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The more impor tan t  results available so far in the literature dealing with the anode 
oseiUations ate reviewed and the author 's  own investigations of the anode oscillations appearing 
in low-pressure direct current  mereury-argon discharges ate deseribed. I t  is found tha t  direet 
and al ternating current  heating of the cathode influence the anode oscillations and curves 
showing the dependence of the amplitude and frequency of the oseillations on the eathode 
heat ing current ate given. The influenee exercised by ah external magnetic field on the anode 
oscillations is also stuclied. 

1. Introduction 

The experimental and theoretieal investigation of the characteristics of 
oscillations which appear in the anode space has been undertaken by several 
authors [ 1 - 1 3 ] .  

No unanimous view, however, has been formed so far concerning the 
explanation of the origin of the anode oscillations. The investigations carried 
out so far have demonstrated that  there are a number of discharge factors 
tha t  play an important  par t  in the clevelopment of the oscillations and that  
have a strong influence on the characteristics of the oscillations. 

Some of the authors [4, 8] trace the development of oscillations back 
to the periodic fluctuations appearing in the anode fall. Others [11] regard 
the displacement taking place in the heat equilibrium of the anode as being 
the cause of these oscillations. The investigations carried out so far [8, 12, 13] 
have also demonstrated that  the surface and shape of the anode have a con- 
siderable influence on the oscillations and further that  in the case of anodes 
arranged close to the wall of the discharge tube the disturbing effect of the 
wall will make itself felt in the characteristics of the oscillation [14]. Also the 
appearance of the anode spots with their glow balls may exercise an influence 
on the oscillations of the anode space [15]. 

In the course of his earlier investigations [13] the present author -- after 
a detailed analysis of the relevant l i terature -- has dealt with the dependence 
of the characteristics of the anode oscillations on the shape and the dimen- 
sions of the anode, on the intensity of the discharge current, as well as on the 
voltage of the auxiliary electric circuit applied at the anode. 
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The object of the investigations reported in the present article is to show 
that  there ate further factors influencing the oscilIations and to analyse the 
influence of some of them in more detail. In particular the results of investig- 
ations of the influence exercised by the cathode heating and the external 
magnetic field on the anode oscillations will be reported. 

2. Method of investigation 

The experimental setup employed in the experiments may be seen in 
Fig. 1. The discharge tube T was fed by the stabilized direct current source 
SDC, and the current of the discharge limited by the symmetrically arranged 
ohmic resistances �89 and R 2. The diseharge current could be read on the instru- 
ment Ir and the tube voltage of the discharge on the instrument u 

~ , ~  

220 V 

Fig. 1. Cireuit diagram of the experimental setup 

The current of the heating circuit which was placed next to the cathode 
K could be adjusted through the variation of the voltage Vh and the resistance 
Rh respectively. The heating current was measured by the instrument Ih, 
the heating voltage by the instrument Vh. 

At the anode A ah auxiliary electric circuir was used which was fed by 
the stabilized direct current source APS. The current of the circuit was shown 
by the instrument la, the voltage by the instrument Va. 

The measurements were effected partly by u~ing a rotating disc and 
partly with the help of a photocell. The rotating disc method was applied 
mainly in the investigation of oscillations of lower frequency. Both with the 
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photo-cell  and the ro ta t ing  disc me thod  the  observations took  place direct ly 
at the anode. 

In  the photo-cel l  measurements  the light, the  f luctuat ions  of which could 
be observed at  the anode,  passed to the photo-cel l  th rough  a slit which had 
been appropr ia te ly  adjusted.  The cur rent  f luc tuat ions  obta ined  from the 
photo-cell  were amplif ied by  the amplif ier  A and the signals t hen  passed to 
the vert ical  input  of the oscilloscope O. The horizontal  input  obta ined oscilla- 
ti~,ns of  known f requency  of the genera tor  G. The f requency  of  the anode 
oscillations was determined by  the Lissajoux curve method.  The invest igat ions 
of the  oscillations (determinat ion of f requency,  ampli tude)  were l imited to 
invest igat ing the light f luctuat ions  of the anode space, as it appeared f rom 
earlier invest igat ions [7, 13], t ha t  the f requency  of the current  oscillations 
of  the anode space is equal  and their  ampl i tude  propor t ional  to the  f requency  
and ampli tude,  respect ively,  of the light f luc tuat ions  observed there.  This 
s t a t emen t  was oscilloscopically checked for some value of the  discharge 
cur rent  prior to the  measurements ,  under  the  appropr ia te  exper imenta l  
conditions.  

3. Test conditions 

The length of the glass-walled discharge tube  was 500 mm, its in ternal  
d iameter  36 mm,  its wall thickness 1 mm.  

The cathode of the discharge tube  was formed by  a wolfram double 
spiral provided with an oxide coating promot ing  electron emission. On bo th  
sides of' the cathode at  a distance of 3 mm from the  spiral one auxi l iary  elec- 
t rode was arranged,  each being of a thickness of  0,2 mm,  width  of 5 mm,  
length of 14 mm,  which had a po ten t ia l  identical  with t h a t  of  the spiral. 
The anode of the discharge tube  was composed of two parts .  In  the course 
of the exper iments  two anode construct ions made of nickel were used, which 
are shown in Fig. 2. In  the one case (Fig. 2a) the anode was formed by  a cylind- 
er and a disc a r ranged in it, while in the other  a needle was co-axially arranged 
in the cylinder (Fig. 2b). The tip of the needle poin ted  in the direction of  the 
positive column. The dimensions and character is t ic  data  of the individual  
types  ma y  be seen in Figs. 2c and 2d, respect ively.  Bo th  the wall thickness 
of  the nickel cyl inder  and the thickness of the nickel disc were 0,2 mm. Both  
anode parts  were provided  with separate  copper  terminals.  

The discharge tubes  passed th rough  the cus tomary  v a c u u m  t r ea tmen t ,  
at  the end of which it  was filled with argon purif ied in a FeBa  arc and of 
3 m m H g  pressure, and mercury  of some 60 mg weight. In the course of the 
exper iments  ne i ther  the gas pressure, nor  the type  of gas has been varied.  
The ad jus tment  of the gas pressure of the tube  was effected to a precision 
of ~ 0 , 0 5  mmHg.  The pressure of the mercury  vapour  was de termined  b y  the 
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wall t empera tu re  of the discharge tube  which depended on the ambient  
t empera tu re .  In the course of the invest igat ions the  ambient  t em p e ra tu r e  
mo un t e d  to 25 ~ 1 C. 

a~ b~ 

Fig. 2. The rfiekel an.de eonstruetions ana their dimer~sions employed in the tests 

Pr ior  to s tar t ing the measurements  the  discharge tube  was opera ted  
for  30 minutes,  under  the  same conditions as those of the measurement .  

The  s tar t ing of the discharge was effected th rough  the provision of  p roper  
ca thode  heating" and the h igh-f requency pre-ionizat ion of the discharge space. 

4. Results 

The investigations have been carried out  at  a discharge current  of 100 mA 
and 400 mA. The vol tage-cur rent  characterist ics typ ica l  of the discharge 
tubes  employed in the tests  can be seen in Fig. 3. In  the region of bo th  the 
100 mA and the 400 mA discharge currents  the characterist ics can be sub- 
s t i tu ted  to a good approx imat ion  by  a s t ra ight  section of neza t ive  slope, 
hence here there  is no dist inguished section of the  characterist ics as would 
inf luence the oscillations of bring about  fu r the r  oscillation effects. 

SAGr [16] has s tudied the influence of ca thode heat ing on the  oscilla- 
t ions of the discharges. In  the course of his invest igat ions he has found  tha t  
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the  cathode heat ing  has no influence on the f requency of the  oscillations 
in the cas.  of neon gas of 2 m m H g  pressure.  F ro m  bis results ir appears tha t  
under  the inve~tigated discharge condit ions the f requency  of the oscillati6ns 
does not  depend ei ther  on the . 'athode fall or on the p o s i t iw  anode fall. 
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Fig.  3. The tube  vol tage vs. discharge cur ren t  characterist ics of the  discharge tube  
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Fig.  4. The dependence in the  case of direct current  heat ing of the  f requency nA of a~ode 
oscillations on the  heatir~g current  I¡ a t a  dischargr current  of 100 m A  artd 400 mA_ 

His measurements  were carried out  at  a discharge cur rent  of 5 mA 
and  the f requency  of the  observed oscillations was in the 1000 cps f requency  

range. 
Our own invest igat ions also included the  de terminat ion  of the depend- 

ence of the oscillation f requency  on the  cathode heat ing,  l ' he  results of the 
measurements  effccted unrler the discharge conditions described above did 
not  agree wi th  the  results of SAr162 [16]. 
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What resulted was tha t  the oscillations of both the positive column 
and the anode space werc influenced by the variation of the cathode heating 
current. Fig. 4 shows the dependence of the frequency of the oscillations on 
the intensity of the cathode heating current (direct current heating), at a supply 
voltage of 400 V in the case of discharge currents of 100 mA and 400 mA. 
I t  ma)" be seen tha t  at the given constant discharge current the frequency of 
the anode oscillations diminishes with the increase of the heating current 
intensity. The shape of this decreasing curve may be well approximated by 
reciprocal functions. As ir could be expected on the basis of former investig- 
ations [13], the growth of the discharge current increased the frequency of 
the osciUations in this case as welI. 

Fig. 5 demonstrates the dependence of the oscillation amplitudes on the 
heating current at a discharge current of 100 mA_ and a supply voltage of 
400 V. The curve a was obtained with alternating current heating, while the 
curve b shows the dependence resulting in the case of direct current heating. 
With the increase of the heating current the amplitude diminishes in both 
cases. This decrease is considerable particularly in the curve obtained in the 
case of direct current heating. From Fig. 5 ir may also be seen tha t  higher 
oscillation amplitudes will result with alternating current heating than in the 
case of direct current heating. Besides, the shape of the oscillations will also 
be distorted and more harmonic oscillations of the oscillation frequencies will 
appear, a fact tha t  may be connected with the heating current of 50 cps 
frequency. 

In any case ir may be seen from Figs. 4 and 5 that  the stability of the 
anode spaces is considerably affected (at least in the case of the discharge 
tubes of 500 mm length used and under the discharge conditions described) 
by the cathode heating, its intensity, and whether it is of a periodic (in this 
case of 50 cps frequency) of constant character. What  may further be seen is 
that  with the increase of the heating current the stability of the anode space 
will grow both in the case of direct and alternating current, while the amplitude 
and frequency of the oscillations will diminish. 

The results shown in Figs. 4 and 5 have been obtained when the anode 
construction to be seen in Fig. 2a was employed. When tha t  shown in Fig. 2b 
was used the frequency and amplitude of the oscillations increased as this 
could be expected on the basis of the results of [13]. The amplitude and 
frequency dependence on the heating current is not reproduced he reas  also 
in this case these were found to be similar to the dependence obtained in the 
case of the anode construction shown in Fig. 2a. 

The increase of the casing height of the anode cylinder led also in this 
case to a decrease of only the amplitudes and the number of the harmonic 
oscillations. The character of the dependence on the heating current remained 
unchanged. 
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Summarizing the results it may be seen that  under the measuring cond- 
itions employed here it is possible to influenee not only the characte¡ 
of the oscillations of the positive column but also the oscillations of the anode 
space from the cathode space through the eathode heating. The results obtained 
here do not agree with those of Sxggxv [16]. This might possibly be ascribed 
to the differences between the discharge conditions. 

Investigations have also been made concerning the influence exercised 
by the external magnetie field on the anode oscillations. So lar Mo report 
has appeared in this connection in the available literature. The effect of the 

A 
arb unit~ 

I 

1o 
100 2or 3o0 ~oo 500 

Fig.  5. T h e  depender tee  of t he  ampl i tude  A,  r eeo rded  irt a rb i t r a ry  urd ts ,  of  t he  artode oseilla- 
tiorts ort t h e  heat ir tg eurrert t  w i th  d i ree t  (b) and  al ternat i r tg  eurrer t t  (a) hea t ing  

magnetic field upon the positive column and upon the basic processes of the 
plasma of aro discharge are known [17] but regarding the oseillations of 
the anode spaee no investigations have as yet  been made. 

The eonclusions which could be drawn from the present experiments 
are mostly of a qualitative character. The external magnetie field parallel to 
the axis of the discharge leads in a known manner [17] to the contraction, 
perpendieularly to the direetion of the field, of the anode glow-space and the 
shift of the diseharge away from the wall. A s a  consequenee, the amplitudes 
of the oscillations ate redueed and the number of harmonie oseillations de- 
crease eorrcspondingly yet  the oseillation frequency remains unchanged. Fresh 
oscillations of any considerable amplitude did not arise up to 20 keps. Beyond 
this no investigations have been made. When the diseharge current grew, the 
influence of the magnetic fie[d increased and the amplitudes diminished ae- 
cordingly. This stabilized the anode spaee to some cxtent probably through 
the reduetion of the walI losses. 

In eertain respects ir appears as ir the phenomenon observed here may 
be eaused by the same factor [14] as that  influeneing the oseillations and 
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mentioned in the introductory section, i.e. the part  played by the nearness 
of the wall. When the wall of the diseharge tubo is sufficiently near to the axis 
of the discharge and to the dischargc electrode, a significant part  of the eleetrons 
may reach the wall surface by way of diffusion and thereby near the eleetrodes 
for instance in the present case in the spaee before the anode, the number 
of ionizations as well as the concentration of the space charges will be rcdueed. 
In order to neutralize the electrons aecumulating at the wall an ion eurrent 
will start  from the anode space, which will result in further displacements 
around the anode. If  complete neutralization does not r e su l t a  radial electric 
ficld will devclop which will strongly influence the value of the anode fall. 

The axial magnetic field parallel to the axis of the discharge tube, at the 
same time, stabilizes also the anode-side end of the positive column. This sta- 
bilization has shown itself in the reduction of the oscillation amplitude and 
the noise level. 

When the direction of the magnetic field was perpendicular to the axis 
of the dischargc tube, eddy-like turbulent phenomena, well visible to the naked 
eye, dcveloped both in the anode spaee and in the part  of the positive eolumn 
elose to the anode. These decayed rapidly, without spreading any further. 
Here investigations using a photomultiplier have shown that  a large number 
of new frequencies arise while in the centre of the turbulence very high but 
rapidly decaying amplitudes coutd be observed. 

In the course of previous investigations [13] it was possible, by using 
the anode construction presented in Fig. 2a, to achieve that  one glow light 
from the discharge should appear also on the tube end side of the anode plate. 

This effect could be reproduced also in the present case by using the 
disc arranged in the cylinder at the anode and leaving the cylinder electrically 
unconnected. The same could be achieved, however, also through employing 
a magnetic field, by shifting the external magnetic field of perpendicular 
direction to the discharge, from the anode-side end of the positive column 
towards the end ~f the discharge tube. One may say that  the plasma space, 
originally induced by the magnetic field at the anode-side end of the positive 
column had become frozen into the magnetic lines of force. Through the displa- 
cement of the magnetic field this also was shifted to the end of the tube. 
The glow light behind the electrodes at the back plate of the anode remained 
as long as the magnetic field existed there. 

Similarly to the influence exerted on the anode oscillations [13] by the 
electric circuit arranged at the anode, the stabilizing effect (lower amplitudes, 
lower noise level) of a magnetic field could be observed also in the case of an 
external magnetic field parallel to the discharge axis. When in addition to 
the anodic circuir also the magnetic field perpendicular to the discharge axis 
acted upon the anode spaee, the turbulent effects described above increased 
considerably at low currents of the anode eircuit Ia- 
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h wil l  h a v e  b e c o m e  c l ea r  f r o m  t h e  a b o v e  t h a t  also t h e  c a t h o d e  h e a t i n g  

i n f l u e n c e s  t h e  o sc i l l a t i ons  o f  b o t h  t h e  p o s i t i v e  c o l u m n  a n d  t h e  a n o d e  space .  

I n  t h e  case o f  d i r e c t  c u r r e n t  c a t h o d e  h e a t i n g  i r  was  pos s ib l e  to  a c h i e v e  a m o r e  

s t a b l e  a n o d e  s p a c e  as  a g a i n s t  t h a t  o f  t h e  a l t e r n a t i n g  c u r r e n t .  A s i m i l a r  s t a b i -  

l i z ing  effect  was  a lso  f o u n d  w h e n  an e x t e r n a l  m a g n e t i c  f i e ld  was  a p p l i e d  p a r a l l e l  

to  t h e  axis  o f  t h e  d i s c h a r g e .  
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0B A H 0 ~ H b l X  KO.J-IEBAHHFIX FA3OBblX PA3PfI,IIOB FIOCTO~HHOFO 
TOKA HH3KOFO j2AB.FIEHHFI 

171. BHTO 

P e 3 ~ o M e  

ABTOp 03HaKOM3rlBaeT qHTaTeJI~l C Ba>KHe~ILIHMH pe3ynbTaTaMH, 0TH0C~IIIIHMI4C~t K 
aH0,2HblM ~0jqe£ Fa30Bb~X pa3p~Jl0B ti BCTpeqalOIRHMHCYl H0 HaCT0,qUI, H~ JleHb B JIHTepa- 
Type. I-[0HBJ]~IFOII~HeCH npH Ffl30BOM pa3p~~le aH0/],Hble }(oJlefiaHH~ HCCJ~e~ly~TC~ B pTyTH0- 
aproHH0,~~ pa3p~&e YI0CT0~IHHOF0 Tor(a HH3KOF0 ~laBJ]eHH~. B pa6oTe pflccMaTpHBaeTcfl aaaee,  
]<a~oe B.qI4.gIHHe oKa3blBaeT HarpeBaHne KaT0~fl II0CTOHHItblM H IlepeMeHHblM TOKaMH Ha aHoJ1Hb]e 
K0zle6aHH~I. ~a~TC~l 3aBHCHM0CTb aMl7.rlHTy~Ibl H qaCTOTbl KoJIe‰ 0T TOKa HaFpeBaHH~I 
J<aTo~a. Hcc~e~IyeTcŸ BJIH~IHHe BHelIJHeF0 MflFHHTHOI'0 HOJlfl Ha aH0~Hble r<o~e£ 
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