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The magnitude of the reflection coefficient of a simulated joint
between a rectangular waveguide having a cross-section with sharp
inside corners and one with rounded corners was determined both experi-
mentally and theoretically,

The simulated joint was fabricated in such a manner that all sources
of reflection other than the change in the roundness of the inside corners
would be negligible. For example, an aluminum mandrel (0.4" x 0. 9" x
19') was accurately milled and ground, with each edge rounded to a
prescribed radius and was carefully joined to another mandrel identical
to the first except for having sharp edges. The assembled mandrel was
then electroformed with copper to a substantial thickness. The mandrel
was removed chemically, leaving a waveguide shell with inside dimen-
sions duplicating the mandrel. Thus half the length of waveguide had a
cross-section with rounded corners and the remaining half had a cross~
section with sharp corners. The procedure was followed in fabricating
several such simulated joints.
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The measurement technique uses reflectometer techniques '~ to

obtain the ma gnitude of the scattering coefficient §, , of the simulated
joint. A directional coupler is oriented to couple to the reflected wave.
Appropriately placed tuners are adjusted so that the amplitude ]b [of the
voltage wave from the side arm of the directional coupler is d1rect1y
proportional to l ]_"Ll as in Figure l.
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Fig. 1. Diagram of modified reflectometer and smmulated joint.

Under these conditions there is no variation in |b | as a small
reflection load is slid in section A. However when the low reflection
load is slid into section B,variations appear and under certain circum-
stances are superimposed upon a change of level proportional to |l" |
and lsll |. Hence if one knows | I"T [, then |S11 | is determinable.

The general expression for the voltage wave from the side arm of a
three arm junction is

Il< + I‘L
b, = C ———0—7—
1-T_ T
3 2i L
However since ]1“2 | and |, | are small and if l—l is made small
initially, the desifed response ]b l = |C| |1“ | is closely approximated.

The change in level as the load is wjthdrawn into section B will ocgur
as illustrated in Figure 2 if |]_" |> |—==|in section A and [T < [|==
+ S 1 | in section B. If one were to measure R in db as noted in Figure
2, then
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R =201
Oglo IFTl

1
and the quantity |S11 + —— | is measured in terms of |

K Tl'

The results will be similar if the initial adjustments are made in
section B rather than in section A. In this case tuner x is adjusted for
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Fig. 2. Detector response when the initial adjustments are made in section A.

no variation in |b,| as the load is slid in section B. The change in level
will then occur when the load is slid into section A. In this case, how-
ever, the change will occur if ’FT | >] = * S | in section B and

|I‘T | < I? | in section A.

A theoretical formula for the reflection coefficient at the junction of
the waveguides was derived by a somewhat indirect method that yields not
only the reflection coefficient but also the guide wavelength in the round
cornered guide. The compensation theorem, extended to continuous
systems by Monteath, is restated for waveguide junctions and approxim-
ated for this problem in the form

! = - x - -
2! -2 =-1/2 S'é(ha) L - nds

Here, Z and Z' are respectively the impedances of the unperturbed and
perturbed waveguide junctions, h_ is the junction magnetic basis field,

g (b ) is the electric field associated with h_ and S' is the complete
boundary surface of the perturbation. We then evaluate the integral for
the case of an ideal plane termination located in the perturbed guide at an
arbitrary distance from the discontinuity, considering the two particular
cases corresponding to "open-circuit' and "short-circuit' terminations.

From the above impedances we may obtain the characteristic
impedance of the perturbed guide from a well-known theorem of trans-

mission line theory. The reflection coefficient in the rectangular guide

29



at the junction of the two guides is then readily computed and is given

-G

where a and b are the dimensions of the broad and narrow guide walls,
N is the (unperturbed) guide wavelength, and R is the effective radius of
th% fillets, i.e.,

2 2 2 2!

The error in this expression is believed to be of order R . It is inter-
esting to note that a similar result is obtained using the "equal cross-

sectional area' concept proposed by S. B. Cohn °. A comparison of
experimental and theoretical values is shown in Figure 3.
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Fig. 8. The reflection from a simulated junetion of a rectangular waveguide with
one having rounded inside corners.
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