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- This invention relates generally to high fre-
quency wave transimission and more particularly
to substantially non-frequency selective reflec-
tometers for measuring directiy the magnitudes
of traveling waves in high frequency transmission
lnes and waveguides.

One of the most useful measurements cus-
tomarily made on transmission lines or wave-
guides is the measurement of the standing wave
ratio. The same Information cobtainable from
standing wave ratio measurements may be ob-
fained by measuring separately the forward and
backward traveling wave magnitudes. Ordi-
narily, measurements of the standing wave ratio
require the use of a movable probe in order to
determine the wave magnitude at various prede-
termined points along the transmission line.
Movable elements in ultra-high frequency coaxial
transmission lines and waveguldes involve diffi~
culties due to imperfect electrical contact between
the transmission line and the movable probe
element which may Introduce considerable error
in the standing wave measurements. Further-
more, standing wave ratio measurements hereto-
fore have necessitated a series of at least two
consecutive measurements of wave magnifude 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 adjustmant
of a probe element have been limited to measure-
ments at a single frequency.

The instant invention permits separate meas-
urements of the magnitudes of forward and
backward traveling waves in g transmission line
or waveguide without the limitation of frequenny
selectively In the measuring apparatus, It is an
improvement over the device disclosed and
claimed in applicants' copending U, 8. applica-
tion, Serial No, 528,985 filed March 30, 1944,
wherein gn energy transmission waveguide is
coupled continuously, for a distance of one haif
to several wavelengths, through narrow slots ke-
tween said transmission waveguide and two re-
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ficctometer waveguides. One of the reflectometer 45

waveguides includes wave detecting means re-
sponsive only to forward traveling waves., The
remaining reflectometer waveguide includes wave
detecting means responsive only to backward
traveling waves.

The invention also is an improvement over the
copending U. 8. application of Nathaniel I. Kor-
man, Serial No., 528,655, filed March 29, 1944,
wherein two separate lumped coupling devices
polarized In opposite sense are coupled to sepa-
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rate wave detectors which indicate the relative
magnitudes of the forward and backward travel-
in%dwaves on a transmission coaxial line or wave-
gulde,

One limitation of the devices described in both
of said copending applications is that the wave
detecting reflectometers either must be substan-
tially perfectly terminated by means of & substan-
tially non-reflecting load resistor, or the wave
detectors must provide such a substantially non-
reflective, perfectly matched termination.

The various embodiments of the invention to
he described hereinafter include wave energy cou-
pling means which are rotatable in a bearing on
the outer conductor of a coaxial transmission
line or waveguide to detect and measure alter-
nately or separately the forward and backward
traveling waves on the line, -

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 high-frequency transmission
cireuit. Another object of the invention is {o pro-
vide an improved reflectometer for measuring the
magnitudes of standing waves on a coaxial trans-
mission line, .

Other objects of the invention include im-
proved methods of and means for measuring for-
ward and backward traveling waves on a high-
frequency sransmission line by employing longi-
tudinally 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 on a2 high-fre-
guency transmission system wherein said meas-
urements are substantizlly independent of the
frequency of said standing waves. A further ob-
ject of the invention is to provide an improved
method of zhd means for measuring standing
waves on a high-frequency transmission line
wherein the measuring apparatus is substantially
reactive. Another object is to provide an im-
proved method of and means for measuring
standing waves on a high frequency transmission
line wherein the measurement accuracy is sub-
stantially independent of the impedance of the
wave detecting means.

The invention will be described in greater de-
iail by reference to the accompanying drawings
of which Figure 1 is & schematic circuit dia-
gram illustrating the basic theory of the inven- -
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tion, Figure Z(a) Is a cross-sectional elevational
view of a preferred embodiment of the inven-
tion appHed to-coaxial transmisston lines, Figure
2(b) Is'a first modification of said preferred em-
bodiment of the invention, Flgure 3{a) is a sec-
ond modification of sald preferred embodiment
of the Invention, Figure 3(b) is a third modifi-
cation of said preferred embodiment of the in-
vention, Figure 4 is & cross-sectional view of a
portion of Figure 3 taken along the section lines
IV—IV, Figure 5 is a second embodiment of the
invention, and Figure 6 is & third embodiment of
the invention.

The fundamental principles of the invention
may be described by reference to Figure 1 of the
drawing wherein, for purpose of iilustration, a
transmission line is assumed to consist of a single
conductor | at some predetermined distance
above ground. However it should be understood
that the same principles as described herein-
after may be applied in any manner known in
the art, to coaxial or waveglide transmission
systems.

The reflectometer is assutned to be located at
the point 2 on the line. At this point, the line
voltage and current are assumed fo be E, I, re-
spectively., The forward-traveling wave on the
line, representing the wave traveling from the
generator to the load, is indicated by the arrow
pointing from left to right and is assumed to
have a voltage magnitude F. Similarly, the
backward-traveling wave on said line, represent-
ing the wave traveling from the load to the gen-
erator, is indicaied by the arrow pointing from
right to left, and the magnifude thereof is repre-
sented by B. The reflectometer comprises an
inductive element L having a mutual inductance
M with respect to the transmission line conducter
I. The capacitance between the transmission
line conductor | and the inductor L is indicated
by the capacitor C connected between the line
conductor | and one end of the induector L.  The
common terminals 3 of the capacitor C and in-
ductor L are connected to ground through a re-
sistor R.. An indicator 4 is ¢connhected between
the remsaining terminal of the inductor L and
ground. The indicator 4 may comprise any
conventional type of wave detector such, for ex-
ample, as & diode rectifier or crystal detector,
having a conventional direct current indicating
meter connected therewith. If desired, the
meter cireult may include amplification to in-
crease the sensifivity thereof,

It will be seen that

F=F+Band IEZ-I—O(F——B)

where Zo¢ is the surge impedance of the trans-
mission line.

The voltage at the junection 3 between C and
Re is

o R,

- o duCR.
Vc'-ER +_'!_-ij3=+1\
T jul

4B}

The serles voltage induced by L in the line cur-
rent is

(2 V! =juMT =i“;F{F+B)

Where M is the mutual induetance between L and
the transmission line conductor |I.
The voltage developed by V1" across Ru is
R ,_JuwlM 1

&y,
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Consequently the potential difference between
ground and point 2 is

. CR, M 1
P - =
@ V=id fer 11t Z | +J's-_=L]F+
Ry
. CR. M _1
Il JoCR, 1 2, ek
+ —
L .
If the twe conditions '
_M_L
(5) CR‘_ZQ_R;

are satisfied, then_the coefficient of B In (4)
vanishes and V becomes

. CR.
@ V=2errp. 11

Equation 6 shows that if conditions (5) are
met, the output of the reflectometer is propor-
tional only to ¥, the magnitude of the wave
traveling to the right on the line, independently
of freguency.

If at the peint 2 on the line is placed a sec-
ond reflectometer differing from the first only
in that the mutual inductance between the in-
ductive element L and the line conductor | is —M,
it will be scen that when the conditions of Equa-
tions 5 are satisfied that

F

. CR,
VederrioorE

It will be seen that in principle, the instant
invention differs from known systems for high-
frequency power and wave magnitude measure-
ments in that it simultaneously incorporates all
of the following desirable fezatures. First, the
device provides measurements which are not
directly dependent upon frequency. Second, all
iransfer impedances are reactive. Third, the
accuracy of the system is independent of the
wave detector impedance, Fourth, accurate
measurements may be made at frequencies sub-
stantially higher than are practicable with other
known systems, Fifth, due to the elimination
of moving probes, measurement accuracy is sub-
stantially increased in the centimeter wave range.

In Figure 2(a), the invention is applied to the
measurement of standing waves on a coaxial
transmission line comprising an inner conductor -
{ and an outer concentric conductor 5. A sec-
ond coaxial transmission line comprising an in-
ner conductor & and a concentrically disposed
outer conductor 7 is coupled at right angles to
the first coaxial line I, 5, by means of a bearing
8 connecting the outer line conductors §, T re-
spectively, and permitting rotation of the second
line 6, 7 with respect to the first line 1, &.

The assembly comprising the eoupling induc-
tor L, the shunt-connected resistor Ri, and the
resistor Rs may conveniently be secured to the
inner wall of the outer conductor T of the sec-
ond transmission line. Ry and Re may comprise
graphite resistors, and the coupling inductor L
may consist of a substantially rigid flat strip of
metal formed into a rectangular loop, as shown
in the drawing, and connected between ane termi-
nal of the resistor Re and the inner conductor 6
of the second line 6, 7. The value of the re-
sistor Re may, for example, be within the range
of 1 to 100 ohms. <Since the coupling assembly
is rigidly secured to the conductors of the second
coaxial line 6, T, the resistor Re and inductor L
are serially-connected between the outer con-
ductor T and the inner conductor 6 of.the sec-
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ond coaxial line, and the resistor R is connected
in parallel with the coupling inductor L.

Since the second coaxial line 6, T may he ro-
tated within the bearing 8 with respect to the
first transmission line I, §, the mutual coupling
between the coupling inductor L and the inner
conductor |- of the flrst transmission line I, §
may be varled continuously from +M to —M
depending upon the orientation of the coupling
unit. However, if desired, the rotational adjust-
ment of the device may be limited to provide only
for initial adjustment, as described hereinafter,
and separate, oppositely-phased reflectometers
may be employed for measuring separately and
independently the forward and backward travel-
‘ing waves on the transmission line, The stray
capacitance between the inner conductor | of
the first transmission line i, B, and the coupling
inductor 1, is represented by the capacitor C
shown in dash lines. The indicator 4 is con-
nected between the inner and outer conductors
of the second coaxial transmission line 6, T at
the end thereof remote from the first transmis-
sion line I, 5.

It will be seen that the measurements of the
magnitudes of the forward and backward travel-
Ing waves on the first transmission line {, § may
be made separately by rotating the second trans-
mission line 6, T within the bearing 8 and noting
the readings upon the indicator 4 for the oppo-
sitely-phased positions of the coupling inductor L.

For low frequency measurements, or where
very high measurement accuracy is unnecessary.
the resistor R. may be omitted as shown in Fig-
ure 2¢(b). Otherwise, the operation and theory
of the device of Figure 2(b) is identical with
that described for the device of Figure 2(a).

For initial adjustment, a generator, not shown,
having an internal impedance Zo (equal to the
surge impedance of the first fransmission line |,
5) is connected across the first line i, § which
may be terminated at the remote end by means
of an adjustable short-circuiting plug, not shown.
The reflectometer, comprising the second trans-
mission line 6, 7, coupling inductor I+ and the
resistors Re and Ri, then may bhe rotated within
the bearing 8 until the output indication upon the
indicator 4 remains invariant to the position of
the short-circulting line plug. The adjusiment
thus obtained satisfies the above defined condi-
tion for correct operation (namely, M—=CRcZo).
The value of R is not at all critical, a 15 percent
variation being easily tolerated. Variationsin R.
may be compensated for by the angular adjust-
ment of the coupling loop L.

However, once the assembly is adjusted, it is
essential that Re remain constant, (This also
applies to all of the other embodiments and mod-
ifications of the invention which also may re-
quire a very close tolerance on Re or its equiva-
lent, i. e., the “reflectionless” load or detector
of the devices iNustrated in Figs. b and 6).

The devices illustrated in PFigures 3(z) and
3(b) are similar in gll respects to the devices de-
scribed in PFigures 2{(a) and 2(b) respectively,
with the exception that the second transmission
line 6, T is not coaxial hut comurises a eylindri-
cal outer conductor T having a central shielding
partition 9 separating and shielding the inner
conductor & from the resistor R¢, as shown in
the cross-sectional view of Figure 4. These fea~
tures provide improved measurement accuracy
of standing waves at the higher frequencies, due
to the elimination of spurious coupling between
the second line conductor 6§ and the resistor Re.
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Referring to Figure 5, an alternative embodi-
ment of the invention especially suitable for very
high frequencies comprises a first transmission
line including an inner conductor | and a con-
centrically disposed outer conduector 5, having a
bearing 8 adapted to receive a cylindrical con-
ducting shell 10. The end of the cylindrical con-
ducting shell 10 remote from the bearing 8 sup-
ports a second transmission line comprising an
inner conductor § and an outer conductor T con-
centrically disposed therewith., The inner con-
ductor & of the second transmission line is ter-
minated at one end to the outer conductor 1
thereof through the resistor R: which must sub-
stantially match the llne. The remaining end
of the second transmission libe is terminated by
the indicator 4 which need not be reflectionless.

The coupling inductor L comprises a closed loop
disposed within the eylindrical conductive shell -
10 having adjustable inductive coupling to the
inner econductors | and & of the two transmission
lines. Adjustment of this coupling is accom-
plished by rotating the cylindrical slesve (and
hence the second transmission line 8, 7 and cou-
pling induector L) within the bearing 8, as de-
sceribed heretofore for the embodiments of the
invention deseribed in Figures 2 and 3. The cou-
pling capacitance C, therefore, is represented by
series-connected capacitors Ci (representing the
capacitance between the inner conductor | of the
first transmission line 1, 5 and the coupling loop
L) and a second capacitance C: (representing the
¢apacitance between the inner conductor & of the
second transmission line 6, 7 and the coupling
inductor L), Tn some cases, the coupling resistor
Ri may be omitted, or it may be connected across
the coupling inductor L at a point intermediate
the inner conductors I, 6 of the first and sec-
ond transmission lines.

The operation of the device is in all respecis
similar to the operation of the devices described
in Figures 2 and 3, whereby forward-traveling
waves on the first transmission line i, §, may
he measured when the second transmission line
6, 7, is in the position illustrated in the drawing,
and wherein backward-traveling waves on the
first transmission line I, § may be measured by
rotating the second transmission line 6, 7 and the
coupling inductor L through an angle of 180° in
the bearing 8.

Figure 6 is similar to the device of Figure 5 with
the exception that simultanzous measurements of
forward and backward {raveling waves upon the
first transmission line I, 5, may be made by em-
ploying two separate wave detectors and indica-
tors 4, 8’ respectively. The wave detectors should
be substantially reflectionless and should he
matched to and connected at opposite ends of the
second transmission line 8, 1. The second Iine
should have a surge impedance corresponding to
the value of the resistor Re in the device described
in Figure 5.

After preliminary adjustment of the orlenta-
tion of the coupling inductor L with respect to
the inner conductor | of the first transmission
line 1, §, by rotating the coupling assembly com-
prising the second transmission line 8, T, and the
inductor L. within the bearing 8, the forward-
traveling waves on the first transmission line f,
5 may be indicated upon one indicator and the
backward-traveling waves upon the first trans-
mission line may be indicated simultaneously
upon the other indicator. The surge impedance
Re of the second transmission line 6, 1T completes
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the circult for each of the wave indicators as
described heretofore with respect to Figure 1.

It should be understood that the coupling in-
ductor L in the devices of Figures 5 and 6§ may
be constructed and supported in any convenient
manner within the cylindrical conductive shell
{8 which interconnecis the outer conductors §, 7
of the first and second coaxial transmission lines,
respectively. If the length of the coupling induc-
tor loop L is an appreciable fraction of the operat-
ing wavelength, the reslstor Ri either should be
omitted, or should he replaced by two separate
resistors located adjacent each coupling end of
the loop.

Rach of the embodiments of the invention de-
scribed herein will provide wave magnitude indi-
cations wherein the wave detector sensitivity in-
creases substantially linearly with frequency. If
desired, the detector sensitivity may be made
substantially constant over a wide frequency
range by connecting an inductive reactance,
such for example, as a choke coil Li in series
with the wave detector.

Thus the invention described comprises sev-
eral modifications of an improved reflectometer
for measuring the magnitudes of standing waves
in a hizh-frequency transmission system, where-
in said measurements gare substantially inde-
pendent of operating frequency and wherein
slmultaneous measurements of forward and
backward-traveling waves are directly obtainable
witheut the use of longifudinally movable wave
probes. The invention may be emploved to
measure fraveling wave magnitudes in either di-
rection on all types of open, coaxial and wave-
guide transmission lines.

We claim as our invention:

1. Apparatus-for measuring standing waves on
a radio frequency transmission line including in-
dicating means, and common lumped adjustable
directional means coupled to said transmission
line and providing fixed capacitive and gdjustably
directional inductive coupling between sald line
and said Indicating means, and means for ad-
justing the directional charaecteristics of sald

inductive coupling to provide an indication of "

the magnitude of waves traveling in a prede-
termined direction on sald line,

2. Apparatus for measuring standing waves on
& radio frequency transmission line including in-
dicating means, common Iumped directional
means providing fixed capacitive and adjustably
directional inductive coupling between sald line
and said indicating means to provide a first in-
dication of the magnitude of forward-traveling
waves on said line and means for adjusting said
directional characteristics of sald inductive cou-
pling to provide on raid indicating means a sec-
ond indication of the magnitude of backward-
traveling waves on said line.

3. Apparatus for measuring standing waves
on g transmission line including an indicator,
common lumped directional means providing ad-
Justably directional inductive and fixed capacitive
couplings between said transmission line and said
indicator to provide a first indication of the mag-
nitude of forward-traveling waves on said Hne,
and means for adjusting the phase of said induc-
tive coupling to provide a second indication of the
magnitude of backward-traveling waves on said
line,

4. Apparatus for measuring standing waves
on 3 coaxial transmission line including an in-
dicator common lumped non-frequency selec-
tive directional means providing adjustably di-
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rectional Inductive and fixed capacitive cou-
plings between sald transmission line and said
indieator to provide a first Indication of the
magnitude of forward-traveling waves on said
line, and means for adjusting the phase of said
Inductive coupling to provide a second indication
of the magnitude of backward-travellng waves
on said line.

5. Appargtus for measuring standing waves
on a coaxial transmission line including an in-
dicator, common lumped non-frequency selective
directional means providing adjustably phased
inductive and fixed capacitive couplings between
said transmission line and sald indicator to pro-
vide & first Indication of the magnitude of for-
ward-iraveling waves on said line, and means for
adfusting the phase of said inductive coupling
to provide a second Indication of the magnitude
of backward-traveling waves on said line,

6. Apparatus for measuring standing waves
on a coaxial transmission line including an in-
dicator, common lumped non-freguency selec-
tive directional means providing adjustable in-
ductive and fixed capacitive couplings between
said transmission line and said indicator to pro-
vide & first indication of the magnitude of for-
ward-traveling waves on said line, and means for
reversing the phase of said inductive coupling to
provide a second indication of the magnitude of
backward-traveling waves on sald line.

7. Apparatus for measuring standing waves
on a coaxial transmission line including an in-
dicator, common Iumped non-frequency selective
directional means providing shunt-connected
adjustably phased inductive and fixed eapacitive
couplings between said transmission line and said
indicator Lo provide a first indication of the mag-
nitude of forward-traveling waves on said line,
and means for adjusting the phase of said indue-
tive coupling to provide a second indication of the
magnitude of backward-traveling waves on said
line.

8. Apparatus for measuring standing waves on
a coaxial transmission line including an indi-
cator, common Iumped non-frequency selective
directional means including a second transmis-
sion line and a coupling loop and at least one
resistor terminating said second line, means con-
necting said indicator to said second line, said
loop and sald second line providing inductive
and capacitive couplings between sald coaxial
transmission line and said indicator to provide
a first indication of the magnitude of forward-
traveling waves on said line, and means for ad-
justing the phase of said inductive coupling to
provide a second indication of the magnitude of
backward-travellng waves on said line.

9. Apparatus of the type described in claim 8
including at least one shunt resistor connec.ed
across said coupling loop,

10. Apparatus for measuring standing waves
on a coaxial transmission line including an indi-
cator, common lumped non-frequency selective
directional means including a second transmis-
sion line and an aperiodic coupling loop and at
least one resistor terminating said second line,
means connecting said indicator to said second
line, sald loop and said second line providing
inductive and capacitive couplings between said
coaxial transmission line and said indicator to
provide a first Indication of the magnitude of for-
ward-traveling waves on said line, and means for
adjusting the phase of said inductive coupling
to provide a second indication of the magnitude
of backward-traveling waves on said line.
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11. Apparatus of the type described in claim 8
including means shielding said loop from said
lne terminating resistor,

12. Apparatus for measuring standing waves
on a coaxial transmission line including an indi-
cator, common lumped non-frequency selective
means inecluding a reactive network providing
inductive and capacitive couplings between said
line and said indicator to provide a first indica-
tion of the magnitude of forward-traveling waves
on said line, and means for rotating said net-
work with respect to said line for reversing said
inductive ecoupling to provide a second indication
of the magnitude of backward-traveling waves cn
sald line.

13. Apparatus of the type deseribed in claim 2
including a resistance terminating said reactive
network.

14, Apparatus for measuring standing waves on
& coaxial transmission line including an indica-
tor, common lumped non-freqguency selective di-
rectlonal means including s second transmission
line and a coupling loop coupled between said
lines, means connecting said indicator to sald
second lne, said loop and said second Jine pro-
viding inductive and capacitive couplings hetween
sald coaxial transmission line and said indica-
tor to provide a first indication of the magnitude
of forward-traveling waves on said line, and
means for adjusting the phase of said inductive
coupling to provide a second indication of the
magnitude of backward-traveling waves on said
line,

15. Apparatus for measuring standing waves

on 8 coaxial transmission line including an indi- 3

cator, common lumped non-frequency selective
mdjustable directionsl means including a sec-
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ond transmission line and g coupling loop cou-
pled between said lines, a second indicator, means
connecting said indicators to opposite ends of
said second line, said loop and said second line
providing adjustably directional inductive and
fixed capacitive couplings between said transmis-
gion line and sald indicators fo provide a first
indication of the magnitude of forward-traveling
waves on said lines, and to provide a second indi-
cation of the magnitude of hackward-traveling
waves on said line,

16. Apparatus according to claim 1 including
an inductive impedance element serially con-
nected between said directional means and said
indicating means for compensating said wave
magnitude indication for variations in coupling
between said line and said directional means over
a predetermined frequency range.

17. Apparatus according to claitn 1 including
an inductive reactor serially connected between
sald directional means and said indicating means

‘for compensating said wave magnitude indication

for variations in counling between said line and
said directional means over a predetermined fre-
quency range.
CARL G. SONTHEIMER.
NATHANIEL I. KCRMAN.
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