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SURFACE OSCILLATIONS IN OPEN RESONATORS 
WITH CURVILINEAR REFLECTORS

Subject and Purpose. Th e subject of the work is the behavior of "bouncing ball" oscillations and surface oscillations in open re-
sonant systems with curvilinear refl ectors embedded in the waveguide transmission line. We seek to determine physical patterns 
and features of the interaction between volume "bouncing ball" oscillations and surface oscillations in open resonant systems with 
curvilinear refl ectors. 

Methods and Methodology. Basic quasi-optical techniques were employed. Th e electric fi eld structures of considered oscillation 
types were measured using the probe-induced perturbation method. Th e resonant transmission coeffi  cients of the open oscillating 
systems and the physical phenomena within them were experimentally studied with the aid of well-known microwave measu-
rement techniques. 

Results. A hemispherical open resonator (OR) and a mirror-lens resonator (MLR) have been studied to fi nd that surface oscil-
lations in both resonators are excited on the curvilinear surfaces of the refl ectors and interact with the "bouncing ball" oscillations 
under certain conditions. In the hemispherical OR, this interaction occurs when a/2w1  0.927, where a is the radius of the curvi-
linear refl ector aperture and w1 is the radius of the fundamental mode fi eld spot on this refl ector. In the MLR, the interaction be-
tween the fundamental mode oscillation and the surface oscillation localized on the lens surface is observed when a1/2w1  1.351.  

Conclusions. Th e condition of small diff raction loss in the OR is known to be a/2w1  1, and the possibility of the excitation of 
surface oscillations in the OR must always be considered because surface oscillations may mislead the researcher when examining 
solid dielectric specimens for the electrophysical parameters using the OR method. Th us, it is advisable to hold L/R  0.73 in the 
hemispherical OR case and L/F  0.65 in the MLR case. 

Keywords: open resonator, mirror-lens resonator, surface oscillations, "bouncing ball" oscillations, resonant transmission coeffi  -
cient, interaction of oscillations. 
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Introduction

   In the millimeter wave range, open resonators (ORs) 
of both hemispherical [1—5] and spherical geom-
etries [1, 6, 7] are widely used to measure the elec-

trophysical parameters of solid dielectrics. Certain 
objective reasons are behind this usage. First, being 
tens of the wavelengths in size, these open resonant 
systems are substantially larger than the millime-
ter-wave cavities and gain signifi cantly in the loaded 
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Q-factor due to a much larger volume occupied by 
the operating oscillation. Another advantage is the 
easy access to the resonant volume, with straight-
forward insertion of the measured specimen into 
the OR, or its eff ortless mounting on the OR mirror 
surface. Th ird, these resonant systems are free-space 
coupled, there is an additional angular selection of 
the excited oscillation spectrum. Th is is of particular 
value when identifying the operating oscillation in 
the OR loaded with a specimen to measure. 

Typically, when measuring the electrophysical pa-
rameters of solid dielectrics in the OR, the funda-
mental TEM00q mode is excited using concentrated 
coupling elements on the surface of the curvilinear 
refl ector [1—7]. Th is scheme of the operating oscil-
lation excitation in the resonator of hemispherical 
geometry is reasoned by the measured specimen lo-
cation on the plane mirror surface [1—5]. Th e speci-
men does not need to be aligned perpendicular to 
the axis, which is the case in the resonator of spheri-
cal geometry. Th at is why the OR of hemispherical 
geometry is preferable. 

Th ere are practical cases when specimens are 
measured for the electrophysical parameters using a 
hemispherical OR with the normalized mirror spac-
ing L/R  0.7 to 0.9, where R is the curvature radius 
of the spherical mirror [5, 8, 9]. When L/R is with-
in that range, the loaded Q-factor is at its maximum 
(L/R  0.7 to 0.75, [10]). Th is is especially important 
when calculating the loss tangent of the measured 
specimen. At the same time, it was found [11, 12] 
that the resonant refl ection and transmission coeffi  -
cients suff er sharp changes when the mirror spacing 
of a hemispherical OR is in the range indicated. Ac-
cording to 13, in an OR with spherical mirrors, tra-
ditional "bouncing ball" oscillations 14 are excited 
alongside surface oscillations. Th ese are localized 
near the curvilinear surface of the OR mirror and 
interact with the OR fundamental mode, yielding 
one degenerate oscillation. Th is decreases the loaded 
Q, changes the OR spectral characteristics 13, and 
as a result, aff ects the measured electrophysical pa-
rameters of the solid dielectrics. Th erefore, in this 
work, we strive to experimentally detect surface os-
cillations in the OR with curvilinear refl ectors and 
determine the physical patterns and features of the 
interaction between the surface oscillations and the 
"bouncing ball" oscillations. 

1. Experimental setup
Figure 1 shows the block scheme of the cathetome-
ter-based experimental setup. Its external view is 
seen in Fig. 2. Th e hemispherical OR is formed 
by spherical 1 and plane 2 mirrors with apertures 
2a  60 mm. Th e curvature radius of the spherical 
mirror is R  113 mm. Th e OR is fed by generator 4, 
an extremely high frequency (EHF) source G4-142 
for the frequency f   73.946 GHz (   4.057  mm). 
To expand the dynamic range during the measure-
ments, the generator output signal is amplitude 
modulated by a meander (square wave) with a fre-
quency of 1 kHz. 

Th e signal enters the OR through slotted coupling 
element 9 like a rectangular waveguide taper from 
the standard 3.6  1.8 mm cross-section to the under-
sized one, 3.6  0.18 mm. Using coupling element 9, 
the TEM00q "bouncing ball" oscillation is excited in 
the OR.

Th e OR signal is output using slotted coupling el-
ement 19 like a rectangular waveguide taper from 
the undersized cross-section 3.6   0.16 mm in the 
center of plane mirror 2 to the main section of a 
3.6  1.8 mm rectangular waveguide. Th e signal from 
generator 4 enters the waveguide transmission line 
through 3.6 2.0 mm dielectric (polyethylene) wave-
guide 6. Two pyramidal horns 5 and 7 enhance the 
match of dielectric waveguide 6 with the generator 
and the waveguide transmission line. Th e horns are 
19.5 mm long with 14.5  11.5 mm apertures. For ad-
ditional decoupling of the OR from generator 4, the 
scheme includes ferrite isolator 8 whose direct loss at 
73.946 GHz frequency is –0.7 dB, while the reverse 
loss is –7.7 dB. Th e experimental setup also includes 
directional coupler 10 for monitoring the frequency 
of generator 4. For this purpose, an additional wave-
guide transmission line is provided and includes 
measuring polarization attenuator 11, resonant cavity 
wavemeter 12, detector 13, selective amplifi er 14, and 
oscilloscope 15 (see Figs. 1 and 2). Th e fourth arm 
of directional coupler 10 is connected with matched 
load 16. Having passed through the OR, the signal 
enters the receiving path which includes measuring 
polarization attenuator 11, detector 13, selective am-
plifi er 14, and oscilloscope 15.

To identify the oscillation types (modes) excited 
in the studied hemispherical OR, the probe-induced 
perturbation method is used [15]. Th e distribution 
of the electric component of the standing wave fi eld 
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in the OR is measured using probe 18. Th e probe 
looks like a glass ball with a diameter of 1 mm, coated 
with soot and fi xed on 0.1 mm thick nylon thread 17 
(Fig. 1). Th e probe moves in the H


-plane of the TE10 

waves inside slotted coupling elements 9 and 19 as-
sociated with the spherical and plane mirrors, re-
spectively (Fig. 1). Th e OR oscillation structures are 
measured at the fi rst anti-node of the electric fi eld 
component of the OR standing wave, counting from 
the plane mirror. 

Th e system is tuned to resonance by sliding the 
spherical mirror joined with a part of the waveguide 
path and accommodated on a movable platform. Just 
this part of the experimental setup is outlined with 
dashes in Fig. 1 and is viewed in the photo in Fig. 2. 
Th e OR mirror spacing is measured with an accuracy 
of 0.001 mm. 

Th e resonant transmission coeffi  cient Ktransm is 
determined using the following procedure [16]. Aft er 
tuning the system to resonance via selective ampli-
fi er 14, the signal level at the OR output is recorded 
via measuring polarization attenuator 11. Denote it 

by N1 (dB). Aft er the measurement cycle has been 
completed, spherical mirror 1 and coupling ele-
ment 9 are removed and replaced by the receiving 
path disconnected from the output of plane mir-
ror 2 to be connected to the output of directional 
coupler 10. Th e only thing is that the scheme addi-
tionally includes a phase shift er which is put before 
polarization attenuator 11 and helps achieve the 
maximum signal level by using the pointer device of 
selective amplifi er 14. Th e path attenuation is varied 
with the aid of measuring polarization attenuator 11. 
Using selective amplifi er 14, we strive for the same 
signal level as in the Ktransm measurements. Denote 
that signal level by N2 (dB). Th en the fi eld resonant 
transmission coeffi  cient is Ktransm  10–N/20, where 
N  N2 – N1 (dB) [16]. 

2.  Hemispherical OR. 
Measurement results 
Figure  3 illustrates the resonant transmission coef-
fi cient Ktransm measurement results versus the nor-

Fig. 1. Block-scheme 
of the experimental setup

Fig. 2. External view of the waveguide part of the experimental setup

E


H




68 ISSN 1027-9636. Radio Physics and Radio Astronomy. Vol. 30, No. 1, 2025

I.K. Kuzmychov, O.S. Lukash, O.B. Senkevych, O.V. Gribovsky

malized mirror spacing L/R for the fundamental 
"bouncing ball" TEM00q oscillation in the examined 
hemispherical OR. 

As the OR mirror spacing L/R diminishes, both 
ohmic and diff raction losses decrease. Consequent-
ly, the transmission coeffi  cient Ktransm for the funda-
mental TEM00q oscillation increases. However, there 
is an exception in the range. Where the L/R space 
decreases from 0.835 (ТЕМ0046) to 0.726 (ТЕМ0040), 
the Ktransm for the "bouncing ball" oscillation behaves 
anomalously and decreases. Th e same behavior of 
the resonance transmission coeffi  cient Ktransm was 
the case 11 for other OR geometries and in the 
presence of phase transparencies, such as strip dif-
fraction gratings (both H


- and E


-polarizations) in 

the OR volume 17. Such an L/R dependence of the 
Ktransm might be attributed to the excitation of some 
oscillation alongside the TEM00q mode with the fol-
lowing interaction between them. To verify this as-
sumption, we analyzed the OR oscillation spectrum 
region in the L/R range, where the anomalous behav-
ior of the resonant transmission coeffi  cient Ktransm is 
observed (Fig. 3). 

From Fig.  3 it follows that as L/R in the studied 
OR decreases from 0.835 to 0.726, the fundamental 
TEM00q oscillation is excited alongside the high axi-
ally asymmetric TEM20q oscillation. Yet, it does not 
interact with the fundamental oscillation because of 
the separation by space. We work at a fi xed frequen-
cy. Th e TEM20q mode oscillation has a lower reso-
nant transmission coeffi  cient due to a larger diff rac-

tion loss. Th e TEM20q and the fundamental TEM00q 
belong to the same symmetry class 14 and can only 
interact when the OR is of semi-confocal geometry 
(L/R ≈ 0.5). So, the TEM20q oscillation does not inter-
act with any "bouncing ball" oscillation excited in the 
OR under study, which is evident from Fig. 3. Paper 
13 shows that the one to interact with a "bouncing 
ball" oscillation is a surface oscillation located on the 
curvilinear surface and excited due to the presence 
of the fundamental oscillation TEM00q in the OR. 
Th e fi eld energy of this oscillation is localized near 
the curvilinear surface of the spherical mirror. As the 
surface oscillation interacts with the OR fundamen-
tal oscillation, its fi eld structure must change. Th is 
approach enables us to determine what plane on the 
spherical mirror surface localizes the energy of the 
surface oscillation fi eld. 

To check whether our reasoning is valid, let us ana-
lyze the electric fi eld intensity distribution of the 
TEM00q oscillation in the region of the Ktransm ano-
malous behavior (Fig. 3). Th e electric component 
distribution in the OR standing wave fi eld was mea-
sured by the probe-induced perturbation method, 
proceeding from the changes in the resonant trans-
mission coeffi  cient value [15]. We remind you that 
the absorbing probe diameter is 2d  1 mm, which 
comes from the condition 2d/ ≈ 0.23 [18]. Th e dis-
tributions of the electric fi elds of the examined oscil-
lation type in the two orthogonal planes correspond 
to the fi rst antinode of the electric component of the 
OR standing wave fi eld, counting from the plane 
mirror (z ≈  l/4, with z being the coordinate on the 
OR axis). 

Figure  4 shows the fi eld amplitude distribution 
measured for several modes in the H


-plane of the 

fundamental wave in the input waveguide. As seen, 
at L/R   0.853 (TEM0047, curve 1) and L/R   0.726 
(TEM0040, curve 2), the considered modes have a 
Gaussian fi eld distribution. Yet, the TEM0047 os-
cillation structure starts changing slightly near the 
OR axis. Th e calculated fi eld distribution of the 
TEM0040 oscillation on the OR plane mirror is plot-
ted (curve 3) for comparison. Th is confi rms the con-
clusion that the fi elds of the investigated "bouncing 
ball" oscillations in the OR obey the Gaussian distri-
bution law. 

In the E


-plane of the TE10 wave in the input wave-
guide, the fi eld structures of the studied TEM0047 and 

Fig. 3. Th e resonant transmission coeffi  cient as a function of 
the mirror spacing for the OR fundamental mode
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TEM0040 modes look similar and represent circular 
Gaussian beams in the OR cross-section. Th e elec-
trical fi eld structure of the TEM0042 oscillation is dif-
ferent in kind (L/R  0.763, Fig. 5). In the H


-plane 

of the TE10 wave in the input waveguide, the electric 
fi eld distribution of the studied oscillation (curve 1, 
Fig. 5) becomes wider than the Gaussian fi eld distri-
bution (curve 3, Fig. 5). In this case, the amplitude 
distribution of the oscillation fi eld shows a series of 
positive and negative peaks. At the same time, in the 
E


-plane, the fi eld structure of the TEM0042 oscil-
lation (curve 2, Fig.  5) becomes narrower than the 
Gaussian distribution of the fi eld at the L/R given 
(curve 2).

Th e performed studies suggest that the TEM0042 
mode oscillation interacts with the surface oscilla-
tion [13] whose fi eld energy is localized like a nar-
row band in the H


-plane on the OR spherical mir-

ror. Th is has a devastating eff ect on the OR spectral 
characteristics, the Ktransm decreases, and so does the 
loaded Q-factor. Th e radius of the TEM0042 mode 
fi eld spot on the OR spherical mirror is [19] 

1 .1
L R

w R L R






  (1)

Substitute   4.057 mm, R  113 mm, and L/R  
 0.763 into expression (1) and have w1  16.181 mm. 
Th en the spherical mirror radius a  30 mm related 
to the diameter 2w1 of the TEM0042 mode fi eld spot 
is 0.927. 

Th e investigations carried out were the fi rst to 
identify a surface oscillation in a hemispherical OR 
experimentally. Th e fi eld energy of this oscillation is 
localized on the OR spherical mirror in the H


-plane 

of the TE10 wave in the input waveguide. According 
to 10, the loaded Q-factor on the fundamental 
mode of a hemispherical OR is maximum when 
L/R  0.75. Th e surface oscillation interacts with the 
"bouncing ball" oscillation at approximately the same 
mirror spacing (L/R  0.763). 

We noted above that some authors measure the 
electrophysical parameters of solid dielectrics using 
a hemispherical OR with the mirror spacings as indi-
cated. Th erefore, care should be taken of the surface 
oscillation excitation possibility for the measuring 
cell when measuring the permittivity of solid dielec-
trics by the OR method. Th e existence of surface os-
cillations may be responsible for incorrect measure-
ment results. 

3. Mirror-lens OR. 
Measurement results
In the previous section, we showed that the surface 
oscillation can be excited on the curvilinear surface 
of one of the OR mirrors under certain conditions. 
Th en the question arises as to whether or not oscil-
lations of this type can exist on a convex surface in 
the axial excitation case. It is hardly reasonable to 
analyze resonators constituted by metal convex and 
plane mirrors, for resonators of this design are called 

Fig. 4. Field structures of the studied oscillations in the H


-
plane: 1 — ТЕМ0047; 2 — ТЕМ0040; 3 — ТЕМ0040, the calculat-
ed fi eld distribution

Fig. 5. Th e TEM0042 oscillation fi eld structure: 1 — measured 
in the H


-plane; 2 — measured in the E


-plane; 3 — the calcu-

lated fi eld distribution
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unstable [19]. If so, let us consider an OR whose 
spherical mirror with curvature radius R is replaced 
by the system of a plane mirror and a plano-convex 
dielectric lens (see Figs. 1 and 6). Th e focal length of 
this lens is F. Its surface shape is a hyperboloid of ro-
tation. In both resonators, the focusing properties of 
the phase corrector are identical for R  F 19, 20. 

Let us analyze the po  ssibility of the surface oscilla-
tion excitation in a mirror-lens resonator (MLR). As 
previously, the experimental studies were conducted 
in the millimeter wave range. Th e block scheme of 
the experimental setup is as that in Fig. 1. Th e only 
diff erence is that spherical mirror 1 and coupling ele-
ment 9 (Fig. 1) are replaced by plane mirror 3 com-
bined with plano-convex lens 21 and coupling ele-
ment 20 (Fig. 6). Th e lens material is fl uoroplastic 
with dielectric constant   2.08. Th e focal length of 
the lens is F  39 mm. Th e apertures of both plane 
mirrors in the OR are 2a1  38 mm. Th e MLR is ex-
cited through slotted coupling element 20 with its 

Fig. 6. Th e plane mirror with a dielectric lens

size of 3.6  0.16 mm in the center of plane mirror 
3 (Figs.  1 and 6). Th e coupling element represents 
a rectangular waveguide taper between the un-
dersized 3.6  0.16  mm and standard 3.6  1.8  mm 
cross-sections. Th e signal from the resonator is out-
put through slotted coupling element 19 in the center 
of plane mirror 2. 

Figure 7 plots the measurement results of the reso-
nant transmission coeffi  cient Ktransm versus the mir-
ror spacing L/F for the "bouncing ball" TEM00q mode 
in the MLR. As L/F decreases, the Ktransm in the MLR 
behaves the same as in the hemispherical OR (Fig. 3).

In the given range of the MLR mirror spacing, 
the resonant transmission coeffi  cient of the TEM00q 
mode increases everywhere but for the L/F values 
featured by the wave mode interaction. Th is Ktransm 
behavior is attributed to the fact that as L/F varies, 
the fi eld spot diameter on mirror 3 with the plano-
convex lens decreases, and so does the loss in the lens 
material, which is a decisive factor in raising the re-
sonance transmission coeffi  cient in the MLR tuning 
range. When L/R  1 in the hemispherical OR, oscil-
lations are not excited (Fig. 3) because the diff raction 
loss sharply rises. When L/F  1, the MLR with a di-
electric lens has "allowed" oscillation zones (Fig. 7), 
which agrees well with the results in [21].  

As seen in Fig. 7, the value of the resonant trans-
mission coeffi  cient drops at L/F   0.667 (point 2). 
Th e oscillation spectrum analysis was performed to 
reveal that the "bouncing ball" TEM0014 oscillation 
alone exists at L/F  0.667, which is exactly what is 
reported in Fig.  7. Shown are two oscillation types 
having diff erent longitudinal indices and excited in 
the MLR. In the MLR, the same as in the previous-
ly considered hemispherical OR, a surface oscillation 
exists, which aff ects the Ktransm. Th e only diff erence 
is that the surface oscillation is localized on the di-
electric lens surface in the LMR. To understand the 
reasons for this Ktransm behavior, the electric fi eld 
amplitude distribution in the resonator should be 
measured at points 1, 2, and 3 (Fig. 7) correspond-
ing to the TEM0015 mode (L/F    0.721, point 1), 
the TEM0014 mode (L/F   0.667, point 2), and the 
TEM0013 mode (L/F  0.613, point 3). 

Th e studies were conducted using the probe-in-
duced perturbation method described in the previ-
ous section. As before, the measurements of the elec-
tric fi eld component of the MLR standing wave were 
performed at the fi rst anti-node, counting from the 

Fig. 7. Th e resonant transmission coeffi  cient as a function of 
the MLR mirror spacing
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plane mirror. Fig. 8 illustrates the electric fi eld am-
plitude distributions of the TEM0015, TEM0014, and 
TEM0013 modes measured in the E


-plane of the 

TE10 wave in the input waveguide. 
According to Fig.  8, as the point L/F   0.667 is 

approached from the side of the large mirror spac-
ings, the MLR fundamental mode starts changing, 
see curve 1 for the TEM0015 oscillation. Aft er pas-
sing L/F  0.667 and reaching L/F  0.613, the pure 
ТЕМ0013 oscillation (curve 2) exists. Th e above-said 
is supported by the electric fi eld distribution of the 
TEM0013 oscillation in the H


-plane (curve 3) of the 

TE10 wave in the input waveguide. 
For comparison with the same-size hemispherical 

OR (R  F), Fig. 8 plots also the calculation results 
of the amplitude distribution of the TEM0013 electric 
fi eld (L/F  0.613, curve 4). Th e good agreement be-
tween the fi eld structures in both resonators suggests 
that the fundamental mode in the MLR is a circular 
Gaussian beam, as in the hemispherical OR. 

Figure 9 displays the electric fi eld amplitude dis-
tributions of the TEM0014 mode (L/F   0.667, the 
MLR) in the E


- (curve 1) and H


- (curve 2) planes 

of the TE10 wave in the input waveguide. Th ese can 
be compared with the calculated distribution of the 
TEM0014 mode electric fi eld (L/F  0.667, curve 3) in 
the hemispherical OR (R  F).

From Fig. 9 it follows that in the E


-plane, the 
studied mode fi eld distribution (curve 1) is much 
wider than the Gaussian distribution (curve 3) and 
exhibits positive and negative peaks. At the same 
time, in the H


-plane, the TEM0014 fi eld structure 

(curve 2) is narrower than the Gaussian distribution 
(curve 3) for the given L/F. Hence, it is reasonably 
safe to say that the examined mode oscillation in-
teracts with the surface oscillation whose fi eld ener-
gy is localized like a narrow strip in the E


-plane on 

the dielectric lens surface. Th is is what the modula-
tion of the electric fi eld amplitude distribution of the 
considered mode in the given plane tells. As in the 
hemispherical OR case, this degrades the MLR spec-
tral characteristics and reduces the resonant trans-
mission coeffi  cient. Th e same as for the hemispheri-
cal OR, we determine the fi eld spot radius w1 of the 
TEM0014 mode on the lens-carrying mirror using 
expression (1). We take R  F  39 mm, L/F  0.667, 
and 4.057 2.08 2.813 mm.      Substi-
tuting them into expression (1) gives w1  7.03 mm. 
Th e ratio of the mirror radius a1  19 mm to the 

fi eld spot diameter 2w1 results in a value of 1.351 for 
this MLR.

Th us, the performed study has shown that in a re-
sonator with a dielectric lens, a surface oscillation is 
excited alongside the TEM0014 mode at L/F  0.667. 
Th is oscillation is associated with the "bouncing ball" 
oscillation and has a devastating eff ect on the spec-
tral characteristics of this electrodynamic system. 
Th is oscillation exists on the lens surface and is ori-
ented in the E


-plane of the fundamental wave in the 

input waveguide. Th erefore, in the MLR, a modifi ed 
TEM0014 oscillation exists (Fig. 9). As shown in the 

Fig. 8. Field structures of the TEM0015 and ТЕМ0013 oscilla-
tions in the MLR: 1 — TEM0015 oscillation in the E


-plane; 

2 — TEM0013 oscillation in the E


-plane; 3 — TEM0013 os-
cillation in the H


-plane; 4 — the calculated TEM0013 fi eld 

distribution

Fig. 9. Th e TEM0014 oscillation fi eld structure in the MLR: 
1 — in the E


-plane; 2 — in the H


-plane; 3 — the calculated 

TEM0014 fi eld distribution
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previous section, the surface oscillation in the hemi-
spherical OR is oriented in the H


-plane of the fun-

damental wave in the input waveguide. Th e diff erence 
in the orientation of the surface oscillation on the ex-
teriors of the phase correctors of the considered re-
sonators can be attributed to the cumbersome MLR 
alignment and the presence of the dielectric lens it-
self in the resonator volume. 

Conclusions
Th e experimental studies presented in this work sug-
gest some important practical conclusions.

1. Based on the analysis of the fundamental 
ТЕМ00q oscillation behavior in the hemispherical 
OR with the mirror spacing varied, a surface oscilla-
tion has been identifi ed. Its fi eld energy is localized 
on the concave surface of the spherical mirror in the 
H


-plane of the TE10 wave in the input waveguide. 
2. At a certain mirror spacing (specifi cally, at 

L/R  0.726 to 0.835), the surface oscillation interacts 
with the "bouncing ball" oscillation because it be-
longs to the same symmetry class. Th is point should 
be considered properly when measuring the electro-
physical parameters of solid dielectrics using the OR 
method. Such measurements in the indicated range 

of the OR mirror spacing are not unusual in the li-
terature.

3. In the MLR, a surface oscillation is also excited 
and gets coupled to the TEM00q oscillation of the re-
sonator. Th is aff ects the MLR spectral characteristics. 
Th e fi eld energy of the surface oscillation is localized 
like a narrow strip on the convex surface of the di-
electric lens. In this case, the oscillation is oriented 
on the convex surface of the dielectric lens in the 
E


-plane of the TE10 wave in the input waveguide. In 
the MLR, the excitation of the surface oscillation is 
observed at the mirror spacing L/F  0.65 to 0.75. 

4. According to work [22], the condition of low 
diff raction loss in the OR case is determined by the 
inequality a/2w1  1. In the hemispherical OR, the 
surface oscillation interacts with the fundamental 
mode when a/2w1  0.927. In the MLR, the interac-
tion of the "bouncing ball" oscillation with the sur-
face oscillation localized on the lens surface occurs at 
a1/2w1  1.351. As one can see, the surface oscillation 
interacts with the ТЕМ00q oscillation in the case of 
small diff raction loss in the resonator. Th erefore, the 
measurements used to determine the electrophysi-
cal parameters of solid dielectrics by the OR method 
must fi t L/R  0.73 in the hemispherical OR case and 
L/F  0.65 in the MLR case. 
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ПОВЕРХНЕВІ КОЛИВАННЯ У ВІДКРИТИХ РЕЗОНАТОРАХ 
З КРИВОЛІНІЙНИМИ ВІДБИВАЧАМИ

Предмет і мета роботи. Предметом роботи є поведінка коливання типу «стрибаючий м’ячик» та поверхневих ко-
ливань у відкритих резонансних системах з криволінійними відбивачами, які включені у хвилевідну лінію передачі. 
Метою роботи є встановлення фізичних особливостей і закономірностей взаємодії об’ємних коливань типу «стриба-
ючий м’ячик» та поверхневих коливань у відкритих резонансних системах з криволінійними відбивачами. 

Методи та методологія. Для вирішення поставлених у роботі завдань використано основні методи квазіоптики: 
для вимірювання структур електричних полів розглянутих типів коливань було застосовано метод пробного тіла; 
в експериментальних дослідженнях резонансних коефіцієнтів передачі відкритих коливальних систем і фізичних 
явищ, що в них відбуваються, використовувалися добре відомі методи НВЧ-вимірювань.  

Результати. У роботі розглянуто напівсферичний відкритий резонатор (ВР) та дзеркально-лінзовий резонатор 
(ДЛР). Виявлено, що на криволінійних поверхнях відбивачів обох типів резонаторів можуть збуджуватися поверхне-
ві коливання, які за певних умов взаємодіють із коливанням резонатора «стрибаючий м’ячик». У напівсферичному 
ВР ця взаємодія має місце за умови а/2w1  0.927 (а — радіус апертури криволінійного відбивача, w1 — радіус плями 
поля основного типу коливань на цьому відбивачі). У ДЛР взаємодія основного типу коливань з поверхневим коли-
ванням, локалізованим на поверхні лінзи, відбувається при a1/2w1  1.351. 

Висновок. Відомо, що умови малості дифракційних втрат для ВР визначаються умовою a/2w1  1. З огляду на це 
необхідно враховувати можливість збудження в резонаторі поверхневих коливань, які здатні призвести до невірних 
результатів при вимірюванні методом ВР електрофізичних параметрів твердих діелектриків. Тому дослідження до-
цільно проводити при L/R  0.73 у разі застосування ВР напівсферичної геометрії. Якщо ж використовується ДЛР, то 
зразки бажано досліджувати за умови L/F  0.65.

Ключові слова: відкритий резонатор, дзеркально-лінзовий резонатор, поверхневі коливання, коливання «стрибаючий 
м’ячик», резонансний коефіцієнт передачі, взаємодія коливань.


