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Fig. 1. Microwave and high-frequency calibrations (rectangulra waveguide and coaxial).
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Fig.2. High-frequency voltage calibrations (coaxial).

having coaxial terminals with Type Ncon-

nectors (male or female) in the frequency

range 100 MHz to 10 GHz, and on cavity

wavemeters having standard rectangular
waveguide terminals in the frequency range
2.6t075 GHz.

Item Description

201 .930a Measurement of resonant frequency
of fixed cavity wavemeter.

201. 930b Setting of adjustable cavity wave-
meter at prescribed resonant fre-
quency.

201 ,930C-1 Calibration of dial setting vs resonant
frequency of variable cavity wave-
meter at initial prescribed fre-

201,930c.2 ‘ ‘Uency”Calibration of dial setting vs resonant
frequency of variable cavity wave-
meter at each prescribed frequency
additional to the initial frequency
and on the same wavemeter as

I 201 .930C.1.
201.9302 Special cahbrations not covered by the

above schedule.

HIGH-FREQUENCY REGION

201.860 Frequency stability calibration of

signal sources

Frequency stability calibrations are

made on signal sources in the frequency

range 30kHzto500 MHz. The signal source
should have a power output of at least 10
mW (into a matched load). The frequency
stability of the signal source should be better
than approximately one partin 107.

Item Description

201.860 Measurement of frequency stability
of signal sources from 30 kHz to 500
MHz.

201.810 Thermal converters, RF-de nolt-
wzeters and RF voltmeters

Ordinarily, instruments which are equally

suitable for dc and RF use are calibrated
only for RF-de difference by the procedure

of item 201.810a since periodic calibrations

can be made by the user with a calibrated dc
instrument. Such dc calibrations will be

made at NBS only under unusual circum-
stances and by advance arrangement. In-

struments suitable for RFuseonly are given
RF calibrations by the procedures of items

201.810a and 201.810b. Instruments which
respond to average or peak values, orwhich
are not in ASA accuracy class + per cent or
better, usually are not accepted forcalibra-

tion below 30 MHz.

Item

~01.810a

201.810b

201.81OZ

Description

Determination of voltage at 30, 100,
300 kHz; 1, 3, 10, 30, and 100 MHz
from 0.2 to 300 V.

Determination of voltage at 300 and
400 MHz from 0.2 to 20 V, and at
500, 700, and 1000 MHz from 0.2
to 7 v.

Special calibrations not covered by the
above schedule.

201.811 Radio-frequency voltmeters and sig-

nal sources

Normally, NBS accepts for calibration

only high-quality voltmeters suitable for

use as interlabora tory standards. These in-
struments should have a stability of one

per cent or better, and an accuracy of three
per cent or better. Voltmeters are calibrated

by the procedures of itern 201.81 la and
201.81 lb. NBS usually accepts only signal
sources (signal generators) of sufficiently
high quality to be considered as interlak,ora-

tory standards. If these instruments are

equally suitable for dc and RF use, they are

calibrated for RF-de difference by the pro-

cedures of item 201.811a, 201.811b, and

201.81 lc. Signal sources suitable for RF’ use

only are calibrated by the procedures of

items 201.811a and 201.811c.

.—..
Item I Description

201.811a

201.811b

201 .Sllc

201.811.

Determination of voltage for volt-
meters and of R F micropotentiom-
eters and signal sources from 30 kHz
to 400 MHz, from 1 #V to 0.1 lV’.

Determination of voltage for voltmeters
f,oo$, :0$ to 1000 MHz, from lCIO AV

Determina~ion of voltage of RF micm-
potentiometers and signal sonrces
from 30 kHz to 900 MHz, from 1 AV
too.lv.

Special calibrations not covered bj’ the
above schedule.

Engineering Division
Radio Standards Lab.

National Bureau of Standards
Boulder, Colo.

Comment on

Sinusoidally

Media”

“Wave Propagation in

Stratified Dielectric

Great interest has been evidenced in a re-

cent paper by Tamir and his associates with

regard to the problems involved in solving
the equations which govern wave propagat-
ion in a waveguide containing an inhomo-

geneous dielectric media with a sinusoidal
variation of the permittiv ity in the long-
itudinal direction. In this communication,

an alternative approach tc~ the soluticj n of
the equations is presented in which the
vector wave equation method, as described

by Hansen [1] and Stratton [2], is followed.
In conjunction with this approach, the
Hertzian vector technique is employed in a
particularly appealing and satisfying man-
ner. The usefulness of the methodology de-

scribed is more than adequately demon-

strated.

Manuscript received July 30, ‘[964
1 Tamir, T., et al., IEEE Tmns. Mt?x’owave T’heory

and Techniques, vol MTT-12, MZLY 1964, PP 32.$–335.
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After the equations have been derived,

some remarks concerning possible applica-
tion of waveguides filled with sinusoidally
varying dielectric media are presented.

The vector wave equations needed to de-

scribe the problem are readily formulated. It

is assumed that the z-axis is the longitudinal

coordinate with the permittivity represented

as some e(z). It is also assumed that the sup-

pressed time dependence of the field vectors

E and His of the form e–i”~. Maxwell’s curl
equations for a source free region therefore,
are

written in general form: Now, introducing the dimensionless vari-
able u = ZC,and noting that

4(X)Y]Z)= [::4 [54

“[ 1: (z)
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du c dz
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(19) and (20) become (22) and (23), re-
spectively
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v X E = iupOH (1)
where separation constants for the trans-
verse electric, magnetic modes are, respec-
tively: p~<, q~.; p~~, qt~.

The functions TM(z) and UU(Z) are
solutions of the following, differential equa-
tions:

and

v x H = – ;CK(Z)E (2) (22)

(23)

These equations yield the following vec-

tor wave equations in E and H, respectively:

V X V X E – @2#oe(Z)~ = O (3) [(d2/dz2) + W2/.@(Z)

- Pte2 - !bzl~lz(z) = o (13)and

and
vXVXH-$XV

x H – INPOE(Z)H = O (4)

1
– Ptmz – q,m’ u,,,(z) = o (14)Equations (3) and (4) are taken as the

point of departure for our discussion, and it

is here that the Hertzian vector technique is

applied. If scalar functions @(x, y, z) and
~(x, y, z) are introduced, then the field vec-

tors representing transverse electric (TE)

and transverse magnetic (TM ) waveguide
modes admit of the following representa-

tion.
TE modes are symbolized by subscript

le:

E,. = V X [c$(z, y, z)d.] (5)

Thus (22) is immediately recognized as

Mathieu’s Equation (3) in canonical form;

(23) also can be expressed in this form if it is
assumed that the term

It is clear, therefore, that selection of the
functional behavior of e(z) will govern the

solutions of (13) and (1-!). For the case to be
considered, we shall assume the fo Ilowing

representation of the permittivity:

[
&(Z) d
x z ‘1’2(2)16(Z) = e,[A — 2B COS2CZ] (15)

If it is realized that
is negligible compared to the other terms in

(14).
Therefore, solutions for the TE modes

may be obtained directly from a considera-
tion of (5) (6), (1 1), and (22). Similarly,

solutions for the TM modes can be derived

from consideration of (7), (8), (12), and

(23) provided the restriction on the first
derivative term (as noted in the foregoing)

obtains. The author is currently studying
methods of solution of (23) without this

restrictive assumption and hopes that re-

sults will be available shortly.
Considering (22), it is noted that owing

to the stability properties of the Mathieu
functions, the presence of stop and pass

bands is indicated, the boundaries between
stable and unstable solutions indicate the

wave cutoff frequencies. Furthermore, for a
rectangular guide filled with the nonhomo-
~eneous medium described by (15), the
reparation constants PC. and g;, are the usual

mode indices as given by

COS2e = +[1 + Cos 20] (16)

then substitution of (16) into (15), and com-
parison of (16) with (1) arrived at by Tamir,
et al. yields the following identification of

constants:

e(z) = e.[(A – B) – B COS 2CZ] (17)

and

H,, = – ~ V X V X [d+, Y, z)&] (6)
W.$o

where, 6. represents the unit vector in the
z direction.

TM modes are symbolized by subscript

tm:

H,- = V X [$(x, y, z)8,] (7)

where cz = 8

A= M+l)

B=Jf

I
(18)

c.;
1

and

Therefore, (18) into (17) yields

6(Z) = ,,[1 – If COS(2rz/d) ] (18a)It is noted, in passing, that (5)–(8) do in

fact satisfy Maxwell’s divergence equations.
By substitution of (5) into (3), and (7) in-

to (4), the following vector equations obtain:

But, (18a) is but Tamir, et al., eq. (l), so
that the identification is complete.

Substitution of (15) into (13) and (14),
respectively, yeilds the following:v x v x v x [!5(%,y,ml – Ci$.soc(z)v

x [WC,y,Z)CL1= o (9) [(d’/dz2) + WZPO.,(A – 2B COS2 GZ)

,p,e(ti) = ~ J (?’L=O,l,...)
a– p,,’ – @’]T1,2(z) = o (19)

and

and similarly

v,(z)
vxvxvx[t(q Y,z)d--

e(z)

and

cos c. sin cz
{~+

[

Al 1:——COS2 Cz
=2 J

gte(m) = ~, (??Z=O, l,...)
x v x v x [w,Y, w]

— U2POC(Z)A X [t(x,Y, Z)fizl = O (10)
[+ co’.wr A – 2B COS2CZ1 If we consider wave propagation in a cor-

rugated waveguide [4], the similarities be-

tween that case and the present one are
clear, It may, therefore, be possible to re-

Fortunately (9) and ( 10) are amenable

to a method of separation of variables, in
which case O(x, y, z), and $(x, y, z) become,

– jh’ – 4 U1,2(Z) = o. (20)
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placea corrugated waveguide with orre con-

taining a sinuosidally varying dielectric.

Additionally, the presence of pass bands

indiates that byvarying the frequency of an

ultrasonic standing wave in the dielectric,
for example, either a tunable band-pass

filter or modulator may be realized, pro-

vided a suitable pressure sensitive dielectric
is available.

R.A. KALLAS

Motorola, Inc.

Scottsdale, Ariz.
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Authors’ Cornment2

The communication by Kallas presents

an alternative derivation of the fundamental

differential equationson which we base the

various developments in our paper. His pro-

cedure follows the classical form which em-

ploys Hertz vectors, but it results in a more

cumbersome derivation than ours is. We
used the modal formulation,? which permits
an immediate reduction to a scalar form and
the elimination of the superfluous trans-

verse dependence. Thus, we feel that our
procedure is simpler, but we agree that
some may prefer the classical one and that,
possibly, it is a matter of background and

taste. With either derivation, of course, one
recognizes that at that stage the problem

hasonly been setup, and that the bulk of
the work, involving the solution to the equa-

tions and its interpretation in physical
problems, still lies ahead.

The waveguide case, to which Kallas

refers, was also treated in Section II I-C
of our work. We did not treat the more
difficult Hill’s equation, which applies for
Eor TM modes. We wish Kallaswell in his

efforts in this direction.
T. TAMIR

H. C. WANG

A. A. OLXNER

Dept. of Electrophysics

Polytechnic Inst. of Brooklyn

Brooklyn, N. Y.

CORRECTIONS

Wave Propagation in Sinusoidally

Statified Dielectric Medial

on pp. 331–332 the term Ktid/~ should be
replaced by its inverse, i.e., r/t&d, in the
numerator only of (50), (54), and (55).

The paragraph immediately following (55)

should read: “when el = c,. At low fre-

quencies, where ~ud is appreciably smaller

than m, the reflection from the interface in

Fig. 11 (a) is seen to be less than that for
Fig. 11 (b) because the front quarter-sine-

wave section in Fig. 11 (a) acts as a matching
section. At high frequencies, at which
Kmd is much larger than ~, the interface
discontinuity becomes dominant, and the

structure of Fig. 11 (a) produces the larger
reflection coefficient. ”

T. TAMIR

H. C. WANG

A. A. OLINER

Dept. of Electrophysics

Polytechnic Institute of Brooklyn

Brooklyn, N. Y.

Manuscript received Nov. 9, 1964.
I Tamir, T., H. C. Wang, and A. A. Oliner, IEEE

Trans. on Miwowane Theory azd Techniques, vol
MTT-12, no 3, May 1964, Pp 323-335.

Addendum to: An Exact Method

for Synthesis of Microwave Band-

Stop Filtersl

The title of Table VII (page 380) should
read:

k Values for O.01-dB Ripple

Chebyshev Filters Having ho and
L+, = 1.0 and Various Stop-Band
O.01-dB Fractional Bandwidths w.

E. G. CRISTAL

Stanford Research Institute

Menlo Park, Calif.

Manuscript received August 19, 1964.
z Manuscript received September 22. 1964. I Cri stal, E. G., IEEE Tv a m. on Micvowave Thecwy
8 Marcuvitz, N., Waneguide Handbook, Rad. Lab. and Techniques (Ccwes$ondence), vol MTT-12, May

Ser., vol 10. New York: McGraw-HiU, 1951, ch 1. 1964, P!J 369–382.
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Coupled Circular Cylindrical Rods

Between Parallel Ground Plan@

Page 429,

Page 434,

Page 435,

Page 437,

Page 439,

(5) should read:

cm= l/4(co – co).

last line of foc,tnote 2 should
read:

(3/4) v(Fo) .

Footnote 3 should read:

3 Equation (7) may be de-

rived by taking the two-dirr~en-

sional integral formulation for

the potential a.t a point within

a closed boundlary and permit-
ting the observation point to

approach the boundary (see,
for example, J. A. Stratton,
“Electromagnetic Theory, ”
McGraw-Hill Book Co., 1nc.,
New York, N. Y., pp. 166-
170 and problem 8, p. :219;
1941). The limiting operation

may be performed as in Mai

and Van BladeI [ L1 ], or alter-
natively, the observation

point may be placed on the

boundary ancl the boundary

curve in the vicinity of the
observation point deformed
into an appropriate segment
of a circle of infinitesimally

small radius. The deformation
is such as to le,zve the obse rva-

tion point within the bound-
ary. The segment of circle is ir

radians where the bounclary
curve has a unique tangent

and is ~rr radians at the right

angle.

Equation (9): the summation
should be over the index j rather

than L Eq. ( 10): the last entry of

the q/e column vector should
read ~n/e.
Equation ( 14): the summation

should be over the index m
rather than n.
Section VII, 2nd column, Iincs 2
and 3: the phrase “rectangular
bears” should read “rectangular

bars. ”
E. G. CRISTAL

Stanford Research Institute

Menlo Park, Calif.

Manuscript received Aug. 19, 1964.
I Cristal, l%. G., IEEE TTZ?ZS. mv kficJ’owaw Tkeo?y

and Techniques, “01 MTT-13, Jul 1964, Pp 42 S–439.


