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Introduction 

Meander-type structures are applied for retardation of 
electromagnetic waves in traveling-wave tubes, traveling 
wave cathode-ray tubes, delay lines and other electronic 
devices [1 3]. Models of meander-type lines are proposed 
and their properties are described in [3 7] and other mono-
graphs and papers. On the other hand, simplified models of 
the systems are usually used at analysis. The real meander 
systems are inhomogeneous structures. Inhomogeneities 
appear due to dielectric holders, bending of the conductor 
of the meander electrode, errors of manufacturing and for 
other reasons. 

Periodic inhomogeneities of the wide-band transmis-
sion lines cause non-uniformities of their frequency char-
acteristics. According to [8], the pass-band of such lines is 
limited because the stop-band appears at increase of the 
phase angle between voltages or currents in the period of 
inhomogeneities.  

The influence of periodic inhomogeneities of meander 
systems that appear due to periodic variation of the width 
of strips of meander conductor, bending of the conductor at 
the sides of the meander electrode, dielectric holders of the 
electrode and other reasons are investigated in [9 11]. Un-
fortunately, at modeling of meander systems authors usual-
ly assume that elements of these systems are symmetrical 
with respect to the longitudinal plane, perpendicular to the 
central part of the system. 

Besides inhomogeneities that are symmetrical with re-
spect to the longitudinal plane, asymmetrical inhomoge-
neities can arise as a result of manufacturing errors and 

other reasons. As an example, a pattern of asymmetrical 
meander electrode is shown in Fig. 1. Due to errors at 
manufacturing (etching) the widths of narrow conductors 
at the peripheral parts of the electrode are different. Ac-
cording to [11], asymmetrical inhomogeneities can consid-
erably reduce the pass-band of a meander system. On the 
other hand, the questions related to the influence of asym-
metrical inhomogeneities on properties of meander sys-
tems are not solved. 

In this paper we will consider influence of transverse 
asymmetry of meander systems on their frequency charac-
teristics and rejection properties. 

The model of the meander structure containing 
asymmetrical inhomogeneities 

The model of the meander line containing transverse 
inhomogeneities is presented in Fig. 2. The model consists 
of three homogeneous sections of multiconductor lines. 
Their lengths and characteristic impedances can be differ-
ent. 

Using the quasi-TEM approximation and taking into 
account normal modes, we have the following expressions 
[3] for voltages and currents of the conductors in the mul-
ticonductor line 
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Fig. 1. The fragment of the asymmetrical meander electrode Fig. 2. The model of the meander line:  1 conductor of the mul-
ticonductor line; 2, 3 shields
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where , , ,i i iiA B C D  are coefficients, i  is the number of 
the section of the multiconductor line, n  is the number of 
the conductor of the line, 0/ ck  is the wave number, 

 is the angular frequency,  is the phase angle between 
the voltages on the adjacent conductors of the multicon-
ductor line, ( )Y  and (Y  are characteristic admit-
tances of the line. 

The structure shown in Fig. 2 models the meander sys-
tem if these boundary conditions are satisfied: 

1 1( 1)(0) (0)n nU U , 1 1( 1)(0) (0)n nI I , (3) 

1 11 2( ) ( )n nU x U x , 1 11 2( ) ( )n nI x I x ,  (4) 

2 22 3( ) ( )n nU x U x , 2 22 3( ) ( )n nI x I x ,  (5) 

3 33 3( 1)( ) ( )n nU x U x ,  3 33 3( 1)( ) ( )n nI x I x , (6) 

1 11( 1) 2( 1)( ) ( )n nU x U x ,  1 11( 1) 2( 1)( ) ( )n nI x I x , (7) 

2 22( 1) 3( 1)( ) ( )n nU x U x , 2 22( 1) 3( 1)( ) ( )n nI x I x . (8)

Substituting (1) and (2) into (3) (8), we arrive at a set 
of algebraic equations. Using the principles of the matrix 
algebra and iterations we can find values of the retardation 
factor Rk  and frequency f  [7]:

R 0 phc / /k v kL ,    (9) 

0c / 2f k ,     (10) 

where phv  is the phase velocity of the traveling-wave, 0c
is the light velocity and L  is the step of the conductors of 
the multiconductor line.

The input impedance INZ of the system is dependent 
on the coordinate x . At 0x , according to (1) and (2) 
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During calculations, values of characteristic admittanc-
es ( )Y  and (Y  can be found using formula [12, 13] 

2( ) (0) (i i i iY Y Y Y .  (12) 

Values of characteristic admittances (0), (i iY Y  and 
corresponding characteristic impedances (0) 1/ (0)i iZ Y ,

(i iZ Y  can be determined using numerical (finite 
difference or finite element) methods [14].  

Results of simulation 

Results of simulation of meander system (retardation 
factor and input impedance versus frequency) are present-
ed in Fig. 3, Fig. 4 and Fig. 5.

At constant characteristic impedances of the meander 
conductors, frequency characteristics of the symmetrical  

meander system are continuous (curves 1 in Fig. 3(a, b)). 
Relatively great dispersion of retardation and small varia-
tion of input impedance are characteristic features of a
homogeneous meander system. These results correspond to 
[7].

In traveling-wave deflection systems meander elec-
trodes containing wide central parts of meander conductors 
and narrowed peripheral parts are used (in order to have 
high sensitivity of the cathode-ray tube and high imped-
ance of its signal path). Characteristics of the model of 
such meander system are presented by curves 2 in 
Fig. 3(a, b). According to Fig. 3(b), input impedance of the 
system changes rapidly and, according to analysis, the 
stop-band appears when phase angle  approaches to 
and frequency approaches to  
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where d 3 R 0/ ct x k L  is the delay time corresponding to 
the step of meander conductors. 

Increase of variation of characteristic impedances 
(0)Z or (Z  is followed by increase of the width of the 

stop-band at  (curves 3 in Fig. 3(a, b)). 
Characteristics presented in Fig. 4(a, b) illustrate influ-

ence of asymmetrical inhomogeneities on properties of 
meander systems.  

Curves 2 are obtained at different peripheral parts of 
meander system, curves 3  at shifted central part of mean-

Fig. 3. (a) Retardation factor and (b) input impedance versus 
frequency at 3 1 2 3 20x l l l mm, L = 2 mm and other data 
given in the Table 1

Table 1. Initial data for simulation

Curve 1 2 3l l l
(mm)

1

1

(0) /
(

Z
Z

2

2

(0) /
(

Z
Z

3

3

(0) /
(

Z
Z

1 5+10+5 60/40 60/40 60/40
2 5+10+5 60/40 50/30 60/40
3 5+10+5 70/50 50/30 70/50
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der electrode (different lengths of peripheral parts). Com-
paring characteristics 2 and 3 with characteristic of mean-
der system with transverse symmetry (curves 1), we see 
that asymmetry of the system causes radical changes of its 
frequency properties. At asymmetry, input impedance rap-
idly change when phase angle  approaches to . As a 
result, discontinuity of frequency characteristics and the 
stop band appear at frequency  
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t

.     (14)

Taking into account [10], we can easily explain the ef-
fects caused by asymmetry taking into account that at 
transverse asymmetry the period of inhomogeneities along 
the meander conductor becomes two times greater with 
respect to the period of inhomogeneities at absence of 
transverse asymmetry. 

Characteristics of meander systems at transverse 
asymmetry are similar to that of meander systems with 
different widths of neighbor meander conductors [9]. At 
different widths of neighbor conductors the period of in-
homogeneities along the meander conductor is also two 
times greater than the length of the meander strip. As a 
result the discontinuities of characteristics and the stop-
band exist at . 

Characteristics presented in Fig. 5(a, b) are obtained 
using the model consisting of two sections of multiconduc-

tor lines. They illustrate the influence of asymmetry of 

characteristic impedances (0)iZ , (iZ  on properties of 
meander system. 

At constant characteristic impedances along meander 
conductors, frequency characteristics of the meander sys-
tem are continuous (curves 1 in Fig. 5(a, b)). At variation 
of (0)Z  or (Z  along the meander conductor, the stop-
band appears when phase angle  approaches to 
(curves 2 4 in Fig. 5(a, b)). Increase of variation of charac-
teristic impedances (0)Z or (Z  is followed by increase 
of the width of the stop-band (curves 2 3 in Fig. 5(a, b)). 

Conclusions 

Due to periodical inhomogeneities and multiple reflec-
tions from them, meander systems obtain properties of the 
stop-band filters.  

In order to increase sensitivity and have high imped-
ance of the signal path, meander electrodes containing 
wide central parts of meander conductors and narrowed 
peripheral parts are used. Input impedance of such system 
changes rapidly and the stop-band appears when phase 
angle  approaches to . 

At transverse asymmetry, the period of inhomogenei-
ties along the meander conductor becomes two times 
greater with respect to the period of inhomogeneities at 
absence of transverse asymmetry. Wherefore input imped-

Fig. 4. (a) Retardation factor and (b) input impedance versus 
frequency at 3 1 2 3 20x l l l mm, L = 2 mm and other data 
given in the Table 2

Table 2. Initial data for simulation

Curve 1 2 3l l l
(mm)

1

1

(0) /
(

Z
Z

2

2

(0) /
(

Z
Z

3

3

(0) /
(

Z
Z

1 5+10+5 70/50 50/30 70/50
2 5+10+5 70/50 50/30 60/40
3 5+5+10 70/50 50/30 70/50

Fig. 5. (a) Retardation factor and (b) input impedance versus 
frequency at 3 1 2 20x l l mm, L = 2 mm and other data 
given in the Table 3

Table 3. Initial data for simulation

Curve 1 2l l
(mm)

1

1

(0) /
(

Z
Z

2

2

(0) /
(

Z
Z

1 10+10 60/40 60/40
2 10+10 60/40 70/40
3 10+10 60/30 60/40
4 10+10 60/30 70/40
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ance rapidly changes and the stop-band appears when 
phase angle  approaches to . 

Increase of variation of characteristic impedances 
(0)Z or (Z  along the meander conductor is followed by 

increase of the width of the stop-band at  or 
depending on the type of inhomogeneities. 
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stop-band. Ill. 5, bibl. 14, tabl. 3 (in English; abstracts in English and Lithuanian).
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