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3:Claims,

'The present invention relates-to a- device. for

use in connection with radio. frequency- trans-
mission lines, particularly transmission lines such
as the open wire and coaxial transmission lines
commonly utilized, for example, in radio trans-
mitting and associated. circuits.
constructed and arranged to be responsive tg
incident and reflected voltages at any selected
point in the line and is further constructed and
arranged to measure the:standing wave ratio and
the net R. F. power traveling toward the load at
that point.

The device of the.present invention has par-
ticular utility in-the radio field, being particularly
useful to permit the operator of a radio station,
for.example, to monitor the output of his trans-
mitter and the impedance of his antenna, and to
allow adjustment of antenna circuits to obtain
optimum load conditions, this being particularly
advantageous not only for initial adjustment but
also to adapt the apparatus to changing condi-

tions, for example, due to adverse. weather, icing,

ete.

It is an object of the invention to provide. a
dev1ce of the character reIerred to Whlch 1s simple
to use, which. is accurate and. foolproof'm opera-
tion, and which is adaptable for use in a wide
range of applications such as in line transmitting
widely varying frequencies and power.

Another object of the invention is to provide
such a device which will be effective for the in-

tended purpose without: causing any material

power loss in the line.

Another object of.the: invention is to prowde

such a device which is, economical in size and
construction and in cost so that it may be in-
stalled in a small and compact space without
interfering with the normal operation of the
transmission line and so. that it may be easily
and readily manufactured from readily available
parts at reasonable expense.

Other objects will be in part obvious and in
part pointed out more in detail hereinafter.

The invention accordingly consists in the fea-
tures of ﬂonstructlon combination of elements

and arrangement of parts which will be exempli=~

fied in the construction hereafter set forth and
the scope of the apnhr'atlon of which will be in-
dicated in the appended clalms

In the drawmgs—

Figuge.. 1.is a diagrammatic view of -one: em-.
bodlmenh of the _nventlon shown as. con_mec‘edt
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tion from the unit itself.

2

Fig. 3-is.a wiring diagram of a simplified - meter.
01rcu1t for use with the: device. of the invention;

Fig. 4.is &, view similar. to, Figs. 1 and 2 of a,
third embodnnent of .the. invention; and

Pig. 5 is-a-wiring diagram of a preferred form .
of meter circuit for-use in the device of the in-,
ventxon

Referring first to. the .embodiment, shown in,
Fig. 1 of the drawings, the device of the present.
invention is shown, by way of illustration, con-
nected to-a ceaxial transmission line comprising-
an inner conductor-A and a. grounded-outer tubu-,
lar conductor B. As will.be. apparent, the in-
vention could be applied equally well to other
forms of transmission lines. The inner conductor-
A, in accordance with the invention, is flared:
outwardly to a larger diameter and separated at
I, the flare being provided to mamtam contmulty
of the transmission line and to minimize reflec~
In the embodiment
shown-in- this figure as-well as.in Figs. 2-and: 4,
the left-hand side-of the line (as viewed in-the.’
drawing) is.assumed to be connected to the trans- -
mitter while the right-hand side. of - the line. is:
connected to load. A resistance such as the res
sistor.assembly comprising resistors 2 and 2’ hav-
ing- a small resistance value compared: with- the.
characteristic impedance of:the transmission line
is-utilized to bridge the separated inner conductor
Aatl;

Connected between. the cuter conductor- B-and:
the- opposite-ends: of - inner- conductor: A- are: two.
voltage divider cireuits, the: first comprising vari=.
able capacitor 3 and fixed capacitor 4, and the."
other, variable capacitor 3’ and fixed capacitor
4’. As will be apparent: from- the following de-
scription, a voltage divider circuit employing
resistances of value corresponding to the re-
actance of capacitors-3:and 4 and 3% and 4’ may-
be substituted for such ecapacitors, if: desired;
without departing from- the scope of- the inven-
tion. A rectifier- 6 is connected in  series- with
symmetrical resistor assembly 2, 2’ and capacitor
4 while rectifier §’ is connected in series with
registor assembly 2, 2’ and.capacitor 4’. The
network. consisting of inductance 1, capacitor. 5,
inductance. [0 and capacitor || and the network.
consisting:of inductance .1/, capacltor 5, mduc-‘
tance 10” and capac1tor 11" are used t0.. com=
pletely isolate the capacitor dividers 3, 4 and
3’, &, respectively, from- extraneous effects
caused by the voltage between the inner and
outer conductors A and B Assu ning that the-
conductors A and B have a. direct current, cou- -
phng or: path for example at:the transmitt
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which is conventional, the lead lines 8 and 8’
carry a rectified current proportional to the
rectified current of rectifiers 6, while lead lines
9 and 9’ carry a rectified current proportional
to the rectified current of rectifier 8. The
amount of these currents can readily be indi-
cated by the meter circuit shown in Fig. 3 com-~
prising ammeter 23 and potentiometer 34 con-
nected in series to terminals 35 and 36. In ef-
fect, the potentiometer 34 converts the ammeter
23 into a voltmeter. When lead lines 8 and 8’
are connected to terminals 35 and 36, the am-
meter 23 indicates a rectified -current (or volt-
age) which is in turn proportional to the R. F.
voltage impressed on rectifier 6. Similarly, when
lead lines 9 and 9’ are connected to terminals
85 and 36, the ammeter reading is proportional
to the R. F. voltage impressed on rectifier 6’.

10

15

The R. F. voltage impressed on rectifier 6 and- -

hence the ammeter reading when the meter cir-
cuit of Fig. 3 is connected to leads 8 and 8’ may
be made directly proporticnal to the reflected
voltage on the transmission line, and the R. F.
voltage impressed on rectifier §’ and hence the
ammeter reading when the meter circuit is con-
nected to leads 9, 8’ may be made directly pro-
portional to the incident voltage on the trans-
mission line. This follows from the following
equations and adjustments: ’

The voltage drop across the symmetrical ve-
sistor assembly 2, 2" is directly proportional to
the current in the center conductor A in ac-
cordance with the formula

(6% E1=IRa2
where
Ei=voltage drop across resistor assembly 2, 2’

I=current in center conductor A
Ro=resistance of resistor assembly 2, 2’

The voltages appearing across capacitor 4 and
4’; respectively, are proportional to the voltage
appearing between the inner conductor A and
the outer conductor B. For reasons set forth
below, the variable capacitors 3 and 3’ are ad-
justed in accordance with the invention to make
the voltage across 4 and 4’ equal to each other
and proportional to the voltage between conduc-
tors.A and B in the same ratio as the resistance
of resistor assembly 2, 2’ is proportional to the
characteristic impedance of the transmission
line (assumed to be a pure resistance).
accomplished by satisfying the followmg for-
mula :

Cs

(2) oo

Ez—-voltage drop across capacitor 4 or 4

Ci:=capacitance of capacitor 3 or &’

Cs=capacitance of capacitor 4 or 4’

Rz=capacitance of capacitor 4 or 4’

Ro=characteristic impedance of the transmis-
sion line

Rz

Ey=E# E

The two voltages Ei1 and E2 are combined and ,

impressed on the rectifier § by reason of the
connections deseribed above whereby the reading
of the meter circuit of Fig. 3 when connected to
léad lines 8 and 8’ is proportional to the com-
bined voltages ag given by the expression

3 - Es=Es—E:

where Es—voltage across rect1ﬁer 6.
"However, .by reason of the connections de-
seribed above, the voltage impressed on rectifier

§''is the combination of voltage B: and voltage E; -
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whereby the reading of the meter circuit when
connected to leads 8 and 9’ is proportional to
the combined voltages as given by the expression

4) Eg==E3}-E1

where Ey=voltage across rectifier 6'.

By substitution of Formulae 1 and 2 in Formu-
lae 3 and 4 respectively, the following relationship
is derived:

(5) E3=E%2'—IR3
0

and

(6) E’g—E—+IR2

It is well known that the voltage on a trans-
mission line can be considered as the sum of

‘the . incident and reflected voltages and the

current can be considered as the difference
between the- incident and reflected currents.
This relationship may be expressed as follows:

(¢)) Er=Ei{-Er
and

(8) In=Ii—1Ir
where

EL=line voltage
Er=reflected component of voltage
Ei=incident component of voltage
Ir=Iline current
Ir=reflected component of current
Ii=incident combponent of current

Therefore, by subétituting Formulae 7 and 8
in Formulae 5 and 6, the following relationship
is established:

) E8=(Ei+Er)%§—(Ii—‘Ir)Rz

(10) Ey=(E;+E, ) +(I —1,)R;

However, it is equally well known that the
reflected voltage is equal to the reflected current
times characteristic impedance and the incident
voltage is equal to the incident current times
characteristic impedance. Consequently, For-
mulae 9 and 10 may be rewritten as follows:

Es_(2R2>E
pu=(2)r,

By
Ry

is a constant, Es is proportional to reflected
voltage in the transmission line and Es is propor-
tional to incident voltage.

If desired, a similar derivation of voltages pro-

(11)

Inasmuch as

. portional to reflected and incident voltages

" respectively may be obtained by use of the circuit .

shown in Fig. 2 of the drawings. Referring to .
Fig. 2, it will be seen that the voltage existing
between the inner conductor A and the outer.

. conduector B is divided in a pair of similar voltage

10

divider cirecuits, . the .one comprising variable
capacitor 13 and resistor {4 while the other com- .-
prises variable capacitor 13’ and resistor 14’. C
In this embodiment, the inner conductor A is
not separated and a voltage proportional to the
current flowing in the conductor A 'is obtained”
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by mutual ‘inductances - 12 and- 12 In. other

words, the embodiment shown:im. Fig.. 2° com-
prises both lumped and distributed constants
unlike the embodiment:shown=in: Fig. 1 which

comprises lumped constants only. If desired, 5

however, the inner inductor A may be separated

as in the case of the embodiment shown in Fig: 1 :
and inductances may be placed. in. series: t’here-”
with and.the voltage produced-across: the: same:

may.be substituted. for the. voltage. produced.in
the: mutual: inductances 12 and (2.

The capacitors 45 and 15’ are used;to couritér-
act stray fields in the unit which might cause.an .

error in the readings. As is well known, the
effect of one coupler on: the-other. is to produce
an induced voltage: which it is preferred not to
take info account when calibrating the devies;

Since this induced voltage is proportional.to. fre-.
quency, its effect can be cancelled by another:

equal and opposite, effect. which..also 18 propor-
tional fo frequency by means of the small
capacitors 15 and 157;

The resistors 14°and 14" are connected:iii series:

with the mutual inductances 12 and 12/ respee-
tively and the current. therein is rectified by
rectifiers 16 and {6’ respectively. The voltage
derived at terminals- 18 and 18’, therefore, is
proportional to the rectified current flowing
through rectifier {6 while the voltage across
terminals {9 and 19’ is proportional to the vecti-
fied. current . of rectifier i16’.  Capacitors 21 and
217 are. utilized to isolate these e¢ircuits. from
extraneous effects caused by. the voltage between
the inner and. outer conductors.

The. voltage drop across the resistors 14 and
14" is obtained by current flowing. through the

capacitors. 13. and. 13’ respectively. By utilizing’ .

capacitors having a high- reactance compared
with the- resistance of" the resistors 14. and i4’,
the:voltage across these resistors may. be-taken
to be substantially as follows:

(13) By= E?:‘ERQWC

where

En=voltage: component- across resistor- (4. or 14’
E=line voltage

Rug=resistance of resistor (4-or 14"
Xe=impedance of capacitor 13 or 3’
W=2= times frequency - - - e
C=capacitance. of capacitors 13 or i3’

The-voltage produced across the‘mutial indicts-

ances #2'or-12" may be expressed: ag follows:
(14): Ep=IWM:

where | ‘
Eiz=voltage deross mutual inductances 12 or 12’
I=line current

We==27"times frequency
M=inductance {2 or 12’

These two voltages are then combined and: recti-
fied by the rectifiers 16 and: 16’. As.a result, the
vollages: appearing’ at the-términals 18 and 18’

and-terminals' {9 and 19’ may be given by the-

following ‘expressions:

(15)- Erwy=E1+E2=W (ER2CH-IM)

where Eis==voltage at terminals 18, (8",
(1‘6_)7" .Efgz'—;_E'f.-fE"z‘:W(ERzC—-—IM)Z
v&ﬁfg’g:é.:ﬁg%ygit@geat -terminals 19, 19,

By::suitable! adjustment- of - the: capacitors: 13
and-13’, the following: relationship may:be:satiss.
fied:
a7y RoRsC=M"

Rewriting - the- expressions-for - Eis: and: Efp; wer
now-have:

ZW:
‘(18) E‘BZEC’_E‘:WBE‘
10
and
ZW...
(19) EIQ—I—BZ,-E,.—WBE—,

15 where B=ga:constant;

This will be:seen to:be similar to: the equations:
for: Es-and Es obtained with the couplercircuit™
shown:in" Fig. 1. of the drawings- as® described?
above.- There is, however, ohe important differ-

- 20 ence; namely, that the voltages obtained by -the:

cireuit:shown in' Fig. 2 are directly proportional:
to.the frequency of measurement. This means:
that the circuit as'shown is sensitiveto frequenecy:
and its power scales must be calibrated for each:
25:individual’ frequency- used. - This is: not true;
however, when the standing wave ratio is'meas-
ured-inasmuch as this includes a calibration pro-:
cedure’'as described hereinafter,
By modifying the cireuit’ shown in Pig. 2 to:
30:zobtain the circuit shown ih Fig.- 4 of the draw=-
ings, this dependency on frequency may be elimix -
nated and the. instrument may be  calibrated:
exactly as the instrument shown in Fig.-1. ' In
the-circuit shown in Fig. 4, the variable capaci-
36:tors 23 and 23’ correspond to the variable capaci-
tors 3 and 13’; resistors 24 and 24’ correspond’
to the resistors 14 and 14’; mutual inductances
22 and 22’ correspond to mutual inductances 12
and 12’; rectifiers 26 and 26’ correspond to reeti-
40:fiers 16 and 16’, and capacitors 31 and 3(’ corre=-
spond to capacitors 2f:and 21”. I the circuit
shown in Fig: 4, the essential modification com--
brises the addition of capacitance by means- of
the capacitors.27 and 271’. These constants are
48> selected so that the reactance of tle capacitors:
is small compared with the value.of resistance.
Resistors 25 and: 25’ are added, if necessary; to
supplement resistors 24 and 24’. Ag 5 result, the -
voltages:at terminals 28 and 28’ and 29 and 29’

| 50" (Formulae 18 and 19) are then modified as fol--

lows:

Y WBE=DE,

Xeynm—
(20)  Bu=pWBE=p

@) Bu=2wBE—_1 WpE—DE.

R T WCR
where :

_Ezs=voltage across lines 28, 28’
"Hzo=voltage across lines: 29, 29/
D==2a.constant
Xe=Iimpedance of capacitor 21 or 27’
R=resistance of resistor 25 or 25’

65: These expressions for Ezs-and Fas-are now identi-
cal with: those from the circuit. shown in- Fig; 1
except for the constant. - The constant, of course,
may be taken care.of by suitable.calibration.

For simplicity of presentation, the embodi-
70:ments shown in Figs. 1, 2 and 4 comprise sym-
metrical eircuits, one for deriving a voltage com~
ponent proportional to-incident voltage: and the:
other for-deriving. a-voltage component Propor-
tional to reflected voltage.. Inasmuch- as- thege-
75t circuits: are-identical except as to the way they:
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are connected to the line it will be obvious that &
single circuit may be used for both purposes
merely by providing suitable switching means for
connecting it to the circuits denoted by unprimed
reference numerals or to the circuits denoted by
primed reference numerals, as desired.

As previously mentioned, the meter circuit of
Fig. 3 which, in essence, is a volt meter, is utilized
for direct measurement of voltage values which
are proportional to reflected and incident voltage
respectively. However, in accordance with the
invention, it is desired to provide means for uti-
lizing such measurement to show the standing
wave ratio and/or net power traveling down the
line. This is accomplished in accordance with
the invention by the meter circuit shown in Fig. 5
of the drawings. Referring to Fig. 5, the circuit
comprises an ammeter 43 which is grounded at
one end and connected at the other end to a plu-
rality of resistors 39, 40 and 4!, the latter resistor
being a variable resistor or potentiometer. A
multiple contact switch 38 is provided to make
connections selectively with any one of these re-
sistors individually. Switch 38 is connected to
switch 37 which permits contact with either ter-
minal 41 or 44. Terminal 41 is adapted to be
connected to one of the leads 8, 8’; 18, 18’; or
28, 28’ depending on which of the previous cir-
cuits is utilized. Terminal 44 is adapted to be
connected to leads 9, 9’; (9, 19’ or 29, 29’ in a
similar manner. Terminals 42 and 45 are
grounded so as to be connected to the opposite
side of ammeter 43.

By manipulation of the switch 37, the meter
can be connected to either the incident or re-
flected voltage measuring circuits, as desired. To
read standing wave ratio, the switch 38 is put in
the position shown in the drawings, i. e., con-
nected with variable resistor 4{, and switch 37 is
set to connect the switch 38 with terminal 44. The
meter 43 is then set to just full scale by adjust-
ing the variable resistor 41. This is equivalent to
taking the incident voltage as unity for reference.
The switch 37 is then shifted to connect the cir-
cuit to terminal 41 and the meter 43 now reads
the reflected voltage as a percent of the incident
voltage. This last reading, therefore, gives the
ratio between Es (or Eis or Es) and Eg (or Ei or
Ta9) or the ratio between the reflected and inei-
dent voltages. This is equal to the reflection co-
efficient (K) of the load reflected to the point in
the transmission line where the measurement is
being made.

Tt is well known that the standing wave ratio
is related to the reflection coeﬁicmnt (K) by the
following formula:

—K

SWR—-1 oy

Since the meter scale reads directly the reflec-
tion coefficient, it may be calibrated in accord-
ance with the above expression so that the stand-
ing wave ratio may be read directly from the
scale. The power standing wave ratio is, of
course, the square of the voltage standing ratio.

To.obtain power readings, the following pro-
cedure is followed: The switch 38 is connected
to an appropriate value of resistance, i. e., either
the resistor 39 or 40, so that the meter is on scale.
The switch 37 is then connected either to the in-
cident or reflected voltage circuits. The values
of resistors 39 and 40 are selected so that the
meter reading may be interpreted in terms of ac-
tual transmission line voltage. With the meter
43-in position to read the reflected: voltage, the

(22)
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reflected power can then be obtained from the
following formula'

Ry

55

(23) W,= ’=E,r

where

Wr=reflected pdwer
Er=reflected voltage
Tx= voltage of lines 8, 8’; 18, 18’; or 28, 28’

Similarly, with the meter 43 connected to termi-
nals 44 and 45 so that it reads the incident volt-
age, the incident power can be obtained from the
formula:

B2
R

R

i)

(24) =E}?

where

Wi==incident power
Ea=line voltage
Ey—voltage of lines 9, 9’; 19, {9’; or 29, 29’.

However, inasmuch as the ratio of Re to 4R2? is-
a constant, the foregoing Formulae 23 and 24
may be rewritten as follows:

Wi=5%

(25) Wr=AE:?
(26) Wi=AE?
where
. . 0
A=a constant= 1R

It thus may be seen that both reflected and
incident power may be read on the same meter
scale simply by connecting switch 37 either to
terminal 41 or 44. The meter scale may be cal-
ibrated in accordance with the above formula.
and the power values may be read directly from
the meter scale. The net power traveling toward
the load at that point in the transmission line is,
of course, the difference between the incident and
the reflected power as given in the following
equation:

@n net power=Wi—Wr

It thus will be seen that there has been pro-
vided, in accordance with the invention, a meas- -
uring device having great usefulness, particularly
in the radio transmission field, which device is
simple and eflicient in operation and which
greatly facilitates the proper adjustment of the
load.

As many changes could be made in the above
construction and many apparently widely differ-
ent embodiments of this invention could be made
without departing from the scope thereof, it is
intended that all matter contained in the above
description or shown in the accompanying draw-'
ings shall be interpreted as illustrative and notv
in a limiting sense.

It is also to be understood that the language
used in the following claims is intended to cover
all of the generic and specific features of the in-
vention herein described and all statements of -
the scope of the invention which, as a matter of
language, might be said to fall therebetween.

I claim as my invention:

1. In g device for measuring standing wave -
ratio and power in a two-conductor frequency
transmission line comprising a mutual induct-
ance for developing a first voltage component
proportional to line current and frequency, a
voltage divider for developing a second voltage
component proportional to line voltage and fre-
quency comprising a capacitor and a resistor:
whose values are such that the product of the
capacitance and resistance of said capacitor and :
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resistor, respectively, and the characteristic im-
pedance of the line is equal to said mutual in-
ductance, means for connecting the voltage
divider across the two conductors, a circuit com-
prising said mutual inductance and said resistor
in series and having an output voltage equal to
the sum of said voltage components which varies
directly with frequency, and a load on the said
circuit comprising a capacitor of relatively low
reactance compared with the resistance of said
resistor, whereby said output voltage is rendered
independent of frequency.

2. In a device for measuring standing wave
ratio and power in a two-conductor frequency
transmission line comprising a mutual induct-
ance for developing a first voltage component
proportional to line current and frequency, a
voltage divider for developing a second voltage
component proportional to line voltage and fre-
quency. comprising a capacitor and a resistor
.whose values are such that the product of the
capacitance and resistance of said ecapacitor and

resistor, respectively, and the characteristic im-.

pedance of the line is equal to said mutual in-
ductance, means for connecting the voltage
divider across the two conductors, a circuit com-
prising said mutual inductance and said resistor
in series and having an. output voltage equal to
the sum of said voltage components which varies
directly with frequency, and a load on the said
circuit comprising a voltage divider having an
output voltage to input voltage ratio reversely
proportional to frequency, whereby a resulting
voltage is produced independent of frequency.

<t
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3. In a device for measuring standing wave
ratio and power in a two-conductor frequency
transmission line comprising a resistor for de-
veloping a first voltage component proportional
to line current and independent of frequency, a
voltage divider comprising a pair of capacitors
whose reactances are- such that the. ratio of
the capacitors is equal to the ratio of the resistor
to the characteristic impedance of the transmis-
sion line, means for connecting the voltage divider
across the two conductors to develop a voltage
component proportional to line voltage and in-
dependent of frequency, and means for combin~
ing said two voltage components.

MACK C. JONES.
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