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5 Claims.
My invention relates to high frequency current

phenomenon- detecting and current measuring

devices and in particular to a high freguency
thermocouple wherein the thermocouple may
constitute a part of the high frequency current
cirenit. 'The thermocouple l.eater circuit is pref-
grably sealed in an evacuated chamber to retard
loss of heat and prevent oxidation of the heated
metals used and means are provided to segregate
the high frequency and direct current circuits
to the extent desired.

The features of my invention which are believed
to be novel and patentable will be poinfed out
in the claims appended herete. For a betfer un-
derstanding of my invention reference iz made in
the following description to the accompanying
drawing in which Fig. 1 represenis an embodi-
ment of my invention where the allernating and
direct current circuits are distinet; Figs. 2 and 3
show modifications where the direct current ther-
mocouple and the high freguency circuif are
common. In Fig. 2 the high freguency is kept
out of the direct current instrument by twisting
the instrument leads and in Fig. 3 by a by-pass
condenser. Fig. 4 represents the use of my in-
vention in a wave meter. Fiz. 5 represents a
modification of my invention for measuring the
load current in a concentri¢ eable high frequency
cireult, and Fig. 6 is a connector that may be
used with the tube of Fig. 5.

Referring to Fig. 1, 10 represenis a sézled and
evacuated tube which may be made of glass. In
cne end is a closed conductor loop 1 made of fila-
ment wire. The loop is supporied by sealing its
conductor extensions into s glass support 2. The
part 12 of the loop constitutes s heater for a
thermocouple having its hot junction secured to
heater 13 and its leads 14 extending out of the
tube through an insulating seal at (5. The ther-
mocouple is also supported by the support i3,
The loop §1—13 is of such dimensions and re-
sistance that when the loop part of the tube is
inserted into & high frequency field, high fre-
guency currents are induced therein and the part
13, at least, heated appreciably. The tube shown
may be 13§ inches in length with the other di-
mensions in about the proportions represzented.
The heater element {3 may have & resistance of,
say, from 40 to 400 ohms and the thermocouple
connected to a- microammeter 20 for detecting
high freqguency cwrrent flow in the loop H—I3
whieh ‘heats the part 13 and the hot junction
‘of the thermocouple. Such a device 15 convenient
for inserting into high frequency field cavities
to indicate maximum currents in high frequency
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wave meters, slgnal generator attenuators, wave
guide exploring devices and the like. For exam-
ple, a maximum reading will indicate a resonant
condition in the circuit producing the high fre-
guency fleld. .

It will be noted that no high frequency circuit
leads or connections are required since the high
frequency curreng in the heater loop is induced
therein by inductlon. The heater and pick-up
loop and thermocouple are sealed in one small
envelope with only the two direct current thermo-
By maintaining the
loop §1—13 in o fixed position adiacent to & high
frequency current circuit of fixed frequency, the
thermocouple may be callbrated in terms of high
frequency current flow in such cirenit. The de-
vice is particularly suitable for use with high fre-
quency currents from 300 to 3000 megacycles.
The thermocouple itself may be of standard de-
sign. It is noted that the direet current of the
thermocouple will not flow in the high frequency
loop and as intended to be used the thermocouple
circuit does not pick up high frequency current.
In Fig. 1 it is not intended that the thermocouple
leads 14 wili be placed intentionally in pick-up
inductive relation with the high frequency field
as is the loop 1—13. However, if any high fre-
quency current is induced in the leads 14, it takes
the path through the condenser shown connected
across the terminals of the instrument 20 rather
than through the instrument 20 itself, because
the instrumern; inecludes z coil, a5 usual, having
inductance which prevents the flow of high fre-
guency current therein under the circumstances
where such high frequency current can easily pass
through the condenser. If high frequency cur-
rents bhecome bofhersome in the thermocouple
circuit, either of the other expedients of Figs, 2
or 3 may be used to prevent this.

In PFig. 2 the high frequency pick-up loop and
thermocouple are combined. The hot junciion
of the thermocouple is at 16. Of course, in Figs. 2
and 3, the filament portion of the entire high fre-
quency loop 11 is heated as well as the junction
gt 16, but this does not impair the thermocouple
action so long as the instrument ends of the leads
remain coel. The high frequency pick-up loop
comprises the wires 17 of the thermocouple which
are connected together at 16 and coupled at 18
by twisting the insulated direct current instru-
ment leads of the thermocouple together, prefer-
ably within the tube. The impedance of the high
frequency coupling formed by twisting the wires
is insignificant as compared to the impedance of
the remainder of the high frequency plck-up loop
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for the high frequencies contemplated. The close
presence of the twisted together wires forms an
effective by-pass condenser. This segregates the
high frequency circuit from the instrument 20
and no high frequency current flows through the
instrument. The very small thermocoupie cur-
rent that Hows in the loop 16, 17T is immaterial.

Fig. 3 is much lke Fig. 2 except that g more
nearly conventional by-pass condenser Is used
to close the high frequency loop. This by-pass
condenser consists of o metal cylinder {$ which
zlso supports the fine wires, It hes & small hole
bored therethrough até 2§ through which one of
the thermocouple leads pass and is insulated from
the cylinder. The cylinder is cne plate and the
wire which passes through the hole 21 is the other
plate of the by-pass condenser. The other ther-
mocouple instriment lead is through the metal
of the cylinder, as shown. Where the device is
to be used so that the leads 14 tend to plek up
high frequency current, they may be twisted as
in Fig. 2 but generally this will be unnecessary
if the by-pass condenser of Fig. 3 is used.

In Fig. 4 I have shown a concentric conduc-
tor wave meter having & high frequency input
loop 22 connected between the inner conductor
23 and outer concductor 24 of a high frenuency
input concentric conductor cable. The outer
conductor 24 connects with the metal shell 25
of a cylindrical eavity which has an adjustable
center conductor 26. The device comprises high
frequency loading device having inductance and
capacity, the relative value of which Is adjust-
able by adjustment of the effective length of the
center conductor 26 by a screw 28. At a glven
input frequency the device may be adjusted to
a resonant condition and requires a different
adjustment to obtain the resonant condition for
each diffevent input frequency. The device may
thus be calibrated as an ultra-high frequency
meter called & wave meter, such that when the
resonant condition is obiained the wave length
of the input frequency may be indicated. A dial
21 which rotates with the adjusting screw 28
may have a scale calibrated in wave length and
indieated with respect to & stalionary index 24.
My thermocouple device represented at 10 is
used to detect the resonant conditlons.’

The thermocouple detector (0 is introduced
into the resonant cavity through an opening in
- ghell 25 so that its loop will pick up the high
frequency -signal by inductive coupling. A res-
onant condition will be indicated by s maximum
- reading of the instrument 20.

In PFig. 5 I have represented another modi-
fication and application of the invention.
Fie. 5, 30 and 31 represent the inner and outer
conductors of a concentric cable high frequency
supply line having a plug connection circult
adapter at its end.. Adapted to be plugged into
the end of the high frequency supply line is a
concentric cable load line huilt in the form of
3 tube preferably sealed and evacusated. The
tubular load line is shown disconnected tut when
connected, its two similar halves are connected
"in parallel across the load line and terminals
the same. In the discussion which follows it
will be assumed that the plug connection rep-
resented has been completed. The plug arrange-
ment is such as to preserve the concentrie cable
arrgngement. The end of the outer conductor

31 of the supply line is connected to the center .

section of the outer conductor 32 of the load
Hne. The end of the inner conductor 30 of the
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the inner conductor 33 of the load line, The
outer and Inner conductors of the lozd line are

- connected fogether at-their ends, at least one
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of these high frequency connections and pref-
erably both being by way of a by-pass condenser
34, which may consist of an outer tubular con-
ductor integral with the end wall connection
closely surrounding thie inner conductor 32 but
insulated therefrom.  The load line thus com-
prises g hollow metal cylinder with a conductor
running axially through its center and this cyl-
inder is preferablr sealed and evacuated as by
the sealing plug 35 of insulating material and
sealing -plugs of insulating material between the
plates of the by-pass condensers 34,

The central portion of the inner conductor 33
of the load line is made up of fine wires 36 and
31 of different metals constituting a thermo-
couple with its hot junction between them at
38 as the point of conmeetion with the inner
conductor 30 of the supply line. Also, the sec-
tion 38 of the supply line may be of consider-
able resistance so as to be heated by the high
frequency currents and thus assist in heating

5 the junctlon point 38 to which it is connected.

The wires 36 and 37 have equal resistances and
are heated by the high frequency current and
contribute to the heat of the hot junction 38.

The thermocouple thus formed-is conneected
to & D.-C. instrument 20, the connections being
through the center conductor 33 which extends
axially out of the load line cylinder.

Now, it is seen that the load line constitutes
a resistance lead for the high frequency sup-
ply line, the two similar halves of the load line
being connected in parallel across the supply
line. Owing to the symmetrical concentric cable
_a.rrangement the load is non-inductive and ow-
ing to the high resistance of the sections 36, 31
and 33 as compared fo the insignificant imped-
ance of the by-pass condensers 34 at high fre-
guency the load is substantially a pure resist-
ance and is thus independent of freguency, The
instrument 20 is connected across points of ihe
high frequency circuit at the ends of conductor
33 which are of equal high frequency potential
af all times, hence no. high frequency current
flows into the instrument 20. The direct cur-
rent thermocouple circuit is, however, segregated
from the high frequency line by the by-pass
condensers and hence there is no continuous
path for' D. C. into the high frequency supply
line. . The thermocouple instrument may, there-
fore, be used to measure the high frequency cur-
rent .of the supply line independently of fre-
quency variations. If I make the resistance ele-
ments of the load of materials having a gero
temperature coefficient of resistance the imped-
ance of the load will be independent of the
amount of cwrrent flowing. Since in either case
the load resistance can be measured or calcu-
lated, the watt less can be caleulated and the
instrument 20 may be calibrated in watt load.

In calibrating the instrument it should be re-
membered that resistance sections 36 and 37 are
in parallel acress the supply line and resistance
section 39 in series therewith.  Half of the high
frequency current flows in each resistance section
36 and 37 and all of it in section 29. Thus, as
in the other modifications, we have g thermo-
couple sealed in a vacuum for high efltciency
and as in Figs. 2 and 3, portions of the thermo.
couple circuit are aiso the high frequency heater
cirguit but the high frequency and direct cur-
rents are effectively segregated for the purposes
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of the invention, and the impedance character-
istics of the high frequency circuit are not altered
"by the presence and use of the thermocouple.
In Fig. 5 the inner and outer conductors of the
tube load circuit may be connected together ab
the plug connections to form a doukle loop high
frequency pick-up antenna. A washer-shaped
connector suitable for this purpose is shown in
Fig. 6.
menis greatest sensitivity is obtained when the
plane of the loop is placed at riecht ancies to the
direction.of the inducting fleld and the sensitivity
may be varied by rotating the tube to vary such
inductive relation.

What I claim as new and desire to secure by
Letters Patent of the Unifed States is:

1. A thermocouple unit for detecting high fre-
quency current phenomenon comprising a sealed
and evacuated tube, conductor wires joined tfo-
gether within said tube and forming & thermo-
couple, connections leading out of said tube for

connecting a direct current instrument to said .

thermocouple, 2 high frequency alernating cur-
rent elrcuit in which said thermocouple wires are
included, the fiow of high frequency current in
such circuit causing the hot junction of seid
thermocouple to be heated, and said thermocouple
wires comprising the sole heating means for the
thermocouple, and provisions for segregating the
high frequency cirenit from the thermocouple in-
strument connections to the extent necessary to
prevent flow of high frequency current to the in-
strument.

2. Apparatus for detecting high Ifrequency cur-
rent phenomenon comprising a sealed and evacu-
ated chamber, a pair of wires joined within sald
chamber forming a thermocouple, connections
from said thermocouple leading out of said tube
for connecting the thermocouple to a direct cur-
rent instrument, said thermocouple wires form-
ing wortions of a high frequency. pick-up loop
having no circuit connections to-an external cir-
cuit, the high frequency pick-up loop connections
including by-pass condenser means which pre-
vent short-circulting of the thermocouple instru-
ment cireuit and prevent the fiow of alternating

In any of the loop antenns arrange- .
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current to the direct current instrument, the
hot junction of said thermocouple being heated
solely by reason of the flow of high frequency
currents in said thermocouple wires.

3. A thermocouple unit for detecting high fre-
guency current phenomenon comprising a sealed
and evacuated chamber, & thermocouple within
said chamber, a pair of wires leading from said
thermocouple out of said chamber for connecting
said thermocouple to g direct current instrument
and g high frequency pick-up loop wholly with-
in said chamber for heating the hot junction of
said thermocouple by reason of the flow of high
frequency alternating current in said loop, said
loop requiring no electrical connections to an
external eireuit and adapted to be energized with
high frequenecy current by induction from g high
frequency alternating current field originating
externally of said chamber.

4, A thermocouple unit for detecting high fre-

-gquency  phenoemenon comprising a sealed and

evacuated tube, a thermocouple within said tube
formed by & pair of wires in the form of a hair
pin-shaped loop, the wires heing Joined at the
closed end of such Joop to form the hot junction
of the thermocouple, connections from the open
ends of the loop leading out of the tube for con-
nection to a direct current instrument and a by~
pass condenser means between said connections
within the tube, sald thermocouple loop and by-
pass condenser means forming a high frequency
pick-up loop for heating the hot junction of the
thermocouple.

5. A thermocouple unit for detecting high fre-

‘quency phenomenon comprising a sealed and

evacuated tube, a high frequency pick-up loop
wholly enclosed within said tube, a thermocouple
having its hot junction against said high fre-
gquency pick-up loop, and g pair of leads from said
thermocouple to the exterior of sald tube for con-
necting to a direct current instrument, such loop
heing of such dimensions and resistance as to be
heated by high frequency currents induced in
said loop when the loop portion of the tube s in-
serted info a high frequency flux field.
FRANEK J. MOLES,



