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’]"hc present invention - r..,lates o Impmved means’ aqu:
technignes for bdth szenerat,na and - dEtBCfl’ﬂg a . singls’

side band signal.

The present system has the arlvan*qge over sihidr. s Y-
tems of generating and/or detecting single gide band
nels in that no shap cut-off band. pass I fiftefs or wi
band 90° phase difference networks ave reguired,

Another very important advantage is’ that’ no. undé-

sired- side band components are gemerated ‘a an- imiper-
fect physical pari of the systertt, but instead the ldc
complete balance resuits in an inverted side band %

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

ing a most important advantage pdmcularly in those ar-

rangements where channel conservaticn is the impostant.
. incentive for considering the use of single side ]Jd*!d in-

stead of amplitudé modulation.

It is, therefore, another general object of the present
invention -to provide an. improved single s;d\, pan d Sy3- -

tém having the above-indicated advaniages. *

A specific object of the. present invention is to pl.,
vide improved means and techniques for generating and/
or.detecting single side band signals without the r“qu“rc’,-
ment of sharp cut-off band pass filters’ or Widu band $0°
phase difference networks.

_The features .of the present invention whlcn ars be-.

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

in - councction wnh the accompanying = drawings, m .
" whichr :

Figure 1 is a block diagram . illiserating the system.

of

i,

_ te:) a =frequency of 1800 cyc‘es per sc-cond for. this par-_'."' : '_ .
" ticularsexanmple. . In general, it corresponds to the ceater .

of the signal band. The quantity 7 represexts, of course, .
Thé ocutputs” of the stages ‘10 and. 'ii are repre--

setited, respectively, -85 eq(£) . and-. ‘eap(t). These two

:outpuxs arc apphed o low pass filter stages 14 and 1%,

respectively, baving a frequency pass band extending.

from zero o W/2, where W in this specific case, men-
- tioned for purposes of jllustration, corresponds to a fre-

10

quency of 3000 cycles per second, The outputs of stages -

%4 and 15 are represented, respeciively, as E,(#) and -
E,(#)- and applied to the corresponding balanced modu-
Jator stages 16 and 17 where multiplication occurs with’

- -coiresponding quantities fepresented, respectively, by cos

1

wot and §ig wet. In this specific case, described for pur-

- poszs of: illustration, the quantity we corresponds to a’

120

o

frequéncy of 1 megacycle.

of the single sideband, The outputs of stages 16 and 17~
arg combined in the adder stage 16A, 17TA s0 as fo pro- .
diace an output quamniity, ie., a single side band signal

- represented by the quantity eu(f)

30
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Figure 2 shows in more. detail the system. 1111.1@&?0‘5{1 :

in Figure -1 -used in generating a single side band SIgru_l

Figure- 3 illustrates apparatus- embodying. features of_
the .present-invention for detecting a smgle side band sig- *
" nal..

The system incorporating the. present invention ja d-=- .

scribed’ generally in connection with Figure 1 which is

"suﬂimently 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 sigpal. For pur-
poses of simplification, Figure 1 is deseribed first:in con-
nection -with generatmg a single -side band signal, and
later- explanatlon is devoted to the manner in which the
system shown in Figure 1-is used alse for single side
band detection.

Thus, in the case of: single- side baﬂd
signal erLesenied by () may be CO!hl'C tered to be
audio signals in the range of 300 io 3300 cycles per sec-
ond. - This audio signal is applied simultancously to two
balapced modulator stéges 1% ‘and 11 in separate chan-

cost wot and-sin w,t; respectively. . The gnantityw, is

pigasured in tefms of radlans pef: sectmd and gilvin esnonda-'

seneration, the

Also applied 6 the modulator siages:
10 and. 11" for multiplication are: signals represenisd by

H

‘The :aforementioned audio input signal ei{r) may be

“develéped. by the use of a microphone, as represenied

by. the. mifcrophone 3% in Figure 2; and the output sig-
nal g,(f} may be applied to a linear amplifier as rep-
résented by the linear amplifier 31 in Figure 2 for trans-
rhission by.an antenna system represeiited by the anten-
na 3z in Flgure 2. g

The various signals mentioned above for purposes of’
analyzis may be rcpreseﬂted as follows: .

'é-- (#) = E Fn605 (wabhda)-
- de=l
where the qua*mty ¢-n represents the phase.
- In this specific example given for purposes of demon- -
straiion, all values of wy lie between w,—W/2 and
wo bW /2, Thus, w, corresponds 1o 1800 cycles per sec-’

.ond, W corresponds to 3000 cycles per second and wy -

corresponds 1o a. fxequency range extending. from 3G0 to
3308 cycles per second. .

- The quantiifes E;(¢} and. Eg(f} obtained through mul-
ilphcatmn and prior to £t crlmr are represented as fol-
ows: .

. - .
By =2LF(e{f) eos wol) =2 | B, cos ((wn—w)t+da) -
: 0 et :

Byt :QLF(ei(t)' gin w,8) =E B sin (i —ws) b dn)

’Ihe output mgnal is reprpsented by:

]

o{1) _El(x) cos’ w,_.t—{—L'z{t} sin. wcr
whrh results in

B ea(t)—ZE,, cos {(w;+an— w)t+¢,.)

"It is observed that the last equat;on is the equation

" for a single side band signal correspondmg to the original.

a0

5]

70

sighal.e; (). The frequency w, .is the band cenfer and '
the normal carrier position corresponds. o We—w,.

_ 4 prectical arrangement of the system illusirated in
Ulg‘LIu 1 'for side band. generatmn is shown In. Fig-.
ure 2,

in Figure 2 ibe output’ of the souncl sransducer such
as - microphone. 38 is. first ‘amplified. in amplifier . stage
34 apd then filtered. by filter.stage 35 so that a. sxgual in’’
the range of 300 to.3300 cycles per:second. is’ applied”

suuahanacusly to the. primary wmdmgs A0A, 11A of 7 -
the corresponding modulator stages 10 and 1L Hich of

* these modvlator stages 10 and 11 are of 1dent1cal cofl- _

In gemeral w, is the center
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figuration . and involve conter-tapped secondary. windings

1¢B, 11B, cach having their center tap comnected
. ithrough secondary windings 1¢C, 11C to an adjustable
~ tap on corresponding resisiances 18D, 11D, The outside

terminals of windings 198, -11B and .resistances 10D,.

11D are copnecied together through diodes which are

poled as.indicated. Thus, in the case of modulator 30,
aforementioned outside terminals -are connected.

these
together by diodes 30E and 187 and also by diodes 10G

. and B¢H forming a conventional ring or balanced modu-
lator. Likewise, in the case of modulator 11, diodes
11, 115, 116G and 11 are provided for the same pur-
pose. It is noted that the dicdes I0E and 106G are
serially connécted and also the diodes 10F and 10H are
serially connected for PaSSd"c of current in the same
dirsction.

These secondary windings 10C and 1iC istroduce,
respectively, a co-sine and. a sine term of an audic fre-
quency signal developed in the. audio frequency oscil-
lator 36, through corresponding primary windings 38
and 39,

The oscillator 36 has iis grounded terminal connected

to the interconnected cathodes of the amplifier tubss 48
" and 41, The other terminal of oscillator 36 is con-
nected through a phase shifling network 42 to the con-
wol grids of these tubes 40 and 41. More specifically,
the ungrounded terminal of oscillator 36 is cosmnected
to the control grids of tubes 40 and 41 through con-

denser 44 and resistance 45, respectively; and, these.

two control grids are intercomnected by resistance 46
and condenser 47 which have their junction point ground-
ed. A source of veltage 50 has one of its terminals
grounded and the other one of its terminals connected to
cerresponding anodes of tubes 49 and 41 through pri-
mary windings 38 and 39, respectively. The signals thus

developed through mmultiplication or- modulation across.

the resistances 10D and 11D, respectively, are applied to
the dow 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 filter, More specifically, these connections in-
volve resistances 10J, 10K, 117 and 11K,
The low pass filiers 14 and ‘15 are conventional and

inclizde series connecied coils 161, 100, 111, 11M, 144, .

148, 14C, 14D, 15A, i5B, ISC and 15D, as well as
shunt connected condensers 14E, 14F, 14G, 14H, ISE,
15F, 15G and 35H. It is noted that the junction point
of condensers 14G, 143, as well as the junction poiat
of condensers 15G, 15H, are grounded to preserve a
balaneced 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 13. :
. "Thus, in like mangper, modulator stage 16 includes
serially comnected diodes 16E, 16G and . serially con-

nected diodes IS8F and 16H, as well as the tapped out- .

put resistance 16D and sscondary winding 16C. Similar-
ly, the modulaior stage 17 includes the serially connected
diodes 17E, 173, the serially connected diodes 17F, 17H,

the tappad oulput resistance 17D and the secondary wind--

iug_ 17C,

" These ‘secondary windings 16C and I7C serve fo in-

troduce into the correspondmg moduiators 16 and 17
a co-sine and a sine term of a radio frequency szgual
developed .in the oscillator stage 60 throngh- primary
windings 68 and €9, respectively, which are tuned to
the radio frequency signal by corresponding condansers
68A and 69A.

'I_'hc radio frequency oscillator 60 has one of its termi-
nals grounded and the other one of its terminals cor-

10

15

Rl

26

25

30

36

40

45

50

83 -
so that when two signals are applied thereto, sum and
difference frequencies are developed, but the ring modu-

i+
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nected through a phase splitting network 72 to control -

grids of corresponding amplifier tubes 80 and 81. More
specifically, the ungrounded terminal of oscillator 60
is connected {o the contro! grid of tube 80 through con-
denser 84 and fo the control grid of tube 81 throwgh

. may each have a value of 10,000 ohms.

resistanée 85. These control grids are interconnected
by the serially connected resistance 86 and condenser 87
which have their junction poini connected 1o the ground-
ed cathodes of tubes 83 and 81, A voltage source 90
has ome. of its terminals grounded and has iis positive
terminal connecied to the anodes of tubes &9 and 31
throngh corresponding tuned coils 68 and &9.

The signals developed by multiplication or modulation
across the resistances 160 and 27D are combined by
serially connecting the secondary windings 10¢ and 101,
having associzted primary windings 102 and 163. The
winding 182 is connected to the outside terminals of
resistance 16D through resistances 184 and 186, and
such winding 102 is shunted by both a condenser 108
and a resistance 118, Likewise, the primary winding
183 iz connecied to the outside terminals of resistance
17D through resistances 395 and 107, and such winding
103 is shunted by both a condenser 189 and a resistance
The signals thus combined or added by windings.
188 and 181 are applied to the linear amplifier 31, having
its ouvtput terminal connected fo transmitling antenna 32,

With reference to Figure 2, the following are repre-
sentative values for the designated compoments: The
diodes are crystal diodes of the I N 100 type. The re-
sistances 10D and 111} each have a value of 750 chms.
The resistances 187, 14K, 117 and 11K each have a re-
sistance of 375 ohms. The coils 161, 183, 1iL and
11M have a value of 27.5 millihenries. The coils. 14A,
14C, 1SA and I5C each have a value of 100 miflihenries.
The coils 148, 14D, 15B and 15D each have a value of
75 millihenries, - The condensers 14E and 5E each have
a vaipe of 0.15 microfarad. The coadensers ¥4F and
I5F each have a value of 0.20 microfarad. The con-
densers 4G, 14F, 15G and 35H each have a value of
0.11 microfarad. The resistances 1813 and 37D each
have z value of 1500 ohms. The resistances 104, 106,
105 and 197 each have a value of 750 chins. The con-
densers 108 and 109 each have a walue of 3000.micro-
microfarids. The resistances 130 and 131 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
The condensers
44 and 47 each have a valoe of .01 microfarad. The
resistances 85 and 86 each have a value of 160 ohms.
The condensers B4 and 87 each have a value of 10080
micro-microfarads;

The single side band signal thus developed and trans- -
mitted wsing 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 smglc side band signals.

1t g noied that each one of the balanced modulators
16, 11, 16 and 17 is a double balanced modulater and
someﬁmes referred. to in the art as a ring modulator.
Such medulator, of course, includes nonlinear elements

lator functions so that the two signals applied thereio
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 fo assure balanced operation, ad-
justable taps are provided on the various resistances 10D,
11D, 16D and 17D. Thns, each of the balanced modu-
lators may be referred to as a signal molitiplying and
suppressing means sensitive to signals applied thereto for
developing only-side band components thereof. The out-
put of each of the balanced modulators ithus comprises.
a double side band signal. The function of the filter or -
frequency selective means 14 and 15 is generally that of -
selecting ome of the donble side bands so that a sinple
side ‘band signal is applied as an input to the balanced
modulator stages. 16 and 17, However, in this system

. the tower side band which is selected by low pass filters

18

14 and 15 is “fo_lded” about zero frequency and hence



- 16A,
Summarizing, the inpt signal ¢(t) has its energy con-

-radians per second.

band. Double side Band’ signals. esult from the applica-

.has only one:-half the bandmdth -ofa’ conventionsl side” '.

-fion .of the. two . 51gnals ‘Ei(f) and By(f) -to balanced .

modplators 16, 17 and such signals have the. same band-
By combintag

widih, W, as the original signal &(T).

the sigpals at the output of stages 16 the resulting-signa!

2,(T) also has a bandwidth W.
spectrum compontents cither add or cancel so that a sihgle

side band signal appears at the output Df the ot'uer stage
17A,

fined to a band width W radians per sccond, centered
about frequency w, radians per second, . The two ring
modulators 18 and 11 operate on the signal prbduéii:lc;
two funciions of tima, Ei(#) and Eu{¢); each h&wmg ifs
energy confined to the frequency band zero-to W/2

radians per second. The two frequency selective met-
works or low pass filters 14 and 15 pass all frequencies
" equally and with a constant time delay from zero to W/2

These filters 14, 15 provide ade-

However, the various -

R 2928;056

6

respondmg quadratu.re comipbnent of smd t]md signal; and
‘médns combining the ouipuis of cachiof the 1ast- mnnoned_-
individomal 'means.

" 2.%8%8 systéme-of the character d.CSCI‘led a mgnal com-, -

prising a band of andio freguencies, a pair of substantially: -

ideirtical channels fed by said signal, -edch ‘one-of said

= ghanhels comprising, in‘cascade, a first ‘balanced moduta-
. tor, freguency ‘selective: means -and . a- second  balanced

10

nigdilater, said SIgnal being ‘applied to: the first modulator
in each.channel, a:-second andio algﬁal hwmg individual-
quadraturs components applied to the first modulator in
corresponding chanrels, said seoond audio signal having

a frequency inisaid-band of audio frequencies,.a’ ‘second -

' mgnal having individial quadrature .components ‘applicd .

to-the gecond moduldtor ‘in ‘cortesponding channels, and"_-

. 'means combining the output of the second. modulator 1n

- . one of said channels with the output of Lhe second modula- .

20

quate suppression of the higher freguency compouents .

{from the balanced modulators.
these unwasted products cceurs at 2w, —
second which provides = transition region from W/2 to
2w,—W/2, These two ﬁlters 14 and 3S shoild have
identical_response characteiistics in the wass band. The
two signals E{z) and Es{z) are applied to another pair
of balanced modulators 16 and-17.  In this latter in-

/2 radians per

stance, the tramslating frequency w, is the band center
. of the slpgle side band sigoal. The location of the normal
carrier is at w,—w, Tadiang per second.. The output

from - these two balanced medulators 16, 17 are added
together, forming the single side band signals. Any high
frequency components centered about multiples of w,

ore elimipated by passing the same through a frequency'

selective network or filter, By interchanging e;(#) with
e,{ty and w, with w,, ihe block diagram of Figure -1
becomes the block dla“l am for a smgle side band damodu-
lator.

Indeed, in accordance w1th another aspect of the pres-

The lowest frequency of -

25

for i the other one of sald.channels.

-3. In & system.of ‘the characier described, a source of
& first signal voltage having a frequency band, a sowrce of
a second signal-voltage having a frequency within said
band, a source of a third signul voitage, balanced modnla-
tor means coupkéd 1o said first and second . sotrces and
functioning to produce first side band signals in accord-
unce with, on the cne hand, said first signal and a quadra-
ture component of said second sxgna] and, on the other”

hand, sscond side band signals in accordance with said

first slgn“l and = second quadrature component of said

- second signal, Ir .,quency selective means. for filtering said

20

first and second side band signals, second balanced modu-

_lator means coupled to said third scurce and Teceiving

" said fttered side band slgnals and functioning to pwduce_

35

ent imvention, me_rcoelvmg system incorporaies a detee- -
tion systern illustrated generally in Figure 1; as modified

. above, and illustrated more specifically in Figure 3. This

transformation indicated above.in” commection with Fig-
wre 1 is illustrated in the block diagram of the iecéiver
in Figure 3. The signal e,(¢) at the recciver may he
directly received on the antenna 132 and amplified befdie
being applied to the balanced medulator stages 1312, 113;
or such signal - represented by g,(#) may be produced
by conventional superketerodyne 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-

third . side band signals in accordance with one of said
filiered side band signals and a quadrature component of |
gaid third. swndl and functioning to produce fourth side

band signals-in uccordance with the other filtered side -
‘band signals and a second quadrature component of said . -

third signal, and means mmhmmg said third and fourth

side band signals.

4, In a systemn of the character described, a first signal.
having a.band of frequencies, a second signal having a
frequency within said band, means deriving quodrature

" compenents of said second signal, individual signal muiti-

45

plying and suppressing means sensitive o said first signal

and a conespondmg ope of said guadrature components

and funciioning {o develop first and second side band

‘sipnals, first apd second frequency selective means for

. filtering respectively said first and second side band signals,

50

a third signal, second individual multiplying and sup-
prcssing means sensitive to corresponding filiered side -
band. signals and tespectively corresponding quadrature

© components of said third signal, and means combining the

55.

ing frequency selective or filter network 114, 115, so that -

a single side band signal is apphed to the balasnced modu-
lator stages 114, 117, to ‘which is also applied quadratuse
components of the 510nal having a frequency of 1800
cycles per second corrcspondmo 10wy The output of

outprt of said second signal multiplying and supprcssmg
MEAns.

. 5. In a systemof the character deseribed for prodhcmg
a single side band suppression carrier signal, the combina-
tion comprising .2 first signal co-mpnsmg a band of audio
frequencies, a second signal comprising two -quadrature .

" ..components and having a {requency within said band, a

80

the modulator stages 116, 117 is combined in-the adder -

stage L16A, 117A, and the cutput of the last-mentioned -

stage is amplified in the audio amplifier 128 before bcmg _

applied to the spaaker 122

1 claime:

1. In a system of thé character described, a ﬁrst 51gna]
comprising a band of audio frequencies, a second signal

of audio frequency within said band, a third sigpal 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 ope of said components,

65

70

individual frequency selective means for selecting a portion

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

16

third signal comprising two quadrature components, first
individnal balanced modulating means semsitive to said

first signal and corresponding quadrature components of
- .gaid second signal and functioping to develop first and
second .side ‘bapd signals, second individual balanced

modilating means sensitive respectively to-said first and
second side band signals and corresponding -quadrature
components of said third signal and functioning to develep
third and fourth side band signals, and means combining
said third .and fourth side band mgnals to produce a
single side band signal.

6. In & method of the character described, the steps
comprising multiplying a first band of signals with guadra-.
ture componeauts of a second signal within said band fo
develop first and second side band signals, filtering said -
first ‘and second side band signals to produce third and
fom_'th signals which’ are each oanly the lower side bands



of said first and second signals, multiplying said third
and fourth sighals respectively with ‘quadratare compo-
nents of a fifth signal to develop third and fourth side
band signals, and combining said third and fourth side
Land signals. '

7. In a system of the character described, a pair of

2,928,055

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
phasc, each of said channels comprising in cascade first
balanced modulating means, low pass filtering means, and

second balanced modulating means, an adding network .

recelving the cutput 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

8 |

anced modulating medns, in gorresporiding ones of said ~

pair of channels, said first and second source 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-

respending channels.
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