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MICROWAVE RESONANT CAVITY METHOD FOR THE
INVESTIGATION OF THE CORONA DISCHARGE

TIBOR S$IPOCZ*, PETER LUKAC*, STEFAN VEIS*, Bratislava

A specially adjusted and modified microwave cavity method has been applied for
determining the electron density in the ionizing zone of the direct current and impulsive
corona discharge at atmospheric pressure in air and in argon. The discharge was
sustained between the inner and outer cylinders of an open coaxial cavity which had been
developed purposely for the investigation of the corona. Electromagnetic waves of TM,,,
mode, and 3 cm resp. 10 cm wavelength bands were used for measurements. This
modified method made it possible to register electron densities in the corona about
4 orders lower in comparison with the waveguide method. From the shift observed in the
resonance frequency of the cavity it can be concluded that the mean electron density in

the corona‘discharge is less than 10° cm™.

METOX MHKPOBOJHOBOI'O PE3OHATOPA B SOQMH—QH>~E=
KOPOHHOIO PA3PAIA

CrneuuansHo NPHCNOCOOAEHHBI ¥ MOAHHUUHPOBAHHBIH METOl MHKPOBOJIHOBOTO
pe3oHaTopa GbUT MCHONB30BaH i ONpENeNeHHs KOHIEHTPAIMH 3JCKTPOHOB. B 30HE
_MOHM3AUMK NOCTOSHHOIO M MEPEMEHHOTO TOKA KOPOHHOTO Pa3psja mpu arMocepHOM
AABNCHUH B BO3AYXE M aproHe. Paspan moanepXHBajicCs MEXAY BHYTPEHHMM M BHEIIHHMM
LUWIHHAPAMH B OTKPBITOH KOAKCHANBHOH MONOCTH, KOTOpas GbLIa CKOHCTPYMpOBAaHa
CIELMANBHO ANIsl HCCIEAOBAHUA KOPOHHOTO pa3spsaaa. [lns namepenwit GuLUtH KCNONB30Ba-
HBI 3NEKTPOMArHUTHbIE BONMHBI TM,,, MOJBI KOJIE€6aHMi C ANHHOMA BONHELI B AMANA30HE
3 cM ¥ 10 cM COOTBETCTBEHHO. DTOT METOJ MO3BONMI PETHCTPHPOBATh KOHUECHTPALNM
3JIEKTPOHOB B KOPOHHOM Pa3psie MPHMEPHO HA YETHIPE NMOPSNKA HUXE MO CPABHEHHIO
C MCTOJOM, UCTIONL3YIOIHM BOTHOBOA. M3 Habar04aeMOro ciBUra pe30HaHCHOH 4acTo-
Thl pe30HaTOpa CRENAHO 3aKIIOYEHHE, YTO CPERHAS KOHUEHTPAUuA 3JIEeKTPOHOB

B KOPOHHOM pa3psific MeHbine, yeM 10° cm™>.

I. INTRODUCTION

The corona discharge is characterized by a few peculiarities which make its
diagnostics, by the methods ordinarily used in the investigation of the other types of
discharge, very difficult. It is well known that the corona discharge arises in gases at
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higher pressure (approximately equal to atmospheric pressure) by the action of
a strongly non-uniform electric field of a high intensity. The typical conditions for

the corona to originate are : a small radius of curvature of the electrode and a great
potential difference between the electrodes.

The space between the electrodes consists of two main parts:

a) the ionizing zone — a narrow region in the vicinity of the coronating
electrode where all lonizing processes take place ;

b) the outer region — the conduction of the electric current in this region is
caused by means of the flow of the ions having the same polarity as the coronating
electrode.

The processes taking place in the outer region are relatively well known and
theoretically described [1], (8], [9]. As regards the ionizing zone the situation is
quite different. The processes here are more complicated and, at present, there
exists no adequate theoretical model describing them. There is a lack of experimen-
tal data that would enable us to solve the formulated problem.

The most widely used experimental methods for the study of the corona are:
Measurements of the VC characteristics and the oscillographic record of the
progress of the discharge current in an unstable regime. The data obtained by these
methods are insufficient for a better understanding of the processes within the
ionizing zone. There exist no reliable data concerning the density and temperature
of the electrons and their dependence on the coordinates.

One of the most. suitable methods that make it possible to measure these
quantities is the microwave method. This method is very sensitive, it does not affect
the measured quantities, and is applicable in a wide range of plasma parameters [2].
In 1959, in paper [3], the application of the waveguide method for the measure-
ments of the electron density in the corona had been described. The discharge was
realized in a part of the coaxial waveguide. Unfortunately this arrangement did not
prove.to be sensitive enough. The waveguide method could not register electron
densities below 10" cm™. We have used a modified resonant cavity method which
enables us to measure electron densities of far lower values. The application of this

method to the.study of the corona discharge is the subject matter of the present
work.

1. EXPERIMENTAL ARRANGEMENTS

It is well known that plasma represents a medium with a complex dielectric

constant, the real part of which is determined by the electron density and nmonmﬁ
collision frequency

g =1—[ne’/em(w® +v?)], ¢y
n — electron density; & — dielectric constant in the vacuum; ¢ — charge, m
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mass of the electron; w — angular frequency of the probing signal; v
— effective collision frequency of QonﬁOE.. o
cwmrmn a low density plasma is inserted into a resonant cavity, its resonange
frequency is nrmnmoa to a small extent. The nn_mmos. between the .uom.o:wn%n
:.mm:o:nw shift and electron density (first-order perturbation theory [2]) is given by

Af_1 mulnhlkmﬁf )
f 2nv+a’V,

f — resonance frequency of the empty cavity; b»\ =|. _.wmmmgom Mﬂmﬂ.\ﬂ@ mrmm MMM
1 on 9 foe —
inserting of plasma; /i — average value of the ele . . .
M_uh”wo_mm anzmmu: w\: V, — corresponding volumes of the cavity and plasma; C,

— geometry factor defined by .
_ C, = STEN_ aSmSTmNES 3)

ic fi ithi i ithout the plasma).
— electric field vector within the cavity ?c.z . .
N .H:nnhmaq_:a measurable frequency shift is inversely proportional to .:.a. n:.m_:w
of the cavity. Therefore the lowest measurable value of the electron density is given

N =240 V,(V,CQ) " (1+ V07, ‘ 4)

Q — quality ; g, — numerical factor aoﬁmn&n.m on the method of measurement of
.t y shift, i i ithi i al 0.1—0.3.
hift, its value being within the interva o ,
EMM“MMnMN%n:E:w resonant cavity makes it possible to measure a very low
lectron density. . oy o
) At first a simple experiment was carried out. <,.\n used a ov.:nm:nw_..mzﬁw“
microwave cavity and in the centre of an end plate an isolated coronating point w.

" placed. The corona current was very low (three orders of magnitude lower than

that corresponding to the corona between coaxial cylinders) and no shift was
i i he cavity. .
tered in the resonant frequency of t .
no%mﬁnnomono we had to find such experimental mﬂmnmnannﬂ.. Mﬂ.ﬂa _WQSAM_O—ME ”
i i d volume of plasma in the cavity.
ossible to increase the corona current an , :
mwmunoa proved to be the most adequate arrangement MMM EM. nzﬁo@ooonouu. m“ﬂ%ﬂm
. i hat the discharge tube for the :
advantage of this arrangement was t . : ! e
: i i i he microwaves. Thé plasma arose y
the same time as a coaxial cavity for t : |
ﬁmrmwu the resonant cavity itself, and there was no necessity o.n making any
.non.aoomoa on account of the glass tube and end rono.m o.m the cavity [5]. -
In order to realize a corona discharge in a closed cavity it 2&:5 _un nooommsnogm
insulate its end plates from the inner electrode. An open coaxial cavity was
to be more suitable. . ) . -
Open microwave resonant cavities are coming more and more into use for
measurements in plasma physics [4] because they possess several advantages as
compared with the closed ones:
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1. the spectrum of the resonance fre
degeneration and of the crossin
diminished,

M. the EQOQ.:n:oa of the plasma into cavity is made easier,

‘H.: the _Emﬂo:_sm with the plasma is simplified, etc
e i ric fi
e wnmm MMMMM: ommmm.m ﬁuoﬁnsaozon of the electric field on the radius has shown
y of the electric field attains its maxi i
hat t : mum value in the i i
- mmedi
nity of the inner electrode (where electron density is the highest) for anomm%

the TM,,,, type [6]. The ]
- - Ihe geometry factor of these i i
they are the most suitable for our purpose moests he highest and i

The quality of the open resonant c
of the length of the cavity,
therefore selected as long a

: avity is approximately proportional to the cube
m.:q 1s only a weak function of its radius [7]. We
discharge tube as it was possible.

teflon rings

ceramic rod

Fig. 1. i i
g wnmgwﬁ cavity for the 3 cm microwave band which served also as a discharge tube for the
corona.

EMMM” Bowwwnoioba we :ﬂa a microwave apparatus operating in 3 cm and 10 cm
o Mmhomomsa. As a coaxial resonant cavity brass tubes of a 28 mm diameter for
: EBmonHooEcmnaﬁnR cmoaviinrmo?navm:gmmsmaammm

u
discharge tubes. The length of the tubes was 400 mm and 700 mm, respectively. In
Emnmo:nmxunaaosasa=m<o:moa5=on

the axis of the tubes a wire was fixed. D
M%M%Manw %Nim_nowvoww various materials (Mo, W, constantan) of different radii
0. ;0. ; 0. ; 0.05; 0.1 mm). In Fig. 1 is sh i

discharge tube for the 3 cm band. ; o (he draving of the
nﬂn:m nomonw.sa cavities were connected to the standard waveguide of the rectangu-
o noﬁm.w mwosoz of 5@. 3cm m.:.a 10 cm band by circular orifices of 7 and 18 mm,
mx%.%o.zm y. The relative position of the waveguide and resonant cavity ensured
exe Mmm:ow ﬁwum a TM mode no.mosmnno. The resonance frequency and its shifts were

ured by the usual microwave equipment {5]. A simple scheme of the

measuring circuit f ic i P ..
e 16 QM yory or 3 cm band is illustrated in Fig. 2. Similar was the system for

la
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quencies is less dense — the commmcEQ of
g of resonance frequencies for various modes is

As it was mentioned, the cylinders of the open coaxial cavity simultaneously
served as.discharge tube electrodes for the corona discharge. The inner conductor
was supplied with a positive or negative d.c. voltage (from a TESLA power sourcg), -
or with a 50 Hz pulsation voltage (of sinus shaped pulses from a BAUR source).
The high voltage circuit enabled us to measure the VC characteristic of the
discharge. .

To determine the electron density we have measured the resonance frequency of
the cavity when the high voltage was switched on and switched off. In the case of
the pulsating corona we measured the resonance frequency’ at different times
changing the phase shift between the high voltage pulse and the signal correspond-
ing to the resonance curve of the cavity [5]. .

1. RESULTS AND DISCUSSION

We produced a corona discharge in air at atmospheric pressure in an open
discharge tube. The measured VC characteristics showed a typical quadratic

- course. The maximum corona current which was obtained (related to the unit of the

axial length of the tube had an approximate value of 50 pA/cm if a d.c. voltage was’
applied to the discharge tube used for measurements at the 3 cm wavelength and
the value of 30 pA/cm if the pulsating voltage was applied to the tube used for
measurements at the 10cm band. A further increase of voltage leads to
a breakdown.

The discharge tube, as a resonant cavity, was characterized by its resonance
frequency. Fig. 3 shows the measured resonance frequency of the cavity for the
3 cm band as a function of radius of the inner electrode.

In order to measure the relation between the discharge current and the
resonance frequency of the cavity we performed a large number of measurements
within the entire scale of parameters permitted by our experimental equipment.
The measured detuning of the cavity was in all cases very small and cannot
generally be attributed to the action of the electrons of the corona discharge. In fact
during our experiments a few side effects appeared which also caused a resonance

.?nn:n:nw shift and rendered our measurements very difficult.

The inner electrode was deviated by electrostatic forces towards the outer
electrode. As a result of the change of the geometry of the coaxial resonant cavity
its resonance frequency was increased. The electrostatic force, together with the
fluctuations of the corona current (mainly in the negative Corona), produced an
oscillation of the wire, and made it impossible to take any measurements. These
effects could only partially be removed by placing teflone rings into the tube, (see
Fig. 1) and by increasing the mechanical tension of the wire.

Table 1 shows the measured resonance frequency of the cavity for the 3 cm band
at different inner electrode radii. The aggregate error of this value was estimated
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?wB measurements and is caused mainly by the inner electrode deviation from th

axis. The frequency shift due to the inserting of the corona discharge into cavit .
very low and <m~.moa within a wide range around the value which is shown in EM ‘_zmw
column. The microwave equipment allowed us to measure as low -
frequency shift as 0.2 MHz. " resonance

. Using E.o same equipment we performed also a few experiments with the coro,

discharge in argon at atmospheric pressure. The effects of the corona on ,ﬁﬂm
resonance frequency of the cavity were similar to those in the experiment in air. )

f [Muz]

9200

« 9100

E :e ) DA - 5900

E . 0 0.05 01 ¢gfmm)

MW«&“%:KM&%MMSM%M mw_. .So. 3cm  Fig. 3. Zw&ﬁoa dependence on the inner elec-

VA o e mﬁn::ﬁn“_. Ulm 9.:8. _mo_.unor trode radius of the open coaxial cavity for the

caugler, NI o o s — directional 3 cm band without discharge. R,, r, — radius of

«© nomxmw_ cusity e iMm transformer, ) CC  the outer m:n.inn_. electrode, / — length of the

—— &mn__n:rw_ E.:v::.nnwnn_mm. WﬂmM__A_VMM., . resonant cavity, resonance on the TM,,, mode.
raph, PS — phase shifter.

Table 1

Resonance frequency of the open coaxial cavity and its shift due to corona discharge

electrode radius resonance frequency frequency shift
ro [mm] fIMHz] Af[MHz]
0.015 , 8976.9 + 3.0 0.64
0.025 9057.6 £ 2.6 0.60
0.040 : 91374 £ 25 d.ao
0.050 91840+ 23 o.Au
0.100 9223.0 £ 2.0 o”No
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IV. CONCLUSIONS

The use of the modified microwave cavity method and a specially adjusted open
coaxial resonant cavity enabled us to shift the lower limit of the measurability of
electron density down to 10°cm™ i.e. four orders of magnitude lower than
afforded by the published waveguide method. Inspite of this marked improvement
it was impossible to measure the density of electrons in the corona discharge. This
proves, that the mean electron density in the corona discharge in air and in argon at

atmospheric pressure is not higher than 10* cm™.
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