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Fig. 1. Block diagram of sampling comparison method used in making RF peak-pulse power calibrations.
Equal samples of pulsed RF power and CW power are intercompared and the peak pulse power computed by
an accurate measurement of the CW signal.

power from an RF pulse for measurement.
The switch is also used to obtain a similar
sample from a CW signal whose power can
be accurately measured. By adjusting the
CW level to obtain similar readings (as

shown in Fig. 2) for the pulse and CW sam-

ples on a level monitor, the peak-pulse
power can be determined.

While the range of the basic system is

limited to 0.1 to 1.2 watts by the power
handling capability of the diode switch,

higher or lower powers can be measured by

means of calibrated directional couplers.

The performance of the calibration con-

sole was checked by comparing it against
the peak-pulse power standard maintained

by the High Frequency Electrical Standards
Section. Since the calibration of the direc-
tional couplers is a possible additional source
of error, intercomparisons of the two sys-
tems were first made over the power rang-e

of 0.1 to 1.2 watts without these couplers,
then at higher power levels with the cou-
plers, The results show no significant dif-

ference between the two standards and

both, therefore, have the same degree of un-
certainty, A 3 percent. This is based on an

estimate of 2 percent for the basic system

which includes the measurement of the CW

power, and an additional 1 percent for the
calibration of the directional couplers.

It is planned to expand this calibration
service to include additional frequency
bands and higher power levels. Also, new
type diode switches, which promise to give

improved accuracy to the basic system, are

under development at the Radio Standards

Laboratory. It is hoped the uncertainty of
measurement can be reduced to 1 percent or

better.
hl*~~O~*~ BUREAU 0~ S~A~~A~~~

Engineering Division

Radio Standards Laboratory
Boulder, Colo.

On the Impedance of a Finite Slot

It is well known that in boundary value
problems which involve slots or apertures

the analysis becomes easier when the as-

sumption of infinitesimally narrow slots can

be made. Doing so however, will usually re-
sult in divergent expressions for slot imped-

ance and current across the slot. One or-
dinarily gets around this by stating that,
since in a real or physical problem the slot

width must be finite, the impedance of such

a slot can be obtained by summing the first

few terms of the infinitesimal slot series and

throwing away the divergent part. It is the

purpose of this correspondence to show that

the impedance of a finite, but narrow slot

can be reasonably approximated by the first

N terms of the infinitesimal slot series

Fig. 2. Typical waveforms observed on oscillosco~e when connected to normally closed arm of the coaxial
diode switch. (a) Envelope of unsampled RF pulse. (b) Envelope of sampled. RF Pulse. (c) Envelope of
sampled CW signal.
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where N is given by N ~ 1/8 and 8 is the
angular width of the dot in radians.

Consider the slot admittant I’(O) for an
infinitesimal] y thin slot which is placed

along the equator of a perfectly conducting
sphere of radius a [1]

[Pr’(o)]’
.—

n Ha_* “
(1)

z ‘“ Hn++(’) (ka)

The series does not converge since finite
contributions to the imaginary part of Y

are added forever, The admittance for a slot
of finite gap width a~, where ~<< 1 can be
written as [2]

Hence it follows that an upper bound for N

can be taken as N= 1/3. This condition
follows also immediately if in (3) the terms
in the round bracket are not to differ from

unity by more than e, when e is small, then—.
we must have n ~ #12c/6. Hence for

n<N, Y,,(c$)c YJO).

‘To evaluate the rest of the series (2)

whose terms will show more and more varia-

tion over the gap width as n gets larger, we

can make use of the asymptotic expression

for P. as M becomes large. Again retaining

first-order terms the remainder of the series
for the admittance of a finite slot can then

be written as

Remainder Y(c!)

r

Lpn(cosE++I) - PII (COS%12
Y(a)=i I’,,(J) = & ~ = ——— – (2)

n n(n + 1) n Hfi-4(2J(ku)

It is seen that this expression is similar
to Y(0), except that the Legendre functions
are those appropriate for a finite slot. W’e
will now show that the first few terms of
both series are approximately equal. This

comes about since the P.’s show little varia-
tion for small 6 in the range of rr/2 – IS/2 to

rr/~ +8/2 when n is not too large (recalling
that n gives the number of zeros that the

Legeudre function goes through in the
range of o from O to r). Here we can expand

1

7r+fi)

P. Cos —--l

( ‘2)

about P.(O) giving for

[P.(+) - P.(-)]’

(= [3P.’(O)]’ 1 – ~~:a’ + . . . ). (3)

Ignoring the 62 terms in the preceding

Taylor expansion and then substituting it

in (2) we obtain an approximate series for

Y(8) whose first few terms are those of the

infinitesimal slot expression Y(O). This ap-
proximation is valid for the first terms but

becomes unusable for the higher terms. Let

us denote by N the upper bound for the
summation index n for which this approxi-
mation is valid, i.e.,

Y(6) =fYn(o) +.... (4)
n-l

The validity of the preceding Taylor
expansion for Pm determines N. The zeros

of the Legendre function are almost uni-
formly distributed in the range of 0 from O

to m. Thus the number of zeros within the
range of 6 should be approximately equal to

h/~. Now for the two-term Taylor expan-
sion to be valid, tbe Legendre function must
not vary much over the gap width. This can
be stated in terms of the number of zeros
which are included in the gap region as
&z/m< 1. This condition ensures that the
slot does not extend beyond the first maxi-

mum of Pm(cos d) on either side of @= m/2.

G– H,,+*(2) (ka)

= ~ Y.(a) (5)

where the Hankel function terms in the

denominator of Y are approximated for
large n as n/ka. The terms in the remainder

series converge as I/@, whereas the remain-

ing terms in the series for the infinitesimal

slot diverge. An estimate of the remainder

(5) can be obtained by noting that

i Y.(o) < M 5 1/.’ (6)
.-N+! n-w+!

where M is a constant. The series of 1/ns
terms can be summed by converting to a
contour integral with poles along the real
axis, which can then be deformed to a path
parallel to the imaginary axis. By changing

variables the resulting integral can be esti-
mated yielding

g I/%’<c& (7)
11-N+2

where c is another constant. Thus the slot

admittance can be written as

Y(a) = ~ Y.(O) + 0(1/N2). 8)
“=1

IrI case the exact value of the remainder
series is desired,

+ Ym(lJ)
“-l

can be evaluated in closed form [3]. The
remainder (5) can then be obtained by sub-

tracting the sum of the first N terms, and

then can be used to approximate the exact
remainder to (2).

Thus it can be concluded that the ad-
mittance of a finite slot can be reasonably

approximated by the generally divergent
expression for the admittance of an in-
finitesimally narrow slot by summing the
series to the first N terms, where N is given

by N= 1/$, and C?is the angular width of the

slot in radians. The error created in 1leaving
off the remaining terms is then of the order
o(l/iW).

M. A. PLONUS
Dept. of Elec. Engrg.

Northwestern University

Evanston, Ill.
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Propagation of the Quasi-TEN[

Mode in Ferrite-Filled

Coaxial Line

Brodwin and Miller,l in discussing the
propagation of the quasi-TEM mode in fer-
rite-filled coaxial line, were apparently un-

aware of an earlier comprehensive tu-eat-
ment of the subject.z’3 For purpose of
comparison, the notations in this corre-

spondence correspond to, those used by
Brodwin and Miller.

In the earlier treatment, the Suhl and

\Valker approximation fnr parallel plane

geometry was extended to coaxial genmetry

by requiring that the conditions

l.s, /R2<il, 1.SIR2 <<1, Is, [l?,< <l,

]s2\R, <<l (1)

be satisfied where R, and R, are the outer
and inner radii, respective y, of the coaxial
line.’,’ If conditions (1) are subst~ tuted
directly into the exact determinantal equa-

tion for the quasi-TEM mode in coaxial
geometry,4 the determinantal equation re-

duces tos

’02=-w+] ‘2)
for nontrivial values of .S, and S2.

For parallel plane geometry, (;!) is
known as the Suhl and tValker approxima-

tion to the propagation constant of the
quasi-TEM mode. It can be shown by di-
rect substitution into the (exact determ iutal
equation that (2) is valid in parallel plane
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