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signal generator was used to measure the

bandwidth and also to insure the absence
of image response and other spurious re-
sponses that might cause erroneous noise
figure indications.

An unexpected result of this fine tuning

of the system was the realization of noise

figures better than that calculated. Addi-

tional fine tuning of the input impedance,

diode bias, and local oscillator drive gave
rise to a measured noise figure of approx-
imately db and a bandwidth of 1–2 mega-
cycles. This condition realized very high
conversion gain and was not extremely sta-
ble.

There remains now a question of rePative
merit of the tunnel diode converter vs the

tunnel-diode amplifier followed by a stand-
ard conx-erter. There is no generalization

that can apply. The question must be re-

solved for each separate application, since
earh application will have a different set of
rules governing stability, gain bandwidth,

over-all noise figure and so forth. .As has
been pointed out,g the noise figure of the
converter is in general higher than that of
the amplifier. As can be seen from (4)-(7),
as the gain is made very large the term

(G.+ G.+ Go) becomes very small and the
noise-figure equation reduces to that which

applies to the one-port negative conductance
amplifier. If the high-gain converter is used

the system noise figure may approach or sur-
pass that of the system using the negative
conductance amplifier, for in the process of

converting from signal to IF there is no
loss diode mixer involved.
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texts it is done with rectangular transmission
line charts rather than with Smith Charts.
Indeed, for this application, the rectangular

transmission line chart offers advantage over
the Smith Chart. With the rectangular

transmission line chart one can find the
needed line length directly without having

to replot the impedances and draw a second

circle, as with the Smith Chart in this ap-

plication as put forth by Somlo.
The statement of Somlo, “If this circle

lies fully within the Smith Chart, the ques-
tion has a solution, otherwise not, ”l can be
modified. IVhat one can say is that if the

circle does not lie fully withiu the Smith
Chart (or fully in the right half plane of a
rectangular impedance chart) then the im-

pedances cannot be matched with a single
length of line. In this case the thing to do
is to place a third impedance on the chart so

that circles between it and the first two

impedances will lie fully in the domain of
positive resistances (right half plane of the

rectangular impedance chart or within the
Smith Chart). Then the first two imped-

ances can each be matched to the third. This
will involve a matching transformer of two

sections which for the correct choice of the
intermediate impedance will have a wider
baud than a transformer of one section.5
Even broader band transformers could be
made by increasing the number of inter-

mediate impedances and, hence, the number

of matching sections. It is possible that for
certain values of mismatched impedance
more than one additional intermediate im-

pedance will have to be inserted.
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Theoretical Evaluation of Reso-

nance Frequencies in a Cylindrical

Cavity with Radial Vanes*

Impedance Matching by Charts*

In a previous correspondence, Somlol
sought to rectify a misstatement in an arti-
cle by Hudson, z by showing a Smith Chart

method of matching impedances. The meth-
od entailed finding the correct line length of
the right characteristic impedance that
would match two arbitrary impedances. The

method Somlo shows is substantially that

given in various texts, $,4 although in the
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When the walls of a cavity resonator are
altered from a simple geometrical configura-
tion by a small amount, the effect on the
resonance frequencies can be determined by

applying perturbation methods inl-olving
the use of plausible trial fields.

The case of radial vanes inserted into a

cylindrical cavity poses a relatively difficult

problem, especially when the vane penetra-

tion is large. The calculation of the perturba-
tion usually involves a volume integral over

the volume enclosed between the perturbed
surface and the unperturbed surfacel (or a
surface integral that reduces to a similar vol-
ume integralz). The volume thus enclosed,
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in the case of vanes assumed to be infi]lites-

imally thin, is also infinitesimally small.
Since the fields being integrated over the

volume are finite, the integr>l would be in-
finitesimally small and thus would not rep-

resent the effect of the perturbation cor-
rect>,.

An alternative approach has been worked

out and has been tried out in detail for the

case of lower-order modes in a shallow cylin-

drical cavity, perturbed by ~ pair of radial
vanes. Good agreement between calcu Iated
and experimental values has been obtained

up to changes of 28 per cel~t between per-
turbed and unperturbed frequencies.

Basically, the analysis proceeds by first

dividing the cavity into different regions by
an assumed cylindrical 1 surface, passing

through the inner edges of the vanes (Fig.
1). .4 plausible field distribution at this sur-
face, for the E field, e.g., and a plausible

value for the resonance frequency are as-

sumed. The electromagnetic field in two re-
gions on opposite sides of the surface (re-

gions 1 and 2) is built up by appropriately

summing up the field distribution associated
with the orthogonal modes in a simple
cylindrical cavity. (It is to be noted that in
these expression the frequency is also in-

volved.)
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Fig. l—Diagram showing cross section of the cavity
and illustrating the method of analysls.

The Fourier components of the assumed
distribution at the dividing surface are used
in arriving at the above summation. For re-

gion 1 the Fourier compone,uts are so chosen
that the assumed distribution is obtainecl for

the entire range of azimuthal variation from

O to 27r. For region 2, a different set of
components is chosen so that the assumed

distribution is obtained only across re.

gion 2, but the E field is zero at the location

of the vanes for all the modes. It is to be
noted that unlike some of the other per-
turbation methods, the boundary conditions
m-e satisfied by the trial fields at the per-

turbed surface also. This makes the method

appIi,cable to cases of Iarge vane penetra tiou.
Since the assumed distribution and fre-

quency are only first approximations, the
H fields obtained in regions, 1 and 2 will not
be continuous across the dividing surface.

An iterative procedure has been developed
by which better approximations to the fre-

quency and the assumed field distribution
are obtained in successive alternate steps,
while working towards cent inuit y of H field.
The matching of fields across the dividing
surface need be done in detail ou ly for
regions 1 and 2. The matching across region
1 and region 3 follows from symmetry con-
siderations.

In the first step in the iteration, a better

approximation to the frequency is obtained


