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The present invention relates to indicator cir-
cuits and more particularly to an indicator cir-
cuit for denoting proper tuning of a radio trans-
mitter.

An object of the present invention is to pro-
vide a tuning indicator for miniature radio trans-
mitters wherein conventional tuning meters
cannot be employed because of their size and
weight,

Another object of the present invention is to
provide a simple, inexpensive tuning indicator
for radio transmitters.

Another object of the present invention is to
adapt a single gas discharge tube to indicate the
proper tuning of a pair of cascade connected
circuits in a radio transmitter.

A further object of the present invention is
to provide a tuning device which will respond
to changes in D. C. and/or changes in radio
frequency individually or simultaneously.

Still another object of the present invention
is to provide a circuit arrangement whereby a
‘single indicator lamp may be caused to respond
in a distinet manner to each of a plurality of
variable conditions without requiring selective
switching operations,

The present invention contemplates including
a single potential responsive device between the
screen grid and anode circuits of the output tube
of a radio transmitter so that the potential re-
sponsive device is responsive to the amplitude
of direct current potential applied to the screen
grid of the amplifier tube and also responsive
to the amplitude of radio frequency energy de-
veloped across the output tank circuit. Thus,
as the preceding stage in the transmitter is tuned
through resonance, the amount of bias developed
on the control electrode of the final amplifier
stage passes through a peak value and the amount
of current drawn by the screen electrode of the
tube passes through a minimum. The drop
through the screen decoupling resistor is there-
fore a minimum, the potential difference between
the anode and screen grid is s minimum and
the potential responsive device indicates a mini-
mum. Then, as the output tank circuit is tuned
to resonance, the developed radio frequency volt-
age across the tank circuit reaches a maximum
value, and a maximum response is obtained from.
the potential responsive device. Thus, a single
botential responsive device such as neon tube or
gas indicator bulb may be used to indicate proper
tuning of two cascaded amplifier stages of a
transmitter without involving any switching
operations whatsoever. The structure is simple
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and compact and therefore is extremely well
adapted for use in miniature radio transmitter
arrangements,

The present invention will be more fully under-
stood by reference to the following detailed de-
scription which is accompanied by a drawing in
which:

Figure 1 illustrates in diagrammatic form an
embodiment of the present invention, while

Figure 2 illustrates in diagrammatic form a
modification of the embodiment of Figure 1.

Referring now to Figure 1 there is shown a
thermionic discharge tube (@ having a control
grid 9, cathode i1 and znode or output electrode
12. This tube may be a crystal oscillator tube,
a buffer amplifier tube or a frequency multiplier
tube of a miniature portable radio transmitter.
The anode 12 of tube 10 is connected to tank
circuit 14. The tank circuit includes an induct-
ance 15 tuned by variable condenser 16. How-
ever, it is within the scope of the present in-
vention to use a fixed tuning capacitor and varia-
ble inductance tuning, if desired. The connec-
tions to grid 9 and cathode 11 are not shown
in this figure since these connections vary in
accordance with the function served by tube 10,
depending upon whether it is a crystal oscillator,

. buffer amplifier or frequency multiplier, The
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specific mode of operation of tube 10 is, however,
not a part of the present invention, and it is not
believed necessary to describe its operation fur-
ther in any detail. It is only necessary to con~
sider that radio frequency energy appears on
anode 12 and that tank circuit 14 may be tuned
to resonate with said radio frequency energy by
suitable varying of the circuit parameters of the
tank circuit as, for example, by varying the
capacity of condenser {6. Condenser 18 couples
energy from tank circuit 14 to grid 19 of an
output or power amplifier tube 20. A bias po-
tential for grid 19 is developed in known manner
across resistor 22 by grid-cathode circuit rectifi-
cation of the radio frequency energy coupled
thereto from tank circuit 14. The developed bias
potential will be in direct proportion to the am-
plitude of the output of tube i0. Tube 20 has
an output electrode or anode 24 connected
through tank circuit 34 and a winding of modula-
tion transformer 38 to a source of potential desig-
nated by the legend B-+. Screen electrode 26
is supplied with operating potential through
dropping resistor 29 from the same source of
potential. Screen grid 26 is by-passed to ground
or some other point of zero reference potential
by a by-pass condenser 21, It may be seen that
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the current drawn by enode 24 and screen grid
28 is dependent upon the amount of bias potential
developed on grid {9 by the rectification of radio
frequency energy applied thereto.

Output tank circuit 34 may be coupled to &
suitable radio frequency load or antenna A
through g coupling condenser 37. However, the
present invention is not limited to this form of
output coupling since jnductive coupling may as
well be used.

A neon glow tube 28 or other similar gas dis-
charge device has one terminal connected to
sereen 26 and the other conniected through re-
sistor 30 to anode 24. Thius, the indicator neon
tube 28 glows in accordance with the amplitude
of radio frequency voltage developed on the plate
24 of tube 28 or in proportion to the direct cur-
rent voltage Arop across screen grid resistor 28
or as a result of a combination of both effects.
In practice the amount of illumination due to
direct current component is utilized for a tuning
iridication of tank circuit 14 while the illumina-
tion due to the radio frequency component is
used for a tuning indication of tank circuit 34.
Resistor 30 acts as a current limiting resistor
to prevent the neon tube 28 from drawing ex-
cessive current. In some cases, where the anode
supply potential is' so low that reliable operation
of tube 28 ray not in &ll cases be obtained, a
resistor 39 may be inserted between tube 28 and
the source of anode potential. This connection
is desirable when battery operation is contem-
plated, since the anode potential, during oper-
ation may drop to such an extent that other-
wise tube 28 may go out, while the battery still
has considerable operating life left. The series
connection of resistors 30 and 39 form a poten-
tial divider across coil 35 and the winding of
transformer 38, increasing the potential applied
to tube 26 by a suitable fraction of the drop
across said elements. ‘

The proper tuning procedure for utilizing these
effects is to set condenser 36 of tank circuit 34
so that the radio frequency component on anode
94 of tube 20 is Jow, 3 condition which exists at
all tuning points for tank circuit 34 except the
desired final funihg and those immediately ad-
jacent the final point. Then, condenser 16 of
tank circuit 14 may be adjusted for naximum
output from tube 10. As previously explained,
the larger the output from tube 10, the higher
the developed rectified voltage across resistor 22,
thus decreasing both screen and plate currents
drawn by tube 20. The decreased screen current
means a lower drop through resistor 29 and
consequently less illumination of the indicator
tube 28. Thus, the first tuned ecircuit ig is
tuned fo its probper operating conditions by
watching tube 28 for minimum illumination.
After this has been ‘accomplished, the final am-
plifier tank circuit 234 is tuned to the desired
operating frequency by tuning condenser 36 so
a5 to obtain maximum illumination of tube 28
due to a maximum in the developed radio fre-
guency component across tank circuit 34.

An alternate cireuit for tuning indication is
shown in Figuré 2 wherein only the final ampli-
fier circuit and indicator arrangement are shown.
The first amplifier or buffer amplifier arrange-
ment constituted by tube 10 of Figure 1 is to
be considered as feeding through condenser 18
to tube 20 in Figure 2, the same as it does in
Figure 1. In Figure 2, however, indicator tube
28 is connected from screen grid 26 through &
current limiting resistor 40 to ground. A radio
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frequency coupling condenser 41 is connected
from the plate 24 of tube 20 to the high poten-
tial end of resistor 40.

In the procedure for operation of the circuit
arrangement of Fig. 2, as for that of Fig. 1, con-
denser 36 of tank circuit 34 is set off resonance
so that the radio frequency component appear-
ing on anode 24 of tube 20 is low. Then, con-
denser 15 of tank circuit 14 may be: adjusted
for maximum output from tube 10. As the out-
put from {0 increases, the developed rectified
voltage across resistor 22 increases and both
screen and plate currents drawn by tube 20 ac-
cordingly decrease. ‘The decreased screen cur-
tent mesns a lower drop through resistor 29
and consequently a greater D.-C. potential across
indicator tube 28 and resistor 48. Thus, the
first tuned circuit 14 is tuned to its proper oper-
ating conditions in this case by watching tube
28 for a maximum illumination. After this has
been accomplished, the final amplifier tank cir-
cuit 34 is tuned to the desired operating fre-
quency by adjusting condenser 36 to obtain a sec-
ond maximum illumination of tube 28 due fo a
taximum in the developed radio frequency com-
ponent across tank circuit 34.

As in the arrangement described above with
reference to Figure 1 both alternating and direct
voltage components contribute to the amount of
illumination supplied by indicator tube 28. How-
ever, in the case of Pigure 2 proper tuning of
the first condenser circuif 14 produces a greater
jllumination by way of a greater direct voltage
component.. This is due to the increase of di-
yect screen grid potential on screen grid 26 due
to a decreased current flow through tube 20 with
increased bias potential developed on control
electrode 19. Thus, for optimum tuning both
tank circuits may be tuned individually to pro-
duce maximum illumination of indicator tube 28.

While we have illustrated a particular em-
bodiment of the present invention, it should be
clearly understood- that it is not limited there-
to since many modifications may be made in the
several elements employed and in their arrange-
ment and it is therefore contemplated by the
appended ciaims to cover any such modifica~
tions as fall within the spirit and scope of the
jnvention.

‘What is claimed is:

1. An indicator circuit adapted to be associated
with a pair of cascade connected amplifier tubes,
the second of said tubes having at least a con-
trol electrode, an anode and a screen electrode,
means for connecting said anode and said screen
electrode to o source of pobential, connections
to said control electrode whereby bias poten-
tials are devéloped thereon proportional to the
excitation supplied thereto from the first of said
tubes, means for coupling an output circuit to
said anode, and 2 Dpotential responsive device
connected between said screen electrode and
said output circuit to provide an indication is
directly proportional to the developed control
slectrode potential and directly proportional to
the potential developed across said output cir-
cuit.

2. An indicator circuit adapted to be associated
with a thermionic amplifier tube, said tube hav-
ing at least a control electrode, an anode and
a’ screen -electrode, means for connecting said
anode and said sereen electrode to a source of
potential, connections to said control electrode
whereby bias potentials are developed thereon
proportional to the excitation supplied thereto,
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and a single potential-responsive device coupled
to said screen electrode and said anode to pro-
vide an indication proportional to the developed
control electrode potential and to the output
potentials developed on said anode.

3. An indicator circuit adapted to be associated
with a pair of cascade connected amplifier tubes,
the second of said tubes having at least a control
electrode, an anode and a screen electrode, means
‘for connecting said anode and said screen elec-
trode to a source of potential, connections to said
control electrode whereby bias potentials are de-
veloped thereon proportional to the excitation
supplied thereto from the first of said tubes,
means for coupling an output circuit to said
‘anode, and 2 potential responsive device con-
nected between said screen electrode and said
output circuit to provide an evaluation inversely
proportional to the developed control electrode
potential and directly proportional to the poten-
tial developed across said output circuit.

4. An indicator circuit adapted to be associated
‘with a pair of cascade connected amplifier tubes,
the second of said tubes having at least a control
electrode, an anode and a screen electrode, means
‘for connecting said anode and said screen elec-
trode to a source of potential, connections to said
control electrode whereby bias potentials are-de-
veloped thereon proportional to the excitation

supplied thereto from the first of said tubes, -

means for coupling an output circuit to said
anode, and a gas discharge tube connected be-
.tween said screen electrode and said output cir-
cuit, said gas discharge tube providing illumina-
tion inversely proportional to the developed con-
trol electrode potential and directly proportional
to the potential developed across said output cir-
cuit.

5. An indicator circuit adapted to be associated
with a pair of cascade connected amplifier tubes,
the second of said tubes having at least a con-
trol electrode, an anode and a screen electrode,
means for connecting said anode and said screen
electrode to a source of potential, connections to
said control electrode whereby bias potentials
are developed thereon proportional to the excita-
tion supplied thereto from the first of said tubes,
means for coupling an output circuit to said
anode and a gas discharge tube connected be-
tween said screen electrode and ground to pro-
vide illumination varying directly proportional
to the developed control electrode potential, a
further connection from said gas discharge tube
to said anode to vary said illumination directly
proportional to the potential developed across
said output circuit.

6. An indicator circuit adapted to be associated
with a thermionic amplifier tube, said tube hav-
ing at least a control electrode, an anode and a
screen electrode, means for connecting said anode
and said screen electrode to a source of potential,
connections to said control electrode whereby bias
potentials are developed thereon proportional to
the excitation supplied thereto, means for cou-
pling an output circuit to said anode and a single
potential-responsive device connected between
said screen electrode and said output cir-
cuit to effect a response inversely proportional
to the developed control electrode potential and
directly proportional to the potential developed
across said output eircuit.

7. An indicator circuit adapted to be associated
with a thermionic amplifier tube, said tube hav-
ing at least a control electrode, an anode and a
screen electrode, means for connecting said
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anode and said screen electrode to a source of
potential, connections to said control electrode
whereby bias potentials are developed thereon
proportional to the excitation supplied thereto,
means for coupling an output circuit to said

‘anode and a gas discharge tube connected be-

tween said screen electrode and ground to ob-
tain an indication directly proportional to the
developed control electrode potential and a con-
denser coupled from said gas discharge tube to
said anode to obtain an indication directly pro-
portional to the potential developed across said
output circuit. '

8. An indicator circuit adapted to be associated
with an amplifier circuit arrangement comprising
an electron discharge tube having at least a con-
trol grid, a screen grid and an anode, said elec-
tron discharge tube having an adjustable reso-
nant circuit coupled to the control grid thereof
and a tunable output circuit coupled to the anode
thereof, means to connect said screen grid and
said anode to a source of operating potential,
means to apply radio frequency oscillations to
said tunable resonant circuit, connections to
said control grid to develop thereon bias poten-
tials proportional to the amplitude of the oscil-
lations across said adjustable resonant circuit,
and a single potential-responsive device connect-
ed to said screen grid to provide an indication of
resonance in response to changes in direct cur-

-rent drawn by said electron discharge tube as said

adjustable resonant circuit is tuned, and means

‘to couple said potential-responsive device to said

anode to provide an indication of resonance in
response to the change in amplitude of the am-
plified radio frequency potential developed on
said anode as said output circuit is tuned.

9. An indicator circuit adapted to be associated
with an amplifier circuit arrangement comprising
an electron discharge tube having at least a con-
trol grid, a screen grid and an anode, said elec-
tron discharge tube having an adjustable reso-
nant circuit coupled to the grid thereof and a tun-
able output circuit coupled to the anode thereof,
means to connect said screen grid and said anode
to a source of operating potential, means to apply
radio frequency oscillations to said tunable reso-
nant circuit, connections to said control grid to
develop thereon bias potentials proportional to
the amplitude of the oscillations across said ad-
justable resonant circuit, and a single potential-
responsive device connected to said screen grid
to provide an indication of resonance of said ad-
justable resonant circuit in inverse proportion to
the potential developed on the control grid of
said electron discharge tube as said adjustable
resonant circuit is tuned, and means to couple
said potential-responsive device to said anode to
provide an indication of resonance in direct pro-
portion to the amplitude of the amplified radio
frequency potential developed on said anode as
said output circuit is tuned.

10. An indicator circuit adapbed to be associat-
ed with an amplifier circuit arrangement com-
prising an electron discharge tube having at least
a control grid, a screen grid and anode, said
electron discharge tube having an adjustable
resonant circuit coupled to the control grid
thereof and a tunable output circuit coupled to
the anode thereof, means to connect said screen
grid and said anode to a source of operating po-
tential, means to apply radio frequency oscilla-
tions of said tunable resonant circuit, connec-
tions to said control grid to develop thereon bias
potentials proportional to the amplitude of the
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-éscillations across sald adjustable resonant cir-
cuit, and a single potential-responsive device
connected to said screen grid to provide an in-
dication of resonance of said adjustable resonant
circuit in direct proportion to the potential de-
veloped on the control grid of said electron dis-
charge tube as said agjustable resonant circuit
is tuned, and means to couple said potential-re-
sponsive device to said anode to provide an in-
dication of resonance in direct proportion to-the
amplitude of the amplified radio frequency po~
tential developed on said anode as said output
circuit is tuned.

11. An indicator circuit adapted to be associat-
-ed with an amplifier circuit arrangement com-
prising an electron discharge tube having at least
a control grid, a screen grid and an anode, said
electron discharge tube having an adjustable
resonant circuit coupled to the control grid there-
of and a tunable output circuit coupled to the
‘anode thereof, means to connect said screen grid
‘and said anode to a source of operating potential,
means to apply radio frequency oscillations to
said tunable resonant circuit, a grid-leak con-
nected to said control grid to develop thereon
bias potentials proportional to the amplitude of
the oscillations across said adjustable resonant
circuit, and a gas discharge device having one
terminal thereof connected to said screen grid
and the other terminal thereof coupled by means
‘of a resistor to said anode to ‘provide an indica-
-tion of resonance of said adjustable circuit in in-
verse proportion to the direct potential developed
in the control grid of said electron discharge tube
-as-said adjustable resonant circuit is tuned, and
4$o provide an indication of resonance of said
output circuit in direct proportion to the ampli-
‘tude of the amplified radio frequency potential
~developed on said anode as said output circuit is
‘tuned.
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- 12, An indicator circuit adapted to be assoclat-
ed with an amplifier circuit arrangement com-
prising an electron discharge tube having af least
a control grid, a screen grid and an anode, said

8 electron discharge tube having an adjustable

resonant circuit coupled to the control grid
thereof and a tunable output circuit coupled to
the anode thereof, means to connect said screen
grid and said anode to a source of operating po-

10 tential, means to apply radio frequency oscilla-

tions to said tunable resonant circuit, a grid-
leak connected to said control grid to develop
thereon bias potentials proportional to the ampli~
tude of the oscillations across said adjustable

15 resonant circuit, and a gas discharge device hav-

ing one terminal thereof connected to said screen
grid and the other terminal thereof connected to
ground to provide an indication of resonance of
said adjustable resonant circuit in direct propor-

20 tion to the potential developed on the control

grid of said electron discharge tube as said ad-
justable resonant circuit is tuned, and a capaci-
tor coupling said other terminal of said gas dis-
charge device to said anode to provide an indi-

95 cation of resonance of said output circuit in di-

rect proportion to the amplitude of the amplified
radio - frequency potential developed on said
anode as said output circuit is tuned.

JARRETT L. HATHAWAY.

30 RAILPH C. KENNEDY.
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