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14 Claims,

This invention relates generally to electrical
measuring instruments and particularly to watt-

(CL 171—95)

meters for measuring the radio frequency power

applied to high frequency transmission lines. .

Various methods and apparatus utilized here-
tofore for the measurement of power in radio fre-
quency transmission lines have involved the use
of relatively complicated circuits which, in many
instances, have necessitated the absorption of

<t

bacitive currents will have an additive effect upon
the first thermo-couple heater unit RI, and a
differential effect upon the second thermo-couple
heater unit R2. A meter connected in series with
- both thermo-couples will therefore indicate the
difference of the squares of the sum and difference
of the inductive and capacitive currents to the
thermo-couple heater elements, Since the induc-
tive current is proportional to the transmission

considerable power from the transmission line. 10 line current at a phase angle of 90°, and the ca-
The instant invention contemplates the use of a pacitive current is proportional to the transmis-
simple coupling unit which provides inductive sion line voltage at a phase angle of minus 90°,
and capacitive coupling to one or more conduc- the meter indication will be proportional to the
tors of the transmission line. The coupling unit power in the transmission line,
is* connected at its extremities through two 15 Among the objects of the invention are to pro- -
thermo-couple heater elements to a suitgble re- vide a new and improved method of and means
turn eircuit such as ground. The device operates for measuring power in g radio frequency trans-
upon the principle of indicating the difference Iission line. Another object of the invention is
between the squares of the sum and the differ- to provide a new and improved method of and
ence of the currents derived from the inductive 20 means for measuring the power in a radio fre-
and capacitive coupling, respectively, to the line. Quency transmission line wherein the measuring
For most satisfactory operation, the coupling instrument absorbs g minimum amount of power
unit should be loosely coupled to the line to pro- from the line and reflects minimum reactance
vide a relatively low series inductance in the line, theiein. A further object of the invention is to
and a relatively low shunt capacity to the line. 25 provide an improved method of and means for
The sensitivity of the indicating instrument may Ineasuring power in a radio frequency transmis-
be adjusted by varying the shunt capacity to the sion line which comprises g, cylindrical conduct-
line. However, any increase in capacity will in- -ing element coaxial with, and surrounding, a-
crease the meter load upon the line, Inall cases, portion of one or more of the conductors of the
the shunt resistance on the line provided by the 30 transmission line, thermo-couple means connect-
thermo-couple heater elements should be consid- ed adjacent the extremities of the coupling unit,
erably less than the shunt reactance of the ca- and a return circuit to form an external loop
pacity coupling and should exceed the series re- circuit.
actance of the series inductance in the line, . A further object of the invention is to pro-
Under these conditions line input power to the 35 vide an improved method of and means for meas-
coupling unit will be broportiona] to the line volt-’ uring the power in a balanced radio frequency
age El and line current I1. Since the wattmeter transmission line wherein coaxial, cylindrical
is loosely coupled to the line and reflects g relg- coupling devices are -provided for each conduc-
tively low series reactance into the line, the tor of the line, anq thermo-couple elements are
output voltage and current E2 and 12 will like- 40 connected between adjacent extremities of the
wise be substantially proportional to the input conductive coupling units, Another object is to
voltage and current Ef, Il. The induective cou- provide a power measuring device for a coaxial
pling, represented by the mutual inductance m, transmission line wherein g cylindrical conduct-
which should preferably be unitary, will provide ing coupling unit surrounds the inner conductor
an inductive current Il in the loop eircuit com- 45 of the transmission line, thermo-couple units are
prising the inductive coupling unit, the first conrected from the extremities of the coupling
thermo-couple heater unit Ri, the return circuit unit to adjacent portions of the outer conductor
and the second thermo-couple heater unit R2, of the transmission line, and means for connect-
Therefore, the inductivescurrent 17 will be in dif- ing the thermo-coupled units to a shielded ex-
ferent directions in the two thermo-couple heat- 50 -ternal meter circuit. - - :
. €r units RI, R2, - The invention wil] be described by reference to
The capacitive current Te in the loop circuit, the accompanying drawing of which Figure 14s
however, will flow in the same direction through a schematic circuit diagram of one embodiment
both thermo-couple heater units to the grounded thereof; Figure 2 is g partially schematic circuit
return circuit. Therefore, the Inductive and ca- 55 diagram of the same embodiment as Figure 1 but



", substantially . unitary mutual inductance.

2

: -partially . schematic circult
. - diagram -of & second embodiment -showling “the
* . constructional details of the coupling unit for &
balanced transmission line: and Figure & I8 &
cross-sectional diagram of an embodiment of the
invention adapted to use with a coaxial trans-

- mission line, Similar reference numerals are ap-
plied to similar elements throughout the drawing,
Referring to Figure 1, & transmission line in-
cluding the conductor { and the grounded return
cireuit 2 is supplied with .radio frequency power
from & source, not shown, and coupled to & load
circait, not shown, The line . voltage Is repre-
sented by Ef and the line current by If. The
‘coupling unit, which will be described in greater
detail hereinafier, comprises an inductive element
I in series with
tively coupled to & second inductive element L2,
The inductive elements: Li and 1.2 _should have
The
coupling unit also includes capacity coupling be-
tween the transmission line | and the coupling
 coil L2 which Is represented by the capacitors C
.shown in ‘dashed lines. One terminal A of the
inductive coupling coil L2 is connected through
the heater element Ri of a first thermo-couple 3

to the return circuit 2 of the transmission line,

The remaining terminal of the coupling coll L2 is
connected through the heater element R2 of a
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_,_showmg;.“consiﬁmctio!ial,:getaus-;,of _the .coupling. - -
.. unit; ‘Figure 3:is &

.:C«and--rmm-:the»pomt"B-to—'the—poiht-'-D-vsince-such cer
. currents:aie ‘due
- points on the

‘to-substantially equal potential
coupling unit L. between-the ex-

- tremities A, B. As & result of the different in-

&
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the transmission line { induc-

20

ductive and capacitive current flow for any in-
stant, the inductive and capacitive currents Il and
Ie, respectively, will have an additive effect upon
the first thermo-couple heater element Rl and
a differential effect upon the second thermo-cou- -
ple heater_element R2.° Since normal thermo-
couple action provides thermo-couple currents
proportional to the squares of the currents in
the respective heater elements, the indication
provided by the microammeter M will be propor-
tional to the difference between the squares of
the sum and difference of the inductive and ca-
pacitive currents, namely - ‘

I%h) I (Tl4+1e) i—TI—Ic) 1< 4llle

Figure 3 is & modification of the use of the cou-
pling unit L and the thermo-couples 3, 4 for a

. balanced transmission line wherein separate cou-
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-second thermo-couple 4 to the return circuit 2 -

of the transmission line. The thermo-couples 3

and & are connected in series tmough a cpnven-. :

tional microammeter M. -

Figure 2 is & practical modification of the
-schematic circuit described in Figure 1. The
transmission line conductor { is surrounded for &
portion of its length by & coaxial cylindrical con-
- dueting element L which should -preferably be
considerably less than 2 wave length long. One
extremity A of the coupling unit 1. is connected
through the heater element Ri of the Arst
thermo-couple 8 to the grounded return circuit
2 at the point C. The other extremity B of the
coupling unit L is connected through the heater
element R2 of the second thermo-couple 4 to the
point D of the return circuit 2. The thermo-
couples 3, 4 are connected in series to the ter-
minals of & microammeter M in such a manner
that the meter indlcates the difference between
the currents generated in the two thermo-cou-
ples. A variable capacitor Cl may be connected
between the
and the midpoint of the coupling device L.
Preferably, the connection to the transmission
line | should be made adjacent the connection
to the coupling device L. S

In operation, the coupling dévice L represents
poth inductive and capacitive -coupling to the
transmission lne conductor 4. The capacitive
coupling to the line may be increased by the
variable capacitor Cl to increase the sensitivity
of the indicating instrument, but as pointed out
heretofore, an increase in the capacitive coupling

will increase the power absorbed from the trans-

mission line by the ‘indicator circuit. Inductive
currents I generated in the coupling ‘unit I will
flow around the loop circuit formed by the cou-
pling unit L, the first thermo-couple heater unit
RI, the return eircuit 2 and the second thermo-
_couple heater element R2 in the
cated by the arrows, namely through points A C,
D, B in the order named. The capacitive cur-
rents generated in the coupling unit L, however,
will flow directly from the

pling units La and Lb are utilized for each of the
conductors | and 11 of the balanced transmission

iine. The first thermo-couple heater element Rl
is connected between adjacent extremities of the

two coupling units La and Lb while the heater

‘element R2 of the second thermo-couple 4 is con-

nected between the other” adiacent extremities
of the two coupling units La, Lb.

‘Figure 4 is & modification- of the circuits of

. Figures 1 and 2 in which the invention is adapted

to use with a coaxial transmission line compris- -

- ing an inner conductor 24 and an outer shield
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conductor 1 of the transmission line .
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manner indi- .

point A to the point 76

22. A coupling unit L is supported in any con-
venient manner coaxial with, and surrounding,
the inner conductor 21 of the coaxial line. The
first thermo-couple heater element R{ is con-
nected between the outer shield 22 and one ex-
tremity of the coupling unit L. The second
thermo-couple heater element R2 is connected
between the outer shield 22 and the other ex-
tremity of the coupling unit L. The thermo-
couples are connected in series to the microam-
meter M in the same manner as described here-
tofore for the other modifications of the inven-
tion, However, the leads to the microammeter
M should be shielded, as indicated by the dash
lines B, to prevent radiation or pickup from ex-
ternal sources. ‘ :

It should be understood that an auxiliary ca-
pacity C1 may be employed with this modification
in the same manner as that described in Figure 2,
to increase the sensitivity of the indicating in-
strument. However, as mentioned heretofore, an
increase in the capacitive coupling between the
coupling unit L and the inner conductor 21 results
in increased absorption by the measuring circuit.

Thus the invention described comprises an im-
proved radio frequency wattmeter which employs
unitary inductive coupling and relatively small
capacitive coupling to one or more conductors of
a radio frequency transmission line. Inductive
and capacitive currents flowing through the cou-

_plings are applied to two thermocouples to pro--

vide a meter indication which is proportional to
the power in the transmission line.

I claim as my invention:

1. A radio frequency wattmeter for a power
transmission line including & coupling device com-
prising unitary means surrounding and coaxial
with a portion of one of the conductors of said
line for both inductively and capacitively coupling
said device to said line, a pair of current-respon-
sive devices, means including said inductive and



2,344,641

capacitive coupling for deriving substantially in-
phase currents proportional to the current and
the voltage respectively in said line, means in-
cluding sald inductive and capacitive coupling
for deriving substantially oppositely phased cur-
rents proportional to the current and voltage re-
spectively in said line, means for applying said
in-phase currents to one of said current-respon-
sive devices, means for applying said oppositely
Phased currents to the other of said current-re-
sponsive devices, an indicator, and meang con-
necting said indicator to said current-responsive
devices. .

2. A radio frequency wattmeter for a power
‘transmission line Including & coupling device com-
prising unitary means surrounding and coaxial
with a portion of one of the conductors of said
line for both inductively and capacitively coupling
said device to said line, & pair éf current-respon-
sive devices, means Including said inductive and
capacitive coupling for deriving substantially in-
Phase currents proportional to the current and
the voltage respectively in said line, means in-
cluding said inductive and capacitive coupling
for deriving substantially oppositely phased cur-
rents proportional to the current and voltage re-
spectively in said line, means for applying said
In-phase currents to one of said current-respon-
sive devices, means for applying said oppositely
phased currenis to the other of said current-re-
sSponsive devices, and means connected to said
current-responsive devices to indicate the dif-
ference of the squares of the currents in each of
said current-responsive devices,

3. A radio frequency ‘wattmeter for a bower
transmission line including a coupling device com-
prising a cylindrical conducting member - sur-
rounding and substantially coaxial with a portion
of said line for inductively and capacitively cou-
pling said device to said line, & pair of current-
responsive devices, means including said induc-
tive and capacitive coupling for deriving substan-
tially in-phase currents proportional to the cur-
rent and the.voltage respectively in said line,
means including said inductive and capacitive
coupling for deriving substantially oppositely
phased currents proportional to the current and
voltage respectively in said line, means for ap-
plying said in-phase currents to one of said cur-
rent-responsive devices, means for applying said
obpositely phased currents to the other of said
current-responsive devices, an indicator, and
means connecting said indicator to said current-
responsive devices,

4. A radio frequency wattmeter for .a power
transmission line including a coupling device com-
prising a cylindrical conducting member sur-
rounding and substantially coaxial with & portion
of said line for inductively ang capacitively cou-
" pling said device to said line, a pair of current-
responsive devices, means Including said inductive
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.respectively in said line,

3

5. A radio frequency wattmeter for a power
transmission line including & coupling device com-
prising a cylindrical conducting member sur-
rounding and substantially coaxial with a por-
tion of one of the conductors of said line for
inductively and capacitively coupling said device
to said line, a pair of current-responsive devices,
means including said inductive and capacitive
coupling for deriving substantially in-phase cur-
rents proportional to the current and the voltage
means including said
Inductive and capacitive coupling for derlving
substantially oppositely phased currents propor-
tional to the current and voltage respectively in
said line, means for applying said in-phase cur-
rents to one of said current-responsive devices,
means for applying said obpositely phased cur-
rents to the other of said current-responsive de-
vices, an indicator, and means connecting said
indicator to said current-responsive devices.

6. A radio frequency wattmeter for a power
transmission line including a coupling device com-
vrising a eylindrical conducting member sur-
rounding and substantially coaxial with a por-
tion of one of the conductors of said line for in-
ductively and capacitively coupling said device to

- said line, a pair of current-responsive devices,
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means including said inductive and capacitive
coupling for deriving substantially in-phase cur-
rents proportional to the current and the voltage
respectively in said line, means including said in-
ductive and capacitive coupling for deriving sub-
stantially oppositely phased currents propor-
tional to the current and voltage respectively in
said line, means for applying said in-phase cur-
rents to one of said current-responsive devices,
means for applying said oppositely phased cur-
rents to the other of said current-responsive de-
vices, and means connected to said current-re-
sponsive devices to indicate the difference of the
Squares of the currents in each of 'said current-
responsive devices. ‘
7. A radio frequency wattmeter for g balanced
transmission line including a unitary coupling
device for each conductor of said line for in-

- ductively ang capacitively coupling each of said
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-and capacitive coupling for deriving substantially -

in-phase currents proportional to the current and
the voltage respectively in said line, means in-
cluding said inductive and capacitive coupling
for deriving substantially oppositely phased cur-
rents proportional to the current and voltage re-
Spectively in said line, means for applying said
in-phase currents to one of said current-respon-
sive devices, means for applying said oppositely
phased currents to the other of said current-re-
sponsive devices, and means connected to sajd
current-responsive . devices to indicate the dif-
ference of the squares of the currents in each of
said current-responsive devices.

70
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devices to one of said conductors, a pair of cur-
rent-responsive devices, means including said in-
ductive and capacitive coupling for deriving sub-
stantially in-phase currents from each of said
conductors proportional to the current and volt-
age respectively in each of said conduectors, means
including said inductive and capacitive coupling
for deriving substantially oppositely phased cur-
rents from each of saiq conductors proportional
to the current and voltage respectively in each of
saild conductors, means for combining said in-

sitely phased currents,
combined in-phase currents to one of said cur-
rent-responsive devices, means for applying said
combined oppositely phased currents to the other
of said current-responsive devices, an indicator,
and means connecting said indicator to said cur-
rent-responsive devices.

8. A radio frequency wattmeter
transmission line including g Unitary ccupling
device for each conductor of said line for in-
ductively and capacitively coupling each of ‘said

for a balanced
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including said inductive and capacitive coupling
for deriving substantially oppositely phased cur-
rents from each of said conductors proportional
to the current and voltage respectively in each
of said conductors, means for combining said in-
phase currents, means for combning said oppo-
sitely phased currents, means for applying said
combined in-phase currerts to one of said cur-
rent-responsive devices, means for applying said
combined oppositely phased currents to the other

of said current-responsive devices, and means

connected to said current-responsive devices to
indicate the difference of the squares ‘of the cur-
rents in each of said current-responsive devices.

9. A radio frequency wattmeter for a balanced
transmission line including a coupling device for
each conductor of said line comprising separate
cylindrical conducting members each surround-
ing and substantially coaxial with a portion of
different conductors of said line for inductively
and capacitively coupling each of said devices to
one of said conductors, a pair of current-respon-
sive devices, means including said inductive and
capacitive coupling for deriving substantially in-
phase currents from each of said conductors pro-
portional to the current and voltage respectively
in each of said conductors, means including said
jnductive and capacitive coupling for deriving
substantially oppositely phased currents from
each of said conductors proportional to the cur-
rent and voltage respectively in each of said con-
ductors, means for combining said in-phase cur-
- rents, means for combining said oppositely phased
currents, means for applying said combined in-
phase currents to one of said current-responsive
devices, means for applying said combined op-
positely phased currents to the other of said cur-
rent-responsive devices, an indicator, and means
connecting said indicator to said current-respon-
sive devices. .

10. A radio frequency wattmeter for a coaxial
transmission line including a coupling device in-
terposed between the inner and outer conductors
of said line for inductively and capacitively cou-

' "pling said device to the inner conductor of said

line, a pair of current-responsive devices, means
including said inductive and capacitive coupling
for deriving substantially in-phase currents pro-
portional to the current and voltage respectively
in the inner conductor of said line, means in-
cluding said inductive and capacitive coupling
for deriving substantially oppositely phased cur-
rents proportional to the current and voltage re-
spectively in said inner conductor, means con-
necting one of said current-responsive devices
between said coupling device and said outer con-
ductor of said line to apply said in-phase currents
to said current-responsive device, means connect-
ing the other of said current-responsive devices
petween said coupling device and said outer con-
ductor to apply said oppositely phase currents to
said other current-responsive device, an indicator,
and means connecting said indicator to said
current-responsive devices. '
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11. A radio frequency wattmeter for a coaxial .

transmission line including a coupling device in-
terposed between the inner and outer conductors
of said line for inductively and capacitively cou-
pling said device to the inner conductor of said
line, a pair of current-responsive devices, means
*including said inductive and capacitive coupling
‘for derivirg substantially in-phase currents pro-
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portional to the current and voltage respectively
in the inner conductor of said line, means in-
cluding said inductive and capacitive coupling for
deriving substantially oppositely phased currents
proportional to the current and voltage respec-
tively in said inner conductor, means connecting
one of said current-responsive devices between
said coupling device and said outer conductor of
said line to apply said in-phase currents to said
current-responsive device, means connecting the
other of sald current-responsive devices between

_said coupling device and said outer conductor to

apply said oppositely phased currents to said
other current-responsive device, and means con-
nected to said current-responsive devices to in-
dicate the difference of the squares of the cur-
rents in each of said current-responsive devices.

12." A radio frequency wattmeter for a coaxial
transmission line including a coaxial cylindrical
coupling device of predetermined length inter-
posed between the inner and outer conductors of
said line for inductively and capacitively cou-
pling said device to the inner conductor of said
line, a pair of current-responsive devices, means
including said inductive and capacitive coupling
for deriving substantially in-phase currents pro-
portional to the current and voltage respectively
in the inner conductor of said line, means in-
cluding said inductive and capacitive coupling for
deriving substantially oppositely phased currents
proportional to the current and voltage respec-
tively in said inner conductor, means connecting
one of said current-responsive devices between
said coupling device and said outer conductor.of
said line to apply said in-phase currents to said
current-responsive device, means connecting the
other of said current-responsive devices between
said coupling device and said outer conductor to
apply said oppositely phased currents to said
other current-responsive device, an indicator, and
means connecting said indicator to said current-
responsive devices. :

13. Apparatus of the type described in claim 12
including shielding means for said indicator and
said indicator connecting means.

14. A radio frequency wattmeter for a coaxial
transmission line including a coupling device in-
terposed between the inner and outer conductors
of said line for inductively and capacitively cou-
pling said device to the inner conductor of said
line, a pair of current-responsive devices disposed
between said coupling device and the outer con-
ductor of said line, means including said iductive
and capacitive coupling for deriving substantially
in-phase currents proportional to the current and
voltage respectively in the inner conductor of
said line, means including said inductive and
capacitive coupling for deriving substantially op-
positely phased currents proportional to the cur-
rent and voltage respectively in said inner con-
ductor, means connecting one of said current-
responsive devices between said coupling device
and said outer conductor of said line to apply
said in-phase currents to said current-responsive
device, means connecting the other of said cur-
rent-responsive devices between said coupling de-
vice and said outer conductor to apply said op-
positely phased currents to said other current-
responsive device, an indicator, and means con-
necting said indicator fo said current-responsive
devices.

CHARLES A. ROSENCRANS.



