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A mic rowave  method  has  been  used to measure  the e lec t ron  den-  

sity n e in mov ing  str iat ions in He, Ne, and At. The dis t r ibut ion of 

the emiss ion S along the co lumn  (x coordinate)  is found to co inc ide  
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wi th  that  of he; ne(X) and S(x) are found to depend on the nature of 

the gas. 
The discharge tube was passed through the wide  side of a rec tangu-  

lar  waveguide  p a r a l l e l  to the e l ec t r i c  f ie ld  of a TEl0 wave.  The  ratio 

of gu ide  he ight  b to s t r ia t ion l eng th  1 was m a d e  as sma l l  as possible ,  

whi le  b /R (R is tube radius) should not be subs tant ia l ly  less than uni ty ,  

s ince otherwise the f ie ld  pene t ra tes  beyond the l i m i t s  of the wave -  
g u i d e [ I ] .  W e u s e d b  = l c m ,  R = l . 4 c m ,  a n d l  of 8 - 1 8  c m w i t h  

three iden t i ca l  sealed rubes hav ing  e lec t rodes  70 cm apart .  One tube 

was f i l l ed  with He at 0.7 m m  Hg; the others con ta ined  Ne and Ar at 

0.5 m m  Hg. The measurement s  were m a d e  at  10 cm with a low power 
leve l .  The klystron was ga ted  by 10-~tsec pulses appl ied  to the re f l ec -  

tor. 
The mot ion of the s t r ia t ions caused the UHF power at  a f ixed point  

to vary  pe r iod ica l ly .  The transmission coef f ic ien t  K is dependent  on 

the e lect ron densi ty n e and co l l i s ion  frequency u e, which i t se l f  is 

dependent  on the e lec t ron  t empera tu re  U e, which var ies  by  a factor  

1 . 5 - 2  along a s t r ia t ion [ 2 - 4 ] .  

However,  ff u~ << ag,  in which  a~ is the angular  f requency of the 
f ield,  the resis t ive component  of the a d m i t t a n c e  can be neg lec t ed  

[1 ,6 ] ,  and in that  case the va r i a t ion  in K is de te rmined  solely by the 

var ia t ion  in n e a long the co lumn,  so n e can readi ly  be  deduced from 

osci l lograms if  K(n e) is known. 
Standard formulas [8] for a d i e l ec t r i c  rod in a wavegu ide  are not 

app l i cab le  here,  because  the depth of the skin layer  is comparab le  

to the radius of the tube, and n e is not constant  over the cross-sect ion.  

The K(ne) curve was found by  exper iment  from the measured  K and n e 
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for a uniform co lumn as a funct ion  of discharge current .  A uniform 

co lumn was produced in the first tube (0.7 m m  Hg of He). Striations 

arose spontaneously in this case at  280 mA, and they slowly b e c o m e  

stronger toward the anode over a wide range in i [6] ,  whereas  toward 

the ca thode  there is a reasonably  uniform part of suff ic ient  extent .  

The K(ne) curve der ived from th ispar t  was then used to deduce n e 
a long the str iat ions in the rest of the pos i t ive  co lumn and in discharges 
in Ne and At, on the assumption that  the dis tr ibut ion of ne in a cross- 

s e e t i o n o f  a s t r ia ted co lumn did not differ from tha t  in a uniform co l -  

umn [3] .  
The ne(X) curve was recorded as follows. The K(t) curve was re- 

corded as shown in Fig.  1, the sca le  of the K(n e) curve  on the K-axis  

be ing  no rma l i zed  to the t r ansmi t t ed  s igna l  i~ the absence of the dis-  

charge  current .  Then the corresponding point  in coordinates  n e and x 

was deduced for each  point  on Kit) .  Adjustment  of the tube a l lowed 

n e to be  de te rmined  throughout the region of the str iat ions.  As the 

sca le  of the var ia t ions  increased (away from the cathode) ,  the shape 
of he(X) changed from sinusoidal  (scale  of var ia t ions  0.1 of the satura- 

t ion l eve l )  to the form shown in Fig. 1. Figure 2 shows ne(X) in the 
region of m a x i m u m  sharpness for discharges in He, Ne, and Ar, the 

curves be ing  no rma l i zed  to the m a x i m u m  va lue .  These curves show 

that  n e changes  by factors of 6, 8, and 10, respec t ive ly ,  over the 

length  of a s t r ia t ion.  
The shape of ne(X) is a lmost  exac t l y  that  of S(x) in a l l  these cases. 

The  shape of a s t r i a t ion  is dependent  on the nature  of the gas. 

No sys temat ic  study has previously  been m a d e  on t r ave l ing  str ia-  

t ions,  and he(X) has been  recorded only  for Ar [ 2 , 7 ] .  Figure 2 shows 

tha t  the fa l l ing  branch of he(X) for He is c l ea r ly  convex over much  of 

its length ,  the rat io of Zl to 12 (lengths for rise and fal l)  be ing  2 : 3 .  At 
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about the same pressure of At, the fa l l ing  branch of ne(X) is concave ,  

whi le  l l  : 12 as 1 : 6. The region n e > 0 .Tae.ma x takes  up about half  the 
l eng th  of a s t r ia t ion for He, but  only 1 /6  for At; Ne g ives  a shape for 

ne(X ) i n t e rmed ia t e  be tween  those for He and Ar. Increase in pressure 

causes  the shape to tend toward that  found for the heavy  gas, but there 
was no deformat ion  of str iat ions of m a x i m u m  sharpness as i was al tered.  

This ind ica tes  that  the shape is de te rmined  by long i tud ina l  ion dif- 
fusion. The  results for he(X) for Ar agree  with ones obta ined by probe 

measurement s  [2] and with the results of [7] ,  in which a mic rowave  

resonance method was used. The condi t ion UZe << 2 is not obl igatory  

for He, s ince v e is independent  of U e for U e > 3 - 4  eV [8].  

Figure 3 shows the sca le  ZXn e of the va r i a t ion  in n e and atso the 

sca le  AS of the emiss ion va r i a t i on  along the axis (dis tance x, cm,  

from the cathode)  of the co lumn  for He at i = 500 mA,  with An e and 

AS g iven  re l a t ive  to the va lues  for m a x i m u m  sharpness. The two curves 
are v i r tua l ly  i den t i ca l .  This is impor tan t ,  s ince previous measure-  

mea t s  [6, 9] have  been  based on the emiss ion intensi ty .  

The UHF results (from K) for the length  l and f requency f of the 

str iat ions agree  p rec i se ly  wi th  those from measu remen t  of S. A double-  

b e a m  osci l loscope was used to de te rmine  the phase shift be tween  K 

and S. A m a x i m u m  in S(x) a lways co inc ided  with a m a x i m u m  in the 

de r iva t ive  n~(x). The U e and S curves should not differ substant ia l ly  

in posi t ion [10],  so this shift may  be considered as a shift be tween  n e 

and U e, which was first de tec ted  by probe measurement s  [2] .  
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The microwave method appears to be very useful. The cal ibra-  

tion curve can be applied to other inhomogeneous columns, e . g . ,  

separation in a discharge in a mixture of gases. 

The waveguide method differs favorably from the cavity method 

in that the l imi t  to measurement of n e is set not by the cr i t ical  value 

r~, = mw2/47r e 2 (e and m are the cha~ge and mass of an electron), but 
by the ratio of the thickness of the skin layer to the radius of the tube, 

and this l imi t  exceeds n. by about two orders of magnitude. This meth- 

od gives about the same absolute accuracy for n e in a stratified posi- 

tive column as does the probe method for a homogeneous column, 

while relat ive changes can be measured much more accurately. 
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