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1. 
This invention relates to radio transmitting 

systems, and more particularly pertains to the 
provision of means to prevent over-modulation 
in a frequency modulation type transmitting Sys 
tem. - 

In the transmission of messages by the modula 
tion of a carrier frequency in accordance with 
the principles of frequency modulation, the devi 
ation of the carrier frequency from the center 
frequency of such carrier is in accordance with 
the amplitude of the modulating audio frequency 
Signal. If the amplitude of the modulating audio 
frequency signal becomes too great, then the car 
rier frequency will have a deviation exceeding 
the carrier band of frequencies allotted to the 
transmitter, which may cause numerous objec 
tionable results in the transmission including in 
terference with other stations having adjacent 
carrier frequency bands, and possible poor. de 
modulation, and the like. For this reason it is 
desirable to provide means to limit the extent 
of frequency deviation regardless of the wide 
variations in the amplitude of the modulating 
audio frequency signals. 
In view of the above considerations, it 

posed in accordance with the present invention 
to provide a system of frequency modulation hav 
ing such characteristics as to substantially elim 
inate the possibility of over-modulation. It is 
proposed to accomplish this purpose by simple 
but effective means. 
Other objects, purposes and characteristic fea 

tures of the present invention will be in part 
obvious from the accompanying drawings, and 
in part pointed out as the description of the in 
Vention progreSSes. - - 

is pro- . 

. . 2 

wiring connections, batteries or other sources of 
electric current and the like. - 
With reference to the drawing, a transmitting 

organization is illustrated as comprising in gen 
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In describing the invention in detail, reference 
will be made to the accompanying drawing which 
ilustrates a transmitting organization in a sim 
plified diagrammatic manner as one form of em 
bodiment of the present invention. 

For the purpose of simplifying the illustration 
and facilitating in the explanation, the various 
parts and circuits constituting the embodiment of 
the invention have been shown digrammatically 
and certain conventional illustrations have been 
employed, the drawing having been made more 
with the purpose of making it easy to understand 
the principles and mode of operation than with 
the idea of illustrating the specific construction 
and arrangement of parts that would be employed 
in practice. Thus, the various devices are illus 
trated in a conventional manner, and various con 
ventional symbols are used to indicate the devices, 
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eral a microphone, a reactance stage, an oscillator 
stage, frequency multiplier and power camplifier 
stages, and an antenna-ground system. 
The microphone is shown connected to the pri 

mary of an audio transformer O having in its 
circuit a suitable source of energy such as battery 
1. The secondary of the audio transformer O 
is connected through a potentiometer 2 to 
ground, so that the variable point of the potenti 
ometer can be used to supply a manually se 
lected potential drop across the potentiometer for 
normal volume of messages as the input of the 
reactance stage. 
The reactance stage (see dotted rectangle with 

corresponding legend) includes a reactance tube 
RTs of the pentode; type having a control grid 6 
of the Super-control type. This super-control or 
remote cut-off is effected by winding the grid 6 
With wide spacing at the middle and close spacing 
at the ends. In other words, the tube RT 
with respect to the control grid.6 may be con 
sidered as a tube having a variable-mu char 
acteristic. The tube Ri is also provided with 
a screen grid 7, and a suppressor grid 8 directly 
connected to the usual heater type cathode. The 
energy...for operating the heater of this tube has 
not been shown, since for the purpose of the 
present disclosure it can be assumed that the 
Cathode is continuously heated. The cathode is 
connected to ground through resistor R2, which 
has a by-pass condenser C3. ? 
The plate of the reactance tube RT is con 

nected to one terminal of condenser C, which 
condenser C has its other terminal connected 
through resistor R and by-pass condenser C6 
to-ground to constitute a phase splitting network. 
The intermediate connection between the con 
denser C and the resistor Ri is connected to the 
control grid. 6; while the intermediate connection 
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between the resistor R and the by-pass condens 
er C6 is. connected to the movable point of the 
potentiometer. 2. The suppressor grid. 7 of the 
reactance tube RT is connected through a series 
resistor R5 and a radio frequency choke RFC 
to the plate supply PS which of course has its 
negative terminal connected to ground. 
In accordance with the present invention, a 

glow-discharge tube WRT is employed, as a volt 
age regulator tube connected between the screen 
grid , and ground. This voltage regulator tube 
VRRWith sucha connectionactsto provide acon. 



s 

3 
stant voltage on the screen grid 7 regardless of 
variation in the current flow through the screen 
grid-cathode circuit, to thereby cause the cir 
cuit organization of the reactance stage to func 
tion, as will later be described. 
The oscillator stage (see dotted rectangle with 

corresponding legend) may be any conventional 
oscillator but has been shown as including a tri 
Ode oscillator tube OST having its control grid 
Cathode circuit resonated by the usual tank cir 
cuit including the inductance Ll and the con 
denser C2. The tank circuit is connected to the 
Control grid through the by-pass condenser C4 
and the other terminal of the tank circuit is con 
nected to ground through the by-pass condenser 
C5. The plate circuit of the oscillator tube OST 
includes an inductance L2 coupled with the in 
ductance If to provide the feed back for the 
Oscillator organization. The plate circuit of the 
Oscillator is provided with energy from the plate 
source PS through the radio frequency choke 
RFC connected to the midpoint between the in 
ductance L and the inductance L2. The upper 
terminal of the tank circuit (IL--C2) is con 
nected to the plate and phase splitting circuit 
of the reactance stage. 
The OScillator stage may be connected to the 

frequency multipliers and power amplifier in any 
Suitable way but has been shown inductively 
Coupled thereto by the inductance L3 being as 
Sociated with the inductances L and L2, which 
inductance L3 is connected to the inductance 
L4 coupled with the inductance L5 tuned by 
a variable condenser CT. The frequency mul 
tipliers Will probably include in practice a buffer 
Stage for reasons Well understood in the art. 

In a System of frequency modulation, the cen 
ter frequency of the carrier is mainly determined 
by the characteristics of the oscillator tank cir 
cuit including the inductance Li and the vari 
able Condenser C2, although it will be understood 
that the association of the reactance stage and 
other elements in the organization modify this 
resonant frequency of the tank circuit to a lin 
ited degree to determine the central frequency of 
the carrier. However, for practical purposes it 
will be considered that the carrier frequency 
is determined by the tank circuit of the oscilla 
tor stage, and that this frequency is applied to 
phase Splitting netWork of the reactance stage 
including the condenser CF and the resistor R. 
as well as the by-pass condenser C6. 
Although the radio frequency potentials of 

the oscillator tank circuit are also applied to 
the plate-cathode circuit of the reactance tube 
this has practically no effect on its operation. 
The radio frequency voltages placed across the 
phase splitting combination results in produc 
ing a current therein leading the potential of 
the tank circuit by substantially ninety degrees. 
Such current in the resistor R, acts to produce 
a voltage drop causing the control grid 6 of the 
tube RT to be governed in accordance there 
with so that the tube RT allows a plate-cathode 
current to flow leading the carrier frequency 
potential in the Oscillator tank circuit by sub 
stantially ninety degrees. This in effect is the 
Sane as if a condenser Were connected across 
the tank circuit. In other Words, the reactance 
tube RT in effect acts upon the oscillator tank 
circuit the same as a capacity. If the positions 
of condenser C and resistor R are reversed, or 
if an inductance is used to replace the capac 
ity, then the current in the phase splitting cir 
cuit. will lag the potential of the tank circuit 
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4. 
by substantially ninety degrees. This causes the 
reactance tube RT to in effect act as an in 
ductance upon the oscillator tank circuit. In 
either case, the general functioning of the or 
ganization is the same. 

If the same bias were placed upon the control 
grid 5 at all times, then the effect of tube RT 
would be constant with respect to the tank circuit 
of the oscillator, but the control grid 6 has 
its normal bias (determined by the resistor R2) 
modified in accordance with the audio frequency 
signals produced by speaking into the micro 
phone and generating audio frequency signals in 
the secondary of the audio transformer 9. The 
potentiometer i 2 determines the normal ampli 
tude of the audio signals supplied to the control 
grid, but the general effect is to cause the bias 
of the control grid 6 to vary with the audio 
signals. 
The magnitude of the reactive plate current 

(i. e. alternating current component) of the tube 
iT depends on the mutual conductance of the 
tube, that is, on the sensitivity of the plate Cur 
ent to a change in grid voltage. Since the re 
active current filow in the reactance tube RI 
is caused by the carrier frequency voltages Sup 
plied to the control grid 6 from the oscillator 
tank circuit, the resultant effect of the tube RT 
on the oscillator stage would always remain the 
same were it not for the fact that the degree 
of amplification can be changed in the reactance 
tube because this tube is of the variable-mu type. 
In brief, the audio voltages applied to the 

control grid 6 of the tube RT act to determine 
the degree of amplification of the tube RT, so 
that the carrier voltages supplied by the oscil 
lator tank circuit will cause a reactive current 
to flow with an amplitude dependent upon the 
audio voltage. This change in reactive current 
amplitude causes a change in the reactive effect 
upon the tank circuit of the oscillator in such 
a way that the frequency deviation of the OScil 
lator from center frequency of the carrier is 
dependent upon the amplitude of the audio sig 
inal, Whereas the flrequency of reCurrence of Such 
deviation is dependent upon the frequency of the 
audio signal. 
In view of the above, it will be apparent that 

the effectiveness of the reactance tube is be 
cause of its variable mutual conductance, and 
an operation of the tube beyond that portion 
of its mutual conductance curve where the rate 
of change is rapid, results in effect to cause the 
tube output to become constant So that extreme 
variations in amplitude of the audio Signals be 
come less effective for modulation purposes. 

However, in a reactance-modulator Organiza 
tion of this type, the supply of the screen grid 
7 with a potential through a series resistor R5 
causes under the usual conventional conditions 
a voltage drop in the resistor R5 due to screen 
grid current which in turn decreases the ampli 
fication factor of the tube. This negative char 
acteristic of the screen grid due to the series 
resistor tends to change considerably the mutual 
conductance curve of such a tube so as to ex 
tend its curvature over the entire range of oper 
ating values. At the same time, the rate of 
change of the mutual conductance curve is made 
considerably smaller. 

In accordance with the present invention, it is 
proposed to provide the glow discharge tube VRT 
acting as a voltage regulator to make the voltage 
on the screen grid constant irrespective of the 
current flow thereto. In this way, the mutual Con 
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ductance of the tube RT is not affected by vary 
ing screen grid current as it would be if the 
screen grid 7 were supplied through a series re 
Sistance only. This organization causes the re 
actance tube RT to maintain over a relatively 
limited portion of its mutual conductance curve 
a high rate of change in the mutual conductance 
with a low rate of change beyond the extent of 
this limited portion of the curve, so that the re 
actance tube RT with its opposite portions of 
constant slope relatively close together in ef 
fect acts to limit the degree of modulation which 
may be impressed upon the frequency produced 
by the OScillator. This is very desirable in order 
to maintain the frequency deviation of the modu 
lated carrier within the frequency band allotted 
to the Station. Such a Simple expediient of modul 
lation control is especially useful in a portable or 
mobile transmitter, and is practically indispen 
sible in those cases where the transmitter is used 
by novices or by those who may at times be using 
the transmitter under conditions of mental stress, 
in which cases the voice messages may be un 
necessarily loud and tend to cause over-modula 
tion. The modulating effect of the reactance 
tube should be adjusted so that the extent of 
modulation permitted before compression action 
begins is Sufficient for the deviation desired in a 
particular transmitter. This can be done by se 
lecting the proper proportion of reactance pro 
vided by the tube, to reactance in the tank cir 
cuit of the modulated oscillator. 

Having thus described a radio transmitting 
organization having means for preventing over 
modulation as one specific embodiment of the 
present invention, it is desired to be understood 
that this form is selected to facilitate in the dis 
cloSure of the invention rather than to limit the 
number of forms which it may assume, and, it is 
to be further understood that various modifica 
tions, adaptations and alterations may be applied 
to the Specific form shown to meet the require 
ments of form without in any manner depart 
ing from the Spirit or scope of the present inven 
tion except as limited by the appended claims. 
What I claim is: 
1. In a System of volume compression for use 

in connection with the frequency modulation of a 
carrier frequency through the control of an os 
cillator by a reactance stage comprising in com 
bination, a multiple element tube having a screen 
grid and a control grid with variable-mu charac 
teristics by reason of the variable pitch of the 
turns of Such control grid, circuit means connect 
ing the plate-cathode circuit of said tube to the 
tank circuit of an oscillator, a phase splitting net 
work also connected across said tank circuit and 
having a mid-point connection to said control 
grid, a Screen grid-Cathode circuit including said 
Screen grid in Series with a resistor and a source 
of potential, a glow discharge tube connected in 
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extent of this limited portion of the curve to 
thereby provide limits in the variation of the 
amplification of the tube to prevent over-modu 
lation of the carrier signal produced by the asso 
ciated oscillator. 

2. In a System of volume compression for use 
in connection with the frequency modulation of 
a carrier frequency signal through the control of 
an oscillator by a reactance stage comprising in 
combination, a multiple element tube of the vari 
able-mu type having a control grid normally 
biased to the knee of its mutual conductance 
curve and also having a screen grid supplied with 
potential through a series resistor, input circuit 
means Supplying a radio frequency signal from 
the oscillator to the plate-cathode circuit of said 
multiple element tube, a phase splitting network 
also Supplied with Said radio frequency Signal and 
connected to said control grid of said multiple 
element tube So as to supply potentials to it sub 
stantially ninety degrees out of phase with the 
radio frequency signal of the oscillator, a glow 
discharge tube connected to the screen grid of 
Said multiple element tube to maintain the poten 
tial of that grid constant regardless of changes 
in the current flow through the screen grid to 
thereby maintain the basic variable-mu charac 
teristics of the tube, and audio input circuit means 
for varying the bias on said control grid in ac 
Cordance with an audio signal, whereby normal 
variations in amplitude of said audio signal causes 
Variations in the reactive effect of said tube on the 
Oscillator producing the radio frequency signal 
while abnormal variations in amplitude of the 
audio frequency signal causes the amplification 
factor of Said multiple element tube to approach 
or reach a constant value thereby providing au 
tomatic volume compression. 

3. In a System of volume compression for use 
in Connection with the frequency modulation of 
a carrier frequency signal source including a 
tube having electrodes coupled regeneratively for 
the production of oscillations which appear in a 
resonated tank circuit, a reactance modulator for 
varying the frequency of the oscillations of said 
carrier frequency source by varying the effec 
tive reactance coupled to its tank circuit, said 
reactance modulator including a pentode tube 
having a variable-mu by reason of the variable 
pitch of its control grid, and a glow discharge tube 
connected to maintain constant potential on the 
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multiple with the Screen grid-cathode circuit of 
Said tube for maintaining the potential of such 
Screen grid constant regardless of variations in 
the potential of said control grid, and audio input 
circuit means for Supplying potentials of audio 
frequency to vary the bias of said control grid, 
whereby the constant potential of said screen 
grid causes said tube to maintain over a rela 
tively limited portion of its mutual conductance 
curve a high rate of change in the mutual con 
ductance with a low rate of change beyond the 
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Screen grid of Said pentode tube regardless of 
variations in potential on said control grid to 
CauSe Saidpentode tube to have limits in the vari 
ability of its mutual conductance under abnor 
mal variations in bias potential on said control 
grid to prevent over-modulation of said carrier 
frequency signal Source when audio signal po 
tentials applied to the control grid exceed normal 
Values of amplitude. - 

JOHN C. O'BRIEN. 
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