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Introduction

Helical structures are applied for retardation of
electromagnetic waves in traveling-wave tubes, traveling-
wave cathode-ray tubes, delay lines and other electronic
devices [1-4]. Models of helical systems are proposed and
their properties are described in [5-12] and other
monographs and papers. According to [11], the pass-band
of a helical system containing periodical inhomogeneities
is limited because the stop-band appears when the phase
angle between voltages or currents on neighbor helix turns
approaches to T with increase of frequency.

The nature of periodical inhomogeneities can be
different. They can appear as a result of variation of
dimensions (width) of helical conductor, variation of
distance between the helical conductor and shields of the
helix, periodical variation of characteristic admittance due
to dielectric holders, and other reasons.

Sometimes it is impossible to avoid inhomogeneities
in microwave devices. For this reason it is important to
reveal the influence of various inhomogeneities onto
frequency properties of periodical helical structures.

The model of the helical structure containing periodical
inhomogeneities

Let us consider a system, consisting of a helix with
rectangular cross-section, shielded by internal and external
shields. Let us assume that there are four homogeneous
sections along a turn of the helix. The dimensions of the
helical conductor and the gaps between the helix and their
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Fig. 1. (a) The cross-section of a helical system, and (b) the view
of the helix: 1 — helix; 2, 3 — shields
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shields can be different in the sections.

The model of the system is presented in Fig. 2. The
segments of multiconductor lines are used for modeling,
like in [8, 11, 12]. Because a turn of the helix contains four
homogeneous parts, four segments of multiconductor lines
are used in the model.

Using the quasi-TEM approximation and taking into
account normal modes, we have the following expressions
[5-8] for voltages and currents of the conductors in the
multiconductor line:

U (x)=

—In

(4, sinkx+ 4, coskx)e ", e)

1, (x)=jY.(0) (4” coskx—A,, sinkx)efj”g, 2)

where 4, are coefficients, i is the number of the segment
of the multiconductor line (i=1 at O<x<x; i=2 at
X <x<xy;i=3at x, <x<x3;i=4at x3<x<x4), n
is the number of the conductor in the row, k is the wave
number, € is the phase angle between the voltages on the
adjacent conductors of the multiconductor line, Y;(6) is

the characteristic admittance of the segment of the
multiconductor line.

The structure shown in Fig. 2 models the helical
system if these boundary conditions are satisfied:

n=0123..

Fig. 2. The model of the helical line: 1 — conductor of the
multiconductor line; 2, 3 — shields
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Substituting (1) and (2) into (3)—(10), we arrive at a set
of algebraic equations. Using the principles of the matrix
algebra and iterations we can find the value of the wave
number, corresponding to the given phase angle 6 and
zero determinant of the set of equations.

After that we can find values of retardation factor K,

and frequency f :
K, =cy/vy, =0/kL, (11)
(12)

where v, is the phase velocity of the traveling-wave, ¢,

f=key 2 |

is the light velocity and L is the step of the conductors of
the helix and the multiconductor lines in the model of the

system.
During calculations, values of characteristic
admittances  Y;(d) and characteristic impedances

Z;(8) =1/Y;(0) can be found using formula [5, 8, 10]:
20 (13)

and

Y,(60) =)(0) «D; 6in ¥,/ 2)]

Values of characteristic admittances Y;(0), #)(
corresponding characteristic impedances Z;(0)=1/Y;(0),
Z;(n) =1/ Y,(m) can be determined using numerical (finite

difference or finite element) methods [13, 14].
The input impedance Z, of the system is dependent

At x =0, according to (1) and (2)

Uy (9)

1,,(0)

Usually characteristics of helical systems (retardation
factor and input impedance versus frequency) are
considered in the frequency range corresponding to the
phase angle 6 changing from 0 to w/2. For this reason,
there is not enough information about stop-bands and
rejection properties of inhomogeneous helical structures.

According to [11] rejection properties depend on ratio
of characteristic admittances or impedances of
homogeneous sections. Unfortunately, variation of these
characteristic parameters with frequency are not taken into
account in [11]. Besides that it is important that variation
of characteristic admittances with frequency and their ratio

on the coordinate x .

Z(0) = (14)
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at #=0 and #=m depend on different factors. For
instance, characteristic impedances at low frequency (small
phase angle 6) depend on the cross-section dimensions of
the multi-conductor line. If frequency increases
electromagnetic field obtains surface character, and the
characteristic impedance becomes less dependent on the
shields of the system. At the same time, it strongly depends
on the step of the helix and gaps between neighbor helix
turns.

Taking this into account, let us examine how
frequency properties of inhomogeneous helical systems
depend on variation of characteristic impedances along the
turn of the helix and with frequency.

Results of simulation

Results of simulation of inhomogeneous helical system
(retardation factor and input impedance versus frequency)
are presented in Fig. 3-6.

Fig. 3 illustrates how retardation factor and input

impedance of the helical system containing two
homogeneous segments depend on the ratio of
characteristic ~impedances Z;(0) and lengths of

homogeneous segments in the period at Z;(m) = const. In

this instance (at Z;(m) = const), variation of retardation
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Fig. 3. (a) Retardation factor and (b) input impedance versus
frequency at x, =1, +/, +1; +/, =20 mm, L =2 mm and other
data given in the table

Table 1. Simulation related data for Fig. 3

Cur. | Athrhtl Z,(0)/ 7,000/ | Zy0)/ | Z,(0)/
ve mm Z,(m) Z,(m) Z5(m) Zy(m)
1 10+0+10+0 60/40 60/40 | 60/40 | 60/40
2 10+0+10+0 60/40 60/40 | 50/40 | 50/40
3 10+0+10+0 70/40 70/40 | 50/40 | 50/40
4 5+0+15+0 60/40 60/40 | 50/40 | 50/40




factor is small in the wide frequency range. Periodical
variation of characteristic impedance Z;(¢) along the

helix turn causes increase of retardation factor. If
Z;(m) = const, we can reduce dispersion of retardation

factor decreasing variation of characteristic impedance
Z;(0) and shortening the section with less length
(dispersion is maximal at /3//, =1 when [, =1, =0). At
constant characteristic impedance along the helix turn,
retardation factor is constant. These results coincide with
[8].

The input impedance of the system depends on phase
angle €. It is minimal at @ =m because capacitances
between neighbor turns of the helix are maximal at this
phase angle.

Variation of characteristic impedance along the helix
turn at values 6 close to m cause radical changes of
frequency characteristics of helical systems (Fig. 4).
Retardation factor and input impedance rapidly change
when 6@ approaches to m (when the half of the wavelength
in the system approaches the length of the helix turn), and
the stop-band appears. The central frequency of the stop-
band depends on the delay time ¢#; in the period of the

system and is given by
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Fig. 4. (a) Retardation factor and (b) input impedance versus
frequency at x, =/ +1, +/;+1, =20 mm, L =2 mm and other
data given in the table

Table 2. Simulation related data for Fig. 4

cur | bbbl [ 200 [ 20/ [ 0/ | 20/
ve mm Zy(m) Z,(m) Zy(m) Zy(m)
1 10+0+10+0 60/40 60/40 50/40 50/40
2 10+0+10+0 60/50 60/50 50/40 50/40
3 10+0+10+0 60/50 60/50 50/30 50/30
4 54+0+15+0 60/50 60/50 50/40 50/40
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Fig. 5. (a) Retardation factor and (b) input impedance versus
frequency at x, =/ +/, +/;+1, =20 mm, L =2 mm and other
data given in the table

Table 3. Simulation related data for Fig. 5

cu | bbbl | 20 | 207 | Z0) | Zy©)
ve mm Zy(m) Z,(m) Zy(m) Zy(m)
1 10+0+10+0 60/50 60/50 50/40 50/40
2 54+5+5+5 60/50 50/40 60/50 50/40
3 2.5+7.5+2.5+7.5 60/50 50/40 60/50 50/40
4 2.5+7.5+5+5 60/50 60/50 50/40 50/40

1
fo=—. (15)

The width of the stop-band depends on ratio of
characteristic impedances Z;(w) of homogeneous sections

and ratio of their lengths. In order to reduce dispersion of
retardation and width of the stop-band, we must reduce the
ratio of characteristic impedances of homogeneous
sections at @ =m and reduce the length of the section with
less length.

The input impedance of the helical system containing
periodical inhomogeneities strongly depends on coordinate
x and ratio of lengths of homogeneous sections
(Fig. 4 (b), curve 4).

Frequency characteristics of helical systems containing
two and four homogeneous sections along the helix turn
are presented in Fig. 5. Comparing curves / and 2 in Fig. 5
(a, b) we see that reducing the length of the period of
inhomogeneities we can avoid the stop-band at €=,
improve dispersion properties of helical systems and
reduce the change of input impedance. If the period of
inhomogeneities is two times less, the stop-band appears at
twice higher frequency (at € = 2m ).

Curves 2 and 3 (Fig. 6 (a)) illustrate that dispersion in
the system containing two periods along the helix turn
decreases if the length of the section with the less length
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S. Staras, A. Katkevitius. Properties of Helical Structures Containing Periodical Inhomogeneities // Electronics and Electrical Engineering. —
Kaunas: Technologija, 2010. — No. 3(99). — P. 49-52.

Rejecting properties of inhomogeneous helical systems are considered. The model of the systems based on the multi-conductor line method is used.
Examples of calculated characteristics are presented, and properties of the non-homogeneous helical systems are revealed. In the system containing two
homogeneous sections along the helix turn, the stop-band appears when the phase angle between the voltages on the neighbor conductors of the helix
approach 7. Dispersion properties of the helical system containing periodical inhomogeneities can be improved reducing variation of characteristic
impedance along the helix turn at = m and reducing the length of the inhomogeneous section of the helix turn. Besides that we can increase the width of
the pass-band of the helical system containing periodical inhomogeneities decreasing the period of inhomogeneities (increasing the number of the periods
of inhomogeneities along the helix turn). Ill. 5, bibl. 14 (in English, summaries in English, Russian and Lithuanian).

C. IlITapac. A. KatkeBuuioc. CBOiicTBa HeOJHOPOHBIX CIIHPAJILHBIX CHCTeM //JJIEKTPOHHKA H djIeKTpoTexnuka. — Kaynac: Texnosorus, 2010.
— Ne 3(99). — C. 49-52.

PaccmaTpuBaroTcsi CBOICTBA CIMPAIBHBIX CHCTEM, COJCPKAIIMX IEPHOANYECKHE HEOAHOPOAHOCTH. Jlisi aHamm3a CHCTEM BBIOpaH METOX
MHOT'ONIPOBOJHBIX JHHHMIL. [IpHBeNeHBI U 00CY)KIAIOTCS PacyETHBIC 3aBUCUMOCTH KO dHIIEeHTa 3aMe/JIeHHs] ¥ BXOAHOTO COIPOTUBIICHHS OT YaCTOTHI.
TokazaHo, 4TO MEPHOANYECKHE HEOXHOPOJHOCTH BIOJIb BUTKA MOTYT NPUBECTH K IMOSBICHUIO 3arpakarolieil oIockl. B 00meM ciydae reHTpansHas
YacToTa 3TOH MOJIOCHI COOTBETICTBYET (ha30BOMY yIIy 6 MexIy HAmpsDKCHHSIMH COCEIHHX BHUTKOB, paBHOMY TU. [Insl yiydImeHus JHCTICPCHOHHBIX
CBOMCTB M PaCIIMPEHUS MOJOCH IPOIyCKaHUs CIeAyeT YMCHBIIATh H3MECHEHHE BOTHOBOTO CONPOTHUBIICHHS BIOIb BUTKA IPH & = T, yMEHBIIATh ATUHY
HEOJHOPOIHOTO yJacTKa BUTKA M YMEHBIIATh JUIMHY IePUO/ia HEOAHOPOAHOTO yJacTKa BUTKA (YBEIMUHBATH YHCIO IIEPHOJOB HEOTHOPOAHOCTEH BIONb
BuTka). Un. 5, 6ubn. 14 (Ha anrnuiickom s3bike, pedepaThl Ha aHMITHHCKOM, PYCCKOM H JINTOBCKOM SI3.).

S. Staras, A. Katkevitius. Spiraliniy sistemy, turin¢iy periodiniy netolygumy, savybés // Elektronika ir elektrotechnika — Kaunas: Technologija,
2010. — Nr. 3(99). — P. 49-52.

Nagrinéjamos nevienalytés spiralinés létinimo sistemos uztvarinés savybés. Sistema modeliuojama vieneilés vienpakopés nevienalytés daugialaidés
linijjos atkarpa. Pateikiamos ir nagriné¢jamos apskaiCiuotos létinimo koeficiento ir {éjimo varzos dazninés charakteristikos. Parodyta, kad dél
nevienalytiSkumo spiralinés sistemos jgyja uztvariniy filtry savybiuy, kai, didéjant dazniui, fazés kampas tarp gretimy spiralés viju jtampy ar sroviy artéja
prie T . Parodyta, kad norint pagerinti spiraliniy sistemy dispersines savybes reikia mazinti banginés varzos kitima iSilgai spiralés vijos, kai fazés kampas
tarp gretimy vijuy {tampy arba sroviy artimas 7T, ir trumpinti nevienalyt¢ vijos atkarpa. Be to sistemos praleidziamyju dazniy juosta galima iSplésti
trumpinant netolygumy perioda (didinant periody skai¢iy iSilgai spiralés vijos). IL. 5, bibl. 14 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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