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Ahatract

circalar
present

deisy lines based on
nodes i3 discussed in

& -aiculation weethod for time
118 - loaded wavedguide with § gp
raper. The lines are intepded for use in RF - energy upgrade
systams as a0 energy storaging elements. Some practical results of
islay iines ~alcuiation are represented and discussed 3lso.  This
resuits show that a satisfactory parameters of delay 1ines can  be

chtained when using circular iris - losded waveguides excited at Hon
20des.
Time deisy 1ines intended fer RF - energy storage are among the

most  important elements of cirtain BF - epergy upgrade 5y5nels[ 1]
Upgrade aystems characteristics, ¢. g. power aultipiyisg coefficient and
and efficiency, are in strosg correlation with the time delay lines
a3ed parameters. The wmaln requirements for c:his l:ines parsmeters are
33 folowing pinisum possible RF energy 1osses and dimensions
Ruther swail 1os3es ome can achieve using a superconducting device.
But  supercondactivity ussge 13 uacopvenient in most cases because of
considerabie growing of the device cost. Also this concerned the
delay line dimenstons ( aspecially 1its lemgth ) that shoulda't De
extriwely big. That 3 why an  actual problem is a compact time
felay iine with sasll energy loases construction. Calculations  show
that 3n acceptabie vaiue of energy losses 13 not higher than 1 dB.

RF - eprgy losses in dziay lines can be decreased by using a
cirouiar waveguides with oy sodes. Because of their anomally small
1y3zea they are widely used in RF - communication lines. FExistance of
some parasitic modes i3 perhaps the only but esseatial disadvantage
5 this modes using. In particular singuiarity of Hg, snd B, wodes
takes plase for all frequencies. [t leads for additional energy
tosses. The wssin goal of this paper is to show that lov  enouph
vaiues of energy losses can be achieved ip circular iris loaded
waveguides | CI¥ i excited st H modes for relatively sasll values
of group veiocity Pgr | about 8.9l - 9.03 V. This gives 3 possibility
ta comstruct a compact delay lime at  submicrosecond puis width
band. Morecver in (¥ ‘the E,, and Hoy modes natural frequencies are
separated and 3¢ their singularity eliminated [2]

\  partisl reginns  method was used to  calcuiate 8 CIW
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electromagnetic characteristics for 8o, modes.
and not high operation speed computer 13

A not big smemory vo.ule
scceptable for +hig aethod

using.

To carry out the calculstions & waveguide i3 devided 3oy 3
cylinder aurface with radius r = & into two parts as it 18 shown
at fig. 1. For sagnetic - type modes discription der: magnetic
vectror FW}L consistent with a Helmholtz equation cap oo used [3]
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Expressed flelds amplitudes in partial regions by F, and used
the magnetic field tangentisl compoments continuity at  regions
boundary & systes of sisultaneous linear algebraic  homogeneous
equation in unksown F,, cam be set up. Yo set & dispersion
equation one should equate the aystems determinant to zero. Whea
equation roots are found out it is possible to determine unkmown
Fm and  sequently & field decomposition compomests for  partial
regions. Then o CIV characteristics ( group velocity Pge a2d 2 wave

demping coefficieat o AY2 where A is s free - space waveleagth j
can be determined.

Frequency comparison was used for equation  solvisg  program
precision  control.  When Ho, mode i3 excited in  CI¥ whick
parsmeters are close to a smooth circular wavegoide ( r - 4.838 cn ;

O :0.3rad; a/b = 0.991 ) relstive calculation error is about 1.54 %
snd for s cylinder cavity with B, mode (= 4.838 cu and its
length 1 = 3.89 ca ) this error drops to .85 %.

Solution comvergence investigation 1is very important for a partial
regions method use. A special investigations were carried out to
deternine an optimsl values of parameters ¥ { according to (3 ) and
(4)w=21,%2, 2% s = |, 2,..., 20 ) that defines the combined
equations order and N (according Yo ( 3 )} 2 = @,%1,%2,... %0 ) that
defines & sua turms nusber in the determinant elements. Values of
this parameters should be chosen ia such a way that ome cam
obtais s satisfactory precision with acceptable calculating time. A
convergence of Pge and o can be illustrated by fig. 2 where this
paraneters are given as a fusctions of M ( a ) asnd N ( b ) for
copper CIV with followiog parsmeters : o/A= 9.492 ; t/X\ = 6.9927 ;

LAEE $8 Popn = 388 ; a/b - 8.4729. All further calculations are
carried out for M= 13...15 and N =39 ..189.
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Fig.2.  Growp  velocity and  damping  comvergency against
paraneters M (a | and N (b)) for Hy wmode.
dere marked function ®, i3 the derivative with respect to Calculstion results of damping coefficient oD and group velocity
argusent. Pgr for time delay line based on CIN with B modes are plotted.
Such a representation satisfied a boundary conditions in resopant Normolized damping Afn/'c a3 & fuaction of phase velocity Ppn for
region and Floke couditions 1n axial region. To satisfy a houndary Hoo mode is shown at fig. 3. Norsalized damping A?\”’/‘t is the whoix
condition at iris walls sad a tangeatial cospoments continuity damping in the line with length L and delay time T { and 50
~ondition at a regions boundsry ome may represent field E ¢ for Az 2flalge). A plot of group velocity Pge Vs Pph is given a:
I:a as follouing[3]: fig. 3 also. Vithin considered phase velocities Dband & sinimsm

example at 18 - ca wavelength
adout 1.5 dB/ps and 30 less

energy losses are for Pph 3.6. For
band a lowest value of damping i3

then B.6ps delay time is permitted in order ot to exceed o
damping value. At this point Prm #.865 and the delay line wou.d
be 122 long.

" Muchk sore interesting results can be obtained for H o  mode in
CIN. Plots of ANt and Py againat P and o/ for 8y, node are
showe ot fig. 4 and fig. § respectively. A group velocity sige
changing is observed within comsidered values of Pw and o/A . In
the sign change point & ANYYT funciion has a singularity. At the
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Fig.5. The plots of normalzed duping- and group velocity
paraneter  O/A for Hg mode.

against

right side from this point ( see fig. 4 and fig. 5 ) damping it
tended to sero. A small emouph values of normolized damping  and
group velocity both cam be achieved in this reglom. For example
vhen o\ : 0.585 (Penz 4.4 ) we are having Per: 6.6182 and ANMx
2-107° dB-cl’ﬁ-}xs"‘. Delay line emergy losses would be about #.7 4B/

at 18 - ca wavelength band and about 7.5 dB/us at I - ca band. 5o
in this case a compact time delsy lime with 1 dB energy iosases
and about £.5...1.0 w long ( it's depended on the t/X  parameter !
caz be constructed for 1.5}15 delay time at 18 - ca wavelength
band.

However ii's impotant to note that given calculated resuits doat
take account of the CI¥ immer surfsce conditions { surface trestment
clearniness, impurities ets. ). Beal values of energy
about 18X to 78 X higher,

The results obtained show that the time delay line for RF
energy storsge can be constructed based on CIN with Hen zodes. A
acceptable values of energy losses and line dimensions can Be
obtained for wavelength bands from 18 - ca to 2 - ca The iiges
parmmeters can be determined by the method described.

losses are
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