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4. Claims. 

The present invention relates to systems for 
translating modulated carrier signals and more 
particularly to an improved circuit for and 
method of suppressing one of the modulation side 
bands in the transmission or reception of signals 
of this character. 
An object of the invention is to provide a sim 

ple and efficient means and a method for select 
ing the upper, or lower side band of a modulated 
carrier Signal. . . . ... 
A more Specific object is to provide a simple 

and efficient circuit arrangement in a radio re 
ceiver for eliminating or minimizing interference 
due to Overlapping of the modulation side bands 
of adjacent signalling channels experienced in 
the reception of broadcast signals or the like. 
Another object is the reduction or suppres 

Sion of disturbing heterodyning signals or beat 
notes in a radio receiver caused by an adjacent 
carrier Wave. 
The above and further objects and ... advan 

tages of the invention will become more apparent 
from the following description of several prac 

...tical embodiments thereof taken with reference to 
the accompanying drawing forning part of this 
Specification and wherein. 

Figure 1 is a circuit diagram for a radio re 
ceiver embodying a side band selecting system in 
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accordance with the invention, 
Figure 2 shows a set of response curves ex 

planatory of the design and operation of the 
circuit according to Figure , 
... Figure 3 illustrates a preferred practical em 
bodiment of a System constructed in accordance 
with the invention, 

Figures 4 and 5 are theoretical diagrams ex 
planatory of the design and operation of Fig 
lure 3, 

Figure 6 illustrates a modification of Figures 
and 3, 
Figure 7 shows a diagram explanatory of the 

effects and results obtained by means of a sys 
ten according to Figure 6, and .. 

Figure 8 shows a diagram illustrating a fur 
ther modification of the invention. 

Similar reference characters identify similar 
parts and magnitudes throughout the different 
Views of the dra Wing. 

Referring more particularly to Figure 1, there 
is shown an antenna, to connected in a known 
manner to ground 34 through a series coupling 
condenser fi and a coupling coil i2. The latter 
is arranged in inductive relation with a second 
ary coil 3 connected to the input of a frequency 
changer or mixer device 4 as provided in the 

denser 23 in series with a coupling coil 29. 
...anodes of tubes 9 and 2 are supplied with high 

(CI. 178-44) 
Conventional type of Superheterodyne receiver. 
In this manner a modulated high frequency Sig 
nal received by the antenna is converted into a 
signal of intermediate or beat frequency portions 
of which are applied to a pair of separate inter 
mediate frequency amplifiers 5 and 6, respec 
tively. The output signal of the amplifier 5 is 
impressed upon the grid of a further amplifying 
tube. 9 including in its output a resonant circuit 
comprised of an induction coil 22 shunted by a 
condenser 2 in series with a coupling coil 28. 
Similarly the output signal of the amplifier 6 is 
impressed upon the grid of an amplifying tube 20 
including in its output a resonant circuit com 
prised of an induction coil 24 shunted by a con 

The 

potential from a source indicated by the plus 
Symbols in a manner Well known, and the reso 
nant circuits are returned to ground or cathode. 
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for high frequency through condensers. 26 and 
27, respectively. The high potential ends of the 
resonant circuits are further connected each to 
one of a pair of fixed contacts of a Switch 3) hav 
ing a novable contact connected to a detector and 
audio frequency amplifier 32 through a coupling 
condenser 3. The output of the audio amplifier 
may serve to supply a translating device such as a 
loud speaker 34'. The resonant circuits 2, 22, 
28 and 23, 24, 29 are tuned to the signal fre 
quency, that is in the example illustrated the 
intermediate or beat frequency of the receiver. 
By properly adjusting the coupling between the 
resonant circuits 22, 22, 28 and 23, 24, 29 through 
the coils 28 and 29, either of the modluation side. 
bands of the impressed input signal may be se 
lected and applied to the detector or audio fre 
quency amplifier by connecting the switch 30 in 
the upper or lower position, respectively. As is 
understood, the received high frequency signal. 
may be directly applied to the amplifier tubes 9 
and 28 or tuned circuits 21, 22 or 23, 24, re 
Spectively, i. e. in the maniaer of a straight high 
frequency receiver without changing to an in 
termediate frequency as shown in the example 
illustrated. 
In order to obtain the above effect, that is to 

suppress, either of , the modulation side bands 
in the circuits 2, 22, 28 and 23, 24, 29 the aim 
plifiers f5 and 6 or translating channels have 
to be designed with predetermined characteristics 
as explained in greater detail in the following. 
The amplitude response characteristic of the 

amplifier is, that is the amplitude of the output 
current I input as a function of frequency is ; 
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2 
shown at A in Figure 2, that is the amplitude 
response is substantially constant throughout 
the modulation frequency band. Similarly, the 
phase characteristics of this amplifier is as 
sumed to be constant such as shown at P1 in Fig 
lure 2, or in other Words no Substantial phase dis 
placement occurs during the passage of the sig 
nals from the input to the output. The ampli 
fier 6 on the other hand is designed to have an 
amplitude response characteristic similar to the 
amplifier 5, that is as shown at A in Figure 2, 
and a phase response characteristic differing Sub 
Stantially froin the phase response characteristic 
of the amplifier f 5 as shown at P2 in Figure 2. 
According to the latter Which represents an ideal 
condition, the time phase of all frequencies be 
low the resonant frequency fo (lower side band) 
is -90 and the phase of all the frequencies above 
the resonant frequency fo (upper side band) is 
--90° or, in other words, all frequencies of the 
left side band are shifted by -90° in respect to 
the same frequencies in the amplifier 5 and all 
frequencies of the right side band are shifted by 
--90° in respect to the corresponding frequencies 
in the amplifier 5. Theoretically the currents 
developed in the two resonant circuits 2, 22, 28 
and 23, 24, 29 may be represented by the follow 
ing equations: 

ER2 . EcI4 Is 2 sin (cot-i-gel)- 2 cos (coi- sp2) -- (1) 

ER Ecol1 I = 2. sin (cot-gee) - 2. cos (at--pi) -- (2) 

whereby it is assumed that the electromotive 
force developed in the first circuit is equal to 
E1 sin (wt--p11) and the electromotive force de 
veloped in the Second circuit is equal to E2 sin 
(at--p2) and wherein R1 and R2 represent the 
total loss resistances of the respective circuits, M. 
represents the mutual inductance between the 
coils 28 and 29, 

9. 
27t 

is the signal frequency, in the example illustrated 
the intermediate or beat frequency of the re 
ceiver and Z, is a factor depending on various 
design constants of the two circuits. 
From the above equations it is seen that by 

using amplifiers with the proper phase charac 
teristics the upper modulation side band will 
be suppressed and the lower side band aug 
mented in one of the resonant circuits 2, 22, 28 
and 23, 24, 29 (to about twice the original ampli 
tude) and vice versa, in the other circuit the 
lower modulation side band will be suppressed 
and the upper side band augmented. This is 
Shown by the curves A and A' in Figure 2, the 
former representing the lower and the latter 
the upper side band. Thus, by placing the switch 
30 in either its upper or lower position, either 
One of the modulation side bands can be selected 
and impressed upon the detector and audio 
amplifier to Suit any existing requirements. 
The invention by reason of the relative sim 

plicity of the circuit and its adjustment has great 
advantages over the existing methods of side 
band suppression or selection requiring filters 
With sharp cut-off characteristics, the latter be 
ing complicated in design and as a result thereof 
bulky and costly. In the case of transmitters 
or modulators, it has become known to suppress 
One side band by modulating each of a pair of 
carrier waves having a quadrature phase rela 

VerSal in the ideal condition. 

2,186,146 
tion by a corresponding pair of modulating Waves 
also having a quadrature relation and by adding 
or Subtracting the output products, whereby one 
Of the modulation side bands is suppressed or 
neutralized. Systems of this type, however, are 
also expensive and complicated both in design 
and operation due primarily to the fact that a 
90° phase shift of both the carrier and the com 
ponents of the modulating Signal is required. 
Especially, in the case of the latter great diffi 
culties are experienced in equally shifting by 
90° the phase of all the components in an ex 
tended band of modulating frequencies such as 
an audio or video frequency signal band. These 
difficulties are completely avoided by the present 
invention which merely requires the dividing of 
a modulated carrier into two components, pass 
ing the components through channels of pre 
determined phase and amplitude characteristics 
and exciting a pair of mutually coupled reso 
nant circuits in the manner described herein 
before. 

Referring to Figure 3, there is illustrated a 
preferred practical circuit arrangement for ob 
taining an amplitude and phase characteristic 
in the Signal channels feeding the coupled reso 
Ihant circuits. Although Figure 3 is described 
With reference to a transmitter, it is understood 
that the arrangement shown equally applies to 
a receiver or any other system for translating 
modulated carrier energy. 

Referring more particularly to Figure 3, there 
is shown at 35 a generator or oscillator produc 
ing high frequency currents. The latter are 
applied to a modulator 37 of any known type 
through a coupling transformer 36. There is 
further impressed upon the modulator 37 a mod 
ulating Signal current or potential generated by 
a microphone 35’ or the like to produce a modul 
lated carrier output, portions of which are ap 
plied to the grids of a pair of amplifier tubes 
38 and 39 through grid coupling condensers 40 
and 4 f, the tubes 38 and 39 being provided with 
the usual grid-leak resistances 40' and 4, re 
Spectively. The amplified output current of tube 
38 is applied to a reonant circuit comprised of 
an induction coil 43 shunted by a condenser 42 
and coupled to the grid of a further amplifying 
tube 9 through a grid coupling condenser 44 
and grid leak resistance 44' substantially similar 
to Figure . 
Contrary to the tube 38, the output circuits 

Of the tube 39 contains a resistance capacity 
coupling arrangement comprising in the example 
shown a coupling condenser 46 in series with 
a coupling resistance A 6'. A suitable tap point 
Of the latter is connected to the grid of the tube 
30. The coupled resonant circuits 21, 22, 28 and 
23, 24, 29 connected in the output circuits of 
the tubes 9 and 28 and the side band selecting 
SWitch 39 are substantially similar to the air 
rangement shown in Figure 1. 
Referring to Figure 4 showing diagrams ex 

planatory of the function of Figure 3, curve A 
represents the amplitude transmission charac 
teristic of the upper channel determined sub 
Stantially by the tuned circuit 42, 43 while P. 
represents the phase characteristic which dif 
fers from the ideal characteristic in Figure 2 
by a more gradual change of the phase from 
-90” to --90 in place of the sudden phase re 

ACCOrdingly, the 
Side bands are not completely suppressed as in 
the case of Figure 2, but substantially weakened 
as seen from the characteristic curves A' and 
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A' in Figure 4. If the tuned circuit 42, 43 has 
a low damping which may be obtained by regen 
eration through the feed-back coil 45 connected 
in the output circuit of the tube 9 and arranged 
in inductive coupling relation with the coil, 43, 
the side band characteristics.A and A will 
aSSuinea, Shape Such as shown in Figure 5. In 
Order to adjust the relative amplitudes of the 
exciting potentials in pressed upon the tuned cir 
cuits 2, 22, 28 and 23, 24, 29, suitable regulating 
means are provided such as an input resistance 
46’ having a variable tap connected to the con 
trol grid of the tube 2 as described hereinabove. 
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signed and adjusted so as to produce side band . 
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It has further been found advantageous to keep 
the amplification of the tubes 39 and 2 at a low 
Vallie whereby by proper adjustment of the re 
action coil 85 and the potentiometer 86 it is 
possible to obtain side band characteristics of 
varying shape and degree of suppression of the 
Side bands or any desired part thereof. 

In arrangements of the type described, de 

characteristics as shown in Figures 4 and 5, the 
latter are symmetrical for the upper and lower 
side band in respect to the carrier frequency, 
Whereby either of the side bands may be se 
lected for transmission or reception by means 
of Switch 3 as shown in Figures 1 and 3. The 
Selected side band may be applied to any output 
Or utilization circuit connected to point a, in a 
manner Well, understood from the above. 
A characteristic of the circuit shown in Fig 

ure 3 is the fact that if the damping of the 
resonant circuit 2, 43 is decreased one of the 
Side bands will be reduced to a greater extent 
while the lower frequencies in the other side 
band Will be accentuated which may be useful 
in some cases. Furthermore, by adjusting the 
System in Such a manner that the carrier ami 
plitude is substantially greater than the side 
band amplitudes, as shown in Figure 5 (by vary 
ing the degree of regeneration through coil 45 
and adjustment of potentiometer 46’) the de 
modulation in a subsequent detector is substan 
tially improved especially when employing linear 
detection. 

Referring to Figure 6, there is shown a modi 
fication of the invention especially suited al 
though not limitatively for suppression of dis 
turbing heterodyning signals produced by beat 
ing between two adjacent carrier frequencies, 
According to this embodiment, means are pro 
vided for producing an additional fixed phase 
shift between the potentials exciting the coupled 
side band suppression circuits through the am 
plifiers 5 and is. In the example illustrated 
this is obtained by the provision of a phase 
shifting circuit arrangement connected between 
the frequency changing, or mixer stage 4 and 
the amplifiers 5 and is and comprising an out 
put transformer 49 of the frequency changer. A 
having a secondary tuned to the intermediate 
frequency by a parallel condenser 5). The phase 
shifting arrangement comprises, a pair of series 
networks connected acroSS, the transformer sec 
ondary, the first of said: networks being com 
prised of a condenser 5 in series with a resist 
ance 52, the latter being shunted in the example 
shown by a variable resistance 53, and the Sec 
ond of said networks comprising an ohmic re 
sistance 54 in series with a condenser 55. There 
are further provided a pair of amplifying tubes 
56 and 57, the input control grid of the former 
being connected to junction between the resist 
ance 54 and condenser 55 and the input grid of 

of about 45° between the exciting potentials and 

frequency f' above or below the resonant fre 

on both long and short waves, thereby greatly 
extending the use and possibilities of this meth 
od of modulated signal energy transmission. 

to the mutual coupling reactance oM. Both cou 

the latter being connected to a variable tappoint 
of the resistance 52. The amplified output cur 
rents of the tubes, 56 and 57 are impressed upon 
the amplifiers 5 and 6 for further amplifica 
tion and the output terminals of the latter b 

System of Substantially the same type as shown 
in Figures 1 and 3, but omitted in Figure 6 for 
ease of illustration. By means of the network 
53-55, it is possible to effect a phase shift be 
tween the potentiais impressed upon tubes 56 
and 5 from 0 to 180° to suit any existing re 
quirements. Thus, when using a phase shift 
employing amplifiers having amplitude and phase 
characteristics of the type shown in Figure 4, 
the resultant side band characteristics in the 

I coupled resonant circuits 22, 22, 28 and 23, 24, 
29 will be as shown in Figure 7. From the lat 
ter it is seen that the side, band characteristics 
A' and A' are no longer symmetrical and that 
a complete suppression takes place for a definite 

quency...fo depending on which of the circuits is 
used. Or the position of the Switch. 3. The fre 
quency f" for which complete suppression takes 
place can be controlled by regulating the resist 

and c are connected to a side. band elimination 
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ances 52 and 53, that is by adjusting both the 
initial phase shift and relative amplitude of the 
eXciting potentials exciting the coupled resonant : 
circuits 2A, 22, 28 and 23, 24, 29 or alternatively 
by slightly detuning the receiver in one or the 
other direction Such as by varying the local os 
cillating frequency in the case of a superhetero 
dyne receiver. As is understood, the arrange 
ment aCCCrding to Figure 6 is not limited to Su 
perheterodyne receivers, but may be used with 
equai advantage in Straight high frequency re 
ceivers or in connection with any modulated 
carrieir System. , , , , , 

It will be evident from the foregoing that the 

35 

present invention provides a simple means and 
method for Suppressing one side band in a mod 
ulated carrier signal and has great advantages 
compared with known methods and circuits of 
side band elimination requiring filters with sharp. 
cut-off characteristics or other circuit arrange 
ments complicated both in construction and ad 
justment. In accordance With the present in 
vention relatively simple translating circuits are 
required merely having predetermined ampli 

from the above that the invention may be used 
with equal advantage for side band suppression 

s 

The curves shown in Figures 4, 5 and 7 are 
actually plotted in connection with experiments 
conducted by applicant with coupied circuits 

tude and phase characteristics. It is further seen 

having a rather high damping (R=100 ohms). 

side band frequencies. The resistances R1 and 
R2 of the circuits were equal to each other and 
pling circuits were tuned to the carrier frequency 
of 130 kc. The phase shifting circuit 42, 43 had 

in order to avoid a substantial attenuation of the 

55 

a total loss resistance of 00 ohms in the case 
of Figure 4 and 10 ohms in the case of Figure 5. 
All the curves shown encompass approximately, 
-10 kc. at both sides of the carrier frequency fo. 
The invention has special use for improving 

... the selectivity of . wireless receivers by enabling 
it to eliminate interference due to overlapping 
side bands of adjacent transmitting channels TS 
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4. 
known as “monkey chatter' or disturbing beat 
notes between adjacent channels. Since such 
interferences are usually caused by one of the 
side bands only, it is possible to eliminate this 
interference by selecting either of the side bands 
such as by placing the Switch 30 in the one or 
the other position. 
The curves shown in Figures 4, 5 and l are 

plotted without taking into consideration the 
overall sensitivity of the circuits. The latter 
can be obtained by multiplying the amplitudes 
of the curves shown with the corresponding am 
plitudes of the selectivity curves for the re 
maining parts of the apparatus such as a receiver 
or transmitter. 
The invention may be further used advan 

tageously for providing ultra-selective circuits, 
that is circuits having extremely sharp cut-off 
frequencies at both sides of the resonant fre 
quency. For this purpose two arrangements of 
the type disclosed are connected in cascade and 
adjusted in such a manner that the cut-off fre 
quency f1' in the first arrangement is above and 
the cut-off frequency f1 of the second circuit 
is below the resonant frequency fo as shown in 
Figure 8 in such a raanner that the overall 
Side band characteristic A1 and A2' Overlap re 
sulting in a narrow frequency band characteristic 
with sharp cut-off frequencies shown by the 
hatched area in the drawing. In this manner, 
a resultant band-pass characteristic of extreme 
selectivity is obtained. 

It will be evident from the above that the in 
vention is not limited to the Specific circuits and 
arrangements shown and disclosed hereafter for 
illustration but that the underlying thought and 
principle thereof are susceptible of numerous 
variations and modifications Conning Within the 
broad scope and spirit of the invention as de 
fined in the appended claims. 
The specification and drawing are accordingly 

to be regarded in an illustrative rather than a 
limiting Sense. 

I claim: 
1. A translation system for modulated carrier 

energy comprising a pair of transmitting chan 
nels having substantially constant input-output 
amplitude response over a range encompassed by 
the nodulation side bands, means for applying 
substantially equal portions of said energy to the 
inputs of said channels, one of said channels hav 
ing a substantially constant input-output phase 
characteristic in dependence upon frequency and 
the other channel adapted to change the phase 
of the inodulation frequencies below and above 
the carrier frequency between the limits of -90° 
to --90, respectively, resonant circuits tuned to 
the carrier frequency connected to the outputs of 
said channelis, in utual reactive couping means 
between said resonant circuits, and a utilization 
circuit connected to one of said resonant circuits. 

2. A translation system for modulated carrier 
energy comprising a pair of transmission chan 
nels having substantially constant input-output 
ampiitude response over the modulation side band 
range, neans for impressing Substantially equal 
arino unts of Said energy upon the inputS of Said 
channels, one of said channels having a substan 
tially constant input-output phase characteristic 
in dependence upon frequency and the other 
channel adapted to change the phase of nodula 
tion frequencies below and above the carrier be 
tween the limits of -90° to --90, respectively, 
resonant circuits tuned to the carrier frequency 

S connected to the outputs of Said channels, mutual 

2,186,146 
reactive coupling means between said resonant 
circuits, a utilization circuit, and switching means 
for selectively connecting said utilization circuit 
to either of said resonant circuits. 

3. A translation system for modulated carrier 
energy comprising a pair of amplifying chan 
nels each comprising at least two amplifying 
stages in cascade, a resonant circuit tuned to the 
carrier frequency forming a coupling element be 
tWeen successive amplifying stages in said first 
channel, a resistance-capacity network forming 

O 

a coupling element between successive amplify 
ing stages in Said Second channel, a pair of fur 
ther resonant circuits tuned to the carrier fre 
quency and each connected to the output of one 
of said channels, inductive coupling means be 
tween said resonant circuits, and a utilization 
circuit connected to one of said resonant circuits. 

4. A translation system for modulated carrier 
energy comprising a pair of amplifying channels 
each comprising at least two amplifying stages in 
cascade, a resonant circuit tuned to the carrier 
frequency forming a coupling element between 
Successive stages in said first channel, a re 
Sistance-capacity network forming a coupling 
element between successive stages in said sec 
Ond channel, a pair of further resonant cir 
cuits tuned to the carrier frequency and each 
Connected to the output of one of said channels, 
a coupling transformer interconnecting said 
resonant circuits, the ohmic impedances of 
said last resonant circuits being substantially 
equal to each other and to the mutual re 
actance of Said coupling transformer to effect 
Suppression of the upper and lower modiu 
lation side bands, respectively, in each of said 
resonant circuits respectively, and a utiliza 
tion circuit energized from one of said resonant 
circuits. 

5. A System as claimed in claim 4 including 
means for adjusting the relative amplitude of the 
energies impressed upon said last resonant cir 
cuitS. 

6. A System as claimed in claim 4 including 
means for reacting upon said first mentioned 
resonant circuit with currents derived from a 
point at a relatively higher level of amplification 
in Said first amplifier. 

7. A System as claimed in claim 4 including 
means for regeneratively reacting upon said first 
resonant circuit with currents derived from a 
point at a higher amplification level in said first 
amplifier. 

8. A translation System for modulated carrier 
energy comprising a pair of transmitting chan 
nels having Substantially constant amplitude 
response over the modulation frequency range 
to be transmitted, one of said channels being sub 
stantially aperiodic and the other channel in 
cluding a resonant circuit tuned to the carrier 
frequency and adapted to effect a phase shift 
between the lower and upper side band frequen 
cies between the limits from -90° to +90°, re 
Spectively, a pair of further resonant circuits each 
connected to the output of one of said channels, 
mutual reactive coupling means between said last 
resonant circuits, and a utilization circuit ener 
gized from One of said last resonant circuits. 

9. A System as claimed in claim 8 including 
means for selectively connecting said utilization 
circuit to either of said last resonant circuits. 

10. A System as claimed in claim 8 including 
means for initially adjusting the relative phase of 
the energies impressed upon Said transmitting 
Channels. 
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2,186,146 
11. A translation system for modulated carrier 

energy comprising an aperiodic amplifier, a peri 
odic amplifier comprising at least One resonant 
circuit tuned to the carrier frequency, means for 
in pressing equal portions of the energy to be 
translated upon said amplifiers, a pair of further 
resonant circuits tuned to the carrier frequency 
and connected each to the output of One of said 
amplifiers, mutual reactive coupling means be 
tween said last resonant circuits, and a utilization 
circuit energized from One of Said resonant cir 
cuits. 

12. In a system as claimed in claim 11 in 
cluding means for adjusting both the relative 
amplitude and phase of the energies impressed 
upon said amplifiers. 

13. A translation system for modulated signal 
energy comprising a pair of transmitting circuits, 
means for feeding portions of the energy to be 

adapted to maintain the time phase position of 
the individual frequency components of the en 
ergy transmitted substantially constant and the 
other circuit adapted to effect a phase shift in op 
posite directions for the upper and lower side 
band frequencies, respectively, of the components 
of like frequency of the energy being transmitted 
therethrough, a pair of resonant circuits tuned 
to the carrier frequency and connected each to 
the output of one of said transmitting circuits, 
mutual reactive coupling means between said 
resonant circuits, and an output circuit connect 
ed to at least one of said resonant circuits. 

14. A system as claimed in claim 13 including 
means for initially adjusting the relative time 
phase between corresponding components of like 
frequency of said energy portions before impres 
sion upon said transmitting circuits. 

JOZEE PLEBANS.KI. 
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