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This invention relates generally to high fre-
quency wave transmission and more particularly
to non-frequency selective reflectometers for
measuring directly the magnitudes of traveling
waves. in high frequency waveguide transmission
lines,

One of the most useful measurements custom-
arily made on transmission lines or waveguides
is the measurement of the standing wave ratio.
The same information obtainable from standing
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wave ratio measurements may be obtained by

messuring separately the forward and backward-
traveling wave magnitudes. Ordinarily, measure-
ments of the standing wave ratio require the use
of a movable wave probe in order to determine
the wave magnitude at various predetermined
points along the transmission line, Movable ele-
ments in ultra-high frequency coaxial transmis-
sion lineg and waveguides involve difficulties due
to imperfect electrical contact between the trans-
mission line and the movable probe element which
may introduce considerable’error in the standing
wave measurements. Furthermore, standing
wave ratio measurements heretofore have neces-
sitated g series of at least two consecutive meas-
. urements of wave magnitude at different points
along the transmission line.

Heretofore, attempts to measure separately the
magnitudes of the forward and backward-travel-
ing waves without the necessity of the adjust-
ment of a probe element have been limited to
mesasurements at g single frequency.

The instant invention permits separate meas-
urements of the magnitudes of forward and back-
ward-traveling waves in a waveguide without the
limitation of frequency selectivity in the measur~
ing apparatus. 'The system is based broadly upon
the same principles as the “Beverage,” or “Wave,”
antenna, wherein waves traveling in substantially
only one direction in a main transmission wave~
guide are operative upon the measuring appa-
ratus. The main transmission waveguide is
coupled loosely, through relatively long apertures,
to two auxiliary measurement. waveguides, each
of which are responsive to waves traveling in
only one of two different directions, whereby one
auxiliary guide measures the magnitude of for-
ward-traveling waves and the other the magni-
tude of backward-traveling waves.

The accuracy of the measurement apparatus
may be made substantially independent of the
operating frequency by employing substantially
aperiodic coupling means between the transmis-
sion and measurement waveguides. The coupling
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means include narrow, tapered slots having 88

lengths at least one-half, and preferably several,
wavelengths at the lowest desired operating fre-
quency.

Among the objects of the invention are to pro-
vide an improved method of and means for meas-
uring standing waves on a high-frequency trans-
mission line, Another object of the invention is
to provide an improved method of and means for
measuring separately the forward and backward-
traveling waves on a super-high-frequency wave-
guide transmission circuit. Another object of the
invention is to provide an improved reflectometer
for measuring the magnitudes of standing waves
in a waveguide transmission system. A further .

.object of the invention is to provide an improved

method of and means for detecting and measur-
ing standing waves in a waveguide fransmission
system.

" Other objects of the invention include improved
methods of and means for measuring forward
and backward-traveling waves in a super-high-
frequency waveguide transmission system by em-
ploying longitudinally fixed energy pickup means
for said measurements. Another object of the
invention is to provide an improved method of
and means for measuring standing waves in a
high-frequency waveguide transmission system
wherein said measurements are substantially in-
dependent of the frequency -of said standing
waves. A further object of the invention is to
provide an improved method of and means for
measuring standing waves in a high frequency
waveguide transmission line wherein the measur-
ing apparatus is substantially reactive.

The invention will be described in greater detail
by reference to, the accompanying drawings of
which Figure 1'is an exploded perspective view
of a preferred embodiment of the invention, Fig-
ure 2 is an assembled perspective view of said
embodiment of the invention, Figure 3 iIs a cross-
sectional elevational view of the device of Figure
2 taken along the section line III—III of Figure
2, Figure 4 is a perspective view of a substantially
reflectionless load device forming a part of the
device, and Figure 5 is a cross-sectional eleva-
tiona] view of a portion of the embodiment of the
invention shown in Figure 2 taken along the sec-
tion lines V—V. Similar reference characters
are applied to similar elements throughout the
drawings.

Referring to Figures 1, 2 and 3, a preferred
embodiment of the invention is adapted to meas-
ure the magnitudes of forward and backward-
traveling standing waves in & main waveguide |
having a cutoff frequency below that of the min{-
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mum freqiiency to be transmitted and measured.
The oppositely-disposed wide faces 2, 8 of the
main waveguide I include centrally located nar-
row tapered slots &, 5, respectively, each of saild
- 8lots terminating in tapered end slot portions 6, 7.
The slots are tapered to prevent wave reflections
therein which would result in ihaccurate wave
magnitude measurements. First and second
auxiliary rectangular waveguldes 8, 9 include rel-
atively wider rectangular slots 19, i 1, respectively,
which also may be tapered at their edges, and
are juxtaposed with respect to the tapered slots
4, 6 of the main waveguide {, whereby a small
proportion of the energy transmitted by the main
wavegulde { is coupled to the first and second
suxdliary waveguides 8, 8, respectively. The
lengthg of each of the slots exceeds one-half, or
preferably several, wavelengths at the lowest de-
sired operating frequency, whereby the coupling
between the main and auxiliary waveguides is
substantially aperiodic or non-frequency-selec-
tlve. Although satisfaciory operation as a re-
flectometer will be cbtained without tapering the
slotted end portions, it is desirable that they
should exceed one wavelength in order to reduce
- to a minimum reflectlons in the guide 2. It
should be understood that either inductive or
capacitive coupling may be employed between the
main and auxillary waveguldes, providing thst
the coupling interval is extensive with respect to
the operating wavelengths.

The flrst auxillary waveguide includes a first
substantially reflectionless terminating tapered
plug resistor 12, having a resistance matching the
surge impedance of the first auxiliary waveguide
8, and disposed at the end of the waveguide near-
est the generator end of the main waveguide |,
A perspective view of the tapered plug resistor
is shown in Fig. 4. It may comprise a phenholic
composition or rubber base having a predeter-
mined percentage or coating of a resistive mate-
rial, such, for example, as graphite or carbon.
The taper should be as long as necessary to mini-
mize wave reflections. Similarly, the second aux-
iliary waveguide 9 includes a second substantially
reflectionless terminating tapered plug resistor
{3, having a resistance matching the surge im-
pedance of the second auxiliary waveguide and
disposed at the end of said second auxiliary wave-
gulde nearest the load end of the main wave-
gulde f. '

The first auxiliary waveguide 8 also includes,
af its end nearest the load end of the main wave-
gulde !, a first wave detector i4 which may be
of the type described hereinafter in Figure 5.
Similarly, the second auxiliary waveguide 9 in-
cludes, at its end nearest the generator end of
the main waveguide I, a second wave detector 15

which also may be of the type described herein-

after in Figure 5.

PForward-traveling waves in the main wave-
gulde | (traveling from left to right in the draw-
Ing, that is, from the generator to the load) will
be coupled to the first auxiliary waveguide 8, and
the magnitude thereof may be indicated on a first
meter 16, in response to currents derived from
the first detector 14. Similarly, backward-travel-
ing waves (from the load to the generator) will
be coupled to the second auxiliary waveguide 9,
and the magnitudes thereof may be indicated on
a second meter 7, in respor-e to the currents

_derived from the second detector 15. Wave
energy traveling in the opposite directions in each
of the auxiliary waveguides will not affect the
corresponding wave detectors, but will be ab-
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sorbed by the matching resistor plugs. The de-
vice will provide accurate indications of the for-
ward and backward-trgveling wave magnitudes
in the main waveguide { for substantially all fre-
quencles which may be transmitted efficlently
through the main waveguide,

It should be emphasized that the tapered re-
sistor plugs 12, {3 must closely match the surge
impedance of the auxiliary waveguides 8, 8, and
must be tapered effectively to eliminate wave
reflections to the corresponding crystal detectors

. which would introduce errors in the wave magni-
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tude measurements, In order that the tapered

resistor plug may provide a substantially perfect

termination over a wide band of operating fre-
quencies, its characteristics must be predomi-
nently resistive. However, it is not essential that
the crystal detectors be matched to the wave-
guides.

If the measurement of waves traveling in only
one direction through the main waveguide ! is
required, the second auxiliary waveguide 8 may
be omitted. Furthermore, measurement of waves
traveling in both directions along the main wave-
guide { may be obtained with only one suxiliery
wavegulde, providing substantially reflectionless
detectors and indicators are disposed at opposite
ends of the auxillary waveguide. Detectors of
the type described hereinafter in Figure 5 may

‘be made quite reflectionless by interposing a

tapered attenuating plug 65, having the confor-
mation of Figure 4 in the auxiliary waveguide as
indicated in dash lines in Fligure 5. The plug €8
may be of Bakelite or other dielectric material
and should be disposed between the coupling slot
and the wave detector,

Flgure 5 is illustrative of a type of filtered
microwave crystal detector suitabie for the detec-
tion of microwaves within a waveguide transmis-
sion system. This device is described and claimed
in the copending U. S. application of Wendell L.
Carlson, Ser. No. 507,755, flled October 26, 1943,
Briefly, it includes a crystal cartridge 50 enclos-
ing a silicon crystal 61 having a knife edge 52
In contact with a tungsten “catwhisker” §3. One
end terminal 64 of the crystal assembly is re-
tained with a contacting ring 55 secured to the
inner wall 66 of the main waveguide {. The re-
malining contact 5T of the crystal assembly en-
gages contact springs 58 which are connected to
one terminal of an indicator 59. The remeining
terminal of the indicator §9 is connected to a
cylindrical conductive shell 60 which provides an
adjustable anti-resonant cavity 61. The indicator
may be any suitable D.-C. measuring instrument.
If desired, it may include amplification to in-
crease its sensitivity to the rectified currents
derived from the crystal detector. ‘

The capacitor formed between a conductive
plate 62 connected to the contact springs 58 and
the enlarged cylindrical portion 63 of the anti-
resonant cavity means, which elements 62, 63 are
separated by a mica sheet 84, provides effective
by-passing of ultra-high frequency voltage com-
ponents across the indicator 9. Thus the anti-
resonant cavity and by-pass capacitor effectively
isolate microwave currents from the indicator
circuit. If desired, the volume of the anti-reso-
nant cavity means may be adjusted to provide
maximum signal sensitivity at a particular fre-
quency. However, any fixed adjustment thereof
will provide accurate wave magnitude measure-
ments over a wide range, since the cavity and
capacitor merely provide an effective "low-pass

78 fllter.
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It will be seen that, in principle, the instant
invention differs from known systems for high-
frequeney power and wave magnitude measure-
ments in that it simultaneously incorporates all
of the following desirable features. First, the 5
device provides measurements which are not di-
rectly dependent upon frequency. Second, all
transfer impedances, are reactive. Third, the
accuracy of the system is independent of the
wave detector impedance. Fourth, -accurate 10
measurements may be made at frequencies sub-
stantially higher than are practicable with other
known systems. Fifth, due to the elimination of
movable signal probes, measurement accuracy Is -
substantially increased in the centimeter wave 15
range. . ‘ 5

Thus the invention described comprises an
improved reflectometer for measuring the magni-
tudes of standing waves in a super-high-fre-
quency waveguide transmission system, wherein 20
said measurements are substantially independent
of operating frequency and wherein simultane-
ous measurements of forward and backward-
traveling waves are directly obtainable without
the use of longitudinally movable wave probes.

We claim as our {nvention:

1. A reflectometer for measuring standing
waves over & wide frequency range in a wave-
guide system including a main waveguide, second
and third waveguides aperiodically coupled to 30
sald main waveguide over a distance exceeding a

- half wavelength at any operating frequency, first
wave magnitude detecting means in sald second
waveguide responsive substantially only to for-
ward-traveling waves in said main waveguide and 35
second wave magnitude detecting means in said
third waveguide responsive substantially only to
bacclltward—traveling waves in said main wave-
guide.

2. A reflectometer for measuring standing 40
waves in & rectangular waveguide transmission
system connecting & wave generator to a lead
including & main waveguide having a slot ex- °
tending for & predetermined distance longitudi-
nally along each of the wide faces thereof, sec-
ond and third waveguides each having one slot-
ted wide face juxtaposed in contact with said
wide faces of sald main waveguide and said slots
being juxtaposed whereby wave energy in sald
main wavegulde is coupled to said second and 60
third waveguides, a first matching resistive load
in the generator end of sald second waveguide,
firat wave detecting means in the opposite end
of said second waveguide to indicate the magni-
tudes of forward-traveling waves in said main 65
waveguide, a second matching resistive load in
the load end of said third waveguide, and gecond
wave detecting means in the opposite end of said
third waveguide to Indicate the magnitudes of
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backward-traveling waves in sald main wave-

- guide.

3. Apparatus of the type described in claim 2
characterized in that the faces of at least two
of sald slots are tapered to minimize wave re-
flections therefrom,

4. A reflectometer for measuring standing
waves over a wide frequency range in a wave
transmission system including a main transmis-
sion line, a plurality of means each aperiodically
and uniformly coupled to said main line over a
distance exceeding a half ‘wavelength at any
operating frequency, first wave magnitude de-
tecting means coupled to one of said aperiodically
coupled means responsive substantially only to
forward-travellng waves on sald main line and

- second wave magnitude detecting means coupled

to another of sald aperiodically coupled means
responsive substantially only to backward-trav-
eling waves on said main line,

5. A reflectometer for measuring standing
waves over 8 wide frequency range in & wave
transmission system including a main transmis-
sion line, second and third transmission lines
aperiodically coupled to saild main line over a
distance exceeding a half wavelength at any
operating frequency, first wave magnitude de-
tecting means coupled to said second line re-
sponsive substantially only to forward-traveling
waves on sald main line and second wave mag-
nitude detecting means coupled to said third line
responsive substantially only to backward-trav-
eling waves on sald main line,

6. The method of measuring standing waves
on a radio frequency transmission system com-
prising aperiodically deriving energy from said
system over a distance exceeding a half wave-

- length at any operating frequency, indicating

the magnitude of forward-traveling waves on -
said system In response to a first portion of said
aperiodically derived energy, and indicating the
magnitude of backward-traveling waves on said
system in response to a second portion of said

- aperiodically derived energy.

REFERENCES CITED

The following references are of record in the
file of this patent:

' UNITED STATES PATENTS

Number Name Date
2,151,118 Kingetal ... Mar, 21, 1939 .
2,375,223 Hansen et al, ... May 8, 1945

FOREIGN PATENTS
Number Country Date
545,936  QGreat Britain ..____ June 18, 1942

Great Britain



Diselaimer

2,423,526.—Carl G. Sontheimer, Haddonfield, and Nathaniel I. Korman, Camden,
N. J. REFLECTOMETER FOR WAVEGUIDE TrANsMIssioN Linms. Patent
dated July 8, 1947. Disclaimer filed Mar. 30, 1949, by the assignee, Radio
Corporation of America.
Hereby enters this disclaimer to claims 1, 2, 4, 5, and 6 except insofar as claim
2 is incorporated by reference in dependent claim 3 of said patent.
[Official Gazette May 10, 1949.)



