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The present invention. relates to improved. means and

techniques for both generating and ‘detectinig- a -single

side band signal. . ;
The present system has the advantage over other. sys-
tems of generating and/or detecting single sidé band sig-

nals in that no sharp cut-off band pass filters or wide:

band 90° phase difference networks are regquired.
Another- very important advantage is that no unde-
sired side band components are generated \in an imper-

fect physical part of the systern, but instead the jack-of 525

covers the same band as the desired signal, thus provid-"

complete balance resuits in an inverted side- band “which

ing a most important advantage particularly in those ar-
rangements where channel conservation is the important
incentive -for considering the use of single side band in-
stead of amplitude modulation.

It is, therefore, another general object of the present
invention-to provide an.improved single side band sys-
tem having the above-indicated advantages.

A specific object of the.present invention is to pro-
vide improved means and techniques for generating and/
or detecting single side band signals without the require-
ment of sharp cut-off band pass filters or wide band 58°
phase difference networks.

_The features of the present invention which are be--

lieved . to ‘be novel are set forth with particularity in
the appended .claims. This invention -itself, both as to
its organization and manner of operation, together with
further objects and advantages thereof, may be best un-
derstood by reference to the. following description taken

in- connection with the accompanying drawings, in.’

which:

Figure 1 is a block diagram illustrating -the system.-

Figure 2 shows in more detail the system illustrated
in Figure ‘1 used in generating a single side band signal.
_Figure 3. illustrates apparatus- embodying features of

the present invention for detecting a single side band sig-

nal..
The system incorporating: the present invention is de-
scribed generally in commection with Figure 1 which is

“sufficiently general .in form to describe both the means -
for. generating .a single side band signal as well as the-

means for detecting a single side ‘band signal. For-pur-
poses of simplification, Figure 1 is:described first in con-
nection ‘with generating a single -side band signal, and
later explanation is devoted to the manner in which the
system ‘shown in Figure 1 is used also for single side
band detection.

Thus, in the case of single side band generation, the

signal represented by ej(¢) may be comsidered to be

audio signals in the range of 300 to: 3300 cycles per sec-

ond;:- This audio signal is applied simultaneously to two
balanced modulator stages i% ‘and 1% in separate chan-
nels 12 and. 13. Also applied t6 the modulator siages
10-and i1 for multiplication are ‘signals represenied by
cos wyt and sin wet,” respectively. ~The: quantity=wp is

measured-in terms of radians:per-second ‘and corresponds:

o
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to -a frequency of 1800 cycles per second for this par: . -

- ticulat-exaniple. . In general, it corresponds to the center .
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of the signal band. The quantity ¢ represerits, of course,
time. - The outputs of the stages 18 and 11 are repre--
sented; réspectively, -as: e, (2) - and .egy(t).  These two”
outputs are applied to'low pass filter stages 4 and 15,
respectively, having a frequency pass band extending
from zero to W/2, where W in this specific case, men-
tioned for purposes of illustration, corresponds to a fre-
quency of 3000 cycles per second. The outputs of stages
14 and” 15 are represented, respectively, as E,(¢) and " -
E,(#) and applied to the corresponding balanced modu-
lator stages 16 and 17 where multiplication occurs with
corrésponding. quantities represented, respectively, by cos
wet and sin wet.  In this specific case, described for pur-

- poses of/illustration, the quantity w, corresponds to a

frequency of 1 megacycle. In general w, is the center’
of the single sideband. The outputs of stages 16 and 17"~
are combined in the adder stage 16A, 17A so as to pro-

duce an output quantity, ie., a single side band signal

represented by the quantity.e;(2). v )

The :aforementioned audio input signal e¢;(f) may be
developed by the use of a microphone, as represented
by the microphone 3¢ in Figure 2; and the output sig-
nal e,() may be applied to a linear amplifier as rep-
resented by the linear amplifier 31 in Figure 2 for trans-
mission by an antenna system represented by the anten-
na 32 in Figure 2. ’

The various signals mentioned above for purposes -of’
analysis may be represented as follows: .

N
éik(“/) =E £, cos (wnt+ (ﬁn) :
n=1

where the quantity ¢, represents the phase.

In this specific example given for purposes-of demon-
stration, all ‘values of wy lie between w,—W/2 and
wo-+-W /2, Thus, w, corresponds to 1800 cycles per sec-
ond, W corresponds to 3000 cycles per second and- wy
corresponds to a. frequency range extending. irom 300 to
3309 cycles per second.

The: quantities B;(¢) and E,(¢) obtained through mul-
}iplication and prior to filtering -are represented -as ‘fol-
OWS:

N
B () =2LF(e,(t) cos w,t)="> B, cos ((wy—ws)t-+¢7)
. n=1

' N
EZ (t) =2LF(ei(t) sin wot) =E En sin’ ((wn"' wo) t‘l‘ ¢n) '
n=1 -

- The output signal is represented by:

e,(t)=E; (1) cos wyt4-Ey () sin wet

" which results in

b5
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N ‘
eo()) = By 008 ((ws+wn—wo) 1+ n)
. n=1

It is observed that the last equation is the equation’
for a single side band signal corresponding to the original .
signal e(f). The frequency wc is the band center and .
the normal carrier position corresponds 10 we—Ww,.

A practical arrangement of the system illustrated in
Figure -1 for side band generation is shown in. Fig-
ure 2.

In Figure 2 the output of the .sound. transducer such

" as microphone 30 is. first amplified in amplifier stage

70

34 and then filtered by filter stage 35 so that a signal jn"
the Tange of 300 to 3300 cycles per:second. is applied.

" simultaneously to the primary windings -10A,. 1A of"
‘the corresponding modulator stages 190 and 1L, E}ibhj"of';

these modulator stages-10 and 11 are of identical con-
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figuration and involve center-tapped secondary windings

108, 11B, each having their center tap connected
through secondary windings 1¢C, 11C to an adjustable
tap on corresponding resistances 1¢D, 11D, The outside
terminals of windings 10B, 11B and resistances 10D,
13D are connected together through diodes which are
poled as indicated. Thus, in the case of modulator 19,
these aforementioned outside terminals are connected
together by diodes 188 and 10F and also by diodes 106G
and 1¢H forming a conventional ring or balanced modu-
lator. - Likewise, in the case of modulator 11, diodes
1R, 11F, 11G and 11H are provided for the same pur-
pose. It is noted.that the diodes 10E and 106G are
serially connected and also the diodes 10F and 10H are
serially comnected for passage of current in the same
direction.

These secondary windings 16C and 11C introduce,
respectively, a co-sine and a sine term of an audio fre-
quency signal developed in the audio frequency oscil-
lator 36, through corresponding primary windings 38
and 39.

The oscillator 36 has its grounded terminal connected
to the interconnected cathodes of the amplifier tubes 40
and 41. The other terminal of oscillator 36 is con-
nected through a phase shifting network 42 to the con-
trol grids of these tubes 48 and 41. More specifically,
the ungrounded terminal of oscillator 36 is connected
to the control grids of tubes 40 and 41 through con-
denser 44 and resistance 45, respectively; and, these
two control grids are interconnected by resistance 46
and condenser 47 which have their junction point ground-
ed. A source of voltage 50 has one of its terminals
grounded and the other one of its terminals connected to
corresponding anodes of tubes 40 and 41 through pri-
mary windings 3§ and 39, respectively. The signals thus
developed through multiplication or- modulation across
the resistances 10D and 11D, respectively, are applied to
the low pass filters 14 and 15 through connections which
involve a resistance serially connected with a coil serving
as isolation between the balanced modulation and the
low pass filier. More specifically, these connections in-
volve resistances 1067, 10K, 11J and 11K.

The low pass filters 14 and 15 are conventional and
include series connected coils 16L, 10M, 11L, 11M, 14A,
14B, 14C, 14D, 15A, 15B, 15C and 15D, as well as
shunt connected condensers 14E, 14F, 14G, 14H, 15E,
15F, 15G and 15H. It is noted that the junction point
of condensers 14G, 14H, as well as the junction point
of condensers 15G, 15H, are grounded to preserve a
balanced condition with respect to ground. The second
or radio frequency modulator stages 16, 17 are of identi-
cal configuration -as the previously described modulator
stages 12 and 3.

Thus, in like manner, modulator stage 16 includes
serially connected diodes 16E, 16G and serially con-
nected diodes 16F and 16H, as well as the tapped out-
put resistance 16D and secondary winding 16C. Similar-
ly, the modulator stage 17 includes the serially connected
diodes 17E, 17G, the serially connected diodes 17F, 17H,
the tapped output resistance 17D and the secondary wind-
ing 17C. .

" These secondary windings 16C and 17C serve to in-
troduce into the corresponding modulators 16 and 17
a co-sine and a sine term of a radio frequency signal
developed in the oscillator stage 60 through primary
windings 68 and €9, respectively, which are tuned to
the radio frequency signal by corresponding condensers
63A and G9A.

The radio frequency oscillator 60 has one of its termi-
nals grounded and the other one of its terminals con-
nected through a phase spliiting network 72 to control
grids of corresponding amplifier tubes 80 and 81. More
specifically, the ungrounded terminal of oscillator 69
is connected to the control grid of tube 80 through con-
denser 84 and to the control grid of tube 81 through
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4
resistance 85. These control grids are interconnected
by the serially connected resistance 86 and condenser 87
which have their junction point connected to the ground-
ed cathodes of tubes 86 and 8i. A voliage source 90
has one of its terminals grounded and has its positive
terminal connected to the anodes of tubes 8§ and 81
through corresponding tuned coils 68 and 9.

The signals developed by multiplication or modulation
across the resistances 16D and 17D are combined by
serially connecting the secondary windings 108 and 191,
having associated primary windings 102 and 183. The

-winding 102 is connected to the outside terminals of

resistance 16D through resistances 194 and 1€6, and
such winding 182 is shunted by both a condenser 108
and a resistance 118. Likewise, the primary winding
103 is connected to the outside terminals of resistance
17D through resistances 105 and 107, and such winding
163 is shunted by both a condenser 169 and a resistance
1i1. The signals thus combined or added by windings
160 and 101 are applied to the linear amplifier 31, having
its output terminal connected to transmitting antenna 32.

With reference to Figure 2, the following are repre-
sentative values for the designated components: The
diodes are crystal diodes of the 1 N 100 type. The re-
sistances 10D and 11D each have a value of 750 chms.
The resistances 187, 18K, 11J and 11K each have a re-
sistance of 375 ohms. The coils 10L, 18M, 11L and
11M have a value of 27.5 millihenries. The coils 14A,
14C, 15A and 15C each have a value of 100 millihenries.
The coils 14B, 14D, 158 and 15D each have a value of
75 millihenries. The condensers 14E and 15E each have
a value of 0.15 microfarad. The condensers 14F and
5F cach have a value of 0.20 microfarad. The con-
densers 14G, 14H, 15G and 15H each have a value of
0.11 microfarad. The resistances 16D and 17D each
have a value of 1500 ohms. The resistances 1¢4, 106,
105 and 187 each have a value of 750 ohms. The con-
densers 108 and 109 each have a value of 3000 micro-
microfarads. The resistances 110 and 111 each have a
value of 2000 ohms. The coils 102 and 103 each have
a value of 8.5 microhenries. The resistances 45 and 46
may each have a value of 10,000 ohms. The condensers
44 and 47 each have a value of .01 microfarad. The
resistances 85 and 86 each have a value of 160 ohms.
The condensers 84 and 87 each have a value of 1000
micro-microfarads.

The single side band signal thus developed and trans-
mitted using the arrangement specifically shown in Fig-
ure 2 may be received and detected by coventional radio
receivers which have provisions for receiving and detect-
ing single side band signals. :

It is noted that each one of the balanced modulators
10, 11, 16 and 17 is a double balanced modulator and
sometimes referred to in the art as a ring modulator.
Such modulator; of course, includes nonlinear elements
so that when two signals are applied thereto, sum and
difference frequencies are developed, but the ring modu-
lator functions so that the two signals applied thereto
are balanced with respect fo the output. This means
that the output of each balanced modulator comprises
both or double side bands of the signals combined in the
modulator. In order to assure balanced operation, ad-
justable taps are provided on the various resistances 10D,
11D, 16D and 17D. Thus, each of the balanced modu-
lators may be referred to as a signal multiplying and
suppressing means sensitive to signals applied thereto for
developing only side band components thereof. The out-
put of each of the balanced modulators thus comprises
a double side band signal. The function of the filter or
frequency selective means 4 and 15 is generally that of
selecting one of the double side bands so that a single
side band signal is applied as an input to the balanced
modulator stages 16 and 17. However, in this system
the lower side band which is selected by low pass filters
14 and 15 is “folded” about zero frequency and hence -
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has only one-half the bandwidth of a conventional side’

“band." Double side band signals result from the applica-

tion .of the: two signals ‘B;(¢) and Es(z) to balanced
modulators 16, 17 and such signals have thé same band-
" By combining
the signals at the output of stages 16 the resulting signal
e,(T) also has a bandwidth W. However, the various

responding quadrature component of said third signal;:and™
‘médns combining the outputs - of eacliof thelast-mentioned”
individual 'means. '
2. T "a systems of the character described, a signal com-.
prising a band of audio frequencies, a pair of substantially:
identical channels fed by said signal, each ‘one of said

" channels. comprising; in‘cascade, a-fifst balanced modula-

spectrum components either add or cancel so that a single -

side band signal appears at the outpuit of the other stage

“16A, 17A.

‘Summarizing, the input signal e(#) has its energy con-
fined ‘to a band width W radians per second, centered
about frequency w, radians per second.  The two. ring
modulators 16 and 11 operate on the signal producing
two functions of time, Ei(z) and Ey(¢), each having its
energy confined to the frequency band zero -to ‘W/2
radians per second. The two frequency selective mnet-
works or low pass filters 14 and 15 pass all frequencies
equally and with a constant time delay from zero to W/2
radians per second. These filters’ 14, 15 provide ade-

quate suppression of the higher. frequency components -
The 'lowest frequency of -
- these unwanted products cccurs at 2w,— W/2 radians per

from the balanced modulators.

second which provides a transition region from /2 to
2w,—W/2. These two filters 14 and 15 shotld have
identical response characteristics in the pass band. The
two signals E;(¢) and Ey(z) are applied to another pair
of balanced modulators 16 and 17. . In this latter in-
stance, the translating frequency w, is the band center

- of the single side band signal. - The location of the normal

carrier is at we—w, radians per second.  The output
from these two balanced modulators 16, 17 are added
together, forming the single side band signals. Any high
frequency components centered about multipies of we
are eliminated by passing the same through a frequency
selective network or filter. By interchanging e;(¢#) with
e,(t) and w, with w,, the block diagram of Figure 1
becomes the block diagram for a single side band demodu-
lator.

Indeed, in accordance with another aspect of the pres-
ent invention, the receiving. system incorporates a detec-
tion system illustrated generally in Figure 1, as modified
above, and illustrated more specifically in Figure 3. This
transformation indicated above.in connection with Fig-
ure 1 is illustrated in the block diagram of the receiver
in Figure 3. The signal e,(¢) at the recejver may be
directly received on the antenna 132 and amplified before
being applied to the balanced modulator stages 112, 113;
or such signal represented by e,(#) may be produced
by conventional superheterodyne action using a local os-
cillator, as indicated in the stage 133. The signal e,(?)
is combined with quadrature components of the signal
having a frequency of 1 megacycle and. corresponding
to w.. The output of each of the modulator stages 112
and 113 is a double side band signal, and the lower side
band of each of the signals is selected by the correspond-
ing frequency selective or filter network 114, 115, so that
a single side band signal is applied to the balanced modu-
lator stages 116, 117, to which is also applied quadrature
components of the signal having a frequency of 1800
cycles per second corresponding to wo. The output of
the modulator stages 116, 117 is combined in-the adder

stage 116A, 117A, and the output of the last-mentioned -
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tor,” frequency “selective’ means -and a second - balanced
micdilator, said signal being applied'to the first modulator
in each. channel, a second audio sighal having individual
quadrature components applied: to the first modulator in
corresponding channels, said second audio signal ‘having
a frequency in:said-band of audio frequencies, a"second -
signal. having individual quadrature .components applied
to the ‘second modulator in corresponding channels, and
means combining the output of the second modulator in
one of said channels with the output of the second modula-
for in the other one of said channels.

3. In a system of the character described, a source of
a first signal voltage having a frequency band, a source of
a second ‘signal voltage having a frequency within said
band, a source of a third signal voitage, balanced modula-
tor means coupled to said first and second sources and
functioning to produce first side band signals-in accord-
ance with, on the one hand, said first signal and a quadra-
ture component of said second signal, and, on the other
hand, second side band signals in accordance with said
first signal and a second quadrature component of said
second signal, frequency selective means for filtering said
first and second side band signals, second balanced modu-
lator means coupled to said third source and receiving
said filtered side band signals and functioning to produce
third side band signals in accordance with one of said
filtered side band signals and a quadrature component of
said third signal and functioning to produce fourth side-
band signals in accordance with the other filtered side

“band signals and a second quadrature component of said’

40

50

55.

80

stage is amplified in the audio amplifier 128 before being -

applied tothe speaker 122.

I claim: :

1. In a system of the character described, a first signal
comprising a band of audio frequencies, a second signal
of audio frequency within said band, a third signal of
radio frequency, individual means multiplying said first
signal with individual quadrature components of said

second signal to derive individual side band signals cor--

responding respectively to each one of .said components,

individual frequency selective means for selecting a portion

of each of said side band signals, individual means mul-
tiplying a corresponding one of said portions with a cor-

85

70

((]

third signal, and means combining said third and fourth
side band signals.

4. In a system of the character described, a first signal
having a band of frequencies, a second signal having a
frequency within said band, means deriving quadrature
components of said second signal, individual signal multi-
plying and suppressing means sensitive to said first signal
and a corresponding one of said quadrature components
and functioning to develop first and second side band
signals, first and second frequency selective means for
filtering respectively said first and second side band signals,
a third signal, second individual multiplying and sup-
pressing means sensitive to corresponding filtered side
band signals and respectively corresponding quadrature
components of said third signal, and means combining the
output of said second signal multiplying and suppressing
means. :

5. In a system of the character described for producing
a single side band suppression carrier signal, the combina-
tion comprising .a first signal comprising a ‘band of audio
frequencies, a second signal comprising two quadrature
components and having a frequency within said band, a
third signal comprising two quadrature components, first
individual balanced modulating means sensitive to said

‘first signal and corresponding quadrature components of
. said second signal and functioning to develop first and

second side band signals, second individual balanced
modulating means sensitive respectively to said first and
second side band signals and corresponding quadrature
components of said third signal and functioning to develop
third and fourth side band signals, and means combining
said third .and fourth side band signals to produce a
single side band signal.

6. In a method of the characier described, the steps
comprising multiplying a first band of signals with quadra-
ture components of a second signal within said band to
develop first and second side band signals, filtering said
first and second side band signals to produce third and
fourth signals which are each only the lower side bands
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of said first and second. signals, multiplying said third
and fourth signals respectively with quadrature compo-
nents of a fifth signal to develop third and fourth side
band signals, and combining said third and fourth side
band signals.

7. In a system of the character described, a pair of
substantially identical channels connected in parallel, a
first source of signals in a band of frequencies fed into
one end of each of said channels in substantially the same
phase, each of said channels comprising in cascade first
balanced modulating means, low pass filtering means, and
second balanced modulating means, an adding network
receiving the output of the second balanced modulating
means in each channel, a second source of signals having

quadrature components thereof supplied to the first bal- 18

10

g

e

anced modulating means in corresponding ones of said ~
pair of channels, said first and second scurce of signals
having a comparable frequency of the same value within
said band of frequencies, said low pass filter in each chan-
nel passing only the lower side band of signals in cor-

responding channels.
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