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Some expe r imen ta l  data re la t ing  to the c h a r a c t e r  of the pulsat ions taking p lace  in the cu r r en t  
(I t) and vol tage (Vt), and a lso  in the b r igh tness  of the je t(B t) at  the output of a p lasmotron ,  a r e  
p resen ted .  The  dis t r ibut ion functions of these  p a r a m e t e r s  obey a no rma l  dis t r ibut ion law. 
The c i rcu i t  e lements  and the external  c h a r a c t e r i s t i c s  of the supply sou rce  have a ma rked  ef-  
fect  on the f luctuations taking place in these  p l a smot ron  p a r a m e t e r s .  

In e l e c t r i c - a r c  h e a t e r s  of the eddy type incorpora t ing  a long, se l f - r egu la t ing  a r c ,  the pulsat ions  t ak -  
ing p lace  in the flow p a r a m e t e r s  of the heated gas  a r e  de te rmined  by the instabi l i ty  of the e lec t r i ca l  p a r a m -  
e t e r s  of the p l a s m o t r o n  and supply source .  The pulsat ions  in the e lec t r i ca l  p a r a m e t e r s  of such types  of 
p l a smo t rons  a r e  mainly  due to the shunting of the a r c .  

A s ingle  p l a smot ron  with eddy gas  s tabi l iza t ion (working med ium a i r ,  e lec t rodes  copper ,  wa te r -coo led)  
was supplied f r o m  dc sou rces  with nominal  vol tages  of 4200 or  825 V. The  length of the output e lec t rode  
was 30 cm for  d = 1 cm and 80 cm for  d = 2 Cmo For  plotting the d is t r ibut ion functions ]], fu '  and fb we 
used a s t a t i s t i ca l  ampli tude pulse ana lyze r  of the AI-100-1 type together  with a conver t e r .  The s ignals  
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Fig. I 

f r o m  the p l a smot ron  passed  through a separa t ing  condenser  to the con- 
verter, which transformed the continuous signal into a sequence of pul- 

~0 ses 1 #sec long, the amplitude u' being proportional to the instantaneous 
values of the signal. The repetition frequency of u ~ was i0 kc/sec. 

~u F o r  m e a s u r i n g  the pulsat ions  in je t  b r igh tness  we used an FEU-36  
photomult ip l ier .  By the ~br ightness  ~ of the j e t  we mean  the in tegra ted  

z~ flux of rad ia t ion  r ece ived  by the photomul t ip i ie r .  (In subsequent  ana lys i s ,  
B t will be m e a s u r e d  in units of the vol tage u ~ at the output of  the c o n v e r t -  

z er ,  which is propor t iona l  to the flux of radia t ion r ece ived  by the photo- 
f mul t ip l ie r . )  The  b r igh tness  of the m e a s u r e d  at d is tance  of 1 jet w a s  a 

, cm f r o m  the cutoff point of the output e lec t rode .  In o r d e r  to e l iminate  
the effects  of induced cu r r en t s  f r o m  the mains  network (50 Hz) and f luc-  

2 tuations in the supply sou rce  on the r e su l t s  of the expe r imen t s ,  the con-  
v e r t e r  c i rcu i t  incorpora ted  a f i l te r  with a cutoff f requency of 300 Hz. 

j/ Analys is  of the o s c i l l o g r a m  of the d is t r ibut ion  function taken f r o m  
the s c r e e n  of the AI-100-1 and r e c o r d e d  on f i lm showed that  ]~, fu,  and 
fb  obeyed a no rma l  d is t r ibut ion law, as in [1] 

fl = 7/l~In exp { -- ~i (Is -- I)~] 
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[u := ~/ lu /n  exp [ -- l u (U s _ U)*] 

/~ = V ~ e x p  [ - l b (G - B)*I 

o v e r  the whole r ange  of  m e a s u r e m e n t s  of I, G, and d, both 
fo r  d i r e c t  po la r i ty  (output e l e c t r o d e  anode)  and fo r  r e v e r s e  
po la r i ty  (output e l ec t rode  ca thode) ;  h e r e  I, U, and B a r e  the  
t i m e - a v e r a g e d  va lues  of  the a r c  c u r r e n t  and vo l tage  and the 
b r i g h t n e s s  of the j e t ;  the indices  s indica te  the  ins tan taneous  
va lues  of  t h e s e  quan t i t i e s .  The  m e a n - s q u a r e  devia t ion  of  the  
a r c  c u r r e n t  and vo l tage  and je t  b r i g h t n e s s  a r e  given by the  
wel l -known re l a t ions  

<ITS> = t h  l~, < Ut~> = V2 Z u,  <B?) = 1/~ lb 

The r e s u l t a n t  va lues  of (Ut2), (It 2) and c o r r e s p o n d i n g l y  
the quant i t ies  

u* = l/7-~d>lU, too./., i* = V~-~?> lX. ioou 

as  well as  G, d, and I a r e  g iven  in Tab le  1. It should be  no-  
t ed  tha t  the  a c c u r a c y  of  the  d e t e r m i n a t i o n  of  lug l i ,  l b depends  
ma in ly  on the  non l inea r i ty  of  the  c o n v e r t e r  c h a r a c t e r i s t i c s ;  
th is  was  no g r e a t e r  than 1 0 ~  

F i g u r e  1 shows the  dependence  of  the  m e a n - s q u a r e  
dev ia t ions  ( Ut 2) (curves  1, 2 f o r  G = 6 and 24 g / s e e , r e s -  
pec t ive ly )  and (It2) ( curves  3, 4, 5 f o r  G = 6, 12, 24 g / s e e ,  
r e s p e c t i v e l y )  on the c u r r e n t  fo r  d = 2 cm.  We see  f r o m  Fig.  
1 and Tab le  1 tha t  the  vol tage  pu lsa t ions  d imin ish  with in-  

( Ut2 ) l i es  in the r educ t i on  in the  b reakdown  vol tage  of the a r c -  c r e a s i n g  c u r r e n t .  T he  r e a s o n  fo r  the fal l  in 
p l a s m a / a n o d e  gap  [2]. Th i s  m a y  a l so  pa r t ly  explain  [3, 4] the r e d u c t i o n  in the  m e a n - s q u a r e  devia t ions  of  the  
b r i g h t n e s s  (Fig.  2: Curves  1, 2, 3 c o r r e s p o n d  to G = 6, 12, 24 g / s e e ,  d = 2 em)  if we r e m e m b e r  the fac t  tha t  
the pu lsa t ions  in the  b r i g h t n e s s  of  the je t  depend on the  f luc tua t ions  in a r c  power .  Ano the r  c a u s e  of  the  fal l  
in (Bt2) with i n c r e a s i n g  I is evident ly  the  r educ t i on  in the a r e  length and hence  in the  d i f fus ion of  h i g h - t e m -  
p e r a t u r e  a r c  p l a s m o i d s  b e f o r e  t he i r  e m e r g e n c e  f r o m  the  p l a s m o t r o n .  

Ap ana lys i s  o f  the e x p e r i m e n t a l  da ta  p r e s e n t e d  in Tab le  1 shows that  f o r  c u r r e n t s  up to  120 A (Ut~) 
i n c r e a s e s  with i n c r e a s i n g  gas  flow. On f u r t h e r  r a i s i n g  the c u r r e n t  (I > 120 A) (Ut2) fa l l s  with r i s i n g  G 
(Fig. 1). The  r e a s o n  fo r  this  b e h a v i o r  of  (Ut2) is none too c e r t a i n  and r e q u i r e s  f u r t h e r  inves t igat ion.  Sl ight-  
ly unexpected  was the r i s e  in (It2) with i n c r e a s i n g  a r c  c u r r e n t .  Th i s  fac t  may  be explained in the fo l low-  

ing way. 

F o r  the  s y s t e m  f o r m e d  by the a r c  and the supply s o u r c e ,  we may  se t  down the  fol lowing equation,  
neg lec t ing  the induc tance  of  the  c i r c u i t  and r e g a r d i n g  the ex te rna l  c h a r a c t e r i s t i c s  of  the s o u r c e  as  r i g id -  

ly f ixed:  
U b = ( l  q- I t ~- CdUt/dt ) R -~ U if- U t 

U b = I R  -F U 

Hence  

I t ~. - -  U t I / ( U  b - -  U) - -  CdUt/dt (1) 

F o r  C- -  0 
i t = - U d / W b  - -  u ) ,  <I:) = [I/(U b -  U)V <Ud) (2) 

On va~ying I f r o m  40 t o 1 8 0  A (Fig. 1, G = 6 g / s e c ,  d = 2 e m ) ,  ( U t 2 ) h l l s  f r o m  1750 to 6 2 5 V  2. T h e r e -  
upon U fal ls  f r o m  1030 to 450 V and the ca l cu la t ed  va lues  of  (It2) fo r  U b = 4200 V r i s e  f r o m  0.28 to 1.45 
A 2, i .e . ,  by a p p r o x i m a t e l y  a f a c t o r  of  5.2, while the  e x p e r i m e n t a l  value of  (It2) r i s e s b y a p p r o x i m a t e l y  5.6 
t i m e s .  However ,  the  e x p e r i m e n t a l  va lues  of  (It2) a r e  a l m o s t  an o r d e r  of  magni tude  g r e a t e r  than the  ca l -  
cu la ted  va lues  (Fig. D, i .e . ,  Eq. (2), which m a k e s  no a l lowance  fo r  the  effect  of the shunt ing capac i ty ,  fa i l s  
to a g r e e  quant i ta t ive ly  with expe r imen t ,  a l though it c o r r e c t l y  r e f l e c t s  the qua l i ta t ive  change  in ( I t  2) with 

i n c r e a s i n g  I. 
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Thus I t is cons iderably  influenced by the c i rcui t  p a r a m e t e r s .  At 
\ (sZ>,v~s0 the instant  of shunting, U t fal ls  sharply ,  and dUt/dt  < 0, whereupon the 

second t e r m  in (1) may be much g r e a t e r  than the f i rs t .  Thus,  if the t ime  
cor responding  to the smooth i nc rea se  in U t is of the o rde r  of 10 -3 sec ,  

/0 while C = 2 - 1 0  - ~ F ,  U b = 4 2 0 0 V ,  U t ~ 6 0 V ,  I = 1 2 0 A ,  U = 3 6 0 V  (one of 
g the working modes of the p lasmotron) ,  then 

. U t I  / (U b - -  U) ~-. -- t . t9  A CdU t / dt -~ --0.t2A 

6 " ~ ~ - - * - - - * - -  1 whereas ,  under the s a m e  conditions,  but for  the t ime  cor responding  to the 
~ ~ z sha rp  fall  in U t, of the o rde r  of 5 . 1 0 -  ~ see ,  

x ~  y UtI  / (Ub - -  U) ~, i .9  A CdU t / dt ~ 24 A 

366 gO /Y0 [,A Here  U b is the supply sou rce  vol tage,  C is the capaci ty  in circui t .  
Fig. 2 

Hence,  at the instant  of a r c - w a l l  or  a r c - a r c  breakdown, It r i s e s  
sharply ,  mainly as a r e su l t  of the d i scharge  of the shunting capaci ty .  In 

addition to the l a r g e - s c a l e  vol tage pulsat ions,  t he re  a r e  also s m a l l - s c a l e  pulsat ions,  and these  have a con- 
s ide rab le  effect  on (It2), as shown by the o s c i l l o g r a m s  of the a r c  cu r r en t  and vol tage.  

Considering It to be a unique function of U t, and allowing for  C, the express ion  for  <ItZ ) takes  the 
f o r m  

<It~ > = ! 
d l t ( U  t) 

dU t ~U i = o  <Ut~> L 

At the instant  of shunting U t = A exp ( -  t / r ,  C); hence 

I ~ { U b -  2U )2 
<I?> = - ~ -  ~ ~ _  ~ _ <u?> (3) 

A quanti ta t ive calculat ion using Eq. (3) gives be t t e r  a g r e e m e n t  with the exper imen ta l  values  if (It2 }. 
Fo r  example ,  for  I = 4 0 A ,  U = 1 0 3 0 V  ( G = 6 g / s e c ,  d = 2 c m )  the calcula ted value of (It2 } ~ 1 . 3 A w h i l e  
the exper imen ta l  value is 3.3 A (Fig. 1). Thus in exact  calculat ions of (It2) we would allow for  the effect  
of the shunting capaci ty  and the vol tage pulsat ions a s soc ia t ed  with shunting the a re .  

It should be noted that  on feeding the p l a smo t ron  f r o m  different  sou rce s  (U b = 4200 and 825 V) t he r e  
were  no substant ia l  changes in the c h a r a c t e r  of the f luctuations Ut, whereas  it follows f r o m  Eq. (1) that I t 
depends ve ry  cons iderably  on the externa l  c h a r a c t e r i s t i c s  of the source  of supply,  as c o n f i r m e d b y  analyz-  
ing the osc f l l og rams  of U t and I t. On feeding the p l a smo t ron  f r o m  the U b = 825 V source ,  the f i r s t  t e r m  
in (1) had a dec i s ive  influence on the c h a r a c t e r  of the cu r r en t  f luctuations.  

In our  expe r imen t s  we noted cons iderab le  f luctuations in the cu r r en t  of the p l a smot ron  due to f luc-  
tuations in the supply source .  Allowing for  changes in U b we find f r o m  (1) that  

I t = UbtI / (U b - -  U) ~ UtI / (U b - -  U) - -  CdUt/dt  (4) 

It is thus c l ea r  that,  on inc reas ing  the cu r ren t ,  I t may b e c o m e  ve ry  la rge  and affect  the opera t ing  
s tabi l i ty  of the p la smot ron  and also the pulsat ions in the p a r a m e t e r s  of the hot gas  flow. 

Analys is  of the I § I t o s c i l l o g r a m s  obtained with the supply sou rce  (U b = 825 V) loaded into a theo-  
s ta t  andwith the p l a smot ron  in opera t ion  r e spec t ive ly  shows that,  for  the s a m e  cu r r en t  in the c i rcui t ,  the 
pulsat ions I t a r e  much g r e a t e r  with the p l a smot ron  working. In the other  sou rce  (U b = 4200 V) the value of 
UtI/(U b - U) was insignificant.  

Thus,  in the range  of var ia t ion  of the p a r a m e t e r s  of a s i n g l e - c h a m b e r  p lasmot ron  of the eddy type 
studied, the dis t r ibut ion functions of the f luctuations in a rc  cu r ren t ,  a rc  voltage,  and je t  b r igh tness  obey 
the no rma l  dis tr ibut ion law. This  f o r m  of the dis t r ibut ion functions is independent of the polar i ty  of the 
p l a smot ron  e lec t rodes .  The m e a n - s q u a r e  values  of (Ut2 } and (Bt2 } diminish with inc reas ing  I, while the 
values  of ( I t  z> become  g r e a t e r .  The c h a r a c t e r  of the f luctuat ions I t is cons iderably  affected by the p a r a m -  
e t e r s  of the supply c i rcu i t  and the externa l  c h a r a c t e r i s t i c s  of the source .  
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