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UNITED STATES PATENT OFFICE 
2,403,957 

MULTIPLE PROGRAM SYSTEM 
Stuart W. Seeley, Roslyn, N.Y., assignor to Radio 

Corporation of America, a corporation of Dela 
Ware 

Application September 29, 1942, Serial No. 460,040 
(C. 179-15) 12 Claims. 

This application discloses a new and improved 
method of and means for modulating Or COIl 
trolling carrier wave energy in accordance with 
a plurality of signals of the same or different 
character. 
An object of this invention then is to provide 

a new and improved means for sending by means 
of a single carrier at least two distinct and dif 
ferent messages or signals of any nature Which 
may or may not be represented by Voltages or 
currents in the same or different or Overlapping 
bands in the frequency spectrum. 
Systems of this general nature are known in 

the prior art. However, in all known Systerns 
complex circuit arrangements are used at the 
transmitter and at the receiver. Moreover, in 
the known systems at the receiver an unmodul 
lated or pure carrier must be obtained and phase 
displaced portions thereof mixed With the re 
ceived Wave to separate the Several neSSages One 
from the other. 
An object of my invention is to provide a re 

ceiver wherein demodulation is accomplished 
Without the use of a pure carrier used as Outlined 
above. This greatly simplifies the receiver Sys 
tem. 
In describing my invention in detail, reference 

will be made to the attached drawings, wherein 
Figure 1 illustrates mostly by block diagram a 
transmitter arranged in accordance with my in 
vention. 

Figures 2A and 2E are graphs showing the na 
ture of the carrier and side bands resulting from 
modulation of carrier energy by two signals and 
sending out the same in accordance With my in 
Vention. 

Figure 3 illustrates schematically and partly 
by rectangles a receiver arranged in accordance 
with my invention. 
In my new and improved transmitter as illus 

trated in Figure 1, oscillations from a source 0 
are amplified in a driver stage 2, and, if de 
sired, increased in frequency. Woltages of the 
desired amplitude and carrier frequency are fed 
from the final stage in 2 to tWO amplifier stages 
4 and f 6. 
The amplifier in 4 is designated Final R.-F. 

stage #1 and herein the carrier supplied to f4 
from 2 is modulated in accordance With a #1 
program of the desired nature originating in 
Source 8. 

In a like or similar manner the carrier in stage 
#2 of unit 6 is modulated by a F2 program of 
the desired nature originating in 20. 

It Will be understood that the modulated stages 
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in 4 and 6 may be the last stage or may be fol 
lowed by additional amplifier stages. 
The modulated carrier with the F1 program is 

fed to the combining circuit 24 by a line TL F1. 
The modulated carrier with i2 program is fed to 
the combining circuit by Way of a line TL F2 
which is 4 or an odd multiple of A wave length 
longer than the line TL if 1. 
The two modulated carriers accordingly reach 

the antenna, 38 shifted in phase about 90°. The 
nature and relation of the carriers and side bands 
are shown graphically in Figures 2A and 2E. 

In Figure 2A is shown the output of the output 
stage in 4. This output comprises a carrier Cf 
and upper and lower side bands SB1 and SB '. 
In Figure 2B is shown the output of the output 

stage in 6. This output comprises a carrier C2 
and upper and lower side bands SB2 and SB2'. 
Since the output of the last stage in 16 reaches 

the circuit 24 over a line that is longer by X/4 
(where X is the output wave length) than the 
path. Over which the output of stage f4 reaches 
circuit 24, the carrier and side bands from the 
stage in 6 are shifted about 90° as indicated in 
Figure 2C. 
The displaced voltages as fed to the antenna, 

30 by lines TT, #1 and TL, it2 will be related as 
indicated in Figure 2D. The carriers combine 
to provide a resultant or new carrier C-C2 
Which is modulated along one locus, say A-B, 
by the #1 program and along the other locus 
C-D, by the #2 program. 
The result of the combination as shown in 

Figure 2E is that each program on the carrier 
is part phase modulated and part intensity modul 
lated. 

Notice, however, that the phase modulation is 
reversed in the two programs. This means that 
as the absolute intensity due to one program is 
approaching maximum, the frequency is lower 
than normal, and when it is approaching a maxi 
mum due to modulation of the other program, 
the frequency is higher than normal. In other 
words, the phase modulation produces a fre 
quency shift 90° ahead of intensity modulation 
from one program and 90° behind the intensity 
modulation from the other program. 
Thus, if the frequency modulation is extracted 

from one program and combined with the in 
tensity modulation subtracted from the same pro 
gram by shifting all audio due to frequency mod 
ulation 90 ahead, the frequency modulation and 
intensity modulation of one program will add 
and audio due to frequency modulation and in 
tensity modulation of the other program will buck 
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leaving a pure program, say it 1, whereas if the 
audio due to phase modulation (frequency modul 
lation) of either program is shifted 90' behind 
and then combined With the audio due to in 
tensity modulation of either program, the result 
Will be pure F2 program. 

Since frequency modulation due to phase mod 
ulation is proportional to the rate of change of 
the phase With respect to time, it can be seen that 
the higher modulating frequencies produce a 
greater degree of frequency modulation. In other 
Words, the amount of frequency modulation is 
directly proportional to the modulating fre 
quency. This calls for a 'sloped' audio amplifier. 
This can very easily be combined with the phase 
shifter since both devices call for a high resist 
ance in Series. With a reactance. 

In Figure 3 I have shown a receiver incorporat 
ing the novel features described above including 
means to provide the necessary relative phase 
shift between the demodulation components de 
rived by Subjecting the resultant modulated car 
rier to an amplitude demodulation and frequency 
demodulation process. 
In Figure 3 the carrier is picked up at 40 and 

amplified, and, if desired, reduced in frequency 
and further amplified in 42. 
The resulting intermediate frequency carrier 

is fed to a frequency modulated wave demodula 
tor 46 and an amplitude modulated wave de 
nodulator 48. 
The demodulator in 46 may be of the type 

disclosed in my United States Patent No. 
2,121,103 or of the Conrad type. The demodul 
lator in 48 may be of any approved type, of 
Which there are many. 
The output of the demodulator 48 is fed to 

the primary winding of a transformer 50, the 
Secondary Winding of which feeds the voltages in 
phase to the grids of program separator and 
amplifier tubes 52 and 54. 
The demodulation components from 46 are fed 

to the control grid of a tube 60 of high plate 
impedance. This tube is of high plate impedance 
as compared to the impedance of condenser 64 
at all useful audio frequencies. Thus, the volt 
age appearing acroSS 63 is in quadrature with 
that applied to the grid of tube 60 and the mag 
nitude of the Voltages across 64 relative to their 
amplitudes on the grid of tube 60 are inversely 
proportional to their frequency. Thus, the volt 
ageS acroSS 64 are of the proper magnitude and 
phase to coincide exactly with the phase modul 
lation of the radio-frequency envelope received 
on antenna, 40. 
These voltages are fed to the transformer 68 

and thence in opposite phase to the grids of tubes 
52 and 54. The voltages from the intensity mod 
ulation detector 48 are fed by transformer 50 to 
the grids of tubes 52 and 54 in parallel, thus, 
the detected phase modulation components of one 
program will add to the detected intensity modul 
ulation component Voltages of that Same program 
on the grid of the tube, Say 52, but will cancel 
each other on the grid of the tube 54. 
The detected phase and intensity modulation 

of the other program Will add at the grid of tube 
54 while cancelling at the grid of tube 52. Thus, 
the output of tube 52 will consist entirely of one 
program and the output of tube 54 will be purely 
the other program. 

It is, of Course, realized that the system must 
include means to keep the amplitudes of the com 
ponents fed to the tubes 52 and 54 from tube 60 
and detector 48 of like amplitude. Intensity ad 
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4. 
justing means may be included in 46 or at the 
input of 60 or in 48. Preferably this means is 
included in 48 to control the intensity of the 
energy before or after or during the time it is 
being acted on by the intensity demodulator in 48. 

It will also be understood that the circuits feed 
ing the radio-frequency stages if 1 and #2 to the 
antenna are diagrammatic only and in practice 
means is provided to prevent the output of each 
Stage fron reacting through the couplings on the 
other stage. 
What is claimed is: 
1. In apparatus of the class described, a source 

of oscillations of carrier wave frequency, a plu 
rality of amplifier stages each coupled to said 
Source to be excited in phase by energy from said 
Source, a Source of control or modulating energy 
coupled to each amplifier stage, a transmission 
element, and a circuit for each amplifier coupling. 
the respective amplifiers to said transmission ele 
ment, Said circuits being so constructed and ar 
ranged as to produce a displacement of phase 
between the Wave controlled or modulated ener 
gies fed by the amplifiers to the transmission 
element. - 

2. In apparatus of the class described, wave 
receiving and amplifying means, a plurality of 
signal output circuits, a wave length modulated 
Wave demodulator having an input coupled to 
Said means and an output coupled to each signal 
output circuit, an amplitude modulated wave de 
modulator having an input coupled to said means 
and an output coupled to each signal output cir 
cuit, and means for introducing a phase displace 
ment in the Voltage supplied from one of said 
demodulators to each signal output circuit. 

3. The method of signalling with carrier energy 
tWO portions of like phase which have been mod 
ulated each by a different signal and the modul 
lated portions transmitted in phase displaced re 
lation which includes these steps, receiving said 
energy So modulated, Subjecting one portion of 
the received energy to an amplitude demodula 
tion proceSS, Subjecting another portion of the 
received Wave energy to a frequency demodula 
tion process, combining output resulting from the 
frequency demodulation process in relatively 
phase advanced relation with output derived from 
the amplitude demodulation process to derive one 
of Said two currents, and combining output de 
rived from Said frequency demodulation process 
in relatively phase retarded relation with output 
derived from said amplitude demodulation proc 
eSS to derive the other of said two currents. 

4. The method of signalling by means of car 
rier Wave energy and at least two currents corre 
Sponding to different signals which includes the 
following Steps, modulating portions of said car 
rief wave of like phase in accordance with the 
respective currents, transmitting said portions in 
phase displaced relation as a new carrier, receiv. 
ing said new carrier, subjecting the carrier to an 
amplitude demodulation process and to a fre 
quency demodulation process, combining output 
resulting from the frequency demodulation proc-r 
eSS in relatively phase advanced relation with out 
put derived from the amplitude demodulation 
process to derive One of said two currents, and 
combining output derived from said frequency de 
modulation process in relatively phase retarded 
relation with output derived from said amplitude 
demodulation process to derive the other of said 
tWO currents. . 

5. In a Signalling System, a wave energy ampli 
fier, a frequency modulation detector coupled to 
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said wave energy amplifier, an intensity modula 
tion detector coupled to said wave energy ampli 
fier, a balanced modulation combiner coupled to 
both detectors, and two output circuits coupled 
to Said balanced modulation combiner. 

6. In apparatus of the class described, a Source 
of oscillations of carrier wave frequency, two 
modulator stages each having an input coupled 
to said source to be excited by oscillations there 
from of like phase, said modulators each having 
an output, a first source of control or modulating 
energy coupled to one nodulator Stage, a Second 
Source of control or modulating energy, distinct 
and separate from said first source, coupled to 
the other modulator stage, a transmission ele 
ment, a first line coupling the output of one modul 
lator to said transmission element, a Second line 
of a length which exceeds the length of Said first, 
line by about X/4 coupling the output of the other 
modulator to said transmission element to feed 
the modulated wave energies from the modulator 
stages to the transmission element, Said Second 
line being electrically about N/4 longer than Said 
first line thereby serving to produce a phase quad 
rature relation between the energy fed to the 
transmission element Over one line and the energy 
fed to said transmission element over the other 
line. 

7. The method of Signalling by means of car 
rier wave energy and at least two currents cor 
responding to different signals which includes 
these steps, modulating portions of Said carrier 
Wave energy of like phase in accordance with the 
respective currents, relatively shifting the phases 
of the modulated wave energy portions about 90° 
and transmitting the Same. 

3. The method of signalling With carrier energy 
comprising two portions which have been modul 
lated each by a different signal and the portions 
displaced in phase about 90° and transmitted 
which includes these steps, receiving Said energy 
so modulated, subjecting one portion of the re 
ceived energy to an amplitude demodulation proc 
ess and another portion of the received energy 
to a frequency demodulation process, retarding 
the phase of the components resulting from the 
frequency demodulation process about 90°, Com 
bining the phase retarded components resulting 
from the frequency demodulation process with the 
components resulting from the amplitude demod 
ulation process to derive one of Said two currents, 
and reversing and combining said phase retarded 
components resulting from Said frequency de 
modulation proceSS With the components result 
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9. In a signalling System, a wave receiver in 

cluding an amplifier, a Wave length modulated 
Wave demodulator having an output and having 
an input coupled to Said anplifier, an amplitude 
modulated Wave demodulator having an output 
and having an input coupled to Said amplifier, 
two electron discharge tubes each having input 
electrodes and output electrodes, an individual 
Output circuit coupled to the output electrodes 
of each tube, an input circuit coupling the 
input electrodes of said tubes in pushpull relation, 
a Second input circuit coupling the input elec 
trodes of Said tubes in parallel, a phase shifter 
and Voltage correction circuit coupling the output 
of Said first demodulator to said pushpull input 
circuit and a coupling between the output of said 
Second demodulator and said parallel input cir 
cuit. 

10. In a signalling system, a wave receiver in 
cluding an amplifier, a wave length modulated 
Wave demodulator having an output and having 
an input-coupled to Said amplifier, an amplitude 
modulated wave demodulator having an output 
and having an input coupled to said amplifier, two 
electron discharge tubes each having input elec 
trodes and output electrodes, an individual output 
circuit coupled to the output electrodes of each 
tube, a transformer having a primary winding 
and having a secondary winding coupling the in 
put electrodes of Said tubes in pushpull relation, 
a Second transformer having a primary winding 
and having a Secondary winding coupling the 
input electrodes of Said tubes in parallel, connec 
tions coupling the output of one of said demodul 
lators to One of Said primary windings, connec 
tions coupling the output of the other demodula 
tOr to the other of said primary windings, and a 
phase shifter in one of said connections. 

11. A System as recited in claim 9 wherein said 
phase shifter and voltage correction circuit in 
cludes an electron discharge device of high plate 
impedance coupled at its input to the output of 
the wave length demodulator and coupled at its 
output to the said push-pull input circuit with a 
condenser of relative low impedance effectively 
in shunt to this device's output. 

12. Apparatus as recited in claim 2 wherein 
Said one of said demodulators is the wave length 
modulation demodulator and wherein said last, 
named means is a tube of high plate impedance 
coupled at itS input to Said Wave length modulated 
Wave demodulator and coupled at its output to 
each signal output circuit, with a condenser of 
relatively low impedance effectively in shunt to 

ing from amplitude demodulation process to de- 55 the tube's output. 
rive the other of said two currents. STUART W. SEELEY. 


