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The Cutoff Characteristics of the

Channel Waveguide

In order to increase the power-handling

capacity of a T1310 mode rectangular wave-
guide, the channel wa~-eguidel as shown
in Fig. 1 was proposed. “ro the authors’
knowledge, theapplication of channel wave-
guides for this purpose is not yet known in

the United States, although in a paper by

Iashikin’ received on September 26, 1956

by the A. S. Popov Technical Society of
Radio Engineering and Telecommunications
LT,S.S,R,, the author states that channel

waveguides “are widely used at present. ”
The waveguide was thought to have a

greater power-handling capacity than the
regular rectangular waveguide. Increase of

the power-handling capacity is dependent
on the channel \vaveguide configuration.
There would be many things to compromise
for a practical channel waveguide design.
The impedance, the cutoff wavelength, the
mode stability and the attenuation and

phase characteristics are to be considered

together with the power-handling capacity

to determine the wa>,eguide configurate ion.
For simplicity, only the power-handling
capacity is considered here tind it will be

compared with a regu Iar rectangular wave-
guide of the same height b~, (see Fig. 1). The
power-handling capacity of a waveguide is
usually limited by arcing. .4rcing field
strength can be assumed to be, for purposes
of approximation, proportional to the dis-
tance between the extreme top wall and
bottom wall of the waveguide at the maxi-
mum field inteusity position. Therefore, the
increase of the power-handling capacity can
be estimated approxim~tely by 20 log bz/bl

in db measurements. Therefore, if bz/bl = 2,

then the power-handling capacity would in-

crease approximately 6 db or 4 times the
regular waveguide power-handling capacity.
This means that if the arcing starts at 100
fcw for a regular waveguide, then the chan-
nel ~vaveguide can carry power up to ap-
proximately 400 Ire-. The only method com-
monly used today to increase the power-

handling capacity of a waveguide is pres-

surizing the waveguide. But even this tech-
nique has it’s arcing limits and the wave-

guide ronfiguratior must be modified to at-

tain very high po~ver-handling rapacity.
The proposed channel waveguide is one

example of many possible solutions. Other
methods are conceivable such as increasing

the height of a rectangular waveg-uide. In
any method, the impedance, attenuation
and phase characteristics, frequency char-
acteristics, mode stability and fabrication

techniques need to be considered and com-
promised. Therefore, it would be difficult

to say at this stage of investigation, whether
any one method is superior. The criteri~ de-
pends on the characteristics desired.
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Fig. l—Cross-sectional view of the channel wavewkle.
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Fig. 2(a) —AAcH ratm Preckted by ming Cohn’s method. (b) hc/AcH ratio predicted by “sing Iashdcin’s
method. k< is the cutoff wavelength of the regular rectan~ular waveguide and ACH is the <cutoff wavelength
of the channel waveguicle.

l-he main purpose of this note is neither

to demonstrate the increased power-handling
capacity nor to show the superiority of the

channel waveguide over regular waveguides,

but to report a iindiug of peculiar cutoff
characteristics of the channel waveguide.

Vilmur and 1shii theoretically cmalwed the

rutofi” wavelength of the channel \vaveguide
based on Iashil<in’s method’3 and Cohn’s
method,’! Theoretical investigation based on

: .1, ~, Ia5hi~in, ‘The Cdctilzzl ion of the fUllda-

mentcd critical wavelength for a rectmgula! wave-
.guide with Iongituchnal rectangular channels and
ridges, ” Rud~o Eng?g., vol. 13, Pp 8-14: March. 1958.

? ~, I. ~a~hl~in <$.>method of approximate cakll -

lation for wavegu{des of triangufa and trapezoidal
cross- sections,” Ra<lm h:lIw/?., vol. 13, PP. 1–9: Octo-
ber, 1958., s, ~, Cohn, ,’prol,er Lies 0! r[dge wavewides$”

PI’OC. IRE, VOl. 35, PP. 783–788 Allgllst, 1947.

the t~vo different methods produced t~vo dif-

ferent conclusions’ as shown by the solid
lines in Fig. 2 (a)–(b). The purpose of this

i nvestigatiou was to solve this discrepancy

by experiments, and it was frmnd that there
Jvas a “mode” of propagation which followed

lashifcin’s method [Fig. 2(b)] while there
was another “mode” of propagatioil which
followed Cohll’s method [Fig. 2(al ].

Ten different channel wa~-egu ides were
made ill order to completely correlate the

experimental data with the theoretical data.
Fi~-e of the>e had a depth ratio, (b,/b,) of

0.8, and five had a ratiu (b,/bz) of 0.5. Five
different widths were used for each depth,

and a base section with a RG 52/U wave-
guide was used. A 50-cm long channel wave-
guide with tapered sect ions (6-cm long) at
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both ends to match the standard RG 52/U
waveguide was mounted in the experimental
circuit as shown in Fig. 3. The cutoff wave-
length was estimated from a rising charac-

teristic of the input VSNTR when the operat-
ing wavelength approached the cutoff. In
order to operate near the cutoff, a special
long-slotted section (28.5 cm) was used for

the measurement of VSJJ’R. It is true that

the method of finding the cutoff wavelengths
in the channel waveguide mentioned above

is not the only one that could be used, and

may not be the most convenient or accurate.

In fact, the “insertion” method was also
tried to make sure that the power ~vas cut

off. The standing wave detector method
had, howe~,er, the advantage of detecting
both ‘[cutoff modes. ” “Insertion” methods
could gi~-e only the lowest frequencies cut-
off mode. If the “insertiou” method alone
were used, both ‘(cutoff modes” could never
ha~-e been found.

A typical example of the experimental
results of \V5WR and frequency character-

istics is shown in Fig. 4. In this particular

case of bI/bj = 0.5az/al = 0.214, as seen from

the experimental results, there was a trans-
mission of microwaves far below the cutoff
frequency predicted by Iashikin’s method.
It was also certain that a sharp rise of VSII’R

existed near the cutoff frequency predicted
by Iashikin’s method. As seen from Fig. 4,
another rise of \’SWR was observed near
the cutoff frequency predicted by Cohn’s
method. Similar phenomena were observed

for channels of different dimensions, tyhen

the cutoff wavelengths of various channel

waveguides were estimated from the ex-

perimental VSIJTR curves by observing the
rises of l’SWR at wavelengths near the

theoretical cutoff, the results shown by
plots in Fig. 2 were obtained. The experi-
mental results seemed to follow the theo-
retically predicted values based on both
Iashikin’s and Cohn’s methods. The experi-
mental results based on the lKWR measure-
ments of the channel wa~eguide’s cutoff

characteristics indicated there were two
different ‘[modes” of waves existing in the

channel waveguide. One ‘(mode” follows
Iashikin’s method and the other “mode”
follows Cohn’s method, The reason why the

two modes exist and how the trausitioll

between two modes takes place are con-
sidered as follows: Iashikinz started his

analysis with the wave equation

with H. is the longitudinal Imagnetic field
intensity. “rhe boundary condition used
was aH./& = O at the v,-a~-eguide wall aud
the cross section of the wa~reguide was
divided \-ertirally into subsections and at
every section boundary conditions H, = H,+l
and

tML dH.~l

ax = ax

were applied. Thus Iashikin’s solution w-as
an infinite series and contained all possible
space harmonics which mav exist in the
channel via~-eguide. The cutoff wavelength
was determined by ~.= 2~/k.

On the other hand, Cohn started with
an equivalent circuit of a ridge waveguide
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Fig. 3—A schematic diagram of the m perimental set up for VSWR measurement of channeI waveguide.
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Fig. 4—An example of experimental VSI!’R vs. frequency characteristics of channel waveguide.

operated at cutoff using the concept of Ramo Iashikin’s approach assumes that all pos-
and N-hiunery.b Cohn’s equivaler~t circuit sible modes exist near the cutoff and Cohn’s
consists of two transmission-line sections
joined together at a discontinuity admit-
tance calculated by Whinnery and Jamie-
SOU.GThe cutoff wavelength was calculated

as a resonance wa~-elength of transversely
resonating jointed transmission lines. Thus,
a ccordiug to Cohn’s approach, in this par-

ticular case of channel wa~-eg~lide, the
method predicts only the l~ngest dominant
mode cutotf wa~-elength. In other ~vords,

3 S. Ramo ancl .1. R. Whmnery, “Fmlds mrd \Vawes
in Modern Radm,” John WdeY and Sons, Inc.. iVew
York, N. Y.: 1944.

‘,J. R. INhinnew and H. W. Jamieson, “Trans-
missmn lme dlscontinu ities. ” Proc. IRE, vnl, 32, pp.
98-116, Fehrualy, 1944.

approach assunles OUly a single dominant
mode at the cutofi”.

.%ccording to the results shown in Fig.
4, when the operating frequency decreased
gradually starting from 7,8 khlc, the chan-

nel waveguide seemed to follow Iashikin’s
mode, and at 7.06 kNlc, the operating fre-
quency reaches cutoff of Iashikin’s mode.
If the operating frequency is reduced fur-
ther, high modes cancel each other and the
waveguide is cut off to them, then only the
dominent mode can propagate. The chan-
nel waveguide is switched to Cohn’s mode,

since Iashikin’s mode is in cutoff, and the
channel waveguide will still transmit micro-

wa>-es. I usertion loss of the chanIlel ~ave-
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guide section was only 3..5 db at 6.8 kMc.
f~hen the operating frequency is reduced

further, the cutoff of Cohn’s mode appears.

In the case of Fig. 4, Cohn’s cutoff is close

to the actual cutoff of the channel wave-

guide.
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ACoaxial Adjus.table Sliding

Termination

INTRODUCTION

The accuracy of ilmpedauce measure-

ments usiug modified reflectometer tech-

niques depends mainly upo]l the tuning of

the reffectorneter. This tuniug is accomp-
lished by sliding first a low-reflection term-

ination and, then, a high-reflection termina-

tion (sliding short circuit) in the output
waveguide of the reflectorneter. The actual

error th,~t cauoccur due to imperfect tuning
can be coruputedl and depends to a large

extent upon the size of the reflection roeffi-
cieilt of the lcm--reflection sliding termina-
tion. The lo~~-er this reflection coefficient is,
thesnmlle rtheerrorwillbe. The adjustable
sliding ternlination described ir, this paper

w-as developed to reduce this reflectorneter

tuning error; hence, the main emphasis ~vas

on obtaining a stable, very Iov-reflection

coefficient.

~L3SCRII>’rION or INSIIUMENT

.A drawing showing the principle of the

instrument is shown in Fig. 1. The principle
of operation is similar to the one described
by Ellel:wood and Ryan.z The main diffel--
euce is that, instead of using a double slug

tuner in front of a termin~tin gelement, the
reflection coefficient of the actual terminat-

ing element is variable. It is varied by mov-

ing a lossy cylinder inside of a 10SSY t~per.
\I’hen the face of the cylinder is positioned

immediately in front of the edge of the

taper, a maximum reflection is obtained;
l~hen it is completely withdraw-u inside of
the taper, a minimum reflection is obtained.

The total reflection coefficient of the slid-

ing termination is a combination of the re-
flection from the terminating elements and
the reflection from the bead in front of the
terminating element. The bead is mounted
on a ver>- thin dielectric tube that extends
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FW 1—Cross section of the adjust:~ble sliding termination.

through the Iossy terminating elements. .\
maximum reflection occurs whet] the two

reflections are in phase, and a minimum re-
flection occurs ~vheu they are out of phase.

THEORY OF OPERATION

The equatio113 for the total reflection

coeficieut of the termination ill terms of the
reflection coet%cients of the bead and the

term inat ing elements is

r~ (1 – r,z)el~
r = r~ + —’—_—_ ,

1 + rlrLeJ*
(1)

\vhere r, is the reflection coefficient of the

bead, r~ is the reflection coefficient of the

terminating element and @ is the angle of
colnbirmtion of the two reflection coeffi-
cients, The assumption that the bead and

trausm ission line are loss less has been made

in order to use this equation.

The minimum value of r is

Ir,l - lrLl

‘“”n = _i – ] rlr.~ “
(a

For m,,,, to equal zero, I r, I must equal
I r,, 1. Iu practice, the range of I r~ I that can

be obtained is measured and then the bead

is designed to give a reflection coefficient of

the desired value. If a small reflection coefli-
cieut is of prime interest, the bead is made

to have a reflection] just slightly larger than
the smallest obtainable value of I r~ 1. If a
wide range of reflection coefficient is desired,

the bead is made to have a reflection coeffi-
cient just slightly smaller than the largest
obtainable value of I r~. 1.

The reflection coefficient of a single bead
call be computed from (3). L

27T4F1
–j(~ – 1) tan —=—

tvhere ~1 is the reflection coefficient of the
bead, Z is the length of the bead, . is the di-
electric constant of the bead and x is the
wa~-elength in free space. If the value of

is small, \\,hich is usually the case, the n}ag-

+

Fig. 2—Graph of (3).

uitude of the reflectiol~ coefficient can be

closely approximated by (4).

rl~~(. –l). (4)

Eq. (-l) is graphed in Fig. 2 for values of c

from 1.2 to 2.5.

RESULTS

Figs. 3 and 4 show instruments that have

been made using the abo~-e principles. The
instrument iu Fig. 3 was designed for a $-
iuch transmission line and the one in Fig. 4

was designed for a ~-inch line. In each Case,

stable reflection coefficients of less thau
0.005 ~vere readily attaiued, The range of re-
flection coeficiellt of the terminating ele-
ment of the &inrh instrument was from
0.02 to 0.15 at a frequency of 4 Gc. The bead
WM designed to ~ive a reflection coefficient
of approximately 0.05. This was done by
making the outer diameter of the bead con-
siderably less than the inner diameter of

the outer conductor to gi~w the bead an

equivalent dielectric consta11t6 of approxi-

z T. Mcmwo, “Microwave Transmission Design
Data, ” Dover Pubhcatlons, Inc., A-ew Yolk, IN. Y.,
p. 31; 1958.

d Ibfd., SCC P. 84.

HJ. W. E. Griesmann, “l{a.nd book of Design and
Performance of Cable Connectors for Microwave
(’se, ” Report No. R-520-56; PIR-450 for Bureau of
Ships Contract No. NObsr-52078 Index No. NE-
11071S; 1956.


