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1. 

My invention relates to the art of Wave Sepa 
rators, generally, and more particularly refers to 
methods and apparatus for Separating an ampli 
tude modulated wave into its carrier and side 
band components. 
One of the principal objects of my invention 

is to provide a method and apparatus for Sepa 
rating an amplitude modulated Wave into its car 
rier and side-band components without the use 
of sharply-tuned filter circuits. 
Another object of my invention is to provide 

an electric circuit in which a modulated Wave 
may be diverted into a linear and non-linear 
channel and in which this divided Voltage is Sub 
sequently combined in Series opposition to Sup 
press the carrier component of the modulated 
Wave input. 

It is a further object of my invention to provide 
a Wave separating circuit which will be free fro 
the effects of fading. - 
A still further object of my invention is to ar 

range a circuit capable of separating a modulated 
wave into its carrier and Side-band components 
With minimum power losses. 
Other objects and advantages of my invention 

will become apparent as the description proceeds. 
In a preferred form of my invention I provide 

a circuit having tWO parallel channels, each 
branch of which receives the modulated wave 
that is to be separated. In one channel of the 
circuit the modulated wave is passed through a 
voltage limiter, or non-linear element, and in the 
other it is passed through an amplifier, or linear 
element. Both of these elements are adjusted in 
a nanner such thai, the point of intersection of 
their respective amplitude-gain curves corre 
sponds to the average or carrier value of the input, 
and the outputs of the two channels are combined 
in Series Opposition to Suppress the carrier con 
ponent of the modulated Wave input. This gives 
a circuit output which corresponds to the two 
Side-bands of the modulated Wave and the non 
linear channel may be tapped to furnish a voltage 
corresponding to the carrier component of the 
Wave. A balanced in Cdulator is interconnected 
between the two channels to eliminate the effects 
of fading and other slowly-varying random fluc 
tuations. A more comprehensive understanding of my 
invention will be afforded by the following de 
tailed description when considered With the ac 
companying drawings, in Which 

Fig. 1 is a schematic circuit diagram of an 
embodiment of my invention; 

(C. 18-44) 
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Fig. 2 is a block diagram of a modified form 
thereof; 
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Fig. 3 is an amplitude-gain curve for a Voltage 
limiting element employed in the circuits illus 
trated in Figs. 1 and 2; and 

Fig. 4 is an amplitude-gain curve for a linear 
amplifier similarly employed. 

Like reference numerals have been used 
throughout in the drawings to designate like 
partS. 

In the form of my invention illustrated in Fig. 
l, I have arranged a circuit provided with a pair 
of input terminals upon which an amplitude 
modulated wave that is to be separated into its 
carrier and side-band components is received. 
From this point of the circuit the modulated Wave 
is transmitted into two parallel paths 2 and 3. 
Within the former channel the modulated Wave 
is limited by a voltage limiter 4 and subsequently 
amplified in an amplifier 5, both of which oper 
ate together as a non-linear amplifier, to deliver 
a Voltage corresponding to the carrier component 
of the modulated Wave impressed upon the input 
terminals . 
The modulated Wave is transmitted by means 

of a coupling transformer 6 to the grid of an 
electronic discharge device T which forms one 
of the component parts of Voltage limiter f4. 
Connected in the plate circuit of device 7 are a 
plurality of unilateral current conducting ele 
ments 8 and 9 which may take the form of 
diodes, and which serve as voltage limiting ele 
ments of the circuit. The output of voltage lim 
iter 4 is transmitted to the grid of an electronic 
discharge element 2 through the facilities of a 
coupling transformer 22. The coupling windings 
of this transformer are tapped to deliver the out 
put of Voltage limiter f4 to an AVC branch of the 
circuit, later to be described. 

Electronic discharge device 2 which forms the 
initial stage of amplifier 5, illustrated as a single 
Stage amplifier, delivers its output in the coupling 
transformer 23 from which point it is taken to 
the output terminals 24, as a voltage correspond 
ing to the carrier component of the modulated 
Wave input. This voltage is also taken at the cir 
cuit points 25 for the purpose of combining it in 
Series Opposition. With the output of channel 3 
which comprises an amplifier 26 and a phase 
shifting network 2. Amplifier 26, which, for the 
Sake of convenience, is illustrated as having a 
Single Stage only, comprises an electronic dis 
charge device 28. This element receives on the 
grid electrode thereof the modulated Wave from 

through the coupling 
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transformer 29. The output of this amplifier is 
delivered through the coupling transformer 3 
and the phase shifting network 27 to be combined 
in series opposition with the output of channel 2. 
This produces an output voltage for delivery to 
terminals 32 corresponding to the Side-band con 
ponents of the modulated input. This latter volt 
age is also delivered to the primary winding of 
transformer 33 whose secondary winding is con 
nected as a component part of a balanced modul 
lator 34 comprising electronic discharge elements 
35 and 36 and their associated elements. This 
voltage is modulated with the output voltage of 
limiter 4 which is taken from the coupling wind 
ing of coupling transformer 22, and in this man 
ner balanced modulator 34 delivers a Voltage 
whose DC component acts as an AVC voltage for 
amplifier f5 which controls the gain thereof. 
In the above described circuit the vacuum 

tubes , 2, 28, 35 and 36 are shown as pentodes 
by way of illustration. They are understood to 
be connected in a conventional manner, that is, 
suppressor-grid to cathode and Screen-grid to a 
source of positive D. C. voltage, which connec 
tions are omitted for the sake of clearneSS. 
In operation the voltage limiter 4 which haS 

an amplitude-gain curve similar to that illus 
trated in Fig. 3, is adjusted with amplifier 25 in 
a manner such that the latter element's aim 
plitude-gain curve intersects as illustrated in 
Fig. 4 with the superposed amplitude-gain curve 
of limiter 4 at a point 3 corresponding to the 
average, or carrier, value of the input modulat 
ed wave. Through the action of voltage limiter 
4, which clips the side-band components of the 
modulated wave, a voltage corresponding to the 
carrier component of the wave is produced. This 
voltage is combined with the output of the lin 
ear amplifier 28 whose phase is shifted in the 
phase-shifting network 2 to produce a voltage 
at the output terminals 32 corresponding to the 
side-band components of the modulated Wave. 
Each of the circuit elements , 5, 26 and 34 
is tuned by the variable capacitors aSSociated 
with the coupling transformers 6, 22, 23, 28, 
3f and 32. Although this tuning is not required 
to be very sharp, it is desirable for the purpose 
of eliminating harmonics of the carrier fre 
quency. 
To counteract the effects of fading or compen 

sate for other random fluctuations, an auto 
matic volume control circuit comprising the bal 
anced modulator 34 is provided. This circuit, 
which receives the output voltage circuit corre 
sponding to the side-band components of the 
modulated wave, passes a direct current volt 
age to amplifier 5 to control the gain thereof. 
When none of the carrier is present in the volt 
age at terminals 32, the side-band components 
which are in phase Opposition cancel out and no 
D. C. voltage is passed to the amplifier 5. A. C. 
components of voltage are eliminated by by 
pass condenser 39. When a portion of the car 
rier is present, this voltage is multiplied by the 
carrier voltage taken from the coupling Wind 
ings of transformer 22 and a D. C. voltage is ap 
plied to the grid-cathode circuit of amplifier f3. 
This biases the amplifier in the proper Sense to 
remove the carrier from its output and, accord 
ingly, the circuit is maintained in a stable con 
dition to paSS only the side-band components of 
the modulated waves at output terminals 32. 

In the modified form of my invention illus 
trated in Fig. 2, the circuit arrangement is Sin 
ilar to that shown in Fig. 1 and the Voltage lim 
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4. 
iter 14, the amplifiers 5 and 26 and balanced 
modulator 34 are connected in a circuit of their 
component parts connected as illustrated in Fig. 
1. The essential difference between the two cir 
cuits rests in the manner in which the auto 
matic volume control voltage is applied to the 
amplifiers. Additional amplifiers 38 and 39 are 
connected in circuit as a matter of choice and 
may be omitted, or other amplifiers added, de 
pending upon the operation of the circuit desired. 
Amplifier 38 is employed to provide amplifica 
tion for the carrier Wave, and amplifier 39 is in 
terposed between the balanced modulator 34 and 
the coupling transformer 32 to amplify the Side 
band input thereto. Further, the output of bal 
anced modulator 34, which in the embodiment 
of my invention, illustrated in Fig. 1, feeds an 
automatic volume control voltage to amplifier 
5 only, is here connected to deliver a similar 

voltage in opposite phase to amplifier 26. 
The operation of this modification of my in 

vention is, of course, the same with the excep 
tion of the control provided by balanced mod 
ulator 34. As long as channels 2 and 3 are 
perfectly balanced, no portion of the carrier is 
present in the side-band output, and the out 
put voltage of the balanced modulator 34 is Zero. 
If unbalance occurs in either channel, a D. C. 
voltage is produced in one Sense or the other 
which combines with the voltage of battery 4f 
to produce an AVC voltage which increases the 
gain of amplifier 6 and decreases the gain of 
amplifier 26, or conversely, depending upon the 
State of unbalance. Through the action of this 
voltage balance is again restored. By using suf 
ficient amplification before - the balanced mod 
ulator, that is, amplifier 39, balance of the cir 
cuit may be maintained as close as is desired. 

It will be apparent that this circuit provides a 
means whereby a broadcast transmitter may be 
operated with high eficiency by amplifying the 
carrier and side-band components of the mod 
ulated Wave separately. It also provides a means 
for increasing the percentage of modulation. 
As many changes could be made in the above 

construction and many apparently widely differ 
ent embodiments of this invention could be made 
Without departing from the scope thereof, it is 
intended that all matter contained in the above 
description or shown in the accompanying draw 
ings shall be interpreted as illustrative and not in 
a limiting sense. 
What is claimed is: 
1. In a Wave separator first and second chan 

nels for receiving an amplitude modulated wave 
having carrier and Side-band components, a non 
linear element and an amplifying means coin 
nected in said first channel, coupling means in 
terposed between said non-linear element and 
Said amplifying means, a linear amplifying ele 
ment and a phase shifting network connected in 
Said Second channel, circuit means for connect 
ing Said first and second channels in series oppo 
sition, and means responsive to the output of 
said non-linear element and the combined out 
put of said first and second channels for auto 
matically controlling the gain of the amplifier in 
said first channel. 

2. An electronic wave separator comprising a 
non-linear amplifier and a linear amplifier hav 
ing Substantially hyperbolic and straight line am 
plitude-gain curves, respectively, conducting 
means for impressing an amplitude modulated 
Wave having carrier and side-band components 
upon both of Said amplifiers, means for adjust 
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ing the gain of each of said amplifiers so that the 
point of intersection of their respective ampli 
tude-gain curves corresponds to the average value 
of the modulated wave, and means for connect 
ing the output of each of said amplifiers in Se 
ries opposition to suppress the carrier component 
of Said modulated Wave. 

3. Apparatus according to claim 2 including an 
automatic volume control means for controlling 
the gain of said non-linear amplifier. 

4. Apparatus according to claim 2 including an 
automatic Volume control means for controlling 
the gain of both the linear and non-linear am 
plifiers. 

5. A Wave separator comprising a first and sec 
Ond channel for receiving an amplitude modul 
lated wave having carrier and side-band com 
ponents, a Woltage limiting and amplifying means 
Connected in Said first channel for clipping the 
side-band components and amplifying the car 
rier component of said modulated wave, a linear 
amplifier connected in Said second channel, 
means for connecting the outputs of said first 
and Second channels in series opposition to de 
liver an Output voltage corresponding to the side 
band components of Said modulated Wave, and 
means for taking the output of said first chan 
nel, only, to deliver a voltage corresponding to 
the carrier component of said Wave. 

6. Apparatus corresponding to claim 5 includ 
ing a balanced modulator responsive to the out 
put of said first channel and to the combined out 
puts of both channels for automatically con 
trolling the gain of an amplifier of said first 
channel. 

7. Apparatus according to claim 5 including a 
balanced modulator responsive to the output of 
said first channel and to the combined outputs 
of both channels for automatically controlling 
the gain of each of the amplifiers connected in 
said first and second channels. 

8. A method for separating an amplitude mod 
ulated Wave into its carrier and side-band com 
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6 
ponents comprising the steps of amplifying the 
same non-linearly to produce a voltage Corre 
sponding to the carrier component of Said wave, 
amplifying the modulated Wave linearly to pro 
duce a voltage corresponding to the full modul 
lated Wave, controlling both processes of amplifi 
cation to adjust the common point of their ann 
plitude-gain curves to a value equal to the aver 
age value of the envelope of the modulated wave, 
and combining the voltages produced by both 
processes of amplification in Series opposition to 
balance out or Suppress the carrier component of 
said modulated Wave. 

9. An electronic Wave separator comprising a 
non-linear amplifier and a linear amplifier, con 
ducting means for Supplying an amplitude-mod 
ulated wave having carrier and side-band com 
pOnents to both of said amplifiers, phase-shift 
ing means in the output of said linear amplifier, 
and means connecting the phase-shifted output 
of said linear amplifier in opposition to the out 
put of said non-linear amplifier to thereby pro 
duce the side-band components of said carrier. 

10. Apparatus as defined in claim 9 including 
a balanced modulator connected to said non 
linear amplifier and to said connecting means for 
delivering automatic Volume control voltage to 
said non-linear amplifier. 

11. Apparatus as defined in claim 9 including 
a balanced modulator connected to said ampli 
fiers and to said connecting means for deliver 
ing automatic volume control voltage to said am 
plifiers. 

JOHN ROBERT WOODYARD. 

REFERENCES CITED 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Number Name Date 
Re. 15,089 Englund ------------ Apr. 19, 1921 
1976,457 Ohl ---------------- Oct. 9, 1934 


