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This invention relates to a system for volume 
Cornpression and has more particularly to do 
With the use of a volume compressor in a radio 
transmitter. In carrying out my invention I pro 
Vide a circuit arrangement which is designed to 
Operate upon the line amplifier of a transmitter 
in Such a way as to limit the amplitude of the 
modulations applied to the carrier wave. 
Under ideal conditions in which the line am 

plifier, Speech amplifier and transmitter have 
uniform transmission characteristics throughout 
the desired frequency spectrum it should be pos 
Sible to adjust the compression amplifier so that 
the compression just occurs at the point where 
the transmitter closely approaches 100 percent 
nodulation. In practical installations, however, 
considering the transmitter as a whole, from line 
anplifier to antenna, there will tend to be a 
departure from the ideal straight line charac 
teristic, particularly at the two ends of the trans 
r:litted Spectrum. Under these conditions the in 
Conling program material may contain peaks 
Which will cause compressor action with its at 
tendant reduction in gain, when in fact a large 
part of the energy representing the peaks may 
CCCur in those bands of frequencies which are 
destined to be attenuated in the transmitter and 
Would not necessarily cause overmodulation if 
transmitted at the actual incoming level without 
COrnipression. 
In the usual type of compression amplifier a 

delayed recovery after compression is necessary 
to prevent volume reductions occurring at a syl 
labic rate. Under these conditions repeated com 
preSSOr action as a result of peaks containing 
a large percentage of those frequencies which 
Will be attenuated by the transmitter may defeat 
the purpose of the compression type amplifier 
and result in a reduction in transmitter output 
rather than an increase. 

It is an object of my invention to provide a 
compression type amplifier for a radio transmit 
ter. Wherein full scope is given to the modulation 
capabilities of the transmitter without overmod 
ulation. 

It is another object of my invention to pro 
vide means in a compression type amplifier for 
protection against Sudden peaks which might 
cause over-modulation. 

Still another object is to provide a circuit, the 
function of which is to enable the carrier wave 
output of a transmitter to be modulated as much 
as possible without compressor action, the cir 
cuit being arranged to automatically introduce 
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Volume compression whenever the modulation 
peaks reach an amplitude which is close to the 
maximum modulation capability of the trans 
mitter. 
My invention will now be described in more 

detail, reference being made to the accompany 
ing drawing in which 

Fig. 1 shows a complete circuit diagram of a 
typical volume compressor arranged in accord 
ance with my invention and constituting a pre 
ferred embodiment, and 

Fig. 2 shows a modification of one portion of 
the circuit more fully shown in Fig. 1. 

Referring first to Fig. 1, I show input termi 
nals for a circuit which applies volume com 
pression to an amplifier stage in a radio trans 
mitter. The input terminals f receive a sample 
of the modulated carrier wave energy and apply 
the same across the primary winding of a trans 
former 2. The Secondary of this transformer is 
connected to the anodes of a twin diode rectifier 
tube 3. Across the secondary terminals of the 
transformer 2 I also connect an adjustable ca 
pacitor 4 in order that the output from this trans 
former may be tuned to the frequency of the car 
rier wave. 

Rectified potentials which are developed be 
tween the cathode of tube 3 and the mid-tap on 
the secondary of transformer 2 are used to con 
trol the bias on the input circuit of a gaseous 
discharge tube 9. The rectified peaks of the mod 
ulation frequency component of a modulated car 
rier Wave are directly proportional to the mod 
ulation percentage. By means of a reversing 
Switch 40 my device may be made to operate on 
an increase in amplitude of the rectified modula 
tion component in either the positive or the neg 
ative direction. 
The following description of circuit connec 

tions Will be given for the condition where switch 
40 is thrown to the right, and where the rectifier 
3 is so connected as to deliver rectified modula 
tion components which vary in direct proportion 
to the negative peaks of the modulated carrier 
Wave. The alternative connections and mode 
of operation. When the switch 40 is thrown to the 
left will be obvious. It should be understood, 
however, that the position in which the switch 
40 should be placed is largely determined by the 
type of service in which my invention is applied. 
The cathode of the tube 3 is connected through 

switch 40 to a tap 5 on a potentiometer 6, one 
end of which is connected to ground and the 
other end of which is connected to the negative 
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terminal of a direct current power supply T. The 
cathode of the rectifier tube 3 is also coupled to 
ground across a capacitor C3. 
The gaseous discharge tube 9 possesses a cath 

Ode, an anode and a control grid. The cathode 
is grounded. The anode is supplied through re 
sistors i ), , 2 and 3 with direct current po 
tential from the source 7. Resistor 2 is adjust 
able. The control grid in tube 9 is connected to a 
center tap on the secondary winding of trans 
former 2, this connection being made through a 
choke coil 4 and SWitch 40. The cathode of the 
tube 9 is also connected to its grid through a por 
tion of a potentiometer 5 which has a tap 6 
connected to one end of an input circuit resistor 
8, the other end of this resistor being connected 
to the grid in tube 9. A voltmeter 8 is connected 
between the cathode of tube 3 and the potenti 
Ometer tap í 6. 
In the anode circuit of the gaseous tube 9 is a 

condenser C2. Which, in conjunction with resistor 
3 and another condenser C1, also in combination 
With resistor 2, Will cause a series of pulses to be 
applied to the primary Cf a transformer T when 
the required grid-to-cathode potential is applied 
to, the tube 9. The discharge circuit for con 
denser C2 includes a resistor 26 and the space path 
of tube 9 when the latter becomes conductive. 
The potential drop across resistor 26 supplies 
energy. to the primary of transformer T, they be 
ing connected in parallel. 
A voltage regulator 2 f is provided for maintain 

ing a constant potential to be applied to the con 
denser C1 and C2, also across potentiometers 5 
and, 6, so that the firing conditions can be ac 
curately controlled. When the required grid-to 
cathode potential is applied to the tube 9 then 
the above described action ensues and the output 
of the transformer T is rectified in a diode tube 
22. This tube has its cathode connected to ground 
through the secondary of transformer T. The 
anode in tube 22 is coupled to ground across ca 
pacitor 25 and is also connected to one end of a 
variable resistor 23 and thence to a tap 9 on a 
p?tentiometer 24. This potentiometer has its ter 
minals connected respectively to ground and to 
the negative terminal of the source 7. The tap 
is is settable to a position where a suitable 
threshold bias is applied to the anode in tube 22, 
thus rendering this tube non-conductive until the 
biasis overcome by rectified energy from the sec 
ondary of transformer T. The junction between 
resistor 26, the cathode of tube 9, and the primary 
winding of transformer T is grounded. 
The function of the time constant circuit com 

prising capacitor 25, resistor. 23 and that portion 
of potentiometer 24 between tap 9 and ground 
is to control the gain recovery period, as will be 
readily understood by those skilled in the art. 
The capacitive Value of condenser C1 is greater 

than that of condenser C2 and its charging. rate 
is made slower than the discharge rate of C2, the 
time constants being determined by a suitable 
choice of resistance values of the elements. , 2, 
13, 26 and 36. Hence, it is possible to produce a 
succession of discharges of condenser C2, by firing 
the gaseous tube 9 during periods of over-modus 
lation, or whenever volume compression is de 
sired. The charge of condenser C2 which is 
drained off is replaced by energy stored in con 
denser C1 until the potential of the charge in con 
deniser C? falls below the ignition point of the tube 
9. If the period of required volume compression 
is caused by overmodulation to exceed the dis 
charge time of condenser C1, then that condenser 
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4. 
Will re-charge and the action of repeated firing 
of the tube 9 will be continued. This circuit ar 
rangement may be likened to a self-oscillating 
circuit oscillating only when gas tube 9 is fired. 
When the charge on condenser C2 equals that 

of condenser C1 then no current flows through 
resistors 3 or 26 until tube 9 becomes ignited by 
a reduction in the potential drop across resistor 
8, a condition resulting from the occurrence of 
OVer-modulation, or near approach to 100% 
modulation. 
An amplifier Stage subject to volume compres 

Sion is shown as a tube 27 which may be of the 
pentode type, although any tube having a variable 
mu characteristic may be used. The gain in this 
tube is subjected to volume compression in re 
Sponse to the activation of the gaseous tube 9, the 
control being obtained by rectification compo 
nents of the diode tube 22 which are reflected in 
variations in the potential drop through that por 
tion of potentiometer 24, which extends from the 
tap 9 to ground. 
The control grid 28 in tube 2 is coupled 

through a capacitor: 29, to the output side of an 
audio signal Source. The grid 28 is biased through 
resistor 30 leading: to a taip 20 on potentiometer 
24, this potentionqeter being connected between 
ground and the negative terminal of the power 
supply 7. The anode in the tube 27 is: connected 
to, source 7 through a resistor. 3. The Screen grid 
is similarly connected through a resistor 32. 

Tube. 27 preferably, has its cathode connected 
to ground through a cathode resistor 33, this re 
sistor being shunted by a capacitor 34. The 
screen grid is coupled to ground through capaci 
tor 35. The suppressor grid is connected to the 
cathode in the usual way. Utilization of the out 
put from the tube 27, is obtained by means of an 
output circuit through, capacitor 37. 
The circuit comprising potentiometer 5 and 

capacitor Cs is first adjusted with the carrier off 
to a point where the gaseous tube 9 is biased Sub 
stantially to the firing, point. The voltage drop 
across, potentiometers 6; and 5 generally is lower 
than the available. voltage between the negative 
and the grounded, terminals of the source 7. The 
voltage drop, through resistor. 4 makes up, the 
difference. The voltage regulator 2 f. serves to 
maintain, a constant voltage drop through po 
tentiometers 5 and 6. When potentiometer 5.is 
adjusted as outlined, above potentiometer: 6 then 
provides, a control, voltage in series. With the out 
put of the diode-tube.3, SQ. that.the Voltage across 
resistor 8, contributed by...therectified; carrier waye 
can be cancelled and made Zero.at...any predeter 
mined modulation percentage. When the prerset 
modulation, percentage i?? reached, the difference 
in potential between the grid and cathode of the 
gaseous. tube. 9... will be equal, to the voltage re 
quired to render this tube conductive. Hence: the 
corapressor, açtion, will ensue. 
As an illustration of, how the circuit operates, 

consider. that the voltages E1, and E2 are equal to 
the required firing, potential of the gaseous tube 
9 during the modulation within the capabilities 
of the transmitter, The. Qutput. of the diode 
rectifier, 3 will, produce additional negative bias 
across resistor 8...and the gaseous tube 9 will then 
be inoperative. However, during a modulation 
peak, which approaches one hundred percent in 
the negative direction-the voltage-across resistor 
8 contributed by the diode-tube. 3 Will be Zero 
and tube.9, will, become-conductive: and collapces 
sion will ensue. The same: effect will result:from 
failure of the carrier. Wave-itself. Upora resuapy 
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tion of the transmitter operation the recovery of 
the gain in the amplifier will be comparatively 
Slow until the normal modulation level or percent 
age is again reached. The operation of my inven 
tion in this manner is found to be quite advan 
tageous in comparison with the action of volume 
compreSSors of the prior art. 

In the operation of a transmitter it occasionally 
happens that the carrier Wave Source itself may 
fail. Means are usually provided for restoring 
the circuit connections automatically after the 
conventional circuit breaker has been tripped. 
One difficulty that has arisen in the past has 
been to restore the Service without causing re 
peated tripping of the circuit breaker due to the 
presence of high amplitude of the modulation 
energy. Obviously the carrier Wave is over 
modulated under these conditions. The action 
of my volume compressor is one, however, in 
Which the recovery of the gain is made relatively 
Slow. Under Such conditions, therefore, the re 
peated tripping of the circuit breaker is avoided. 
By the adjustment of potentiometer 6 com 

pression can be made to occur at any predeter 
mined modulation percentage. The voltmeter 8 
will show the difference in voltage between E1 
and E2 and Will act as a tuning indicator for the 
diode rectifier 3 and may be calibrated to indicate 
the percentage of modulation at which compres 
Sion Will occur. 
condenser C1 and the aSSociated resistor 2 is of 
shorter duration than the discharge period of 
capacitor 25 in combination with the resistors 
interconnecting its electrodes the unit will be 
capable of repeated compressor action as required, 
The transformer T is by no means essential in 

the circuit arrangement of Fig. 1, but optionally 
it may be eliminated by interconnecting points A 
and B as Shown in Fig. 2. 

In conjunction. With a circuit, Such as a dis 
criminator as used in present freguency modula 
tion Systems, in which the voltage across a resistor 
or other circuit element would be substantially 
dependent upon the frequency deviation, a voltage 
so obtained could be introduced into the grid 
circuit of a gaseous tube as described herein and 
could be used to initiate the compressor action 
On frequency deviations representing greater 
Volume range than desired, and So act to maintain 
frequency deviations representing volume changes 
Within the desired limits. 

It Will be apparent to those skilled in the art 
that various modifications of the circuit arrange 
ment other than shown may be made without de 
parting from the Spirit and Scope of the inven 
tion. 

I claim: 
1. In a modulated carrier wave signaling system 

in combination with a variable gain amplifier, 
means including a circuit device coupled to a 
transmission line in Said System and responsive 
to variations in the modulation level of signals 
transmitted through said line for controlling the 
gain in Said amplifier, Said device including ap 
paratus for rectifying a component of the mod 
ulated carrier wave energy and a gaseous dis 
charge tube having circuit parameters such that 
it becomes ignited by failure of Said energy com 
ponent to maintain a predetermined negative bias 
on its input circuit when Such failure is accom 
panied by the impress of a critically high cathode 
anode voltage on its output circuit, Said apparatus 
also including tWo resistively interconnected 
capacitors of different capacitive ratings and a 
discharge circuit for the Smaller of the tWO capac 
itors through the ionization path of Said tube, 

When the charging time of the 
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6 
the Smaller capacitor being chargeable from the 
larger capacitor up to a voltage Sufficient to ignite 
Said tube, a direct current source, an impedance 
circuit connected across the terminals of said 
Source and including the larger capacitor for 
charging the Same, and means for rectifying a 
derivative of the discharge current from the 
Smaller capacitor and applying the same to vary 
the gain in Said amplifier and to produce volume 
compreSSion therein only when the modulation 
level exceeds a predetermined percentage. 

2. A circuit device in accordance with claim 
and including two potentiometers the extremities 
of which are connected in parallel between points 
of potential difference at the negative side of said 
direct current Source, the more positive point 
being grounded, as is the cathode of said gaseous 
tube, an input circuit resistor connected between 
the control grid of Said gaseous tube and an 
adjustable tap on one of Said potentiometers, an 
adjustable tap on the other of said potention 
eters connected to one side of said rectifying 
apparatus, and means interconnecting the taps 
On the tWO Said potentiometers for measuring the 
potential difference therebetween in terms of 
nodulation percentage. 

3. In a carrier Signaling System, a variable gain 
aniplifier having its input circuit coupled to a 
Source of audio-frequency signals, a gain control 
circuit connectad between the cathode and a 
control grid in the discharge device of said am 
pifies, a direct current source for supplying op 
erating potentials to the electrodes of said de 
Vice, a pair of interconnected time constant cir 
Cuits comprising capacitors and resistors the 
paraliaeters of which are suitably chosen for pro 
duicizag repeated charges of the first capacitor by 
cii'aining off a portion of the charge in the second 
capacitor, the latter being resistively connected 
to Said Source, a gaseous triode tube having in 
its output circuit a resistor and the first said 
Capacitor, ineans for diverting and for rectify 
ing a portion of the modulated carrier wave en 
ergy from a signal source with which said ampli 
fiel is connected, a control circuit operable dur 
ing periods when the amplitude of said rectified 
energy falls below a predetermined level for ignit 
ing Said gaseous tube, thereby to close a dis 
charge circuit for the first said capacitor, means 
for diverting and for rectifying a component of 
the energy discharged through said gaseous tube, 
and a circuit connection from the output side of 
the last Said means to said gain control circuit 
for reducing the gain in said amplifier during 
periods of unwanted overmodulation. 

4. In a System for Volume compression as ap 
plied to an amplifier having at least one electron 
discharge tube stage in which the gain is a func 
tion of the direct current grid bias potential ap 
plied thereto, means for diverting a portion of 
the modulated carrier wave signaling energy 
from a Source With which said amplifier is con 
nected, means for rectifying said energy portion, 
a gaseous discharge tube having an input cir 
cuit Subject to triggering control by a composite 
effect of direct current threshold bias and a 
Superimposed rectified signal energy component 
from Said rectifying means, a cathode-anode cir 
cuit for Said gaseous tube including a capacitor 
and a resistor, means including a direct current 
Source for charging said capacitor, a time con 
Stant circuit connected across the terminals of 
Said Source for Storing and releasing the charg 
ing potentials applied to said capacitor, means 
for diverting and rectifying an energy compo 
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hent which is derived from the discharge of said 
capacitor through said cathode-anode circuit 
upon ignition of the gaseous tube, and a circuit 
for superimposing said diverted energy compo 
nent on said grid bias potential which is applied 
to said amplifier. 

5. In a system for transmitting a modulated 
carrier wave, a circuit arrangement constructed 
and adapted to control the gain in a Variable 
gain amplifier So as to produce Volume compres 
sion therein only on the near approach of the 
modulation level to 100% modulation, said cir 
cuit arrangement including a gaseous discharge 
tube of the triode type having a control electrode, 
an input circuit connected to said control elec 
trode, circuit means for subjecting said input 
circuit to joint control by a Source of threshold 
bias potential and by a rectified derivative of the 
modulated carrier wave energy to fire said tube 
at a predetermined voltage on said control elec 
trode, an output circuit for said tube and con 
nected thereto characterized by the inclusion 
therein of time constant means for causing said 
tube and output circuit to self-oscillate during 
periods when the voltage on said electrode is of 
a value to fire said tube, means connected to said 
output circuit for integrating and rectifying a 
component of the energy released by the self 
Oscillation, and means for applying said recti 
fled and integrated component to the input cir 
ctuit of Said amplifier for producing volume com 
pression therein. 

6. In a system according to claim 5 a volt 
meter connected across points of potential dif 
ference in said circuit arrangement where said 
potential difference varies as a function of the 
modulation level of the modulated carrier wave. 

7. In a system for transmitting a modulated 
carrier Wave, a circuit arrangement constructed 
and adapted to control the gain in a variable gain 
amplifier so as to produce volume compression 
therein only on near approach to the modulation 
level to 100% modulation, said circuit arrange 
ment comprising a self-oscillating circuit hav 
ing a Control element and oscillating only dur 
ing application of predetermined voltages to said 
control element, a first voltage deviation circuit 
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connected to apply to said control elementa con 
trol voltage derived from a portion of the modul 
lated carrier Wave energy, a second voltage der 
ivation circuit Connected to said self-oscillat 
ing circuit to derive a gain control voltage from 
the self-oscillations of said oscillating circuit, 
and means to apply said gain control voltage to 
the variable gain amplifier to vary the gain 
thereof to produce volume compression therein. 

8. In a System for transmitting a modulated 
carrier Wave, a circuit arrangement constructed 
and adapted to control the gain in a variable gain 
amplifier So as to produce volume compression 
therein only on near approach to the modulation 
level to 100% modulation, said circuit arrange 
ment comprising a self-oscillating circuit includ 
ing an electronic tube having a control electrode 
and OScillating only during application of pre 
determined voltages to said control electrode, a 
Voltage derivation circuit connected to apply 
Control voltage to said control electrode, said 
voltage being derived by rectification of a por 
tion of the modulated carrier wave energy, a 
rectifier circuit connected to said self-oscillat 
ing circuit to integrate and rectify a component 
of the energy released by the self-oscillation 
thereof, and means applying said rectified and 
integrated component to the variable gain am 
plifier to vary the gain thereof, to produce 
VOlUI?ne COmpression therein. 

9. The circuit arrangement claimed in claim 8, 
Said electronic tube being a gas tube, said control 
electrode controlling the firing of said gas tube. 

GEORGE K. GRAHAM. 
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