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7 Claims.

My invention relates to signaling systems and
particularly to systems in which two signals are
to be received simultaneously by a single re-
ceiver.

One system of the above-mentioned type is
described in Carlson Patent #1,975,056. In the
system shown in this patent the two signals
modulate two adjacent carrier waves and, at
the receiver, the two modulated carriers are het-
erodyned by means of a common oscillator to two
intermediate frequency signals. A defect in such
a system is that in the case of television or other
high frequency transmission the oscillator at
the receiver has a tendency to “drift” in fre-
quency. Consequently, the intermediate fre-
quency channels must be designed to pass a com-
paratively wide band of frequencies so that the
signal will pass through the channel even though
the oscillator has “drifted”.. Because of this, the

frequency spacing between the two carriers must

be greater -than would be required with more
sharply selective channels in the receiver,

An object of my invention is to provide a sys-
tem for the transmission of two signals and for
their simultaneous reception on a single receiver
in which the above-mentioned defect is substan-
tially avoided. ‘

A further object of my invention is to provide
an improved receiver for the simultaneous recep~
tion of a plurality of signals. ]

A still further object of my invention is to pro-
vide an improved receiver for the simultaneous
reception of a plurality of signals in which the
receiver may be tuned by a single tuning knob

5 or the like.

In a preferred embodiment of my invention
a double modulated carrier wave is transmitted,
the carrier being modulated by the first signal,
such as a picture signal, and by a second car-
rier or sub-carrier wave which has previously
been modulated by the second signal, such as
a sound signal. The receiver is of the superhet-
erodyne type comprising a single local oscillator
for selecting the desired transmitting station
by the movement of a single tuning knob or the
like in the usual manner. The intermediate
frequency signal produced by the interaction of
the local oscillator and incoming signal is sup-
plied to a comparatively sharply tuned channel
which selects the picture signal to the exclusion
of the sound signal and to a second channel in-
cluding a square law detector succeeded by a
sharply tuned circuit which selects the interme-
diate frequency sound signals to the exclusion

of other signals. The selected sound signals are

(CL 178—5.6)

produced in the square law detector by the upper
and lower sound side band frequencies which
represent the sub-carrier beating together to
produce an intermediate frequency carrier equal
to the difference between these two frequencies.
The sound intermediate frequency is, therefore,
independent of any ‘“drifting” in the local oscil-
lator frequency. .

Other objects, features and advantages of
my invention will appear from the following
description taken in connection with the accom-
panying drawings in which:

Figure 1 is a diagram which indicates the fre-
quency spectrum of signals radiated from a
transmitter and which also shows certain selec-
tivity characteristics of my receiver,

Fig. 2 is a block diagram exemplifying a
transmitter which may be utilized to obtain the
frequency spectrum indicated in Figure 1,

Fig. 3 is a block diagram of my improved re-
ceiver,

Fig. 4 is a diagram showing the selectivity
characteristic of a portion of the recelver shown
in Fig. 3, :

Pig. b is a diagram indicating the frequency
spectrum of signals radiated from a transmitter
in practicing another embodiment of my inven-
tion, and

Fig. 6 is a block diagram exemplifying 2 trans-
mitter for transmitiing signals having the fre-
quency spectrum shown in Fig, 5.

Referring to Fig. 1, certain specific frequency
values for the transmitted signals have been as-
sumed in order to make the invention more
easily understood. It is assumed that the trans-
mitting station has a carrier frequency of 50,000

k. c. and that this carrier is modulated by a sig-

nal, such as a picture signal, having a frequency
band width of 60 k. ¢. Thus the 50,000 k. c. car-
rier has upper and lower side bands 60 k. ¢. in
width representing picture signals. .

The 50,000 k. c. carrier is also modulated by

a second signal comprising a carrier wave which
has been modulated by a sound signal or the
like. For the purpose of explanation it has been
assumed that this second carrier wave has a fre-
quency of 87.5 k. ¢. and that it is modulated by a
sound signal having a frequency hand width of
10 k. c.

It will be apparent that the sound signal is
being transmitted by the method of double mod-
ulation. As shown in Fig. 1, the sound modu-
lated 87.5 k. c. carrier appears in the transmitter
output as a portion of the upper side band of the
50,000 k. c. carrier and also as a portion of the
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lower side band of this carrier. The frequencies
have been so selected that there is a certain fre-
quency spacing between the picture signal and
the sound signal in each side band of the main
carrier. Of course, there is a flxed frequency
difference between the sound modulated carrier
in the upper side band and the sound modulated
carrier in the lower side band. In the particular
example being described, this frequency differ-
ence is 175 k. c. As will be explained later this
frequency is the intermediate frequency em-
ployed in the sound channel of the receiver.
Since systems for transmitting double modu-
lated carrier waves are well known, it is thought
unnecessary to describe any transmitter in de-
tail. In PFig. 2, however, a transmitter is repre-
sented by a block diagram. The main carrier is
provided from a suitable oscillator | coupled to
a class “C” amplifier 3 which functions as a
modulator. The picture signal is supplied from a
suitable source § to the amplifier 3 where it mod-
ulates the main carrier wave directly. The sound
carrier wave is supplied from a suitable source 1
and supplied to a class “C” amplifier 8 which
functions as a modulator. The sound signal is
supplied from a source |1 to the amplifier 9 where
it modulates the sound carrier. This modu-

- lated carrier is then supplied to the first class

30

35

45

60

55

65

70

7

“C” amplifier 3 to put the sound signal on the
main carrier wave by double modulation. The
output of the amplifier 3, which has the fre-
quency spectrum indicated in Fig. 1, is supplied to
a suitable amplifier 13 and then to an antenna.

It will be understood that a class “C” amplifier
is of the well known type commonly referred to in
the literature as class “C”. Class “C” amplifiers
are described in the Proceedings of the I. R. E.
for July, 1935, pages 752 to 778, for example.

Referring to Fig. 3, there Is represented one
embodiment of my receiver which comprises a
first detector {5 and the usual local oscillator 1T
employed for superheterodyne receivers. All tun-
ing of the receiver is accomplished by the opera-
tion of a single tuning knob or other control for
varying the local oscillator frequency in the usual
manner. The incoming signal beats with the
oscillator output to produce an intermediate fre-
quency which has the same frequency spectrum
shown in Fig. 1, the only difference being that
instead of a 50,000 k. c. carrier there is now an
intermediate frequency carrier which, for the
purpose of explanation, will be assumed to be
11,000 k. c. If the oscillator is operated at a
higher frequency than the frequency of the in-
coming signals, the frequency of the oscillator
output is 61,000 k. ¢c. when receiving signals from
the transmitter having the 50,000 k. c. carrier.

The intermediate frequency amplifier indicated
at “A” is tuned broadly enough to pass the com-
plete side bands of the intermediate frequency
carrier. This selectivity characteristic is repre-
sented by the curve 19 in Fig, 1. It will be under-
stood that the amplifier A functions as a band
pass filter for the purpose of providing adjacent
channel selectivity. )

The output of the amplifier A is supplied to a
picture signal channel and to a sound channel.
In the picture channel an intermediate frequency
amplifier B is provided which is tuned sharply
enough to permit only the main carrier and pic-
ture side bands to pass. The selectivity of the
amplifier B is indicated by the curve 21 in Fig. 1.
The output of amplifier B is applied to a second
detector 23 which demodulates the 11,000 k. c.
intermediate frequency carrier whereby the pic-

2,118,610

ture signals appear in the detector output. They
are then supplied through a picture frequency
amplifier 28 to a cathode ray tube 21 or other
suitable device for reproducing the picture.

In the sound channel, a square law detector 28
is provided. The entire frequency spectrum is
supplied to the square law detector whereby sum
and difference frequencies appear in the detector
output. The detector output includes a modu-
lated intermediate frequency carrier which is
produced by the 50,087.5 k. ¢. modulated carrier
of the upper side band beating with the 49,912.5
k. c. modulated carrier in the lower side band.
The frequency difference between these two car-
riers, of course, is 175 k. c. and this 175 k. c. inter-
mediate frequency carrier has the sound signals
appearing thereon as upper and lower side bands.

The output of the square law detector is sup-
plied to an intermediate frequency amplifler C
which is tuned sharply enough to select the sound
modulated 175 k. c. carrier to the exclusion of
all other frequencies. The selectivity character-
istic of amplifier C iIs indicated by the curve 31 in
Fig. 4. The output of the amplifier C is supplied

.to a detector 33 which demodulates the 175 k. c.

carrier and supplies audio frequency signals to a
translating device such as a loudspeaker 3§
through an audio frequency amplifier 37

It will be evident that the selectivity character-
istic of the amplifier C need not be widened in
order to allow for frequency drift of the local
oscillator 171 since the intermediate frequency
sound carrier will always be 175 k. c. regardless
of the local oscillator frequency. In addition to
permitting the transmission of the picture and
sound signals on a channe! of minimum frequen-
cy width, a sharply selective amplifier “C” ex-
cludes the maximum amount of static or other
noise.

It will be clear to those skilled in the art that
various types of detectors may be utilized as the
detector 29 in the sound channel in order to
obtain an intermediate frequency carrier having
a frequency equal to the difference between the
frequencies of the sound signals in the upper and
lower side bands. For example, the usual grid-
condenser grid-leak detection, which is referred
to as grid detection, may be employed, or plate
detection may be employed if preferred.

In the picture channel, the amplifier or filter
circuit B may be omitted providing the detector
23 is a linear detector since the output of a de-
tector of this type includes only the desired signal
and undesired signals of a higher frequency
whereby all undesired signals may be filtered out
in the amplifier 25.

In some cases it may be préferred to use my
improved receiver in a system where double mod-
ulation is not employed. For example, my re-
ceiver may be used in combination with a trans-
mitter which radiates signals having the frequen-
cy spectrum shown in Fig. 5. It will be noted
that this frequency spectrum is the same as the
one shown in Fig. 1 except that in the lower side
band the 49,9125 k. ¢. carrier is unmodulated.
There is a certain advantage in utilizing a fre-
quency spectrum of this character since there are
no sound signals in the lower side band to beat
with sound signals in the upper side band (which
would result in a certain amount of distortion).
It may be noted, however, that the distortion due
to this cause in the system first described would
not be objectionable in most cases.

A transmitting station for providing signals
having the frequency spectrum shown in Fig. §
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is indicated by the block diagram in Mg 6 It
will be noted, in effect, there are three transmit-
ters although, preferably, they all radiate their
signal from the same antenna. Each transmitter
unit preferably comprises a crystal controlled os-
cillator, a frequency multiplier, a class “C” am-
plifier and a screen grid amplifier. In the first
transmitter unit, the unmodulated 49,912.5 k. c.
carrier is supplied to the antenna. In the second
transmitter unit, the 50,000 k. c. carrier is modu-
lated by the picture signal or other signal to be
put on the main carrier wave. In the third
transmitter unit, the 50,087.5 k. c. carrier is mod-
ulated by the second signal, which may be a
sound signal as previously described.

It will be apparent that the two carriers which
beat together in the receiver to provide the 175
k. ¢. carrier in the sound channel will maintain
a substantially constant frequency spacing since
the oscillators are crystal controlled. At the re-
ceiver, of course, the local superheterodyne os-
cillator can not be erystal controlled to prevent
frequency drifting, since this oscillator must be
variable in order to tune the receiver.

From the foregoing description it will be seen
that I have provided a receiver for the simulta-
neous reception of two signals which has a single
tuning control and in which the sound channel
may be made very selective.

It will be understood that various other modi-
fications may be made in my invention without
departing from the spirit and scope thereof and
I desire, therefore, that only such limitations
shall be placed thereon as are necessitated by the
prior art and are set forth in the appended
claims.

I claim as my invention:

1. In a receiver for the simultaneous reception
of a plurality of signals, means including a local
oscillator for converting the incoming signals to
intermediate frequency signals, an intermediate
frequency fllter circuit for providing adjacent
channel selectivity, said filter circuit being con-
nected to supply said intermediate frequency
signals to a plurality of signal channels, one of
said channels including a detector of the type in
which, when two signals are impressed upon its
Input circuit, its output includes a signal having
a frequency equal to the frequency difference of
sald two signals, a filter means having a com-
paratively narrow pass range, and a second de-
tector in the order named, the connecting means
between said filter circuit and said first-named
detector having a pass range wide enough to pass
the entire band width of said intermediate fre-
quency signals.

2. A recelver according to claim 1 character-

ized in that another of said signal channels in-
cludes a filter means and a detector in the order
named, said filter means having a pass range
which is narrower than that of the first filter
and which is wider than that of the filter means
in said one channel.

3. A recelver for the reception of & carrier
modulated by one signal having a certain band
width and by a second carrler which has been
modulated by a second signal, the frequency of
sald second carrier having a numerical value

which is greater than the width of a side band of
said one signal, said receiver comprising means
including a local oscillator for converting an in-
coming signal to an intermediate frequency sig-
nal, a single intermediate frequency filter means
for providing adjacent channel selectivity, and -a
plurality of signal channels having input circuits
coupled to said filter means, one of said channels
including means for deriving solely from said in-
termediate frequency signal a carrier modulated
by said second signal which carrier has a fre-
guency equal to twice said numerical value.

4, A recelver according fo claim 3 character-
ized in that said last means comprises a detector
of the square law type.

5. A receiver for the reception of signals in
a frequency spectrum comprising a carrier wave
modulated by a signal having a certain band
width whereby said carrier wave has a side band
region representing said signal, a second carrier
wave modulated by a second signal and located
adjacent to and on one side of said side band re-
gion, and a heterodyning carrier wave located
adjacent to and on the other side of said side
band region, said receiver comprising means in-
cluding a local tunable oscillator for converting

an incoming signal to an intermediate frequency -

signal including a second signal intermediate fre-
quency carrier derived from said second car-
rier and a heterodyning intermediate frequency
carrier derived from said heterodyning carrier,
an intermediate frequency filter circuit for pro-
viding adjacent channel selectivity, a signal chan-
nel having an input circuit coupled fo said filter
circuit, said channel including means for mixing
sald second signal intermediate frequency car-
rier with said heterodyning intermediate carrier
and deriving therefrom a carrier modulated by
said second signal which has a frequency equal
to the frequency difference of said second carrier
wave and said heterodyning carrier wave.

6. A receiver according to claim 5 character-
ized in that said last means comprises a detector
of the square law type, and further characterized
in that said detector is followed by filter means
for passing only said last modu]ated carrier and
by another detector.

7. In a communication system for the simulta-
neous transmission and reception of picture and
sound signals, a transmitting station comprising
means for transmitting a carrier wave which is
modulated by said picture signal and also by a
sub-carrier wave which is. modulated by said
sound signal, said sub-carrier wave having a fre-
quency higher than the highest frequency in said
picture signals, a receiver comprising a first de-
tector and a local tunable oscillator for convert-
ing sald carrier wave to an intermediate fre-
quency signal which includes said sub-carrier
wave as upper and lower side-band components,
a sound channel including a detector and means
for beating said components in said detector to
produce a carried equal to the frequency differ-
ence of said components which is modulated by
saild sound signals, and means for demodulating
said last carrier.

WINFIELD R KOCH.
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