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This paper describes a technique for measuring the power of the microwave source of the “VOLNA” setup, de-
signed to study the electron cyclotron resonances (ECR) in plasma. The purpose of this work was to increase the elec-
tric field strength in the plasma, leading to an increase in the number of ECR resonances, which in turn directly de-
pends on the power of the microwave power source. As measurements of the microwave power source “Luch-58" with
the M3-13/1 wattmeter showed, satisfactory measurement accuracy can be achieved by increasing the average micro-
wave power to 10...20 W by increasing the pulse repetition rate from the MI-125 magnetron from 1 to 5...10 Hz.

PACS: 52.35.Hr; 84.40.Dc

INTRODUCTION

It is known that pulsed microwave generators are used
to power experimental facilities for research in the field
of accelerator technology and plasma electronics. In par-
ticular, they can be used to study microwave plasma heat-
ing using the electron cyclotron resonance (ECR) mecha-
nism at the “VOLNA” experimental facility [1].

At present, the “VOLNA” facility is being modern-
ized in order to study some new features of particle dy-
namics at cyclotron resonances. First of all, those fea-
tures that can manifest themselves during high-
frequency plasma heating by high-intensity fields. The
most striking new feature is the appearance of regimes
with intermittency [2]. Such regimes are characterized
by fairly long intervals of regular particle dynamics fol-
lowed by intense random bursts. Bursts can characterize
sharp spikes in plasma density or abrupt changes in the
momenta of charged particles. Such features are already
observed in thermonuclear installations with high-
frequency plasma heating in them. Elucidation of the
details of the mechanisms of occurrence of these emis-
sions will allow them to be effectively controlled. In
particular, a sharp increase in the particle momentum
can initiate the appearance of runaway electrons. In all
these cases, the main parameter that determines the ap-
pearance of such regimes is the strength of the external
electromagnetic wave. Therefore, our main attention in
renovation the “VOLNA” installation is drawn to the
characteristics of the microwave power source of the
installation.

This paper presents a technique for measuring the
microwave power of the generator of the “VOLNA”
installation. The source of the microwave power of the
installation is a microwave pulse magnetron MI-125
with a power of 1 MW at a frequency of 2.7 GHz with a
duration of 2 pus and a pulse repetition rate of 1 Hz.

Measurement of microwave power with such char-
acteristics presents a certain difficulty, since at a power
of 1 MW in a microwave pulse, the energy is only 2 J,
and the average microwave power is 2 W. Therefore, in
order to measure the microwave power of the MI-125
magnetron, it is necessary to carry out preliminary
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measurements. To do this, instead of the MI1-125 mag-
netron, a microwave generator with continuous genera-
tion, “Luch-58”, was used as a source of microwave
power. To measure microwave power, we chose M3-
13/1 and M3-54 wattmeters.

EQUIPMENT AND MEASUREMENT
TECHNIQUE

As mentioned above, the “Luch-58" generator was
used as a source of microwave power. This is a medical
device that is used for centimeter (CMW) therapy [3],
which consists in irradiating parts of the human body
with microwave electromagnetic radiation in the centi-
meter range with a frequency of 2.375 GHz and a power
from several watts to tens of watts. Irradiation occurs
dosed over short periods of time.

The appearance of the “Luch-58" generator is shown
in Fig. 1, and its electrical circuit in Fig. 2.

Fig. 1. Appearance of the microwave generator
“Luch-58": 1 —emitter; 2 — crankshaft of the emitter;
3 —coaxial wire; 4 —wattmeter; 5 —voltmeter;

6 —voltage compensator; 7 —power regulator; 8 —timer

As can be seen from Fig. 1 the generator contains an
emitter of microwave electromagnetic radiation
1 with a coaxial cable for input of microwave power.
A rod and a crankshaft 2 provide fixing the position of
the emitter. The setting of the anode voltage of the
magnetron M (see Fig. 2) is carried out by the regulator
6 of the voltage compensator by switching the primary
windings of the transformer T (see the diagram in
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Fig. 2) with the switch S2 by setting the arrow of the
device 5 to the mark on the instrument panel.

The adjustment of the anode current and, according-
ly, the power of the magnetron M is carried out by
switch 7 according to the readings of device 4. Switch 7
is switch S2 in Fig. 2, which switches the chain of re-
sistance R1-R2.
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Fig. 2. Circuit of the microwave generator “Luch-58"”

It can be seen from the circuit in Fig. 2 that the sup-
ply voltage from the high-voltage windings of the trans-
former T and the rectifier on the kenotrons V1, V2 to
the magnetron M is carried out through the relay contact
K. The switching of this relay is controlled by the
“Luch-58 generator control circuit.

Since we did not need the functions of the “Luch-58”
generator used for medical procedures using a timer, we
only needed the generator to work in manual mode of
heating the magnetron before turning on the anode volt-
age in a continuous mode of microwave power genera-
tion. Therefore, the generator control circuit was simpli-
fied and converted into the circuit shown in Fig. 3.
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Fig. 3. The control circuit of the microwave generator
“Luch-58~

As can be seen from Fig. 3 the control circuit con-
sists of only three components, including an alternating
current relay P, which controls contact K (see Fig. 2),
which supplies the anode voltage to the magnetron M,
transformer T1 to power the relay winding and contact
S2.1. Contact S2.1 is closed by turning the handle 7 (see
Fig. 1) from position “0” to any other position S2 (see
Fig. 2) from 1 to 7.

The lower limit of the measured power of the M3-
13/1 wattmeter is 2.59 GHz, and the frequency of the
“Luch-58” generator is 2.375 GHz. Therefore, for the
safe operation of the “Luch-58" generator on the load of
the M3-13/1 wattmeter from the point of view of possi-
ble microwave reflection and taking this reflection into
account when calculating the power at a frequency of
2.375 GHz, the VSWR (voltage standing wave ratio) of
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the wattmeter load was measured using panoramic me-
ter R2-53 [4].

The appearance of the VSWR R2-53 is shown in
Fig. 4.
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Fig. 4. Appearance of the panoramic VSWR meter
R2-53: 1 — ETL screen; 2 — measurement scale;

3 — handle for moving the reference line;
4 — switch for measurement limits; 5 — knob for setting
the frequency values of the reference marks

The measurements were carried out in the frequency
band starting from the frequency of the “Luch-58" gen-
erator and up to the frequency of the MI-125 magnetron
of 2.7 GHz.

To measure the VSWR, the circuit presented in
Fig. 5 was assembled.
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Fig. 5. Scheme for measuring VSWR: 1 — coaxial-
waveguide transition; 2 — directed incident wave
detector; 3 — directional reflected wave detector;
4 — load of wattmeter M3-13/1

The measurements were carried out according to the
standard method described in the operating instructions
for R2-53.

As measurements showed, the VSWR at a frequency
of 2.7 GHz is 1.2, and at 2.37 GHz it is 1.5, which is
quite acceptable for our measurements.

To measure the microwave power, a stand was as-
sembled, shown in Fig. 6.

The operation of the measuring stand shown in
Fig. 6 is as follows.

The microwave power from the “Luch-58” generator
1 through a coaxial cable 10 and the CWT is fed to the
input of the microwave coupler 6. Part of the microwave
power with an attenuation of 40 dB through the CWT
installed in the incident wave arm 8 of the coupler 6 is
fed to the calorimetric converter of the M3-54 wattmeter
from which the signal is fed to the indicator block of the
M3-54 wattmeter.

ISSN 1562-6016. Problems of Atomic Science and Technology. 2023. N2 6(148)



The presence of the second wattmeter — M3-54 in
the stand is necessary, so in the future it will perform
the function of power control during experiments on the
installation.

Fig. 6. Stand for measuring microwave power:
1 — generator “Luch-58"; 2 — measuring block of the
M3-13/1 wattmeter; 3 — calorimetric load of the
M3-13/1 wattmeter; 4 — M95 microampermeter,

5 — M3-54 wattmeter; 6 — microwave power coupler
from the “VOLNA” installation; 7 — calorimetric con-
verter of the M3-54 wattmeter; 8 — coaxial-waveguide
transition (CWT) of the incident power arm;

9 — matched load on the VSWR; 10 — input of micro-

wave power from the “Luch-58" generator

The full power from the input is supplied to the wa-
ter load of the M3-13/1 wattmeter. The reading in watts
was carried out at the limit of 200 according to the read-
ings of the internal wattmeter M3-13/1, and for the lim-
its of 60 and 20 W according to the external ammeter 4.

Measurements of the microwave power of the
“Luch-58” generator with an M3-13/1 wattmeter were
carried out at the limits of 200, 60, and 20 W. Before
the measurement, the wattmeter was calibrated at each
limit. A series of such measurements was carried out 3
times. The measurement results are shown in Tables
1-3.

RESULTS OF MEASUREMENTS
AND THEIR DISCUSSION

As can be seen from all the tables, the power shown
by the device of the “Luch-58" generator is 3 times more
than that measured for low power values and about
2 times more for large values. This is due to the fact that
this device does not show the microwave power from
the generator output, but probably the power consumed
by the generator according to the anode current.

Table 1
Measurement at the limit of 200 W
i Wattmeter readings
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4 100 20 40 28 1.67
5 130 - - 45 2.81
6 160 75 80 77 4.34
7 175 105 110 108 5.71

ISSN 1562-6016. Problems of Atomic Science and Technology. 2023. N2 6(148)

Table 2
Measurement at the limit of 60 W

. Wattmeter readings
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Table 3
Measurement at the limit of 20 W
. Wattmeter readings
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As shown by the results of measurements of micro-
wave power by the M3-13/1 wattmeter presented in
Tables 1-3 on all limits, there is mainly a spread in
power values of 4...5 W. However, in percentage terms,
this spread is greater at low power values, and especial-
ly, as can be seen from Table 1, at the limit of 20 W it is
more than 30%.

The readings of the M3-54 wattmeter are propor-
tional to the power value of the measured M3-13/1,
however, with an attenuation of 42 dB instead of the
expected 40 dB of the microwave coupler, but this may
be due, as shown by the VSWR measurements, with
20% power reflection from the load M3-13/1.

CONCLUSIONS

The results of microwave measurements show that
the accuracy of power measurements with the M3-13/1
wattmeter at low power values is low. Therefore, to
perform measurements using the M3-13/1 wattmeter, it
is necessary to increase the average power generated by
the microwave magnetron from 2 to 10...20 W. And
this can be done by increasing the pulse repetition rate
from1t05...10 Hz.
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METO/JA BUMIPIOBAHHS ITIOTYKHOCTI BUCOKOAMILJIITY JHOI'O
IMITYJIBCHO-MOJAYJIBOBAHOI'O HBU-CUT'HAJIY IIPU HAT'PIBI II'TA3MMU HA EIIP

J.FO. 3anecvkuii, B.O. byy, I.B. Comnikoe

Omnncana MeTo/IMKa BUMIpIOBaHHS MOTy»KHOCTI Jukepena HBU-ycranoBku «BOJIHAY, npusHadenoi aist gocii-
JDKEHHS eJIEKTPOHHOTO IUKIoTpoHHOTO pe3oHancy (ELIP) y mmasmi. Metoto manoi poGotu Oyio 30imbIIeHHS Ha-
MIPY’KEHOCT] eJIeKTPUYHOTO IOJIA B TUIa3Mi, mo mpusBeno 0 no 30inpmenas gucna EIIP-pe3onaHciB, 1m0, B CBOIO
gepry, OesmocepeqHpo 3aJeKUTh Bin moryxkHOcTi HBY-mkepena xuBmeHHs. Sk mokasamm BumipioBaHHs HBU-
oxepena xuBieHHS «JIy4d-58» Batmerpom M3-13/1, 3a10BiTbHOT TOYHOCTI BUMIPIOBaHHS MOXKHA JOCSTTH 3011b-
meHHsAM cepenuboi morykHocti HBY mo 10...20 Bt 3a paxyHOK 30i7bIICHHS YaCTOTH MOBTOPEHHS IMITYIIBCIB Bif
MaraeTpona MI-125 Bix 1 mo 5...10 I'.
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