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Mode Cutoff Frequencies in

Screened Dielectric Rod

Waveguide*

GLOSSARY OF SYMBOLS

P, @ = cylindrical coordinates
a = radius of dielectric rod

b = radius of metal screen
a = 27rX frequency

M = relative permeability of medium
e,= relative permittivit y of medium

PO= permeability of free space
60= permittivity of free space
P’ =1.wl p,
e! = em

E, H= electromagnetic field vectors
6= complex component of propa-

gation constant

h= wave number= (-r’+ ~’~’~’ )’/2
Xg = wavelength in waveguide

k =f ree space wavelength
~= frequency

.TJx) = Bessel function of first-kind
order n

Y.(x) = Bessel function of second-kind
order n

Hfifll(x) = Bessel function of third-kind
order n

Z.,’(x) = first derivative of Bessel func-
tion with respect to x

The geometry of the screened dielectric

rod waveguide is shown in Fig. 1. The theory

for this waveguide has been solved by Beam

and Wachowskll for the case of LSI= p~ —–1

For the general case when p, #u, # 1 the
characteristic equation becomes

l’s2~YP(q2q4 — qnq!j)(qt —g4)

+?%%,~,[{ ~,~,(~,–~,) +62(~1~3–~4q5) }

(1)

where
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received March 18, 1963.

1 R, E. Beam and H. M. Wachowski, “Shielded
Dielectric Rod Waveguide, ” Microwa~e Lab., North-
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(Final rept, on investigation of multimode propagation
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Fig. l—Waveguide geometry.

TABLE I

b b(1)

Mode —

c c

H Eu 0.269 0.27
Eo1 0.305 0.30
HE,, 0.477
EHn 0.556 —
H 01 0.568 0.56
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Fig. 2—Theoretical and measured guide wavelengths.
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k=— —

(.k,b)’ – (lz,b)’ ‘ 7 = f

Yfi’(hxl) Yn’(hgb)

‘5 = h2a Ym(lz2a) ‘ “ = k,b Fn(h,b)

Jfi’(ha)

‘7 = ll,aJ.(h,a) “

At cutoff 13= O and two equations result:

elq7(q4 — qa) — Q(W5 — ql!za) = o (2)

u1q7(@q4 – ~3~6) – P2(q2q4q6 — 91q3d = 0. (3)

At cutoff h = 2 m+p,Ep/A.

These two equations can be solved
graphically by inserting the required values

of c, p, and k. Eq. (2) gives the cutoff con-
dition for E-type modes and (3) gives the

condition for H-type modes.

These equations have been solved for the

first five modes in a screened dielectric rod

waveguide for c1 = 2.5 and r = 0.3. Values of

b/h. are given in Table I where they are
compared with the graphical values of

Beam and Wachowski. The mode nomen-

clature gives the order of the Bessel function
and the order of the root of (2) or (3). The

mode has been termed HE if solved by (3)
for ti#O and EH if solved by (2) for n#O.

It can be seen that the dielectric rod re-
duces the cutoff frequency of the EH,I
mode so that the EH limit mode and the HOI
mode no longer have coincident cutoff fre-
quencies. It is also interesting to note that
the effect of the dielectric rod of r = 0.3 on
the H,, mode is very small. (For the H21
mode b/A. = 0.486. ) This is consistent with

the mode pattern of the HH mode.
Some measurements of the HE,, mode

wavelength in a screened dielectric rod
waveguide have been made for 0.25-in

rexolite rod (e, = 2.5) at 24,000 Mc. Fig. 2

shows that above a particular value of b/A
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the guide wavelength remains constant as

the screen diameter is increased. Thus the

effect of the screen on the HEII mode be-
comes small and the wave propagates in a

quasi-diehxtric rod mode. However, (2) and
(3) show that higher-order modes are also
produced by the screen and a pure quasi-

dielectric rod HE,, mode is not propagated.
The theoretical results in Fig. 2 were taken
from Beam and \Yachowski.l
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On the Measurement of

Detector Impedance*

A detector or receiver may be used in

conjunction with a directional coupler and a

calibrated variable short to measure its own
impedance. The observed VSIJ7R as the

short is adjusted is the VS\\’R of the de-

tector if the coupling is light. Irarious minor
corrections are described.

The purpose of this paper is to describe

a method for the measurement of the im-
pedance of a detector of known response
law without the use of an auxiliary detector.
The method is especially suitable for use at

the lowest power level within its range of
operation. The detector could be a crystal,

a bolometer or a receiver. The method is

related to the resonance cur~,e (Chipman

method) impedance measuring technique.

It is also related to the usual method of

measuring impedance of a receiver in which

the source and detector of a standard setup
are exchanged.1 The unusual feature is that

the detector is used to measllre its own
impedance.z

It is assumed, of course, that the detec-

tor law is known and that its impedance
does not change for the moderate change of
received power levels encountered during the
VSWR measurements. The method utilizes

a di~ ectional coupler, a matched load, and
a moving short with a position indicator, in

addition to the signal source and the detec-

tor. .4 slotted line is not required. The
method can be applied to standard micro-

wave circuits but has been used primarily in

* Received January 21, 1963; revised manuscript
received APrd 1, 1963. Tbe research reported in this
paper was sponsored by the L~. S. Army Signal Re-
search and Development Laboratories, Fort Mon-
mouth, N. J. and jointly hy the U. S. Army Sigual
Corps, the U. S. Air Force, and the U. S. Navy
(Office of Naval Research). This material was pre-
sented at the Millimeter and Submilli meter Confer-
ence, Orlando, Fla., January 7–10, 1963.

L E L. Ginzton, “Microwave Measurements, ‘“
McGraw-Hill Book Co., Inc., New York, N. Y., PD.
287 ff., 307; 1957.

~ The authors are indebted to R. W. Beatty for
calling to their attention a related technique m which
an irii mismatch at the generator and a squeezable
waveguide section replace the directional coupler ,and
the sliding short used in this paper. The technique
was described by L. S. Liberman, “A method of mess.
uring VSWR of video detectors, ” Rulio[ekk+zika i
elekti’onika, vols. 2, no. 7, pp. 941–942, 1957; Radzo
EW g. amd Eleck’owics, vol. 2, P. 180, 1957. (Enghsh
translat ion.)

circuits utilizing plane waves in the sub-

mi]lirneter wa~,elength range.~

Let a signal source and a matched termi-

uatiou be connected to the main arms of a
directiofial coupler, the detector to be
tested to the forward-coupled side arm and
a caiibmted shorting (tuning) plunger to the
I everse arlrr, as sketched in Fig. 1. Let the
reflection coefficient of the mount be r and
the corresponding transmission coefficient
to the detector element itself be T. The

voltage transmission coefficient of the
coupler is t and its voltage coupling coeffi-

cient is r. “~he shorting plunger is assumed

perfect and has a reflection coefficient e~~.

L GENERATOR MATCHED LOAD>

Fig. l-—Circuit for measuring detector impedance,

Au incident wave of unit arnplitude,
upon reaching the coupler, will be partially
transmitted to the detector. It will deli~-er a

voltage rT to the detector itself. The reflec-
tion from the detector, of magnitude rr,
will pass twice through the coupler on its

way to the shorting plunger and back. It
will contribute an additional voltage
~IY2@7_ at the detector. Multiple reflections

will exist; the total signal delivered to the

detector will be

Maxima and minima will be observed as

the shorting plunger is adjusted to make the
denominator real. Their ratio is:

l+t211’1

from which we obtain the reflection coeffi-

cient of the detector mount:

,, D—1

For light coupling, t= 1 and p will be ap-

proximately the voltage standing-wave ratio
of the mount.

The measurement, of course, can be no
more accurate than the equipment used. In
the equations above, it has been assumed

that the directivity of the coupler is infinite

and that the matched load is perfect. Im-
perfections will have an effect similar to
that of the residual VSWR of a slotted line.

It will be noted that no auxiliary detec-
tor is used in this measurement. It is re-
quired only that the signal source be

3 R. H. Mdler, P .4. Szente, and K. B. Mallory,
‘<A Mea~”rem~nt of Bolometer Mount Efficiency at

Mdbmeter Wavelength s,” presented at the Milhmeter
and Submilli meter Con f., Orlando, Fla.; JanuarY,
1963.

moderately well-matched and that the

transmission coefficient t of the coupler be

known. The loss in the shorting plunger

m~y also be lumped in with t if it has been
measured. ;Note that the losses in the mount

have not been measured. They affect the
value of T which is elimin,zted in the ratio
of maximum to minimum signals. The
mount efficiency must be measured by an
appropriate series of measurements of
mount impedance.
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The Synthesis of N-Port

Circulators*

Professor P. Penfield has kindly brought
to our notice his paper on lossless three-
ports,] which independently covers some of
the work described by US.2 He has pointed

out that for circulator synthesis from a three-
port junction only one of the three condi-

tions of equation (16) or (17) need be speci-

fied. This can be seen frc~m the first two
equations of (9) of our paper. Otherwise our
classifications of three-port networks are the

same.
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Broad-Band Microwave

Discriminator*

A sketch of a novel broad-band micro-
wave discriminator is shown in Fig. 1. The
device utilizes a pair of symmetric 3-db

hybrids joined by unequal lengths of trans-
mission line. The difference between line
lengths is represented as a frequency de-
pendent phase difference O. A straightfor-
~vard analysis of the circuit yields

I E, I = 0.707E(1 + Cos$b)” (1)

] E, I = 0.707,?3(1 -- Coso)’”. (2)

* Received April 8, 1963.


