c o n s ta n t
g t l

c u r r e n t  glow; tho  Glow C r l to r lo n  i s  th e r e f o r e  s t a t e d  I n  th o  t h i r d  

column o f  T ab le 5 I n  t e r n s  w hich ap p ly  e q u a l ly  t o  H#V# and  H#C# 

F ollow  C urren t#

13#6 C r i t e r i a  o f  H#F# Follow  C u rren t#

The co n c lu s io n s  a r r iv e d  a t  I n  s e c t io n  1 0  a r e  I n  f a c t  th e

c r i t e r i a  o f  H#F# F ollow  C u r re n t;  th e y  a r e  s t a t e d  l a  th e  f o u r th

an d  f i f t h  columns o f  T ab le 5# These c r i t e r i a  a re  e x p re s s e d  i n

t e m s  o f  a r c  v o l ta g e s  ( s in c e  th e  d is c h a rg e  I s  an  a r c  d u r in g  th e

Im pulse p e r io d )  and  w i l l  th e r e f o r e  be known a s  *Arc C r i t e r i a *  #

I f  I  l a  n e g l ig ib le ,  th e  c r i t e r i a  become t h a t  H#P# F o llow  
o

C u rre n t w i l l  be e s t a b l i s h e d  i f ,  and o n ly  i f ,  V ex ceed s  th eo
minimum v a lu e  o f  th e  d is c h a rg e  d u rin g  th e  Im pulse#
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I t  w i l l  be sh o rn  I n  t h i s  a e c t lo n  t h a t  two p r i n c i p a l  c a ae s  

e x i s t ,  d epend ing  o n  w hothor and  a r e  o f  th a  s a n e ,  o r  o f  

o p p o a lte  p o l a r i t i e s  to  e a r th *  Two p o s e l b l l l t i e a  a r i s e  I n  e i t h e r  

c a s e , deponding  o n  w h eth e r ( o r  l a  p o s i t iv e  o r  n a ^ t i v o

t o  e a r th #  T here a r e  th u s  f o u r  p o s s ib le  com binat lo n a  o f  th e  

p o l a r i t i e s  o f  end  th e s e  a ra  c o n s id e re d  in d iv id u a l l y

below  f

T h is  c o n d it io n  h o ld  i n  a l l  b u t two o x p e r lr io n ts  c a r r i e d  o u t  

I n  t h i s  w ork . n e e u lto  o b ta in e d  w ith  i t  have a l r e a d y  b e e n  

d io c u a se d , and i t  w i l l  now b e  u se d  as ro fo re n o e , t o  show th e  

e f f e c t  o f  changes i n  th e  p o l a r i t i e s  o f  an d

14*2 and  b o th  n em tiv o * .

R e v e rsa l o f  th e  p o l a r i t i e s  o f  b o th  en d  e f f e c t s

m a t te r s  o n ly  b ecau se  th a  t e s t  gap i s  n o t  eycm ustrlcal w i th  r e s p e c t

to  th e  e a r th  p lena#  I n  th o  ab sence  o f  a d is o b a rg a , t h e  v o l ta g e

g ra d ie n t  l a  s m a lle r  a t  tho  e a r th e d  e le c tr o d e #  Ib e n  V en d
9 XOO

a r e  o f  th e  same p o l a r i t y  (a s  i n  t h i s  c a s e } ,  th e r e  I s  a lw ay s a  

d is c h a r fp  I n  th e  t o s t  gap a t  th o  c r i t i c a l  tim es a t  w h ich  th e  

o s ta b lis b m o n t o f  fo llo w  c u r r e n t  i s  de term ined#  The e f f e c t  o f  

aseym otry  i s  th en  s u f f i c i e n t l y  sm a ll t o  be  I g m r e d  w i th in  th e  

o rd e r  o f  a c c u ra c y  o f  t h i s  in v e s t ig a t io n *

T h is  c o n c lu s io n  was v e r i f i e d  e x p e r im e n ta l ly  i n  two t e s t s ,  

c a r r i e d  o u t I n  th e  S ta n d a rd  C o n d itio n  ( s e c t io n  5 * 1 2 )t an d
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ware p o s i t iv e  i n  one and  n e g a tiv e  I n  th e  o th e r#  No d i f f e r e n c e

cou ld  be d e te c te d  I n  th e  c r i t i c a l  r a n g e s  o f  V o b ta in e d  I n  th e  twoo
te a t s #

1 4 .3  p o s i t iv e  and 7 ^  ̂ n e ^ t l v e  * The L.F# Fo llow  C a r re n t  Case# 

T h is case  d i f f e r s  from  th a t  a l r e a d y  d ls c a a s e d  (l# e#  s e c t io n  

14#1) I n  t h a t  the Im pulse I s  n e g a tiv e #  The o p e r a t io n  o f  th e  

c i r c u i t  u n d e r  t h i s  c o n d i t io n  w i l l  now be co n s id e red #

Im m ed ia te ly  IGOG b e g in s  t o  co n d u c t, th e  im p u lse  c i r c u l a t e s  a  

c u r re n t  i n  th e  L#V# c i r c u i t#  T hat c u r r e n t  re a c h e s  th e  v a lu e  I
o

a t  th e  i n s t a n t  o f  f la s h o v e r  o f  th o  t o s t  gap# I  i s  p o s i t iv eo
when th e  im pu lse  i a  n e g a tiv e  ( s e c t io n  2 # 9 ) | I s ,  o f  c o u rs e ,

n e g a tiv e #

The g e n e ra l  r e l a t i o n  be tw een  th e  d is c h a r g e ,  L#V. c i r c u i t

and  im pulse c u r re n ts  ( f ig #  1 ) ;

I  ^ t, I  + I  
g t  IQ t t  .

Now, the  d isc h a rg e  I s  I n i t i a t e d  by  a n e g a t iv e  Im p u lse , so

t h a t  I  . w i l l  be n e g a tiv e  I n i t i a l l y ,  and  w i l l  ex ceed  I  I n
g t  IGo o

m agnitude# As th e  d is c h a rg e  p ro c e e d s , d e c re a s e s  I n
XQw

m ag n itu d e , b u t rem ains n e g a tiv e #  V b e in g  p o s i t i v e ,  I  m ust
o t

re m a in  p o s i t iv e  tow ards th e  end  o f  th e  Im pulse  i f  fo l lo w  c u r r e n t

I s  to  be a t  a l l  p o s s ib le ;  o th e rw is e , th e  L#V# c i r c u i t  w ould n o t

c i r c u l a t e  a c u r re n t  I n  th a  t e s t  gap a f t e r  th e  end  o f  th e  im p u lse ,

A tim e t  w i l l  e v e n tu a l ly  be re a c h e d  when th e  Im pulse  c u r r e n t  I - - * ,  a  XvW
w i l l  have f a l l e n  to  a v a lu e  n u m e ric a lly  e q u a l  t o  t h a t  o f  th e  L»T*
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c i r c u i t  c u r r e n t ,  I  * The two c u r r e n ts  b e in g  o f  o p p o s i te  p o l a r i t y ,
t

w i l l  th o n  be ze ro  # i . e .  fi c u r re n t  z e ro  w i l l  be In d u ced  I n  th e
g t

t e a t  gap* l a  f i n i t e  a t  t  so  t h a t  IGOG l a  a t i l l  e o n â a e t ln g -XOv #
banco t  I s  l e s s  th a n  th e  Im pulse d u r a t io n ,  t  #

® ■ ^
O th er e f f e c t s  o f  r e v e r s in g  th e  p o l a r i t y  o f  th e  Im p u lse ,

emerge from c o n s id e ra t io n s  o f  th e  v a lu e  o f  1* o b ta in e d  when th e, . , . t a
Im pulse d u ra t io n  (and  hence t  ) I s  much s m a l le r  th a n  th o  h a l f

a  ■ ■

p e r io d  o f  th a  L.V» c i r c u i t#  I t  has been  shown i n  s e c t i o n  13#1 

t h a t  I n  g e n e ra l

L f h  #  7  . y
d t t  Gt

s u b je c t  to  I .  «% I  a t  t  »  0# Now, I f  t^  <$: l / ( 2 f ) ,  V.
t o  « t

apppoxlm atoa t o  V d u r in g  t h a t  p e r io d , so t h a t
d l*

^  q r  “  •  V »  \
and th e r e f o r e

‘ I V. • l!"
VJhen th e  im pulse  was p o s i t iv e ,  I  was n e g a tiv e  an d  V * waso g t

p o s i t i v e ,  so t h a t  th e y  opposed th e  grow th o f  I^#  I n  th e  p r e s e n t

c a s e , l a  n e g a tiv e  d u r in g  t ^ ,  and i s  p o s i t i v e ;  hence I^ ^

may be s u b s t a n t i a l l y  g r e a te r  I n  th e  case  o f  th e  n e g a t iv e  Im pulse#

I t  w i l l  be remembered th a t  I  i s  th e  c u r r e n t  a v a i l a b le  from  th e
ta

L#V# c i r c u i t  to  m a in ta in  th e  d is c h a rg e , s u b je c t  to  th e  t e s t  gap 

b e in g  f  l a  shove r  o v e r a f t e r  t  #

The above d is c u s s io n  depends on th e  r e l a t i v e  p o l a r i t i e s  o f  

and b u t i a  n o t a f f e c t e d  by th o  a c tu a l  p o l a r i t i e s  o f  th e s e

v o lta g e s #  The fo llo w in g  co n c lu s  Ions can th e r e f o r e  be s t a t e d ;

(1 ) A c u r re n t  ze ro  I s  in d u ced  i n  th e  t e s t  gap tow ards th e  end  o f
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th e  Im pulse I f  Vq and a r e  o f o p p o s ite  p o l a r i t i e s ,  b u t

n o t i f  th e y  a re  o f  th e  same p o l a r i t y .  In  th e  fo rm er c a s e ,  

t h e r e f o r e ,  fo llo w  c u r r e n t  can  only  be e s t a b l i s h e d  a f t e r  a  

r e s t r i k e .

(2 ) The tim e , t^^, f o r  w hich  th e  im pulse  m a in ta in s  th e  d is c h a rg e  

when V0  and a re  o f o p p o s ite  p o l a r i t i e s ,  i s  s h o r t e r  th a n  

th e  t im e , t ^ ,  f o r  whloh th e  d isc h a rg e  would be m a in ta in e d  I f  

Vq w d  VjQo were o f  th e  same p o l a r i t i e s ,  o th e r  th in g s  b e in g  

e q u a l .  The L.V , c i r c u i t  c u r r e n t  th o ro fo re  has  l e s s  tim e t o  

b u i ld  up i n  th e  n e g a tiv e  im pulse c a s e .

(3 ) Owing to  th e  e f f e c t s  o f  and Vg^, may be l a r g e r  when 

^IGo o f  o p p o s ite  p o l a r i t i e s ,  th a n  when th e y  a r e  o f

th e  same p o l a r i t y .  A l a r g e r  c u r r e n t  may th e r e f o r e  be 

a v a i l a b le  to  m a in ta in  th e  d is c h a rg e  a t  th e  end  o f  th e  In d u is e  

when Vjqq  and Vq a r e  o f o p p o s ite  p o l a r i t i e s ,  d e s p i te

e f f e c t  (2 ) above.

Thus, when Vq i s  p o s itiv e , follow curren t w ill  be more lik e ly

i f  th e  Im pulse i s  p o s i t i v e ,  th a n  i f  I t  i s  n e g a t iv e ,  p ro v id e d

e f f e c t s  (1) and (2) p red o m in a te  over (3) (and v lo e v e r s a ) .  The

r e l a t i v e  im portance  o f  th e s e  e f f e c t s  i s  d e te rm in ed  by th e  s p e c i f i c

c i r c u i t  and gap u sed ; t h i s  i s  th e  re a so n  f o r  th e  a p p a re n t ly

c o n t r a d ic to r y  r e s u l t s  w h ich  were o b ta in e d  by p re v io u s  i n v e s t i g a t o r s ,

and w hich have been  d is c u s s e d  i n  s e c t io n  1 .1#

The i n h i b i t i n g  e f f e c t  o f th e  c u r re n t  ze ro  on th e  e s ta b l is h m e n t

o f  fo llo w  c u r r e n t  ( e f f e c t  1 a b o v e ) , was con firm ed  e x p e r im e n ta l ly  by

th e  a u th o r  in  t e s t s  c a r r i e d  o u t I n  th e  S tan d ard  C o n d itio n  ( s e c t io n

5 .1 2 ) ,  and a g a in , w i th  z  «  126 Ohms. V^ was n e g a t iv e ,  V was
IGo 0

p o s i t iv e  and 1^ v/aa r ie{ g lig ib le  i n  b o th  c a s e s ,  Xjqq  was s u f f i c i e n t l y
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l a r g e  (79 Amps) com pared t o  th e  maximum v a lu e  o f  1^^^ ( ^ 0 . 2  Amps) 

f o r  t ^  t o  be v e ry  n e a r l y  e q u a l  t o  tj^ , and  was s u f f i c i e n t l y  

h ig h  f o r  t o  be n e g l i g i b l e  com pared t o  I n  n e i t h e r  t e a t  

d id  fo l lo w  o u r r e n t  o c c u r  when 6  900  V o l t s  ( l . e #  th e  c r i t i c a l  

Vq ex ceed ed  t h a t  v a lu e )*  The o n ly  a l g n l f l e a n t  d i f f e r e n c e  b e tw een  

th e s e  t e s t s ,  and  t e s t s  c a r r i e d  o u t  u n d e r  t h e  same c o n d i t io n s  b u t  

w i th  p o s i t i v e  V j^ ^  ( e . g .  t e s t s  6 and  7 ,  f i g .  16) was t h a t  th e  

n e g a t iv e  im p u lse  in d u c e d  a  c u r r e n t  z e r o ;  I t  w i l l  be s e e n  fro m  

f i g .  1 6 , t h a t  I n  t h e  ab se n ce  o f  t h a t  c u r r e n t  z e r o ,  t h e  o r i t l e a l  

V^ l a y  be tw een  210 end  250 V o l t s  I n  th e  S ta n d a rd  C o n d it io n  ( t e s t  

6 ) ,  and be tw een  330 and  420  V o l t s  when Z «  126 Ohms ( t e s t  7 ) .

The c o n d i t io n s  r e q u i r e d  f o r  t h e  e s ta b l i s h m e n t  o f  fo l lo w  

c u r r e n t  when V^ and  V j^ ^  a r e  o f  o p p o s i te  p o l a r i t i e s ,  can  

th e r e f o r e  be sum m arised  a s  fo l lo w s  ;

( I )  The re c o v e ry  v o l ta g e  due t o  th e  l .V .  c i r c u i t  m ust be 

c a p a b le  o f  r e s t r l k i n g  th e  t e s t  gap  a t  th e  end  o f  th e  

Im p u lse , and

( I I )  The li.V* c i r c u i t  m ust be c a p a b le  o f  m a in ta in in g  a

d is c h a r g e  I n  th e  t e s t  gap  a f t e r  th e  im p u lse  h a s  ceased*

The above c o n d i t io n s  m ust be s a t i s f i e d  I n  th e  seq u en ce  i n  

w hich  th e y  have  b ee n  s ta te d *  Once t h e  f i r s t  I s  f u l f i l l e d ,  th e  

e s ta b l i s h m e n t  o f  f o l lo w  o u r r e n t  depends o n  th e  second* How th e

second  c o n d i t io n  I s  th e  (o n ly )  c o n d i t io n  w h ich  m ust be f u l f i l l e d

when Vq and  Vjqo  n fc  o f  th e  same p o la r i t y *  O o n se q u e n tly , b o th  

ty p e s  o f  1*P* F o llo w  O u rre n t m echanism  (H.V* and H.O* F o llow  

O u r r e n t ) I d e n t i f i e d  when V^ and w ere o f  th e  same p o l a r i t y  may



#' 103

Operate when V and are o f  opposite p o la rltie a#  In  the
0  IGo

l a t t e r  c a s e ,  how ever, i t  l a  p o s s ib le  t h a t  th e  c r i t i c a l  v a lu e  o f

Vq be d e te rm in ed  p r im a r i ly  by  the  f i r s t  c o n d i t io n ,  so t h a t  I t s

v a lu e  may be i n  ex c ess  o f  t h a t  a t  w hich th e  seco n d  c o n d i t io n  may

j u s t  be s a t i s f i e d *

The second c o n d it io n  i s  s p e c i f ic  to  th e  fo llo w  c u r r e n t

problem, and  m ust be s a tis f ie d  whatever the p o la r i t ie s  o f  V_
IGo

and Vq! th e r e  was no s i g n i f i c a n t  in fo rm a tio n  on t h i s  s u b je c t  

when th e  p re s e n t  i n v e s t i g a t io n  was s ta r te d *  C o n d itio n  ( I )  has 

b een  s tu d ie d  under s im i la r  c o n d i t io n s ,  i n  in v e s t i g a t io n s  o f  

d e io n i s a t io n  o f  a rc s  . I t  was th e r e f o r e  d e c id a d  to  

c o n c e n tra te  th e  p re s e n t  i n v e s t i g a t io n  on th o  s tu d y  o f  C o n d itio n

( I I ) ,  1*0* o f  th o  case o f  and V^^^ b e in g  o f  th e  same p o l a r i t y ,  

and  o n ly  to  show q u a l i t a t i v e l y  the e f f e c t s  o f  p o l a r i t y  on  th e  

r e s u l t s  so o b ta in ed *  T h is  has been  done i n  th e  p r e s e n t  s e c tio n *

1 4 .4  Yq p o s i t iv e  and V^^^ n e g a tiv e  The H .P . F o llow  C u rre n t Case#

The e s ta b l is h m e n t  o f  H#P* Follow  C u rre n t w i l l  be c o n s id e re d

f o r  th e  s im p l i f i e d  case  o f  V ^  b e in g  c o n s ta n t  and  e q u a l to

d u r in g  t . ,  and I  and th e  r e s i s ta n c e  o f  th e  L*V* c i r c u i t  b e in g  
I  o

n e g l ig ib le f  Then, from  s e c t io n  10,

1 »   B9mnummrnmA  @1%
z ;

How, V I s  n e g a tiv e  i n  t h i s  c a s e ,  so t h a t ,  go

I  «  . ^ ! g ° L l ! Z s ' , i n  4 .

H ence, I  n e g a tiv e  d u r in g  th o  f i r s t  h a l f  c y c le ,  end does
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n o t  c o n tr ib u te  powar to  th e  d isc h a rg e *  D u rin g  th e  second  h a l f  

cyc le*  houever* I  becomes p o s i t iv e ,  i*e*  i t  f lo w s t h r o u ^  th eu
d is c h a rg e , end th e r e f o r e  c o n tr ib u te s  power to  i t *  I .  in o re a s e e

2w ith  Vq, so th a t  some o f  th a t  power i s  drawn from  th e  e n e rg y  0 

s to r e d  on C b e fo re  fX ashovor* Henco, p ro v id e d  th e  d is c h a rg e  l a s t s  

f o r  a s u f f i c i e n t  tim e f o r  th e  second  h a l f  c y c le  o f  th e  L*V* c i r c u i t  

t o  bo i n i t i a t e d ,  ÏÏ.P* fo llo w  c u r r e n t ,  d e f in e d  as  f lo w  o f  en e rg y  

from  th e  L#V* c i r c u i t ,  w i l l  be e s ta b l i s h e d  a t  any  v a lu e  o f  Vq, 

however sm all*

By d e f i n i t i o n ,  K.P# Follow  C u rren t o p e ra te s  when the Im pulse 

d u r a t io n ,  t ^ ,  exceeds l / ( 2 f  )* Hence th e  im p u lse  d u r a t io n  l a .  I n  

g e n e ra l ,  s u f f i c i e n t  f o r  th o  s e c o r^  h a l f  c y c le  o f  th e  L*V* c i r c u i t  

to  be I n i t i a t e d *  I t  m ust be bom o I n  m ind, how ever, t h a t  I^  and 

I^^^  flow  i n  o p p o s ite  d i r e c t io n s  th ro u j^  tho  d i s c h a r g e ,  d u r in g  th e  

f i r s t  h a l f  cy c le  o f  I^  flow * I f  l a  s u f f i c i e n t l y  l a r g e ,  a 

c u r r e n t  z e ro  may be in d u ced  i n  the  t e s t  gap (a s  i n  th e  L*F* c a s e )  

a t  a tim e t ^  ^  l / ( 2 f  )* The d isc h a rg e  may th e n  c e a s e ,  w ith o u t th e

e s ta b lis h m e n t o f  fo llo w  c u r re n t*  Tho anom alous p o s i t i o n  th e r e f o r e  

o z i s t s ,  t h a t  H*F* Follow  C u rren t may be e s t a b l i s h e d  a t  low  v a lu e s  

o f  V^, b u t n o t a t  h ig h e r  v a lu e s #

The above c o n c lu s io n  has been  a r r iv e d  a t  a f t e r  c o n s id e r in g  a 

s im p l i f ie d  case* I n  g e n e ra l ,  r e s u l t s  a r e  more c o m p lic a te d , 

p a r t i c u l a r l y  becau se  V^^ i s  n o t  c o n s ta n t*  I t  I s  th e r e f o r e  

Im p o ss ib le  to  g e n e ra l is e  ab o u t th e  e s ta b lis h m e n t o f  H*F* Follow  

C u rren t when Vq and  V^^^ a re  o f  o p p o s ite  p o l a r i t i e s i  I n  a l l  su ch  

cases  i n  w hich th e  e s ta b lish m e n t o f  H«F* Follow  C u rre n t m ust be 

c o n s id e re d , a s e p a ra te  a n a ly s i s  would have to  be c a r r i e d  o u t .
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t a k in g  i n to  ac co u n t th a  s p e c i f i c  c i r c u i t  an d  t e s t  gap u sed#

14*5 n a g n tiv e  and  p o a i t iv a *

T h is  c o n d it io n  d i f f e r s  from  t h a t  d is c u s s e d  i n  th e  px*eceding 

se c tio i^ ( l4 * 3  and  14*4) o n ly  because  o f  th e  a asym m etry o f  th e  t e s t  

gap , a s  e x p la in e d  i n  s e c t i o n  14*2 , T h is  d i f f e r e n c e  does n o t 

a f f e c t  th e  ( q u a l i t a t i v e )  c o n c lu s io n s  a r r i v e d  a t  I n  s e c t io n s  14*3 

end  14*4 so t h a t  th o se  c o n c lu s io n s  h o ld  w ith o u t a l t e r a t i o n  i n  t h i s  

case a lso *

14*6 C r i t e r i a  o f  Follow  C u rre n t f o r  V and
o f opposite p o la r i t ie s  * " ^ ^ lu o

I t  fo l lo w s  from  s e c t io n  14*3 th a t  I* ?*  F ollow  C u rre n t canno t

be e s t a b l i s h e d  I f  th e  c i r c u i t  I s  n o t  c a p ab le  o f  f l a s h i n g  o v e r  th e

t e a t  gap a t  th e  end  o f th e  im pu lse*  T h is  I s  th e  c r i t e r i o n  o f

n o * fo llo w ^ c u rre n t f o r  th a  Ii*P* case*

I n  o rd e r  to  e s t a b l i s h  a c r i t e r i o n  o f  Fo llow  C u r re n t ,  I t  l a

n e c e s s a ry  to  c o n s id e r  th e  perfo im anco  o f  t h e  c i r c u i t  a f t e r  t ^ ,

when a  c u r r e n t  z e ro  o c c u rs  i n  th e  t e s t  gap* U n tU  th e  t e s t  gap

I s  r o s t r u c k ,  a p a th  I s  p ro v id e d  to  th e  1*V* c i r c u i t  c u r r e n t  by  th e

Im pulse  c i r c u i t  an d  p o t e n t i a l  d iv id e r  o n ly  (a s  a g a in s t  th e  im p u lse

c i r c u i t ,  p o t e n t i a l  d iv id e r  and  t e s t  gap b e fo re  t ^ ,  see  f ig *  1 )*

I .  t h e r e f o r e  d e c re a s e s  a f t e r  t  ,  and I n  so  d o in g  In c re a s e s  th e  V a
re c o v e ry  v o l ta g e  o f  th e  L*V, c i r c u i t  a t  th e  t e s t  gap; t h a t

,  s t r a y  c a p a c i ta n c e s  b e in g  n e g l ig ib le *  

o f  v o l ta g e  I s  s u f f i c i e n t l y  l a r g e .

v o lta g e  e q u a ls

I f  th e  r a t e  o f  r i s e

V* -  L 3
db

f la s h o v e r  o c c u rs ,  a t  tim e  t^ *  The f l a s h o v e r  v o l ta g e  h a s ,  

a s s o c ia te d  w ith  i t ,  a c u r r e n t  I  ,  and  t h a t  c u r r e n t  I s  a v a i l a b l e
wD

t o  ba f e d  I n to  th e  d in ch arg e  a t  f la s h o v e r  ( th e  e f f e c t i v e  Im pedance
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o f  th e  d is c h a rg e  i s ,  i n  g e n e r a l ,  much a m a i le r  th a n  t h a t  o f  th e

p o t e n t i a l  d iv id e r  and  Im pulse c i r c u i t ,  whloh can  th e r e f o r e  be

Ig n o red )#  A f te r  t ^ ,  c o n d it io n s  a re  s im i l a r  to  th o s e  h o ld in g  t j

when V end a r e  o f  th e  same p o l a r i t y  to  e a r t h ,  so t h a t  th e  
o IGo ^

Glow C r i t e r io n  a p p l ie s  ( s e c t io n  1 3 ,6 )#  H ence, th e  c r i t e r i o n  o f  

L ,P# Follow  C u rre n t can be d e f in e d  as  fo llo w s  f o r  th a  case  o f  V
V

and  Vjqq b e in g  o f  o p p o s ite  p o l a r i t y ;

L,P# F o llow  C u rre n t w i l l  I n v a r ia b ly  o c c u r  i f ;

(1 ) th e  c i r c u i t  I s  cap ab le  o f  r e s t r l k i n g  th e  d is c h a rg e  a f t e r  th e  

c u r re n t  z e ro  w hich o cc u rs  tow ards th e  end o f  th e  Im p u lse , and

(2 ) th e  v o l ta g e  exceeds a v a lu e  a p p ro x im a te ly  e q u a l  to  t h a t  

r e q u ir e d  to  m a in ta in  a c o n s ta n t c u r re n t  glow i n  th e  t e s t  g ^

(a )  a t  c u r r e n t  1 ^^ , I f  a glow can be m a in ta in e d  a t  t h a t  

c u r r e n t  o r ,

(b ) a t  th e  maximum c u rz ^ n t a t  w hich a glow can be 

m a in ta in e d , i f  t h a t  c u r re n t  i s  l e s s  th a n  1^^^.

I f  th e  peak v a lu e  o f  th e  Im pulse c u r r e n t  I s  v e ry  l a r g o

compared to  th e n  a l i t t l e  c o n s id e r a t io n  w i l l  show t h a t  t ^  w i l l

be n e a r ly  e q u a l  t o  t ^ .  F u rth e rm o re , i f  th e  r a t e  o f  r i s e  o f

re c o v e ry  v o l ta g e  I s  s u f f i c i e n t l y  la r g e  ( a f t o r  t .  ) ,  th e n  th e  tim e

to  f la s h o v e r  w i l l  be v e ry  s h o r t ,  so t h a t  t ^ * U nder th e s e

c o n d i t io n s ,  t h e r e f o r e ,  I ._  can  r e p la c e  I . ,  i n  th e  c r i t e r i o n  o ft l  to
fo llo w  c u r re n t*  The above d is c u s s io n  h as  b een  v e r i f i e d

e x p e r im e n ta l ly  by th e  a u th o r  i n  an  I n v e s t ig a t io n  c a r r i e d  o u t a f t e r

th e  e x p e r im e n ta l  work rev iew ed  i n  t h i s  t h e s i s  h ad  b een  com pleted*

I t  h as  b een  s e e n  I n  s e c t io n  1 4 ,4  t h a t  I t  I s  n o t p o s s ib le  t o  

g e n e ra l i s e  ab o u t th e  e s ta b lis h m e n t o f  H#F* F o llow  C u rre n t when
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and  a r e  o f  o p p o s ite  p o l a r i t i e s ,  so th a t  c r i t e r i a  c a n n o t be
IGO ^

s t a t e d  f o r  t h a t  case*  I t  I s  w orth  n o t in g ,  how ever, t h a t  H*F*

F ollow  C u rren t may o c c u r  a t  v e ry  low v a lu e s  o f  V u n d e r  c e r t a i no
c o n d itio n s*



15# CONCnJSIONS

A te c h n iq u e  f o r  I n v e s t ig a t in g  fo llo w  c u r r e n t  phenomena has

b een  G stab llsh o d #  T hree p r in c ip a l  ty p o s  o f  fo llo w  c u r r e n t  (H#V*,

H#C# and K#F«) have b een  i d e n t i f i e d ,  and  th e  fo l lo w in g  c o n c lu s io n s

can be drawn from  th o  p re s e n t  work#

The i n i t i a l  Im pulse o f f o e t s  can be d iv id e d  i n t o  v o l ta g e  an d

c u r re n t  e f f e c t s #  The im p u lse  v o lta g e  a f f e c t s  th e  e s t a b l l a h a ^ n t  o f

fo llo w  c u r ra n t  i n  two w ays; f i r s t l y ,  i t  f l a s h e s  o v e r th e  t e s t  gap ,

and se c o n d ly . I t  r e s u l t s  i n  a c u r r e n t  i n  th e  L#V# c i r c u i t  a t  th e

i n s t a n t  o f f la s h o v e r#  In c ro a s e s  i n  m agn itude w ith  th e

tim o -to * -fla sh o v 3 r o f  th e  t e s t  ( s e c t io n  2#9)# D epending on  th e

r e l a t i v o  p o l a r i t i e s  o f  th o  im pulse and L#V# c i r c u i t  v o l t a g e s ,

w i l l  e i t h e r  oppose o r  a s s i s t  the  e s ta b lis h m e n t o f  fo l lo w  c u r r e n t

( s e c t io n  14#3)# I n  th e  case  o f  power sy s te m s , f la s h o v o r s  a re  a s

l i k e l y  to  o c c u r  i n  one c o n d i t io n  a s  i n  tho o th e r ,  so  t h a t  l i t t l e

would be g a in e d  by d e s ig n in g  a means o f  e n s u r in g  a  h ig h  ( o r  low )

valu© o f  I  * o
I n  th e  case  o f  ro u t ln o  to o t s  on d i f f e r e n t  ite m s  o f  eq u ip m en t, 

how ever, c o n d it io n s  sh o u ld  be s ta n d a rd is e d  f o r  e a se  o f  com parison  

o f  r e s u l t s #  I t  i s  %ecommended th a t  be made n e g l ig ib le  i n  t h o s e  

t e s t s ;  where o n ly  one t e s t  i s  c a r r i e d  o u t  on each  i te m , an d  

sh o u ld  be o f  th e  same p o l a r i t y  ( Iq  b e in g  n e g l i g i b l e ,  e f f e c t s  

(1 ) and  (2 ) o f  s e c t io n  14*3 a re  l i k e l y  to  p redom inate  o v e r e f f e c t

( 3 ) ,  so t h a t  fo llo w  c u r re n t  w i l l  be more l i k e l y  when Vq en d  V^^q 

a r e  o f  th e  same th a n  o f  o p p o s ite  p o la r i ty ) *

To make Iq  n e g l i g i b l e ,  th e  t e a t  gap m ust be s u b je c te d  t o  an
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ovaaTvoltago by th a  Im pulsas th e  tlm @ *to*f l a  shove r  w ould th a n  be

v e ry  s h o r t ,  and  would n o t  have s u f f i c i e n t  tim e to  develop*  The

o v o rv o lta g o  w ould ha va no o th a r  e f f e c t  on  th a  e s ta h l ls h m a n t  o f

fo llo w  c u r r e n t ,  s in c e  th a  i n i t i a l  i o n i s a t i o n  o f  th e  t e s t  gap

dependa maizGLy on th a  im pulse c u r r a n t ,  n o t th a  im p u lse  v o lta g e *

Tho e f f e c t  o f  I  on th e  e s ta b l is h m e n t  o f  fo llo w  c u r r e n t  l ao
n e g l ig ib le  i f  l a  much s m a lle r  th a n  {see f ig *  10 and s e c t io n

12*6)* I n  th o  case o f  H*V* Follow  C u r re n t ,  was 0*1 to  0*7

end  wea th e r e f o r e  much s m a lle r  th a n  th e  maximum v a lu e  o f  (w hich

ap p ro x im ated  to  V ^ 2 )*  Throughout th e  p r e s e n t  w ork , 7 ^ /Z i

t h a t  l a  why f la s h o v e r  c o u ld  alw ays be ta k e n  to  have o c c u rre d  a t  th e

peak o f  th a  L*V* c i r c u i t  v o l ta g e  wav© ( s e c t io n  2 * 1 ); n e v e r th e le s s ,

I  a f f e c t e d  th e  e s ta b lis h m e n t o f  fo llo w  c u r r e n t  i n  th e  c a se  o f  some o
o f  th e  exp©r im a n t3 d is c u s s e d  I n  s e c t io n s  12*6 and  12*7*

The moment f la s h o v o r  o c c u r s ,  th e  im p u lse  v o l ta g e  w aveform  

coasos to  be im p o r ta n t ,  and  © vents a re  d e te m in e d  by  th e  w aveshape 

o f  th e  im p u lse  c u r re n t*  The l a t t e r  has two p r i n c i p a l  e f f e c t s *  

F i r s t l y ,  I t  m a in ta in s  the d isc h a rg e  f o r  a tim e (l« e*  f o r  th e  

tim e t h a t  Im pulse c u r re n t  I s  f lo w in g ) and  I t  th e r© fo re  p ro v id e s  a n  

o p p o r tu n i ty  f o r  th e  L*V* c i r c u i t  c u r r e n t  to  b u i l d  up* S eco n d ly , 

th a  s t a t e  o f  I o n i s a t io n  o f  th e  t e s t  gap a f t e r  th e  end o f  th é  

im pu lse  I s  a f f e c t e d  by th e  I o n i s a t i o n  and  p o s s ib le  tu rb u le n c e  due 

t o  th e  Im pulse c u rre n t#

T hese e f f e c t s  have been  d is c u s s e d  I n  s e c t io n  11 I n  te rm s o f  

th© Im pulse d u ra t io n ,  t^^, an d  tb s  peak v a lu e  o f  th e  Im pulse  c u r r e n t ,  

^IQd* a n a ly s i s  o f  s e c t io n  11*1 showed t h a t  tho  d u r a t io n  l a

more im p o rta n t th a n  the m agnitude Of th e  im p u lse  c u r r e n t  i n
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d o to m in ln g  tho c o n d it io n s  ro q u lro d  f o r  tho  © « tah lish m sn t o f  IÎ.V* 

Follow  C u rro n tf  t h a t  a r a l y s i s  was c o n f im o d  e x p e r im e n ta l ly  o v er

th e  rango o f  v a r ia b le s  used# Tho e f f e c t  o f  changes i n  im p u lse

p a ram e te rs  was se e n  to  be r e l a t i v e l y  sm a ll i n  th e  case o f  HtO# 

fo llo w  c u r re n t  ; n e v e r th e le s s ,  th e  c r i t i c a l  c o n tin u e d  t o  d e c re a se

when th e  im pulse c u r r e n t  m agnitude was d e c re a s e d , and th e  d u r a t io n

was in c r e a s e d  s im u lta n e o u s ly , by in c r e a s in g  Rp ( f ig s *  t o  2 8 ) ,

T h is  in d ic a te s  t h a t  th e  r e l a t i v e  im p o rtan ce  o f  th e  two p a ra m e te r s ,  

was th e  sCEK) a s  I n  th e  H*V# case*

These c o n c lu s io n s  a ls o  f i n d  a p p l i c a t i o n  t o  fo l lo w  c u r r e n t  

in v e s t ig a t io n s  on e l e c t r i c a l  equipm ent (e*g* im pu lse  t e s t s  on 

e n e rg is e d  t r a n s f o r m e r s ) ,  i f  i t  I s  d e s i r e d  t h a t  fo llo w  c u r r e n t  

sh o u ld  be e s ta b l i s h e d  a f t e r  e v e ry  Im pulse  breakdown* The r e s u l t s  

o f  s e c t io n  11*4 a re  p a r t i c u l a r l y  r e l e v a n t ,  and  th e y  show t h a t  

sh o u ld  bo la rg o  i n  o rd e r  to  in c re a s e  th e  l i k e l ih o o d  o f  fo llo w  

c u r re n t  o c c u r r in g  ( s in c e  th e  c r i t i c a l  d e c re a s e s  a s  Ep In c re a s e s )*  

The maximum p e rm is s ib le  v a lu e  o f  i s  l i k e l y  to  be l i m i t e d  b y  two 

s e t s  o f  c o n d i t io n s ;  th e  f i r s t ,  i s  th e  r e q u i r e d  s te e p n e s s  o f  th e  

v o lta g e  w a v e fro n t, and th e  s t r a y  c a p a c ita n c e  betw een  th e  low 

v o lta g e  te rm in a l  o f  R^ an d  e a r th *  The sec o n d . I s  th e  maximum 

v o lta g e  r e q u ir e d  a t  th e  t e s t  o b je c t ,  th e  Im pedance b e tw een  th e  low  

v o lta g e  t e m l n a l  o f  and  e a r th ,  and  th e  im p u lse  g e n e ra to r  v o l ta g e  

o u tp u t#

A t h i r d  f a c t o r ,  w hich may l i m i t  th e  v a lu e  of R u n d e r  certain
F

c o n d i t io n s ,  i s  t h a t  i f  i s  to o  l a r g e ,  th e  im pu lse  c u r re n t  w i l l  be 

so sm all t h a t  th e  Im pulse d isc h a rg e  w i l l  be  a glow , i n s t e a d  o f  a n  

a rc *  The v a lu e  o f  w i l l  th e n  be g r e a t e r  d u r in g  th e  Im pulse



 ̂ 116 •

p e r io d  th a n  i f  were e m a lle r , and  tho  Im pnleo d u r a t io n  I t s e l f  

may be a n m lle r  (because  th o  sm a lle r  im p u lse  c u r r e n t  due t o  th o  

h ig h e r  i s  more r e a d i ly  i n t e r r u p te d  by  IGOG)* I f  R^ i s  

in c r e a s e d ,  t h e r e f o r e ,  a v a lu e  I s  l i k e l y  t o  bo re a c h e d  beyond w hich  

f u r th e r  in c r e a s e  i n  Ep w i l l  n o t In c re a s e  th e  p r o b a b i l i t y  o f  fo llo w  

c u r re n t  b e in g  e s ta b l i s h e d  and may, i n  f a c t ,  have th a  o p p o s ite  

e f f e c t#

E le c t ro d e  e f f e c t s  e r e  d is c u s s e d  i n  s e c t i o n  12# I t  w i l l  be

seen  th a t  i n  th e  case  o f  b ra s s  and  s t e e l ,  th a  c r i t i c a l  7  waso
s u b s t a n t i a l l y  in d ep en d en t o f  e le c tr o d e  sh a p e , p ro v id e d  th e

e le c tr o d a e  w ere h e a v ily  o x id ise d *  I n  th a  case  o f  copper an d

tu n g s te n , th e  c r i t i c a l  was s m a l le r ,  and  I t s  ran g e  was n az ro w er,

when th e  a r c in g  s u r fa c e  o f  th e  e le c t r o d e s  was o f  th e  same o rd e r  a s

th a  a rc  r o o ts  ( ro d s )  th a n  when i t  was much l a r g e r  ( sp h e re s  end

d is c s )*  I n  th e  case  o f  a lum in ium , p ro g re s s iv e  d e fo rm a tio n  o f  th e

e le c tr o d e  t i p s  caused  a co n tin u o u s in c r e a s e  I n  th e  c r i t i c a l  V .o
when th e  a r c in g  s u r fa c e  o f  th e  e le c t r o d e s  was i n i t i a l l y  o f  th a

same o rd e r  a s  the  a r c  r o o t  ( r o d s ) ,  and th e  u p p e r l i m i t  o f  th e  ra n g s

o f  c r i t i c a l  Vq was th e re fo re  n o t re a c h e d  I n  th o se  t e s t s *

The e f f e c t  o f  f l a s h o v e r s ,  and  su b seq u en t o x id a t io n ,  o n  l a r g e

e le c t r o d e s ,  was t o  lo w er th e  c r i t i c a l  V^ I n  th e  ea se  o f  tu n g s te n ,

s t e e l  and co p p e r; I n  the  c a se  o f  c o p p e r ,o x id a t io n  l o s t  m ost o f

I t s  e f f e c t  on i f  c o n d it io n s  were c lo se  t o  th e  Glow C r i te r io n *o
O x id a tio n  had no e f f e c t  on th e  c r i t i c a l  Vq i n  th e  c a se  o f  b r a s s  

an d  alum inium  e le c t r o d e s ,  p ro v id e d , i n  th e  l a t t e r  c a s e , t h a t  th e  

t e s t  gap was s u b je c te d  to  an  o v e rv o lta g e  s u f f i c i e n t  t o  e n su re  a 

v e r y  s h o r t  t im e - to - f la s h o v e r#  I n  the  case o f  a lum inium  e le c t r o d e s .
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h savy  o x id a t io n  may in t ro d a c e  lo n g  t im e a - to - f la a h ù v e r*  e o n a e q u e n tlj  

th e  o x id e  l a y e r  may p re v e n t  a f l a s h o v e r  i f  th e  Im pulse  v o l ta g e  bas 

a  s h o r t  d u r a t io n  t a l l *  I f  th e  im p u lse  v o l ta g e  h a s  à  lo n g  v a v e ta i l»  

th e  o x id e  l a y e r  r e s u l t s  i n  h ig h  v a lu e s  o f  I . *

The S p ac in g  D iagram s o b ta in e d  I n  e e c t I o n  12 a r c  com pared l a  

f ig #  59# I t  w i l l  be s e e n  t h a t  t h e r e  i s  l i t t l e  d i f f e r e n c e  betw een  

th e  c r i t i c a l  7 ^ o b ta in e d  w i th  a lum in ium , b ra e s  an d  s t e e l  a t  

apaclnga  o f  some 0 * 2  cm# o r  l e s a t  th e  c o r re s p o n d in g  7^  i s  much 

h i # i e r  i n  th e  ca se  o f  copper#  As th e  s p a c in g  i s  in c r e a s e d ,  th o  

alum inium  curve ap p ro ach es  th e  c o p ie r  c u rv e*  I n  g e n e r a l ,  th e  

p e r  conta  ̂  d i f f e r e n c e s  betw een  th e  cu rv es  d e c re a se  a s  th e  sp a c in g  

in c ro a s e s  i n d i c a t i n g  t h a t  e le c t r o d e  e f f e c t s  become r e l a t i v e l y  l e s s  

Im p o rtan t th a n  e f f e c t s  a s s o c ia te d  w ith  th e  a i r  space  b e tw een  t h e  

e l e c t r o d e s ,  a s  th e  a i r  space  i s  in c re a se d *

O ther t e s t s  o n  e le c t r o d e  e f f e c t s  have shown t h a t  th e  c r i t i c a l  

Vq range  o b ta in e d  w ith  p la tin u m  e le c t r o d e s  l a  n o t  s u b s t a n t i a l l y  

d i f f e r e n t  from  t h a t  o b ta in e d  w ith  o th e r  e l e c t r o d e s  i n  s im i la r  

c o n d i t io n s ,  and  t e s t s  on  tu n g s te n  e l e c t r o d e s  ( s e c t io n  1 2 . 2 ) have 

conflrm od t h a t  ca th o d e  phenomena a r e  more im p o r ta n t  th a n  anode 

phencmmna f o r  th e  e s ta b l is h m e n t  o f  fo l lo w  c u r re n t*

Tho c r i t e r i a  w hich d e te rm in e  th e  e s t a b l i s h m n t  o f  a l l  th re e  

ty p e s  o f  fo llo w  c u r r e n t  a ro  com pared i n  f i g *  5 8 , f o r  th e  case  o f  

Vq and  Vj^q h a v in g  th e  same p o l a r i t y  t o  e a r t h ,  an d  I q  b e in g  

n e g l ig ib le #  I t  w i l l  be se e n  t h a t  u n d e r  th o se  c o n d i t io n s  H#F*

Follow  C u rren t l a  I n v a r ia b ly  e s t a b l i s h e d  ev e n  when H*V* and  H#0* 

F ollow  C u rre n t cannot occur#  Hens©, when th e  l a t t e r  ty p e s  o f  

fo llo w  c u r re n t  a r e  p o s s ib le ,  H#F# F o llow  C u rre n t w i l l  c e r t a i n l y
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o c c u r ;  I n  o th e r  w ords, th o  d is c h a rg e  o f  s t r a y  c a p a c lta n c o a  w i l l  

in c r e a s e  th e  p r o b a b i l i t y  o f  Power Follow  u n d e r  th e s e  c o n d it io n s #  

T h is  s ta te m e n t  does n o t ta k e  I n to  acco u n t t h a t  th o  I n t e r a c t i o n  o f  

im p u ls e , E#F# and power fre q u e n c y  fo llo w  c u r r e n t s  may r e s u l t  i n  

c u r r e n t  z e ro s  an d , fa r th e rm o ro , th© a d d i t i o n a l  c u r r a n ts  s u p p l ie d  

b y  th e  d is c h a rg e  o f  l i n e  c a p a c i ta n c e s ,  may r e s u l t  i n  tu rb u le n c e  

an d  th u s  a c c e le r a te  th o  d s lo n ie a t lo n  o f  th e  t e s t  gap# These 

e f f e c t s  w i l l  v a ry  from  system  to  system  a n d  a r c  b e s t  s tu d ie d  b y  

moans o f  s it©  t e s t s ;  a la b o r a to r y  i n v e s t i g a t i o n  ( s e c t io n  16#3) 

c o u ld , how ever, p ro v id e  soms d a t a ,  a s  w e ll  a s  e x te n d in g  th e  p r e s e n t  

e x p o r im e n ta l te ch n iq u e  t o  th e  case  o f  m u lti^ f re q u e n c y  L#V# c i r c u i t s #  

The c o n c lu s io n  to  be drawn from th e  d iagram  o f  c r i t e r i a ,  t h e r e f o r e ,  

i s  t h a t  H#P# Follow  C u rren t may i n  many c a s e s  in c r e a s e  th e .  

p r o b a b i l i t y  o f  power fo llow #

The s u i t a b i l i t y  o f  s y n th e t ic  power c i r c u i t s  f o r  fo llo w  c u r r e n t  

i n v o s t ig a t lo n a  has been  confirm ed  by  th e  r e s u l t s  re v iew ed  i n  t h i s  

th e s i s #  P o s s ib le  e x te n s io n s  o f  e y n t t e t i c  c i r c u i t  te c h n iq u e s  a r e  

s u g g e s te d  i n  s e c t io n s  16*2 and 16 .3#



1 6 .  FURTHER WORK

1 6 .1  V o ltag e  c h a r a e t e r l s t i c a  o f  im p u lf l© * in itia te d  
co n stan t^^o u rro n t d ia c h a rg o s .

I f  th o  L .V . c i r c u i t  o f  f i g .  1 i s  ro p la c o d  by  a  c o n s ta n t  

c u r r e n t  s o u rc e ,  a c o n s ta n t c u r r e n t  w i l l  c i r c u l a t e  i n  th© t o s t  gap 

a f t e r  tho end  o f  th o  Im p u lse .  F or a g iv en  t e s t  g ap , th e  v o l ta g e

(V ) w i l l  th e n  be d e te rm in ed  p r im a r i ly  by
gw . . .

(1 ) th e  m agn itude o f  t h a t  c u r r e n t ,  and

(2) th e  Im pulse c u r re n t  w aveshape, 

b o th  o f  w hich c o u ld  e a s i l y  be c o n t r o l l e d .

The e f f e c t  o f  th a  i n i t i a l  Im pulse d is c h a rg e  on the  v o l ta g e  

r e q u ir e d  to  m a in ta in  a c o n s ta n t  c u r re n t  glow c o u ld  be o b se rv e d , 

and  r e s u l t s  so  o b ta in e d  would f i n d  a p p l i c a t i o n  to  th e  Glow 

C r i t e r io n  ( s e c t io n  I S # 2 ).

I n  view  o f th e  r e s u l t s  o f  s e c t io n  7 .1  ( c r i t i c a l  th e

c o n s ta n t  c u r re n t  v a lu e s  sh o u ld  co v e r th e  ran g e  0 .1  1 Amp a t

gap 3 p ac in g s  o f  th© o rd e r  u se d  i n  the  p r e s e n t  I n v e s t i g a t i o n .  The 

d isc h a rg e  w ould p ro b a b ly  be an  a r e  a t  th e  h ig h e r  v a lu e s  o f  c u r re n t#

1 6 .2  S y n th e t ic  C i r c u i t  T ech n iq u es; * Point"on^W ave* Tes t s ,

I f  th e  d is c h a rg e  v o lta g o  i s  ig n o re d , th e  L.V* c i r c u i t  v o l ta g e  

i s  g iven  by

V m ^ V 0 + I  SgB coa {(St +  ̂ )
t o o  _

o
w ith  th e  u s u a l  co n v e n tio n s  r e g a rd in g  sym bols and  p o l a r i t i e s .

I n  the  p r e s e n t  I n v e s t i g a t i o n ,  V^ P  so  t h a t  th e  above

e x p re s s io n  ap p ro x im ated  c lo s e ly  to

V  ̂ »  V cos o t  
t  o



»  ISO .

««a flaehovsv e lw y a  ocoan^eâ a t tW  eromt ot %e t o l t s s t  m v .*

î’ow# I f  a cuTO®nt# «sr© cîre’Jlatoü in  L before flaeboroa?# t w
msdaao valtj. o f 9. (» {7^ «*> Î ®28)f  ) ©ouia, ba naintalnad oonatant»
bat tho Instant o f floshovd? ooulâ ha varleâ %lth respect to  the

u-aveshepa (l*a* tha *polnt*on#sa?a* could ba trerisd) hy a lter in g
V end % slmaltaneoualy# 

o  o
ti current eauld ho circula tod In L hy using the airangawmt 

o f fig#  SO* B i s  a battery» end B* la  a largs inductance# nhieb.
iso la  toe 0 fg%m tho te s t  c ircu it %hllo the t e s t  gap conducts* Ie
can ba e ltsro d  by varying c i t t s r  tho re s is to r  B_# or tha output 

voltago o f the battery*

l c .^ _ s y n tM t l o  c i r % i t_Tec!;pi% i% p% __r#di@ s.im ro iv ln g  
K*P* and L.P "  ~

I t  has been seen in  eootion 16 that tha e ffec t of n.P# Folio# 
Current on tho eatab lisînont of L#P# (pouer#frequonoy) Folio» 
Current la  best studied by mans o f  oxporlmonts in  uhich both types 
of follows curxent m y  occur sim ltanaously* The use o f aynthstio 
c ircu its  in  t'.iis osnmction should bo inrestigstsd# and fig* 61 
i l lu s tra te s  a possiblo orsun^ruonti L  end C are tuned to  BO c/e# 
and L .  end C. are tuned to  a high frequsncy to  produoe a,F# Folio# 
Current*

16*4 S x to n a lo n  o f  F ollow  C u rre n t F o s ts*

F o l io »  C u rre n t t e s t s  sh o u ld  be  o s r r l o d  o u t  t o  o b t a in

q u a n t i t a t i v a  à s t a  o n  th e  o a t e b l l s t o o a t  o f  fo l io ta  c u r r e n t  o v e r  e

u id e  ta n g o  o f  v o l ta g e s #  c u r r e n t s ,  a a i  gap  ap ao in g s#  o f  th o  o rd e r

o f  tho  ffiagnifcudoo isx t » i t h  o n  power ays to u s*  l a v a c t l g a t i o n  o f  

gap o f  f o o t s  c h o u ld  in c lu d o  o sp o rin o n ts  o n  a i r  gaps a t  d i f f e r e n t
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p r a s s u r o s ,  o x p erlm en ts  I n  o i l ,  a M  ex p é rim e n ta  in v o lv in g  e n r fa e e  

f la a h o v e r*  Polnt*on^w©ve t e a t s  sh o u ld  be e a r r i e d  o u t ,  u s in g  

e i t h e r  s y n th e t i c  ( s e c t io n  1 6 .2 )  o r  a .c *  power c i r c u i t s #

Some o f  th e  work o u t l in e d  I n  t h i s  s u b s e c t io n  h as  a l r e a d y  b een  

com pleted , an d  w i l l  be th e  a u b jo c t o f  a s e p a r a te  p u b l i c a t i o n .
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u sed  i n  t h i s  i n v e s t i g a t i o n .
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17
A P o te n t ie l  D iv id e r  w ith  a Non»Ohmlc R e a ia to r#

1# I n t r o  d a e t io n î

A p o t e n t i a l  d i v id e r  c o n ta in in g  a n o n ^ l ln a a r  u n i t  h as  boon

d ev e lo p e d  f o r  a p p l ie s t I o n a  auch a s  t h e  m easurem ent o f  a r e l a t i v e l y

low a r c  o r  glow v o lta g e ^  w h i l s t  p ro v id in g  p r o t e c t io n  o f  th e

m easu rin g  a p p a ra tu s  a g a in s t  h ig h  o v e rv o lta g e s  u s e d  to  I n i t i a t e  th e

d is c h a rg e  b y  sp a rk o v e r be two on e lo c tro d a s*

Two p o s s ib le  m ethods f o r  a c h ie v in g  t h i s  c h a r a c t e r i s t i c  w ere

c o n s id e re d  and re je c te d #  F i r s t l y ,  an  a m p l i f i e r  c o u ld  be co n n ec ted

betw een  the  low v o l ta g e  arm o f  a c o n v e n tio n a l d iv id e r  and  th e

m easu rin g  equ ipm en t, th e  o u tp u t  v o l ta g e  o f  th e  a m p l i f i e r  b e in g

l im i t e d  to  a s a fe  v a lu e  d e te rm in e d  by  th e  ET v o lta g e #  I n  a d d i t io n

to  s c re e n in g  p rob lem s, th e  i n i t i a l  s a t u r a t i o n  o f  th e  a m p l i f i e r

in tro d u c e s  s e r io u s  d i s t o r t i o n  i n  th e  o u tp u t waveform# Secondly^

a gas d iode  co u ld  be co n n ec ted  a c ro s s  th e  low  v o l ta g e  arm o f  th e

d i v id e r ,  w hich w ould th e n  be a b o r te d  o u t a t  a l l  v o l ta g e s  i n  e x c e ss

o f  th e  s t r i k i n g  v o lta g e  o f  th e  d iode#  T h is  i s  a te c h n iq u e

f a m i l i a r  to  H»V# o n g in e e ra ,  b u t r e q u ir e s  a know ledge o f  th e

v o l t - t im e  c h a r a c t e r i s t i c  f o r  i o n i s a t i o n  o r  d e io n i s a t i o n  o f  th e

d iode  f o r  g iv e n  waveform s #

The m ethod ad o p te d  i s  shown i n  f ig #  T# H an d  H c o n s t i t u t e
H I#

a  c o n v e n tio n a l r o s i s t a n c o  d i v id e r ,  h av in g  s t r a y  c a p a c i ta n c e s  0 ^  an d

G # R i s  a s i l i c o n  c a rb id e  non-ohm ic r e a i s t o r ^ ^ l  I t s  r e s i s t a n c e  
L M

M s th e  in s ta n ta n e o u s  v a lu e  H ,  and d e c re a s e s  i n s t a n t l y  when th e
Ht
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v o l ta g e  a c ro s s  i t  r i s e s #  D arin g  th e  p r e p a r a t io n  o f  t h i s  p a p e r ,  

th e  a u th o r  found  th a t  a s im i la r  d iv id e r  had  b een  u se d  by E i^ a m  

en d  Uaelsr^, b u t a c r i t i c a l  e n a ly a la  o f  I t s  p erfo rm ance  was n o t  

g iven*

S* T h e o r e t ic a l  C o n s id é râ tio n a i

Icpaoring* f o r  t h e  moment, th e  s t r a y  c a p s c i ta n c e a ,  th e  r e l a t i o n

b a tv a e n  V . and  7 . ^  f o r  th e  d iv id e r  o f  f ig *  7 i s  g iv e n  by  
g t L t

’ ■  •  ï ï r f c r , .................................................
%  % t

Whan V ^ i s  l a r g e ,  B m ust be much s m a lle r  th a n  R i n  o rd e r  t o
e t  Mt H

l i m i t  7  t o  a s a fe  v a lu e # WMn V . has a r e l a t i v e l y  low  v a lu e ,
U  g t

R sh o u ld  be much g r e a te r  th a n  R i n  o rd e r  t h a t  V be s u b a ta n t i*  
Ht H Dt

a l l y  in d e p o n ^ n t  o f  R^ o v e r th e  m easu rin g  range#  These c o n f l i c t i n g  

req u iro m en ta  can  be s a t i s f i e d  because  o f  th e  n o n * l in e a r  

c h a r a c t e r i s t i c  o f  E ,  and  th e  c o rre sp o n d in g  r a t i o s  o f  ! I t

w i l l  bo n o te d  th a t  f o r  a g iv en  a h ig h  v a lu e  o f  R^ im prove^
I'

p ro te c tio n *  b u t  a low v a lu e  o f  R_ d e c re a se s  th e  e f f e c t  o f  R^ i n  th e  

m easu rin g  range* T h is  i s  i l l u s t r a t e d  i n  f i g *  62 , v h ic b  shows /
■ . ' J:

c h a r a c t e r i s t i e s  o f  d iv id e r s  h a v in g  d i f f e r e n t  R_ an d  R v a lu e s *
E L /

Ig n o r in g  R ,  th e  d iv id e r  r a t i o  i s  n  = ^  *  - L  « The e f f e c t
“  St

o f  E,, i s  to  in tro d u c e  a  p e rc e n ta g e  e r r o r  "

100
v ‘ =  ------------------------ JS * , , . * . , * * . . * . . *  ( I I ): ;  '

/
i n  the  moasûrem ent o f  V « Even i f  a llo w an ce  has to  be made f o r

.g t
t h i s ,  need  n o t be known to  a h ig h  d eg ree  o f  a c c u ra c y , s in c e
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R,„ 5> R, In  the raoasurlng rang^* In  tha most odvoree casa, whanMl# . li
R » CO, a pareantaga e r r o r  (\ In  B w i l l  r e s u l t  in  a porcentoge

li ^
e r ro r  o f lo ss  than in  the caloulatod value of V . ,

S#1 E ffect o f s tra y  Oamoltance:

V». i s  lim ited  to e safe but navortholoss much c rea to r valuel i t
before flashovor ttian a fte r#  Gonsoquontly, a r e la t iv e ly  la rge  

charge, is  stored on the stx^y capacitance 0^ (fig# 7 ) before 

fiashovert the corresponding charoa on Is  The

construction  of high voltage rosistanco d iv id ers  i s  such th a t CL
i s  much la rg e r  than C , so th a t q is  u su a lly  la rg s r  than qu #II Xo no
This co rd ltlon  ( q ^ >  w ill  bo considarod in  the present case,

but a sim ilar treatment would apply i f  q <  0  #
l â  no

Plashover com^octs 0^ end the arc In  p a ra l le l  w ith C^, and the

charm s q end q then contribut© a component to  V *
Lo Ho , I , Lt Lt I t

ha# the maximum value V. '  « ' Lot I%qI and <^cays es theLo ®I, + Cg

rea ldual char go, a ( |q  I •  dlschareea through Rg, R

and R * The rosldual ehargo, q . ,  being p o s itiv e , the reduetion  in
m ®

V which should occur a t  flashovsr, is  delayed by 7 •# Bow, R is
Lt jwt M

much g rea te r then R when is  s t i l l  qu ite  la rg e , so th a t fu r th e r
H XA

dlsd iarge o f q i s  possib le. In  s f fo c t ,  only through R_ and E •
O n  L#

Recording w ill tharefore  bo im ecu ra te  fo r  a time o f  the order o f

tha tiao  constant T» * (C^ ♦ Cg)RjjEj/(Rg ♦ R^) {===RgR^y(Rg ♦ R p ,

oincs ^  C„̂ * A fter becomes n e g lig ib le , th e  e r ro r  due to

s tray  capacitances f a l l s  to  th a t ûxo to t M l r  e f fe c t  on the l in e a r

d iv id er •  tha comrentional casa#

Ona method o f ollm lnating V *, is  suggested by the expressionI*t



IBS
for 7^ * , Gg oo’olfi bo incroased deliberately, so t h a t  m q ,

and V_ * » 0 # The appropriate value of 0 „ is C • « cJtm • l)« 
w  II n  It o  ^

wbaro a  i e  tb o  d iv id e r  r a t i o  a t  flcm hover#  o
The value of C„ required to eliaim te the error due to the

II
e f f e c t  o f  s t r a y  c o p a e lta u e e s  o n t  he  l i n e a r  d i v i d e r  i s

Gg" «  •  1 ) ,  SB i n  c o n v o n tio n a l n ix e d  d iv id e r s *  îîow,

n^< tJp , so  t h a t  0^* i s  l a r g e r  th a n  C^** C o n seq u en tly , i f  C ,̂ a  c „ * ,

r e c o rd in g  would be more c c c u ro to  th o n  i n  th e  c a se  o f  t h e  l i n e a r  

d iv id e r  ly f L .

I f  Cjj o  C„*', r e c o rd in g  w ould in a c c u r a te  im m e d ia te ly  a f t o r  

f l s c h o v a r ,  though  v e ry  a c o u ra to  r a c o rd in g  w ould be  o b ta in e d  

e v e n tu a lly *  The p r o t e c t iv e  a c t i o n  o f  t h e  d i v i d e r  w ould b e  

c o a p l ic a to d  by  th e  r e l a t i v e l y  h ig h  v a lu e  o f  C_*

S« F o c irn  P ro ced u re*

The fo l lo w in g  p ro œ d u ro  i s  adTO ceted f o r  a f i r s t  d e s ig n ,  

n i e  s e l e c t e d  f i r s t :  i t  ch o u ld  be  e m l l ,  i n  o r d e r  t o  k eep

V&* e n a l l  i n  th e  e o a s u r in g  ra n g e , en d  t o  p to v id o  s  low  r c s i s t s n ^  

d le c h s rg e  p s th  t o  th e  s t r a y  c a p a c ita n c e s*  ÎU l a  th e r e f o r e  g iv e n  

th e  B in to îm  v a lu e ,  ,  w hich does c o t  i n t e r f e r e  u n d u ly  w i th  tb s

p o rfo rc e n c o  o f  th e  t e s t  c i r c u i t *

n „  I c  m e t  s c lo o te d  euch t h a t  V_. s h a l l  n o t  e x c e e d  6  s a f e
Li I®

VQlue Qt tM  E&zlsnr: v a lu e  o f  v.̂ .* s h a l l  bo s m a ll  a t  th e

c o iro sp sn d in g  to  th e  m easu rin g  ra n g e , i n  th e  m ost a d v e rs e  cas© - 

o f  #  » ,  and  th e  o t r a y  c a p a c ita n c e  o f  Rg (w hich  in c r e a s e s  C ) 

s h a l l  have th a  minimum v a lu e  c o n s i s te n t  w i th  th© r a t i n g  o f  ly *  

F in a l ly ,  R i s  e o lo c to d  to  c iv o  a  s u i t a b l e  d e f l o c t i o o  o n  th e  

o s c i l lo G r a jh  i n  th o  m o aau rinc  ran£^* I f  s e v e r a l  d iv id e r  r a t i o s



— 129 w

a ro  r e q u i r e d ,  i t  m y  be o f  adv an tag e  to  v a ry  ^  a n d  w h ile

m a in ta in in g  ( 8 ^  + E^) «  2 E ^ ,  and  ï ^ #  I n  t h a t  c a e a ,  v ^ t

an d  T* w i l l  n o t  exceed  h a l f  th e  v a lu e  th e y  would have i f  ÏL  i? R
«  Wm

en d  R «  œ *

4* D iv id e r  D a ta !

The d iv id e r  was da s ig n e d  to  re c o rd  an  ©vent h a v in g  a peak 

voltagG o f  33 kV# a t  f l a  shove r ,  end l a s t i n g  f o r  150 jiB t o  10 xnS#

^ L t l im i te d  t o  3 kV# i n  th e  p r o te c t iv e  ra n g e ; i n  th e

m easu rin g  ra n g e , V j^^<500 V o lts  an d  v |  <0#1^$

I n  t h i s  p a r t i c u l a r  case  th e  d iv id e r  p a ra m e te rs  were* 

w 10 k2 and o r  8 ^  -  10 kS and  ^ E^} »  23 kS j

Z3 940 8  a t  3 kV# and  «s I  M2 a t  500 V o lts#  The tim e  

c o n s ta n t  T* d id  n o t ex ceed  1 yB (l+ e#  <<  1 5 0 Ju S ), so t h a t  no lum ped 

was u s e d .

Eg and R^ wore c o n s tru c te d  from  i d e n t i c a l  woven w ire  r e s i s t a n c e  

r ib b o n , and  tho  o s t i m t e d  a c c u ra c y  o f  th e  d iv id e r  was w i th in  

a f t e r  V^^ had  become n e g l ig ib le  (l# e*  some 5 jo S  a f t e r  f la g h o v e r)#

5# Proving: T e s ta i

S»1 E f f e c t  o f  on  p r o te c t io n  o f  o sc illoC T aph»

A 55 kV* lo n g  d u r a t io n  p u lse  was a p p l ie d  to  th e  d i v i d e r ,  a n d

th e  maximum v a lu e  o f  V ^  c o rre sp o n d in g  to  d i f f e r e n t  Eg was o b ta in e d

by re c o rd in g  tM  v o l ta g e  a p p e a r in g  a c ro s s  a  f r a c t i o n  o f  R #
L

R e su lts  a r e  g iv en  i n  fig#63#  The r e s i s t a n c e  c h a r a c t e r i s t i c  o f  R
M

was c a lc u la te d  from t h i s  d a t a ,  a n i  a l s o  from  d*e# m easurem ents a t

low  v o lta g e s #  I t  was found  t h a t  o v er th e  ran g e  0#5 <  V ,^ <  7#8 kV*
Lt

( i# e #  o ver a c o n s id e ra b ly  g r e a t e r  v o l ta g e  ran g e  th a n  th a t  o f  fig#63).
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ta b le ; 6 .

R Tims C onstan t
H T« pS

kS

1 0 .1 8

1 0 0 . 8 8

TABIE 7#

Time C o n s ta n ts . ipiS#

" ' ‘ V l
(v a lu sa  o b ta in e d  
from  o a o illo g ra m a )

40 42

60 60

79 79
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7*6 % 1(A* 2« T h is  e x p re s s io n  was th e n  u s e d  to

c a lc u la te  th e  r e l a t i o n  hotw oen and  th e  maximum v a lu e  ot 7 ^^#

The v a lu e s  o f  o b ta in e d  i n  t h i s  way w ere w i th in  îlO Jî o f  th o s e  

g iv e n  by d i r e c t  e x p e rim e n t, a s  shown i n  f ig #  63# T h is  j u s t i f i e s  

th e  u se  o f  a n  e q u a tio n  o f  th e  ty p e  as t o  p r e d ic t  th e

o p e r a t io n  o f  th e  d iv id e r  f o r  d e s ig n  p u rp o se s , a s  was done I n  

c o n n e c tio n  w ith  f ig #  62#

5#2 E f f e c t  o f  Rg  and  a f t e r  f la sh o v e r#

The c i r c u i t  o f  f ig #  7 was u s e d  to  v e r i f y  e x p e r im e n ta l ly  th e

a n a ly s i s  o fso c tio n  2# I o f  t h i s  Appendix • c o n s is te d  o n ly  o f

s t r a y  c a p a c ita n c e  and was so sm a ll t h a t  i t s  e f f e c t  an d  t h a t  o f  q_no
ware n e g l ig ib le #  A lso , <K so t h a t  T* ^  8^0^#

Tha gap was f la s h e d  over by a 33 kV# v o l ta g e  im p u ls e , and

o s c il lo g ra m s  o b ta in e d  w ith  d i f f e r e n t  8 ^̂  a re  g iv e n  i n  f i g # 6 1  ((a ) #*

( c ) ) #  Thoy c o n f in a  t h a t  V f a l l s  more r a p id ly  when T^ i s  sm a ll
L t

( l# e #  when 8 ^  i s  sm a ll)#  An app rox im ate  q u a n t i t a t i v e  a n a ly s i s  was

a t te m p te d  assum ing 7^ to  f a l l  su d d en ly  a t  f l a s h o v e r ,  and  to  rem a in

a t  th e  c o n s ta n t  v a lu e  n  7  u n t i l  7 ^ .*  had  become n e g l ig ib le #  7^^CO X Lt L t
tM r o f o r o  te n d s  to  th e  c o n s ta n t v a lu e  7  ,  o b ta im d  from  f ig # 6 4 (b )#

X
The tim e  c o n s ta n t  T* was th e n  ta k e n  a s  th e  tim e  r e q u ir e d  f o r  7_ . t o

L t
f a l l  from  any v a lu e  ( 7 4 - 7  ) t o  (0«363 7  • 4  7  )# R e s u l ts

X X  X . X
o b ta in e d  from th e  two c u rv es  o f  f ig # 6 4 (a )  a r e  g iv e n  i n  T ab le

th e y  show th a t  T* d e c re a se s  lo s s  r a p id ly  th a n  ## d u e , i n  a l l

p r o b a b i l i t y ,  to  s t r a y  s e l f  in d u c ta n c e  becom ing e f f e c t i v e  i n

c o n t r o l l i n g  th e  d is c h a rg e  o f  a t  tho lo w er v a lu e  o f  Eg#

More c o n s i^ t^ n t  r e s u l t s  w ere o b ta in e d  i n  a  s im i la r  t e s t  i n  

w hich  8 g wna consfcantj^ and 0 ^  was in c re a s e d  by lum ped c a p a c ita n c e #
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C urves from  t y p i c a l  o s c il lo g ra m s  a r e  g iv e n  I n  f ig # 6 4 ( d ) ,  and  was 

m easu red  a s  above# Tho s t r a y  c a p a c ita n c e  component o f  C^ was th e n  

m easu red  by Q -m ator (C^ &= 40 ppF) and tim e c o n s ta n ts  w ere e s t im a te d  

t o  w i th in  some 2 0 ^  from  f  ♦ n  th e  p e rc e n ta g e  e r r o r  b e in g

n e a r ly  th e  same f o r  a l l  T^« E x p e rim en ta l and  e s t im a te d  r e s u l t s  

a r e  com pared i n  Table 7 and  w i l l  be see n  to  bo i n  c lo s e  ag reem en t $ 

T h is  j u s t i f i e s  th e  d iB cu ss io n  r e l a t i n g  t o  th e  e f f e c t  o f  

( s e c t io n  2#1 o f  t h i s  Appendix}»

6#5 E f f e c t  o f  Ĝ  on th e  p e rfo rn an o e  o f  a d iv id e r»

The c i r c u i t  o f  f ig »  7 was u se d  to  v e r i f y  q u a l i t a t i v e l y  th e

e f f e c t  o f  in c r e a s in g  Cg on th e  perfo rm ance o f  th o  d iv id e r  a f t e r

f la s h o v e r#  Lumped Cg c o n s is te d  o f  two 5^’ x  5^ alum inium  p la te s *

i t s  v a lu e  was v a r ie d  by a l t e r i n g  th e  d is ta n c e  betw een  them  and b y

in t r o d u c in g  a s h e e t  o f  b a k e l i t e  d i e l e o t r lo #  F ig#  6 4 (a )  shows

t r a c in g s  o b ta in e d  from  o sc illo g ra m s»  Curves 1 # 3 show t h a t  th e

v a lu e s  o f  im m ed ia te ly  a f t o r  f la s h o v e r ,  d e c re a se  when G—
Lt &

In c rsa so fis  t h i s  i s  b ecause  Y_ ♦ do c re a s e s  ( s e c t io n  3#1 o f  t h i sLO
A ppendix)# When 0 _  i s  g iv en  v a lu e s  g r e a te r  th a n  t h a t  a t  w hichn

A 0 ,  f u r t h e r  in c re a s e  i n  Cg r e s u l t s  i n  7 ^  in c r e a s in g  i n  

m ag n itu d e , i t s  p o l a r i t y  b e in g  re v e rsed *  t h i s  i s  i l l u s t r a t e d  b y  

cu rve  4»

The above co n firm s q u a l i t a t i v e l y  th e  d is c u s s io n  r e l a t i n g  to  

th e  e f f e c t  o f  Cg ( s e c t io n  2#1 o f  t h i s  A p p en d ix )#

6 #4 Com parison o f  non-ohm ic r e s i s t o r  w ith  m s  d iode#

A t e s t  was c a r r i e d  o u t w ith  th e  c i r c u i t  o f  f ig #  7 ,  b u t  w i th  

th e  n o a-o im ic  r o s i s t o r  r e p la c e d  b y  a gas d io d e#  O sc illo g ram s
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showed t h a t  d u r in g  tho  f i r s t  2 o r  3 )iS a f t e r  f l a s h o v e r  th e r e  was 

some v a r i a t i o n  i n  the  v o l ta g e  cu rv es  re c o rd e d  o n  s u c c e s s iv e  s h o t s ,  

th e  e x p e rim e n ta l c o n d itio n s  b e in g  th a  same# T h is  in c o n s i s te n c y  

was a s c r ib e d  to  v a r ia t io n s  i n  th e  s t a t e  o f  i o n i s a t i o n  o f  th e  gas  

d io d e  ( s e c t io n  1  o f  t h i s  Appendix}# H ow ever, when th e  o s c i l lo g r a p h  

sweeps were s u f f i c i e n t l y  alow to  re c o rd  th e  w hole o f  th e  e v e n t f o r  

w hich  th a  d iv id e r  was d e s ig n e d , no d i f f e r e n c e  c o u ld  b e  d e te c te d  

betw een  re c o rd s  o b ta in e d  u n d e r th e  same c o n d i t io n s , when th e  gas 

d io d e  o r  tha  non#ohmic r e s i s t o r  was used#  T h is  was ta k e n  a s  

a d d i t io n a l  c o n f irm a tio n  o f  th e  perfo rm ance o f  b o th  ty p e s  o f  

n o n - l in e a r  d iv id e r#

6  # C o n c lu s io n s*

The a n a ly s is  o f a d iv id e r  in c o r p o r a t in g  a n o n - l i n e a r  r e s i s t o r  

h a s  been  g iv e n , and h a s  b een  v e r i f i e d  e x p e r im e n ta l ly *

F u r th e r  woik shou ld  aim  a t  overcom ing  th e  m ain  l i m i t a t i o n  o f  

t h i s  type  o f  d iv id e r ,  i# e#  th e  v o lta g e  in tro d u c e d  im m e d ia te ly  a f t e r  

f la s h o v e r  by th e  r e s id u a l  c h a rg e s  on th e  s t r a y  c a p a c i ta n c e s #  The 

use  o f  lumped c a p a c ita n c e  0 ^  has b een  d is c u s s e d  ( s e c t io n  2 # 1  o f  

t h i s  A ppendix), where i t  was se e n  th a t  i f  M d  th e  a p p r o p r ia te  

v a lu e ,  th e  d iv id e r  cou ld  bo more a c c u ra te  th a n  a c o n v e n tio n a l 

r e s i s t a n c e  d iv id e r#  a l t e r n a t e l y ,  a d is c h a rg e  p a th  m igh t be 

p ro v id e d  to  th e  n e t r e s id u a l  c h a rg e , q ^ , by  c o n n e c tin g  a r e c t i f i e r  

v a lv e ,  hav ing  an  in t e r e l e c t r o d e  c a p a c i ta n c e  s m a l le r  th a n  O g i, i n  

p a r a l l e l  w ith

(W hile t h i s  th e s i s  wajs b e in g  ty p e d  th e  a u th o r  was in fo rm ed  
t h a t  a pap er based  on t h i s  A ppendix had  b een  a c c e p te d  f o r  
p u b l ic a t io n  in  P a r t  A o f tlhe P ro ceed in g s  o f  t h e  I n s t i t u t i o n  o f  
E l e c t r i c a l  E n g in e e rs^ ^ )*
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C a l ib r a t io n  o f tha  A m p lif ie r  u se d  f o r  

C u rren t Measurement ( s e c t io n  4 # 8 )*

I t  was d e s i r a b le  to  c a l i b r a t e  th e  a m p l i f i e r  u s in g  a n  in p u t

s ig n a l  s im i la r  to  t h a t  i t  would have to  a m p lify  i n  fo llo w  c u r r e n t

t e s t s #  To ach ieve  t h i s  re q u ire m e n t, th e  fo l lo w  c u r r e n t  t e s t

c i r c u i t  ( f i g .  1 ) was u s e d , e x c e p t t h a t  a l a r g e  r e s i s t o r ,  R*,  was

i n s e r t e d  betw een  R and C, th e  p o t e n t i a l  d iv id e r  b e in g  removed#s
Had H n o t  have had to  be l im i t e d  to  a low v a lu e  ( s e c t io n  2 . 2 ) ,

R* co u ld  have been  u se d  a s  a sh u n t i n  fo llo w  c u r r e n t  t e s t s ,  and

th e  a m p l i f i e r  cou ld  have b een  d isp e n se d  w ith #

When c a l i b r a t i n g  th e  a m p l i f i e r ,  th e  v o l ta g e  a c ro e a  (R< 4  H )
0

was a p p l ie d  d i r e c t l y  to  th e  p l a t e  o f  a doub le  beam o s c i l lo g r a p h ,

and  th e  v o l ta g e  a c ro s s  R^ was a p p l ie d  v ia  th e  a m p l i f i e r  to  th e  Y
® 2

p la t e  o f  th e  o s c i l lo g r a p h .  F ig .  65 shows a s k e tc h  o f  an  

o s c i l lo g ra m  so  ob ta ined#  i t  i s  found  t h a t  a d e f l e c t i o n  on 

beam 1  co rresponds to  a d e f le c t io n  on beam 2 #

The a m p l i f i e r  was th e n  d isc o n iB c te d  from  beam 2 and  Y^ an d  Yg 

were co n n ec ted  to g e th e r ,  and  th e  t e s t  was r e p e a te d  i n  o r d e r  t o  

o b ta in  th e  r e l a t i v e  s e n s i t i v i t i e s  o f  th e  two beams# The 

o s c il lo g ra m s  o b ta in e d  were s im ila r  to  t h a t  shown i n  f ig #  63 , and  

i t  was found th a t  a d e f le c t io n  h^ on beam 1  c o rre sp o n d e d  to  a 

d e f l e c t io n  hg on beam 2 .  Hence, th e  g a in  o f  th e  a m p l i f i e r  was

g  _  (»>’ *
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The sems double beam o s c i l lo g r a p h  was u se d  itx  fo l lo w  c u r r e n t  

t e s t s ,  th e  o u tp u t o f  th e  p o t e n t i a l  d i v id e r  b e in g  a p p l ie d  t o  

beam 1 , end t h a t  o f  th e  a m p l i f i e r  b e in g  a p p l ie d  to  beam 2# T hen , 

i f  1  am* d e f l e c t i o n  o n  beam 1  v o l t s ,  i t  fo l lo w s  t h a t  

1  cm# d e f l e c t i o n  on  beam 2  m v o l t s

so t h a t  1 cm# d e f le o t io n  on beam 2 »  (k^h^)/(h^G R ^) Amps

R
R. e

^ 1 ® 1gy  .................. — Amps
(S ' *  » , ) .g

T h is  e x p re s s io n  i s  o n ly  v a l id  i f  i y /h ^  i s  c o n s ta n t*  num erous

t e s t s  have shown i t  t c  b o . I t  w i l l  be n o te d  t h a t  th e  e x p r e s s io n

i s  in d ep en d en t o f  th e  s e n s i t i v i t y  o f  beam 2# T h is  i s  a n

a d v a n ta g e , s in c e  th e  s e n s i t i v i t y  o f beam 1  i s  e v a ila b l©  from

numerous o sc il lo g ra m s  ta k e n  th ro u g h o u t fo llo w  c u r r e n t  ex p e rim e n ts#

Beam 1  was g e n e ra l ly  u s e d  t o  re c o rd  tho  t e a t  gap v o lta g e  i n  th o s e

e x p e r im e n ts , and i t  h a s  b een  see n  (e # g . f ig #  1 0 ) t h a t  th e  t e s t

gap v o lta g e  e q u a lle d  V b e fo re  f l a s h o v e r .  Now, th e  v a lu e  o f  Vo o
was read  from  a v o l tm e te r ,  and re c o rd e d  i n  a l l  t e s t s .  Hence k

1
cou ld  be o b ta in e d  from  th e  d e f le c t io n  c o r re sp o n d in g  t o  on th e  

o a c i l l o g r a i ^ ,  the  p o t e n t i a l  d iv id e r  r a t i o ,  an d  th e  v a lu e  o f  V^#

Had th e  s e n s i t i v i t y  o f  beam 2 been  r e q u i r e d ,  s p e c ia l  t e a t s  w ould 

have had  to  be c a r r i e d  o u t  to  d e te rm in e  i t ,  and  i t s  v a r i a t i o n  a s  

th e  o s c i l lo g ra p h  h e a te d  up  and th e  m ains v o l ta g e  f l u c t u a t e d .

I t  w i l l  a ls o  be n o te d  t h a t  th e  above e x p r e s s io n  i s  p r a c t i c a l l y
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In d ep en d en t o f  It « s in c e  R < <  R*« T h is  I s  a n  a d v a n t a ^ .  b ecau sefl 0

i t  i s  e a s i e r  t o  m easure a c c u r a te ly  th e  v a lu e  o f  th e  r e l a t i v e l y  

l a r g e  r e s i s t o r ,  R>, th a n  t im t  o f  tho sm a ll sh u n t R_,



APPENDIX I I I

Reasons f o r  S hort c l  rcttitin^?: ( f ig »  1 )

d a r in g  Follow  C u rren t T ea ts»

Tho shun t ( f ig #  1 ) was u se d  I n  e x p lo r a to r y  t e s t a  o n ly  

and  was s h o r t  c i r c u i t e d  i n  a c tu a l  fo llo w  c u r r e n t  t e s t s  f o r  th e  

fo l lo w in g  reasons*

(1 ) The v o lta g e  a c ro s s  R d u rin g  th e  im p u lse  p e r io d  was o f
sg

th e  same o rd e r  a s ,  and i n i t i a l l y  c o n s id e ra b ly  g r e a t e r  t h a n ,  

th e  t e s t  gap v o lta g e  7^^# C o n seq u en tly , when R^^ was n o t 

s h o r t  c i r c u i t e d ,  tho  v o lta g e  a c ro s s  th e  L»7# c i r c u i t  was 

d e te rm in ed  n o t by tho  t e s t  gap a lo n e ,  b u t  by  th e  t e s t  gap 

and  the  shunt#  T hus, i f  I .  was ta k e n  t o  be p o s i t iv e  whenw
0  d isc h a rg e d  th ro u g h  th e  t e a t  gap ( f ig #  1 ) ,  th e n

7  •  L 2E& m 7  . 4  ( in s ta n ta n e o u s  v o l ta g e  a c ro s s  R^ ). I f
* d t  e t  dL .

R was f i n i t e ,  w h ile  7 .  -  L - 2  »  7  .  ̂i f  R m 0# eg t  gt eg
C o nsequen tly , R co u ld  have s i g n i f i c a n t  e f f e c t s  o neg

th e  fo llo w  c u r re n t  mechanism* one o f  th e s e  e f f e c t s  w ould 

be s im i la r  to  th a t  o f  a la rg e  v a lu e  o f  I^#

(2 ) The low v o lta g e  end o f  the  t e s t  gap i s  no lo n g e r  a t  e a r t h  

p o t e n t i a l ,  r e s u l t i n g  i n  a s l i ^ t  c o m p lic a tio n  i n  th e  

m easurem ent o f  t e s t  gap v o lta g e  $ i f  H__ i s  n o t s h o r t  c i r c u i t e d .

(3 )  Tho nagn itu d o  o f  tho  c u r re n t  i n  R v a r i e s  c o n s id e ra b ly #

R has to  be s m a ll ,  to  k eep  th e  ohm ic r e s i s t a n c e  o f  th e  
flg

L#V# c i r c u i t  t o  a low v a lu e  ( s e c t io n  2*2)# I f  no a m p l i f i e r

wore used , th e n  a r e c o rd  o f  th e  im pu lse  c u r r e n t ,  I  ,  w ould
IG t

bo obtainoid (f ig #  9 (a )  -  ( b ) ) ,  b u t th e  d e f l e c t i o n  on  th e
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o a c i l lo g r a p h  w ould be to o  sm a ll t o  be m easu red  a c c u r a t e ly

a f t e r  t^ *  I f  a n  a m p l i f i e r  w ere u se d  (w ith  th e  same v a lu e

o f  R ,  f ig #  9 (o )  # (d ) )  a  r e c o rd  w ould be  o b ta in e d  o f  th e  
® 8

c u r re n t  f lo w in g  i n  th e  t e s t  gap a f t e r  t^ #  D u rin g  t ^ ,  th e

r e l a t i v e l y  l a r g e  Im pulse  c u r r e n t ,  f lo w in g  i n  so

t h a t  th e  a m p l i f i e r  w ould be d r iv e n  to  c u t  o f f .  Thus# two

s e p a ra te  r e c o rd in g s  w ould b e  n e c e s s a ry  to  o b t a in  th e  t e s t  gap

c u r r e n t  d u r in g  and a f t e r  t  *
1

I n s p e c t io n  o f  f ig #  1 w i l l  show t h a t  th e  c u r r e n t  i n  R
sg

can be o b ta in e d ,  by  a p p ly in g  K irc h h o ff^ s  Law, i f  th e  c u r r e n ts

i n  R an d  R _  a r e  known; t h i s  I s  i l l u s t r a t e d  by f ig *  9*
0  sIO

I t  w i l l  be  se e n  t h a t  i f  th e  v o l ta g e  on R i s  r e c o rd e d
aXG

w ith o u t u s in g  th a  a m p l i f i e r  ( f ig *  9 ( a ) ) ,  th e  c u r r e n t  I
IG t

i s  o b ta in e d *  I f  th e  a m p l i f i e r  i s  u se d  ( f ig *  9 ( f ) ) ,  th a  

c u r r e n t  wave r e c o r d  i s  s e v e re ly  d i s t o r t e d  by th e  s a t u r a t i o n  

o f  th e  a m p l i f i e r ,  b u t  th e  im p u lse  d u r a t io n ,  i s  o b ta in e d  

v e ry  a c c u ra te ly *  I f  th e  a m p l i f i e r  I s  u se d  to  r e c o rd  th e  

v o lta g e  a c ro s s  R ( f ig *  9 (g ) « (h ) )  th e  c u r r e n t  I  I s
m t

o b ta in e d  b o th  d u r in g  and  a f t e r  t^ ê  Thus more in fo rm a t io n

th a n  w ould  be a v a i l a b l e  by  re c o rd in g  on  R^^ can  be o b ta in e d ,

w ith o u t a d d i t io n a l  d i f f i c u l t y ,  by  re c o rd in g  on  R^ an d  R
0  aiG  *
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Ammeter-Voltmmter E rrors in  Measuring I  and V *
----------------------  !------------------------------------ ^ g t --------------

I t  w i l l  be see n  from  f ig *  1 t h a t  th e  m ethod u se d  f o r  th e

m easurem ent o f  th e  t e s t  v o lta g e  an d  c u r r e n t  s u f f e r s  from  the

in h e re n t  e r r o r s  o f  azm m ter-v o ltm ete r r e s i s t a n c e  m easurem ents#

C o rre c t io n s  can  be a p p l ie d ,  b u t  th e  e r r o r s  c o u ld  be made n e g l ig ib le

h j  m aking th e  co n n ec tio n s  c a re fu l ly *  Thus, th e  c o n m é t io n s  o f

f ig *  1 g iv e  a c c u ra te  r e c o rd in g  whan th e  V o ltag e  a c ro s s  R l a

sm a ll compared to  th e  v o lta g e  a c ro s s  R_, l* e*  when I  . i s
L g t

r e l a t i v e l y  sm all*  % e n  th e  v o lta g e  a c ro s s  R was l a r g e ,  a c c u r a te
s

r e c o rd in g  co u ld  be o b ta in e d  by c o n n e c tin g  th e  e a r th y  end  o f  th e  

p o t e n t i a l  d iv id e r  to  th e  common e a r th  p o in t  *
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E f f e c t  o f  and  on th e  D u ra tio n  o f  C u rre n t Flow

i n  th e  Case o f  L#P$ F o llow  C u r re n t»

The d e f i n i t i o n  S ( ! )  o f  s e c t i o n  5»S r e q u ir e d  th e  L»V» c i r c u i t

t o  m i n t a i n  th e  d ie  charge u p  to  i t s  f i r s t  n a tu r a l  c u r r e n t  a e ro

o c c u r r in g  a f t e r  th e  end o f  th e  im p u lse , i n  o r d e r  t h a t  L»F» fo llo w  

c u r r e n t  be e s ta b l i s h e d #  I n  o r d e r  to  a p p ly  t h i s  d e f i n i t i o n  

e x p e r im e n ta l ly ,  i t  i s  n e c e s s a ry  t o  d e c id e  th e  tim e i n t e r v a l  w hich  

e la p s e s  betw een  th e  i n s t a n t  o f  f l a s h o v e r  an d  th e  n a t u r a l  c u r re n t  

z e ro (g )  o f  th e  L»V» c i r c u i t #

Ig n o r in g , f o r  th e  moment, th e  e f f e c t  o f  th e  d is c h a r g e ,  th e  

tim e s  e la p s in g  betw een  th e  i n s t a n t  o f  f l a s h o v e r  and  th e  n a tu r a l  

c u r r e n t  z e ro s  o f  a re  g iv en  by

t  »  a ln * ^  4  _ where k  has  an y  I n t e g r a l  v a lu e
i ?  •

( th e  ohmic r e s i s t a n c e  o f  th e  I»#V# c i r c u i t  i s  n e g l ig ib le ) #

U nder th e  c o n d it io n s  o f  t h i s  i n v e s t i g a t io n ,  th e  te rm

a ln * ^  n e v e r  ex ceed ed  ( l / f )  x  10*^ an d  was u s u a l ly  v e ry

much s m a l le r t  th e  e f f e c t  o f  I  on t  can th e r e f o r e  be Ig io re d #
o no

By d e f i n i t i o n ,  t  <  l / ( 2 f )  I n  th e  c a se  o f  I^w F requency  Fo llow
1

C u rre n t ,  so t h a t  th e  f i r s t  n a t u r a l  c u r r e n t  a e ro  o c c u r r in g  a f t e r  th e  

end  o f  th e  im p u lse , o c c u rs  l / ( 8 f ) seconds from  th e  i n s t a n t  o f  

f la s h o v e r#  Hence th e  d e f i n i t i o n  r e f e r r e d  to  ab o v e , r e q u i r e s  an  

L#V# c i r c u i t  c u r r e n t  f lo w  l a s t i n g  n o t  l e s s  th a n  2 / ( 2 f )  seconds#

I t  I s  now n e c e s s a ry  to  c o n s id e r  th e  e f f e c t  o f  th e  d is c h a rg e  

on  t h i s  s ta te m e n t#



m 141 —

The H#V# Follow  C u rre n t Case*

I n  th e  case  o f  H#V# fo llo w  c u r r e n t ,  th e  c r i t i c a l  V i so
r e l a t i v e l y  h ig h , so t h a t  th e  mean v a lu e  o f  th e  d ia d ia r g e  c u r r e n t ,

ta k e n  o v e r  a  h a l f  cycdo , i s  h ig h  a lso #  Hence th e  mean v a lu e  o f

V ,  ta k e n  o v er a h a l f  c y c le ,  i s  l a r g e  com pared to  th e  c o rre sp o n d in g

v a lu e  o f  V _ has th e r e f o r e  v e ry  l i t t l e  e f f e c t  on  th e
g t

f re q u e n c y  o f  th e  d is c h a rg e *  t e s t s  d id ,  i n  f a c t ,  show t h a t  th e  

d u r a t io n  o f  a c u r re n t  lo o p  d i f f e r e d  v e ry  l i t t l e  from  l / ( 2 t )  i n  a l l  

c a se s  i n  w hich H#V* Follow  C u rre n t became e s t a b l i s h e d .

The o n ly  e x c e p tio n  to  t h i s  r u l e  o c c u r re d  i n  th o s e  t e a t s  o f  

s e c t io n s  12#9 and 12#10 i n  w hich  a c o n s ta n t  c u r r e n t  glow was 

m a in ta in e d  f o r  t im e s  o f  the  o rd e r  o f  1 m i l l i s e c o n d  b e fo re  H#V# 

Follow  C u rren t became e s ta b l i s h e d #  W henever t h a t  hap p en ed , th e  

d u r a t io n  o f  th e  c u r re n t  lo o p  ex ceed ed  l / ( 2 f )  by a tim e 

a p p ro x im a te ly  e q u a l  to t h a t  f o r  w hich c o n s ta n t  c u r r e n t  glow s had 

been  m a in ta in e d #  How, i t  fo llo w s  from  p o in t  3 o f  s e c t io n  7 .1  

t h a t  u n d e r  th e  c o n d i t io n s  i n  w hich H#V# F o llow  C u rre n t m echanism  

o p e r a te d ,  th e  d u ra t io n  o f  c u r r e n t  flow  was v e ry  much s m a l le r  th a n  

3 / ( 2 f )  i f  fo llo w  c u r re n t  d id  n o t become e s ta b l i s h e d #  T here  was 

th e r e f o r e  no d i f f i c u l t y  i n  d e te n a in in g  w h e th e r o r  n o t  fo llo w  

c u r r e n t  became e s t a b l i s h e d ,  i n  a l l  c a ses  i n  w hich  th e  H#V# 

m echanism  held#

The H#C# Follow  C u rre n t Case#

I t  w i l l  be seen  from  f ig s #  19 -  21 t h a t  i f  fo llo w  c u r r e n t  i s  

o f  th e  H#C# ty p e , and  i e  p o s i t i v e ,  th e  d u r a t io n  t ^ ^  f o r  w hich  

curx^ent I^  f lo w s , in c r e a s e s  r a p id ly  w ith  u n t i l  t ^  — 0 # 9 /(2 f )#

S ubsequen t in c re a s e  i n  7  ,  r e s u l t s  i n  a s m a l le r  in c r e a s e  i n  t__*
O JbV
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may exceed  s l l ^ t l y  th e  v a lu e  l / ( 2 f  ) ,  and  f u r t h e r  In c re a s e  I n  

V th e n  r e s u l t s  I n  a d e c re a se  I n  t _ *
O JjV

A n o te  o f  a r b i t r a r i n e s s  must th e r e f o r e  be in tro d u c e d  i n  t h i s

ca se  i n  th e  d e f i n i t i o n  o f  L#P* fo llo w  c u r r e n t ,  r e f e r r e d  to  above*

i t  was d e c id e d  th a t  t h a t  d e f in i t i o n  be ta k e n  to  r e q u i r e  a d u rf î t îo n

o f  flo w  o f  o f  n o t l e s s  th a n  0*9{2f) s e c o n d s , i n  o rd e r  t h a t

HfC. Follow  C u rren t be e s ta b l is h e d #

To a p p ly  t h i s  d e f in i t i o n ,  o s c il lo g ra m s  have to  be ta k e n  I n

fo llo w  c u r re n t  t e s t s  and th e  d u ra t io n  o f  th e  I  lo o p  o b ta in e d  a t
t

d i f f e r e n t  v a lu e s  o f  has to  be m easured  from  them# A l e s so
la b o r io u s ,  b u t l e s s  a c c u ra te  way o f  d e te rm in in g  th e  c r i t i c a l  

depends on  th e  f a c t  t h a t  in c r e a s e s  r a p id ly  w ith  u n t i l  i t

re a c h e s  a v a lu e  o f  Qom 0 # 9 / ( 2 f ) ,  and  th e  r a t e  o f  change o f  t .XnT
w ith  V becomes sm a ll a t  h ig h e r  v a lu e s  o f  V • The v a lu e  o f  7  o 0 o
a t  w h ich  f u r t h e r  in c re a s e  i n  7  r e s u l t s  i n  l i t t l e  In c re a s e  I n  t „ ,

o L 7 '
can be d e te rm in ed  f a i r l y  a c c u r a te ly ,  by v iew in g  th e  w aveshape 

on  th e  s c re e n  o f  a n  o s c il lo g ra p h #  T h is  m ethod was u se d  i n  th e  

t e s t s  o f  s e c t io n  11 #4* an  e r r o r  o f  n o t more th a n  10^ was th e r e f o r e  

in tro d u c e d  i n  the  c r i t i c a l  7 ^  re c o rd e d  i n  th o s e  t e s t s ,  when fo llo w  

c u r r e n t  was o f  th o  H#C# ty p e  #
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(Z ero  Dines* f o r  O sclllopyam a o f  I  ̂ and

(Z ero  L in e s* , from w hich th e  d e f le c t io n s  o f  th e  beams co u ld

be m easu red , were o b ta in e d  f o r  a l l  th e  o s c il lo g ra m s  o f  and  V ^
t  g t

u se d  f o r  q u a n t i t a t iv e  a n a ly s e s ,  and f o r  many o f  th e  o th e r s  # To

o b ta in  tha  *zero l i n e s * ,  th e  low v o lta g e  arm o f  tho  p o t e n t i a l

d iv id e r  and th e  sh u n t E wore s h o r t  c i r c u i t e d  s im u lta n e o u s ly  t h r o u ^s
th e  same sw itc h ; th e  c i r c u i t  ( f ig #  1) was n o t o th e rw ise  a l t e r e d #

The im pulse  g e n e ra to r  was th e n  t r ip p e d  i n  th e  u s u a l  way ( s e c t io n

2 # 5 ), so  t h a t  o s c i l lo g r a p h  began  to  sweep# Two t r a c e s  w ere

o b ta in e d , each  duo to  one o f  th e  two beamsj th e s e  t r a c e s  were

s t r a i g h t  l i n e s ,  e x c ep t as e x p la in e d  below#

Owing to  the  c h a r a c t e r i s t i c  o f  the  s h o r t c i r c u i t i n g  s w itc h ,

a v o lta g e  p u lse  h av in g  a peak o f  tho o rd e r  o f  100 m i l l i v o l t s ,  and

a d u r a t io n  o f  some 50 m icroseconds ap p ea red  a t  th e  sw itc h  when th e

im pulse g e n e ra to r  f i r e d #  T h is  p u lse  had  n e ^ i g i b l e  e f f e c t  i n

th e  case  o f  th e  *aero  lin e *  c o rre sp o n d in g  to  V . # I n  th e  ca se  o f

th e  *soro  l in e *  co rre sp o n d in g  to  I .  ,  how ever, th e  p u ls e  was
t

m a g n if ie d  by th e  a m p l i f i e r  and caused  a sm a ll b u t v i s i b l e

d e f le c t io n  (e .g #  see  (a e ro  l in e s *  o f  f ig #  3 6 (a ) )#  T h is

d e f l e c t io n  was u se d  to  d i s t in g u i s h  betw een th e  *aero  l i n e s * ,

i#e#  to  determ ine  w hether th e  u p p e r o r  th e  lo w e r l i n e  was

a s s o c ia te d  w ith  I .  (o r  V . ) i n  a g iven  t e s t .t  g t
The im pulse g e n e ra to r  was u s u a l ly  t r ip p e d  b e fo re  b e in g  f u l l y  

ch arged  when *zero l in e s *  were o b ta in ed #  The f l a s h o v e r - d e la y  was 

th e r e f o r e  n o t  the  same a s  i n  th e  case  o f  f la s h o v e ra  from  w hich
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BOd VQToehapoo v&t& rcoirded, eo that the amalX dafX«of>lûâ on 
tbo currant 'soro 11m* did not nocoasarlly occur m ar the 
boglnalns o f  tlîa aweop, en d  In eoao casos i t  yi&s not recorded a t all, 

In tho caae o f  okotchoa o f  oaclllograEis (e#g* f i g #  10) It vas 
consldorsd that tha use o f  t w  *aero llnoB* vould resu lt in  
u n ra c o n a s ry  complication# Only o a s  *B@ro 11m* vas therofore 

sb0 «n« and tha vavaformsrecorded on both heaaa were referred to I t ,
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p red iction  of I^^*

The problem of follow current i s ,  in  fa c t ,  the problem of the 

growth of current in  the L*V* c ircu it*  A simple mathematical 

analysis  is  not possible because of the non-linear re la tio n  between 

the te s t  gap voltage and current* However, observations made in  

th is  investiga tion  have shown th a t Vgt su b s ta n tia lly  independent 

of the L*V* c irc u it  during the impulse period, provided 

does not exceed the c r i t i c a l  range; thus the waveshapes of

which can be obtained osc illog raph ica lly  fo r  a given impulse 

and te s t  gap, apply whatever the L*V* c irc u it  used# A 

mathematical analysis can therefore be used to  p red ic t the value

^ t l ^

I t  has been shown in  section 13#1 th a t 

I t l  » lo  + (Vt -  ?g t)d t

L l .
SO  th a t I t l  = lo + - | | V^dt

Now, from f ig .  1, Vt = Ii.dt-, from f ig .  1, Vt = Vg -  I,

The la s t  two expressions determine a simple so lu tion

is  possible in  many cases by using an approximate expression fo r 

The spec ific  case of the standard Condition (section 5*12) w ill 

now be considered as an i l lu s t r a t io n ,  Vq and Vxgo being of the 

same p o la rity  to earth* In th a t case -  as , indeed, in  the general 

case of impulse flashovers to  an energised system -  the impulse
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duration , t^ , was small compared to the h a lf period, l / ( 2 f ) ,  so

th a t during the impulse* Oscillograms of V , taken In

the standard Condition, have been traced in  fig#  66(b) fo r  the
f t i

impulse period; Vgt^t — 0*011 volt-seconds rep resen ts  a 

good approximation, obtained from these oscillograms* Also, in  

the Standard Condition, t^  180 microseconds and L « 129 m il l i 

henries, so th a t the re la tio n  between (ançs) and (vo lts) 

becomes

I t l  “  ÔTÏ29 ^  -  0»01I) “  1 .4 0  X 10“ 5 y  _ 0 .085

This s tra ig h t lin e  has been drawn in  f i g *66(a) where i t  i s  

seen to be in good agreement with re su lts  obtained by d ire c t 

experiment*
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6CT 6 0  A S  NOT TO FL ASH  OVER* «  7 5  W T l  ( C A R B O n ) ,  

T r a C I N ( * S  FROM OSCILLOC^ftAMS O Q T A I N 6 0

(0 WITH THE ABOVE CiRCOlTj

OO WITH THE a b o v e  c i r c u i t ,  Ô ^ T  Uj VTW T H E  L V.

CIRCUIT CORRESPONDING TO p = 5 0  ONQ Z  - 12 6
c o m n e c t c o  A c r o s s  T H c  t c s t  c, a p ;

(u*) AS (lO, e x c e P T  t h a t  Z ' 4 0 S i ,
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lOOA-

F i g .  S  (a )

Ik)

ClRCUtT W6G0 FOR MCA5URiNW THE CURRENT OUTPUT 

OF THE tfiPULbg <»EMg|l?ATOR

C u r r e n t  w A v g a « ^ ^ p e b  w i t h  tm6 / ^ ^ o v g  c i q c u i t .

^IG, -  0 '0 8 3 y ^ F  • R jg ' 4-34J1 (wiet-j

The tftbt 9«p 6pcicing wcib 0*5 cm; current waveskopes
were âu L & ta n t ioilvi in o ie p e n d en t  o f  t h e  t e s t  g a p ,  p ro v id e d

it ffosfieeJ o v e r .  Rp o n d  Ry a r e  g  w en  b e lo w  r thc^f

o re  nominal values^ measured

on a  low voltage d.c bridge. 

^The currents used in tine 

present investigation were not 

limited to t h o s e  given above).

Curve
No SI

Rt
Î I

1 841
(u.vj)

833
Cw w.)

If 8 4 /
/w w)

75*10^
(c . )

(II 4 / ^
(w.w.)

IStio’
( r )

IV 4 2 0
(c)

7 5 . 10’
(C)

W W. * w o v f N  wiftg ; c = C A R BO N



(a )
E le c t ro d e  
A ssem bly -  
S p h e re s .

E \ 1%̂
f - IS an diawatcr

1

(b)
D isc  É le c tro c le ,

Wa

( o )
E le c tro d e  
A ssem bly -  
D is c s .

Fig> 6. T e s t Gao D a ta .

In  th e  c a se  o f  ro d  e l e c t r o d e s ,  th e  assem b ly  o f  
f i g .  6 (a )  was u s e d , th e  a d a p to r s  A and B b e in g  
r e p la c e d  by a  p a i r  s u i t a b l e  f o r  ro d s  ( s e c t io n  3 ) ,



Ht

*■ CRO

Fie,. 7
The v o l t  a g e - l im ite d  p o t e n t i a l  d iv id e r ,  shown connected  

a c ro s s  th e  t e s t - g a p .

j



2930

oB
0-0

2M
0 1 5 0 1 5uF=i=:

75K

A

E
100 r

Fic, B. A mplifier u s e d  FOR c u r r e n t  MEASUREMENT.

Circuit D ia g r a m .  T h e  i n p u t  is a p p l i e d  b e t w e e n  A a n d  E o n d  
t h e  o u t p u t  ib o b t a i n e d  b e t w e e n  0  a n d  E. U h e n  t h e  input s t o g e  
on\\f ib u i c d ,  t h e  link XX’ is r e m o v e d ,  X' Ib e a r t h e d ,  a n d  t h e  
o u t p u t  lb o b t a i n e d  b e t w e e n  X a n d  E. ,

Frec^uenc'^ response.
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F i 4 .  9. Typical o s o l l o O t R a p h i c  t r a c e s  o s t a i n c d  b v  r e c o r d i n g t  a t
THE SHUNTS OF FlQ. I. WHEN FOLLOW CUQfttNT UAt OF L.F TYPE. 
A  h o r i a o n t q l  ' z e r o  line* \ t  ^Wown o n  e g c L i  t r o i c m q .

TrachsICt S h u n t  a t
WHICH
RCCORblNb

( f ' S  ')

WHETHER
AMPLIFIER
u s e f i (  b e t w e e n  

5HUNT A N 5  CRo)

R e m a r k s

a N o F o l l o w  C u r r e n t  n o t  e s t o  Lli&lieci.

b F o l l o w  C u r r e n t  estaValished.

c T è à F o l l o w  C u r r e n t  n o t  e s to ^ l i s V ie d .

d F o l lo w  C u r r « r > t  e s ta b l i s W e o l .

e RsiÉi No T h e  t r a c e s  a r e  i n d e p e n d e n t  o f  

t h e  e s t a b l i s h m e n t  o f  f o l l o w  c u r r e n tf T e s

9 Rs Vb s Follow C u r r e n t  n o t  e s t a b l i s h e d .

h F o l l o w  C u r r e n t  e s t o b l i s h e d .

T h e  a m p l i f i e r  WAS d r i v e n  t o  c u t  O F F  Q V  T H E  HICrH INITIAL 

C U R R E N T  IN T R A C I N 6 b  Ç ,  o l  AND 4 .



Follow CurfCht ArcA r t  or Glow

Arc or Glow

Fit» .  IQ. H . V .  F o l l o w  C u r r e n t  ( t ,  « f ÿ ) .

X clea l i s eo l  t r o c in 0 5  from osci I lo g ro m s  o f  cjischarc^e 

V o l t a g e ,   ̂ Oinol L.V. c i rcu i t  c u r r e n t   ̂ 1 ^ ,  I f  p o t e n t i a l  

d i v i d e r  c u r r e n t  is i g n o r e d ,  ( f i g . l )  a f t e r  I, .

F o l l o w  Cu h r s n t  gsTAQusHeP.(q)
(b) F o l l o w  C u r r e n t  o o e s  n o t  o c c u r .

i



A

PiC wJI .  H . V .  F o L L O w  C u r r e n t .

S k e t c i a e à  o f  w o i \ / e s h o f s e ^  o f  L .V .  c i r c u i t  c u r r e n t , ! ^ ,  

o b t o i n e c l  w h e n  h o c À  a  c r i t i c a l  ^ o l u c  a n d  

was nei^ligtbie.



If»lpuUi
Arc

r o w e r  A r cNo
jisckorge 
m--------- '»

Tran&Ient Arc C o n d i t io n

Residual
Voltage 
on C

P|&. 12. H. C. P o L L O W  Cv/RRCNT.

S k e tc h e s  oi  w ov esk o pes  o f  d i ib ck a r^ e  vo l tac^c , c»nd L,V. circuit 
current ,  I f  p o t e n t i o l  div ide r  c u r re n t  is i^nor^d^  0 o f t e r  t | .

F o l l o w  C u r r e n t  e s t a l o l i s k e d .

F o l low  C u r r e n t  dliol n o t  o c c u r .



(Tc30
.Sc>  £

F i c r .  l à . H . C .  F o l l o w  C u r r e n t .

S k g t c h e ^  o f  w q v € . s h o p # s  i l l u ^ t r c i t m q  the ,  

e f f e c t  o f  c K a h g e b  in o n  t k e  t im e  f o r  vwkick 

1^ it m a in ta in e d  (t^y/).

(N egligible lo).



1̂  dikthcirge i m p u l s a  Arc

V<at

RF

©

No «jis4.k@ry IlMpvl&e Arc
 M "  :------------

■  4>TÜ4

®

Fi<w.l4-, H * F ,  F o l l o w  C u r r e n t .

Sketches of wavê fiopes of oli&cinar̂ e voltogê  impulse,
curreî t̂  I l f r t ,  L.V. Circuit c u r r e n t ,

( a )  F o l l o w  C u r r e n t  e^ to b j i^ l r i e c l .

( b )  F o l l o w  C w rren t  d i c i  n o t  o c c u r .



Viq.t

F»€». /5. CLA&&IPI CATION OF H.V. FoLtOW CuO^CNT 05C CCtO CrR/\MS |h

ACCOftOANCC WITH THE wav£ SHAPE Vgj. DUAINQ ( &E6 AUiO

Fig. 10 ). SuDDEN CHAN(,C5 in iNblCATg TRANS# riONS FROM
ARC TO C,LOW ANA FAOM &LOW TO ARC .

WAV£6HAPES HAVe %E&N DRAWN AQOvC foR THE CONb$TiON 

1 ©“ ^ • Tnid HELD IN M06T gKPERiMEN F6 COVCRffD THE

PRCiSNT INVESTIGATION. THE POTENTIAL b'viOER CURRENT

OEINC nECUCISLC  ̂ ^ APTER t , .
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O 0 8 3 yu.F; Rp « 4 2 0  J1  ( C o r b o i ^  ot \ J oV€»i 

R y % 7 5 k J I  ; T # » t  G o p  E l e t t r e
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f=isa V» f *158'
2*400
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VALUE AS IN STAMP CONDITION,T*iTi 1-6)
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tki& 6ketchJ
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All c u r v e s  coivuiicic

1*0

in o licc ites  t h o t  t h e r e  wa& a  
large Scatter W\ tV\e value* 
of  t|^v^ a n d  g iv e *  its  
limits.

lo5 4% 500200100

F1 6  19 . RELATIONS BETWEEN THE TlM*:, t^y, WHICH

f  = SOO c/s; 2 ^ 4 0  A ;  I6 0 i4t):; s  7 9  A m ps,

I o ~ Q )  Rp~ ^ 2 0 J l ^ < g r b o n ^ *  R y g 7 5 k J l ( c a r b o n ) /

z 0 0^3y*.F j V y^^ts33kVj S ta n d a rd  E lectrodes,

S p a c e d  CIS i n d i c a t e d .
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0 5

4 0 0 00300ICO 200

Fi Ci. 2 0 .  R g L A T t O N b  B E T W E E N  T H g  T i n g ^ t ^ y ,  FOR WHICH 1  ̂

TLOWS^ AM5 y ,

2  % 12 6 TZ. O th e r  d io ta ,  a n d  co n v e n t io n  rc^ qrd»wci 
t h e  s c a t t e r  in  ̂ a s  o n  F i 9 . 19.
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Fife. Analysis of the H.F! Follow Current 
Mexhanisn FOR rue case V, > V,».
A sso m p t io n s  ; _ V a t ^ a o ( c o n s t o n t )  ; _X^ a n d  R 
negligible.

a l s o  Fig*. 14  onoL 2 3 .

J



F i g . 2 3  . A w A L Y s ^ t  O F  T H E  K F  F o l l o w  C u r r e n t

M e c h a n i s m  F O A  T H E  c a s c  <  Vç^o .

A ssum ptions; ^ ( c o n s t a n t )  ; Jq onoj R 
Mtqiiqi ble.

See also Fiqs. onoj 22.
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V e r t i c a l  L i n e s  C i iv f fTHe scattsch

IN t t  V A L U S ,  O B T A I N g D  IN ALL T E S T S  

A T A 61VEN R p .

Horizontal LINE6 a»v£ the
MEAN VALUES OF t ,  OBTAINED

IN EACH TE S T .

lOt o

P iq.24. R e l a t i o n  b e t w e e n  Im p u l s e  PuftATioN^ and

WAV E F R O N T  R E S I S T A N C E ,  R p  ,

R-, -  7 S » lO ^  i l  . Crr. = O  O S 3  X.F ; = 3 3 V « V .
t i n e  c o n d i t i o n s  o f  h b i s  t » i v e > t i q < i t i o n , L, w a s  a u k a t @ n t l o l l ^  

i n g l e R * m ^ e # i t  o f  L e s t  Q c i R  o n e !  L .V .  c t r c o i t ^  ^ a i " o v i c < c d  T ^ i ^ O .
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V s  A m p s  e t_v_  o m d i n c r g g a e A  t ,  c fccr^QAes

't dftnAfcqwt, Rp yqirtoblft^
400

LO»ij>tc<wt, Ry v o r i q b l a ) . XM
100

100

lO O5 0 ICO

Picr.̂ 5. Relation between the MEAN values of
CRITICAL V, AND i M P ü L b E  D U R A T I O N  t #.

The Sfcqttfcr vioa le»a them  ̂ZOZ in V/a ond thoxa 
H07c int..

f  = 5*0 : Z  9 4 0  ; Cr,_ ^ 0 -  0 8 3 yp F ; Vr^,^ » i 3  KV;

0 ^  9 2 &
O  R p  ~  4 - 2 0  J 1  ; f 4 5 " j l c  R T < l 5 K * o \ V Z

^  R t . -  VSxio^JZ ; 5 0 ^  <  Rp < 4 2 0 / 1

X C o m m o n  t o  b o t h  q b t o v e  c o n d l L j o n b  (  R p - 4 Z 0 5 1 ;  Rt~7S» iO ^

J



0

90fl

6 0 0

Sod

Qtg c m
f=  I S 8  Vd

0 5 Ctr> qop
^  » S o o

200

too

lo 10lO
Rp Ohm»

F  % ^ .2 6  E ffec t o f  Rp om Ci>tticail Vq a t  olif L.V. eircv»it

'frequencies oncil g o p  s p o c i n g s .

2^ g  ■4*0 O h m » ; R y S 76*x l0^ û h > n s; C^ot^ 0 -û 8 3 y u F  ; -= 3 3 k V .

"F ile  v e rtic o l lines give t.|r\e s c o L te r*  o h to m e c t in oi II Lests  

c a r r i e d  o u t  a t  o  g iv e n  R p  . T h e  h o r iz o n t a l  line» g ive  th e  

m eon v a lu es  o f  c r i t ic a l  V^ o lo t a im e d  In e a c h  te s t .
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7 0 0

6 0 0

5 0 0

f  = 5 0 0 t / 6400

100

10 10 10“ \o

F t g . Z 7  E F F E C T  O F  R p  QM  C R IT IC A L  \ 4 ,  A T  O iP F e .R 6 N T  L.V. 

C I ^ K U I T  F R E Q U E N C I E S .

2 ^ 4 - O - f t ;  R t= 7 S x I O ^ .Æ ;  C if, = 0  083>iF,- 

6 tAp Space % l 5 cm.
The v e r t ic a l  lin e s  th e  s c a t t e r  oaTAINCO IN ALL 

TESTS c a r r ie d  out AT A GIVEN Rp. ThE HORIZONTAL LINE5 

6 N E  THE MEAN VALUE OF C R IT IC A L Vp OBTAINED IN  

EACH TEST
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F f < r . 2 6 . E f f e c t  o f  R p  o n  c r i t i c a l  V ,  a t  d i f f e r e n t  L  V .  

C I R C U I T  o u t p u t  I M P E D A N C E  V A L U E S ,

f  ^50<A ; RT«75irio^il;Cj<^^Q>oai^F;VTr-̂ 3 5 K V ; OS cm Gap, 

" T h e  v e r t i c a l  l in e s  4-ivg t h e  s c a t t e r ,  a n d  t h f  horizontau

LINE CrIVE T H E  M E A N ,  OF T H g  C R I T I C A L  V ©  O f l T A l N C O  IN Ça CH T E S T ,



600

f  5 0 0I S CM
7 0 0

H ,\/ ,  Pollow Current■«- : , H.C. Follow Gurvewt   » ,600

200

loo
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so
Fl0i .^9 .  RELATION BETWEEN AND THE CRITICAL V5 0 AT

D I F F E R E N T  CrAP SPACINGS.

Z = 4 0 J Z ;  F?t - V xgp^ 33KV. 

T h e  p o i n t s  s h o s j n  h a v e  b e e n  o b t a i n e d  f r o m  t h e

APROPRIAT6 CURVES OF FI6S 26-28.



^ C H i

a.««-0
!

*n
6

<
rV

in
6
A
(J l
V
<<LV*
UJQ
o
cr
K
w
U l
u

LÜ

Z
Ul
hs
Z

cc
o
Ü.

X
<(E
<

lUV
Z 
Ul 

' D 
aw

VI

o
en
s

ÜL

J
<ntÎfl

-C

a.V)

2_0
Ô

i

5
N

-0«

c«
3.
3
0

Q

■gW)
D

0
3

I
u i

9u
T
inj

V I

1
t*
"A

j
</)
■?k
V

_C

D0
L .

G
"0

1c0•wVI
w

sx'loA A Tv3ij.i»5



CH"

VJ

s 4

in



Time S c a le  :

g ig#  31» O sc illo g ram s o b ta in e d  w ith  im c o n d itio n e d  
tu n g s te n  capped s p h e re s , 2 cm. d ia m e te r , spaced  0 .5  
cm. a p a r t ,  when was in  th e  c r i t i c a l  ra n g e . S ta n d a rd  
C i r c u i t .

( a ) - ( d )  Follow  C u rre n t e s t a b l i s h e d .
( e ) - ( f ) Follow  C u rre n t d id  n o t o c c u r .



Time S c a le  :
SO(^S

F ig .  32 . O sc illo g ra m s  o b ta in e d  w ith  h e a v i ly  o x id is e d  
(c o n d it io n e d )  tu n g s te n  ro d s ,  0 .065  cm. d ia m e te r , sp aced  
0 .5  cm. a p a r t ,  when was i n  th e  c r i t i c a l  ra n g e . 
S ta n d a rd  C o n d itio n . .
(a) - (d)  Follow Current e sta b lish ed .
( e ) - ( f ) Follow Current did not occur.



\

R

sp h e re , 
see f i g .  30. ^AYhite * sphere  ̂  

see f i g .  50.

Figo 35. Photograph of 2 cm. d iam ete r, tu n g s te n  capped 
sp h eres , showing a rc in g  s u r fa c e s .



400,

BOO

200

/GO

4 7Tcst No. 45
200 flasUoveri 
applied before 
te s t .

3 f Id^l-ioveri 
a t  fcOOVolb 
a p p l i e d  a t  (a).

F»Cf34; Sequence DiA6RAM FOR 0 -0 4 1  cm diameter Platinum 

ELgCTROOeS, s p a c e d  O'S cm apart.  Stanolarol C ir c u it .
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Time S c a le s :

( a ) - ( d )  I -} 

( e ) - ( g )
l O O i x t

Fig» 36» O sc illo g ra m s  o b ta in e d  w ith  c o n d i t io n e d  b r a s s  
s p h e re s ,  2 cm. d ia m e te r , sp aced  0 .5  cm» a p a r t ,  when 
was i n  th e  c r i t i c a l  range»  S ta n d a rd  C ir c u i t»
(a ) - ( c )  and ( f ) - ( g )  F o llow  C u rre n t e s t a b l i s h e d .
( d ) - ( e )  F o llo w  C u rre n t d id  n o t o c c u r .
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Anode Cathode

F ig .  3 7 . P h o to g ra p h  o f  2 cm b r a s s  s p h e r e s ,  show ing  a r c i n g  
s u r f a c e s .



I 1 ^ .  -^v ^ «  1% l / - \ w r r A r ^ i  I > » ^ r \  ^  W r*! W l « w • »• '  ^ w  w —  »

S t a n o i c i r c t  C i r c u i t ;  n  = 5 ,

T h e  t w o  c u r v e s  w e r e  o b t a i n e o l  in t w o  t e ^ t  r u n s  
c o r r i e d  o u t  a t  a n  i n t e r v a l  o f  (A o iqy^.

V e r t i c o l  lineb g i v e  t h e  s c a t t e r  in V, , a  not h o r i z o n t a l  
lihesthc m e a n ,  f o r  eacin t e s t .
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Anode

m

Fig» 40 . P h o to g rap h  o f  2 cm s t e e l  s p h e re s , show ing 
a r c in g  s u r f a c e s .

mi



M.

Time S c a le  :

F ig»  4 1 . O s c i l lo g ra m s  obtaii®  d w i th  c o n d i t io n e d  s t e e l  
s p h e r e s ,  2 cm. d ia m e te r ,  sp a c e d  0 .5  cm. a p a r t ,  when 
was i n  th e  c r i t i c a l  r a n g e .  S ta n d a rd  C i r c u i t .
( a ) » ( d )  F o llo w  C u r re n t  e s t a b l i s h e d .
( e ) - ( g )  F o llo w  C u r re n t  d id  n o t  o c c u r .

J



r  I 6 . 4 - 2 .  P l A i j R A M  FOR Z  CH D> A n & T tK  , Mb/vv>L^ w%imacu

SrCEL SpH£R6S. Standard CircuiC.
T h e s e  rc6<jlt& w e r #  o b t q i n g o i  in t w o  t e s t  r u n t ,  q t  o n  
i n t e r v o l  o f  7  w e t U a .

1 s t  t e s t  run^  n s 5
2 h d  t e s t  r u n , n s 10
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1

C athode

f i g .  4 4 . P h o to g ra p h  o f  2 cm d ia m e te r  a lum in im n  s p h e r e s ,  
show ing  a r c in g  s u r f a c e s .
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(a)

0 t,

Time S c a l e s ; 
( a ) » ( d )

C e l - t f )  .

yu'.

H
200^4

P ig .  45 . O sc il lo g ra m s  o b ta in e d  w i th  a lum in ium  s p h e r e s ,
2 cm. d ia m e te r ,  sp ac ed  0 .5  cm. a p a r t ,  when was i n  th e  
c r i t i c a l  r a n g e .  S ta n d a rd  C i r c u i t .

( a ) - ( c )  and ( e )  fo l lo w  C u rre n t e s t a b l i s h e d .
(d ) and ( f )  F o llo w  C u rre n t  d id  n o t  o c c u r .



F k», 4 - 6 .  S p a c i NU  P l A C r R A M  F O R  2  ç r i  P l  A n ç T E R  , H E A V IL X  

O x l O l â g P  ALUMINIUM S P H E R E S .

S t o n d a r o l  C i rcu i t  ; n = 10.

300

0u

C
V

200

)00

100-80 02 . 0 4
G a p  6|DQiciny, cm.
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CathodeAnode

^lg> 47(a). Photograph of conditioned sec tions 
of aliamininm disc e lec tro d es .
4 .6  times f u l l  s iz e .



Anode
(b )

Oathode

Anode Oathode
(c)

Plg .  47 ((b)  and (o) ) .  Photographs of se c tio n s  o f 
aluniiniuEi d isc  e le c tr o d e s  to  which only f iv e  fla sh o v ers  
had been ap p lied . 4 .6  tim es f u l l  s iz e .

(b) None of the fla shovers  re su lte d  in  
follow  c u rre n t.

(c) A ll fla sh o v ers  re su lte d  in  follow  c u rre n t.
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4 0 0

300

200

Fl6 4 9 .  S p ACINCt DiA&RAM POA 2 LM DIAMETER, H&AVILY
oxiei^cQ COPPER SPHERES. S t a p c i o r d  C i r c u i t .  
T h e s e  re%w(ls w e r e  o b t a i n e d  in t w o  L e s tes e s wr
r u n s ,  a t  o n  i n l e r v o i l  o f  9  w e e k # .

1st t e s t  r u n ,  n=  5 .
*---------------2 n d  t e s t  run ,  n e  10.100

0-2 0  4 0 6  08
Grap Spoc\n<5, cm
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jinodci C athode

y jg*  50 P h o to g ra p h  o f  2 om c o p p e r  s p h e r e s ,  show ing  
a r c in g  s u r f a c e s .



à th o d e

JTiV
Anode

Flg> 5 1 . P h o to g ra p h  o f  c o n d i t io n e d  s e c t io n s  
o f  co p p e r d i s c  e l e c t r o d e s .
4 .5  t im e s  f u l l  s i z e .
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Il
Anode

(a )
C athode

Anode O athode

P ig .  52.

(b )

P h o to g ra p h s  o f  s e c t i o n s  o f  co p p e r 
d i s c  e l e c t r o d e s  to  w h ich  o n ly  f i v e  
f l a s h o v e r s  had  been  a p p l i e d .  4 . 3  

t im e s  f u l l  s i z e .
(a )  None o f  th e  f l a s h o v e r s  r e s u l t e d  

i n  fo l lo w  c u r r e n t .
(b ) F o llo w  c u r r e n t  became e s t a b l i s h e d  

a f t e r  e v e ry  f l a s h o v e r .



V,

1 1 0 t, (a )

0 t |

Time S c a le  : jf-

(d )

(e )

eoo/î

Flgo 5 3 . O s c il lo g ra m s  o b ta in e d  w i th  c o n d i t io n e d  co p p e r 
d i s c s  sp a c e d  0 .5  cm a p a r t ,  when th e  v a lu e  o f  was i n  
th e  c r i t i c a l  r a n g e .  S ta n d a rd  C i r c u i t .

( a ) - ( d )  F o llo w  C u rre n t  e s t a b l i s h e d .
(e )  F o llo w  C u rre n t  d id  n o t o c c u r .
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Time S c a le  ; h
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\

600^^

F ig .  5 4 . O s c il lo g ra m s  o b ta in e d  w i th  u n c o n d i t io n e d  co p p e r 
d i s c s ,  sp a c e d  0 .5  cm. a p a r t ,  when th e  v a lu e  o f  was i n  
th e  c r i t i c a l  r a n g e .  S ta n d a rd  C i r c u i t .

( a ) - ( c )  and (e )  F o llo w  C u rre n t  e s t a b l i s h e d .
(d ) and  ( f )  F o llo w  C u r re n t  d id  n o t  o c c u r .



Time S c a le s :  
"0---------

( a ) - ( f )

isl À
4#w6

—I

lOmb
Figo  5 5 . O s c il lo g ra m s  o b ta in e d  w i th  c o n d i t io n e d  
c o p p e r  d i s c s ,  s p a c e d  0 .5  cm a p a r t ,  when th e  v a lu e  
o f  Vq was i n  th e  c r i t i c a l  r a n g e .  S ta n d a rd  C i r c u i t ,  
e x c e p t  t h a t  2=126 Ohms.

(>) F o llo w  C u r re n t  d id  n o t  o c c u r .

F o llow  C u rre n t, e s t a b l i s h e d .



Time S c a le :  ^ lOmS

F ige  5 6 . O sc il lo g ra m s  o b ta in e d  w i th  u n c o n d i t io n e d  
c o p p e r d i s c s ,  sp a c e d  0 .5  cm. a p a r t ,  when th e  v a lu e  
o f Vq was i n  th e  c r i t i c a l  r a n g e .  S ta n d a rd  C i r c u i t ,  
e x c e p t  t h a t  2=126 Ohms.

( a ) - ( e ) F o llo w  C u r re n t  e s t a b l i s h e d .
( f )-(& ) F o llo w  C u rre n t  d id  n o t o c c u r .



s»'
Io t!, (c)

( a ) - ( d )  S ta n d a rd  
Q ir o u l t  
(Z = 4 0 ) .

Time S c a le  : H

( e ) - ( f ) S ta n d a rd  
 ̂ C i r c u i t

e x c e p t Z = 126

F ig .  57 . O sc il lo g ra m s  o b ta in e d  w i th  c o n d i t io n e d  co p p e r 
ro d s ,  0 .0 5 6  cm. d ia m e te r ,  sp ac ed  0 .5  cm. a p a r t ,  when th e  
v a lu e  o f  Vq was in  th e  c r i t i c a l  ra n g e .
( a ) - ( c )  and  ( e ) - ( f )  F o llo w  C u rre n t  e s t a b l i s h e d .
(d ) F o llo w  C u rre n t  d id  n o t o c c u r .
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A jp p ro x .  v a lu e  of  
Voltage required 
t o  m ain tain  q 
c o n s t a n t  c u r r e n t  glow 
( a t  c u r r e n t  = or
l û s s ,  ace  T a b l e  5) .

Value  of  d i sc h a rg e  
v o l t a g e  a t  e n d  ôF 
(mpube

M ean value o f
d i s c h a r g e  v o / t a g e  
d u r in g  Impulse

Minimum value o f  
d i s c h a r g e  v o l t a g e  
d u r in g  Impulse

F i G t . S 8  I l l u s t r a t i o n  o f  t h e  c r i t e r i a  o r  f o l l o w  
c u r r e n t  f o r  t h e  c a s e  o f  Vo ANfe \J
H A V IN G  THE SAME POLARITV TO EARTH AND 
la BEING NEGLIGIBLE.

In t h i s  i n v e s t i g a t i o n  t h e  c r i t i c o i  Vo r a n g e s  
l a y  w i t h i n  A  wh en  F o l l o w  C u r r e n t  w a s  o f  
t h e  H . C .  t y p e  a n d  within 8  w h e n  f o l l o w  
C u r r e n t  w a s  o f  t h e  H V t y p e .



Fl<# 5 9 .  C o nPAftVSON o p 6PACIN<W Ql AGPAM).
Tkf&e cu rves  h a v e  been drow n from the Spocing Diogroms, 
which have a lread y  b e e n  given. In  th e  case of Copper, B rass  
a n d  6 tee l^  the  curves given below hove been  draw n t o  lie 
evenly betw een those  ob ta in ed  in in d iv idua l  t e s t  runs.
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Tê&k C ircuit 
(ds mfig.l)

ri<». 60. Modification o f  T est C ircuit 
FOR 'P o » N T - O N 'W a ’̂ e '  T e i'T S .
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F i Gi . 6 /  C i r c u i t  su< i iU6iTED f o r  a  s t w o t  o f

THE EFFECT OF H . F .  F o l l o w  C u R R E i u T  

O N  T H E  e b T A Ô L I A H M E N T  OF  L  F  F o L L O W

C u r r e n t ,
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Rĥ
R E L A T I O N  B E T W E E N  THE M A X I M U M  V A L U E  O F  

A N D  THE V A L U E  OF  R w , W H E N  A L O N U  D U R A T I O N  

P ULSE WI TH A  P £ A K  V A L U E  O F  3 5  k V  IS A P P L I E D  AC RO S 5  

T H E  P O T E N T I A L  D I V I D E R ,  R , -  If ' *? K i 7 .

7he ful) curve WPS otatatned 6%peri ment.
T h t j  a i o t t e o l  c u K y e  w d%  o j p t c i i o e c l  f r o m  c a i c o l o t i o n s .
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64, Cttrygj o f  a baae o f  t im e . tm @ 84 frcm  o s c l l lo g ra m a .

(a )  Curve ( 1 ) ,  R »  1 k S | Curve ( 2 ) ,  »  10 kS» th e
s tr a ig jh t  lin®  c o rre sp o n d in g  to  bas boen o b ta in e d  
from  f ig # 6 4 (b )#  (E^ «s 1 M9) (Ho lumped Gg o r  G^^).

(b ) Gurv# ( 1 ) ,  Eg »  1 k 2 | OuCT® ( 8 ) ,  E^ a  10 k2« Tha
f ig u r e  shows how U m  v o lta g e  i s  o h f  i m û  ( th e  t e s t
gap v o lta g e  V^^is assum ed to  f a l l  to  a t  f la sh o v e r#
and to  rem ain  c o n s ta n t a t  t h a t  v o lta g e  u n t i l
becomes n e g l ig ib le  ) # (H w l  Mg) (Ho lumped o r  G _),

It n  Xi
(e )  Curve o b ta in e d  w ith  m l  k2# and R^ »  10 k 2 .

(R ecords a re  id e n t i c a l ) »  (R^ » 1 M2),

(d ) Curve ( 1 ) ,  « 40 ppF | Curve (2)# G^ « 50 }xpF$
Curve (3)#  C^ «  79 p |iF , was o b ta in e d  a s  f o r
f i g ,6 4 ( a ) ,  (H * 10 k i |  R »  ISO k S ) , ( l o  lumped G_),

SI X« a
(a ) C I s  p ro g re s s iv e ly  in c re a s e d  f o r  each o f  th e  

H
subsequen t cu rves (1)# (8)#  (S) and ( 4 ) ,  R w 10 kg;
R m 1 Mg, (Ho lumped G_). 

h
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loo L

5 0  100

o4v/r«iti®r,, t,

F j O r . é é .  P r e d i c t i o n  o f

TKg point ;» s h o w n  in 4i(  ̂ (q ) 

l i o v e  t > e e n  o l o t a i n e o i  4ronn 

ac . t .ua l  j o l io w  c u r r e n t  t o t : >  . 

Lintt-k (i) anol  (n) i nd iuc i te  

t h e  l i m i t s  o f  t h e  r&giom 

in w h i c h  t h e s e  j o o m t s  IiC. 

L ine  C»0 k a s  b e e n  o b t a m e o i  

b> c a l c u l o t i o n ,  O S  exp lonneo)

in AppenoliK VII.
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