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This invention relates to carrier wave signal-~ é
ing and more particularly to the dlstortlonlessf
and selective reception of radio signals free fromf
interfering signals or disturbances.

The invention is particularly applicable to the
reception of modulated carrier signals, as com-
monly employed in radio broadcasting, wherein
the radic-frequency carrier wave is modulated by
a modulation, or audio, frequency so that the
transmitted signals comprise the radio-frequency
carrier together with two associated sidebands of
modulation.

According to this invention, the desired distor-
tionless and selective reception is provided by
the use of apparatus which selects and translates
in its entirety only one sideband of the modulated
carrier signal. Since only one sideband, instead
of the usual two, is entirely utilized, the signal
selecting circuits of the receiver may be designed
to pass only about one half the band of frequen-
cies which would be required in the case of the
usual double sideband reception. A smaller se-

lected band width thus serves to eliminate unde-.

- sired signals and minimize interference.

Although the single sideband type of recep-
tion may be utilized with other types of receivers,
it is particularly applicable to receivers of the
superheterodyne type; and most of the detailed
description and drawings relate specifically to a
superheterodyne single sideband receiver.

A further advantage of the single sideband type
of reception is that either one or the other of the
two sidebands normally transmitted by a trans-
mitting station, may be selected at will. Hence,
in the event interfering signals happen to be en-
croaching upon the frequencies of one of the side~
bands, a slight adjustment of the tuning dial will
select the other sideband, which in all probability
will be free from interference. It is very unusual
for both sidebands of a transmitting station to
be subject to interference from other stations.

A feature of the present invention is that the
signal selecting circuits are preferably adjusted
so that the radio signal carrier frequency is lo-
cated at either one edge or the other of the nar-
row modulation band which is permitted to be
passed. This means that the selecting circuits,
instead of being tuned symmetrically to the car-
rier frequency, as is usually the case, are tuned

0 to the mid-frequency of the sideband being uti-

lized.

A particular feature is a system of “selective
admission” which increases the audible response
of the receiver sharply to a maximum when the
receiver is unsymmetrically tuned in the proper
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condition to uniformly receive only the carrier
and one sideband. This is preferably accom-
plished by cooperation between a selective trap
network and the automatic volume control.

Another feature resides in the form of auto-
matic volume control system associated with the
receiver. The automatic volume control is of a
“suspended” type, whereby the control operates
only after a predetermined signal strength is
reached, and its operation is independent of
modulation. 10

The output of the receiver is malntamed un-
usually uniform by virtue of a “reversed auto-
matic volume control”, associated with the auto-
matic volume control system, which provides the
required ultimate variation of bias voltage for
gain control.

A further feature is. the use of a “quieting”
system by reason of which the receiver is main-
tained unresponsive unless .the received signal
strength exceeds a predetermined value, and un- 20
less the receiver is correctly tuned.

Both the automatic volume control and qulet-
ing systems referred to above are provided with

a “time lag” which is comparable with the pe-
rlod of the lowest audic or modulation fre- 29
quency. The time lag of the quieting system is
made as great, or greater than, the time lag of
the automatic volume control.

The above and other features of the invention
will become apparent from the following de-
tailed description in conjunction with the ac-
companying drawings.

Of the accompanying drawings, Figs. la—1f il-
lustrate graphically the selectivity characteris-
tics of double and single sideband radio receivers;

Figs. 2a-2d similarly illustrate the selectivity
characteristics of double and single sideband
superheterodyne receivers;

Fig. 3 is a diagram showing in generalized
form a single sideband receiving system of the 40
superheterodyne type, in accordance with this
invention;

Fig. 4 is a schematic circuit diagram of a re-
ceiver constructed in accordance with the dia-
gram of Fig. 3; ’

Pigs. 4a~4f illustrate symbols and conventions
used in the schematic diagram of Fig. 4;

Fig. 5 shows graphically the alignment errors
of the local oscillator in the system of Pig. 4, 50
relative to the radio-frequency amplifier;

Fig. 6 shows graphically how the transconduct-
ance and ‘the modulation of the modulator vary
with change of control grid bias in the super-
heterodyne receiver of Fig. 4;
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Fig. 7 shows graphically the selectivity of the
intermediate-frequency amplifier of Fig. 4;

Fig. 8 shows graphically the variation of the
receiver output with angular rotation of the
manual volume control;

Fig. 9 shows graphically the fidelity of the
audio amplifier of Fig. 4 and illustrates the com-
pensation in the audio amplifier for the loss of
part of a sideband in the receiver;

Fig. 10 shows the change of audio-frequency
fidelity upon change of volume level;

Fig. 11 illustrates the relative gain or respon-
siveness of the intermediate-frequency trap of
Fig. 4, which creates the “selective admission”
feature;

Fig. 12 shows the change of automatic volume
control bias voltage with change of intermediate-
frequency carrier voltage, in the receiver of
Fig. 4;

Fig. 13 illustrates the automatic volume con-
trol and quieting of the audio-frequency output
of the receiver of Fig. 4; and

Figs. 14 and 15 show the “selective admission”
and related quieting of the receiver of Fig. 4.

A transmitted radio telephone signal comprises
a carrier frequency which is modulated at audio
frequencies. This modulation does not alter the
carrier frequency component of the signal wave,
but merely superimposes thereon two symmetrical
bands of frequencies which are known as side-
bands. The lower of these sidebands contains,
for each audio frequency of modulation, a com-
ponent whose frequency is equal to the difference
of the carrier and audio frequencies, and the
upper sideband contains, for each audio frequency
of modulation, a component whose frequency is
equal to the sum of the carrier and audio fre-
quencies. Ordinarily, no single frequency coni-
ponent of a sideband can exceed half the inten-
sity of the carrier frequency; that is to say, the
sum of two symmetrical sideband components
cannot ordinarily exceed the carrier frequency
intensity, otherwise the modulation would exceed
100%. Each sideband individually represents
half the total modulation of the signal, and
therefore contains a complete picture of all the
modulations, even though at a reduced intensity
as compared with the total modulation repre-
sented by both sidebands.

Since in ordinary broadecast reception, the car-
rier frequency and both sidebands are utilized,
there is required for such reception a receiver
which selects and passes a frequency band whose
width is double the highest audio frequency uti-
lized in the reception. This considerable band
width places a limitation upon the selectivity of
the receiver against interference from undesired
signals, even in instances where one of the side-
bands is entirely free from interference.

Single sideband reception is a method of re-
ception which utilizes completely only one of the
two sidebands, although the carrier frequency
and the inner edge (representing the lower audio
frequencies) of the other sideband may also be
utilized to advantage. For any given signal, this
type of reception requires a receiver which se-
lects and passes a frequency band of width only
equal to the highest audio frequency utilized in
the reception. As a result, a single sideband re-
ceiver can be greatly improved in selectivity as
compared with a double sideband receiver, and
this improvement is not accompanied by the loss
of any of the desired audio frequencies of modu-
lation.

To furnish a better understanding of the inven-
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tion, the operation of simple double sideband
and singe sideband receivers will be briefly de-
seribed before introducing the single sideband
receiver of this invention. The general operation
and relationships of such receivers are described
with reference to Figs. 1 and 2, the following
symbolic notations being employed:

fe=an audio frequency of modulation.

jo=the highest required audio frequency of
modulation=the width of one sideband.

fe=a carrier frequency in general.

fs=a radio signal frequency in general.

fso=the nominal tuning frequency indicated on
the dial of the receiver—=the center frequency of
the signal frequency band determined by all se-
lectors in the receiver.

fse=the signal carrier frequency.

fsa’=Ffsce—fa=2 lower side frequency, a com-
ponent of the lower sideband.

fsa’’=fse--fa=an upper side frequency, a com-
ponent of the upper sideband.

fso'=Ffse—fo=the lower boundary of the lower
sideband.

10

20

fsv''=fse--fo=the upper boundary of the upper 05
Bl

sideband.

Fig. 1 shows a number of graphs, each plotted
with frequency indicated along the horizontal
axis, the ordinates in the case of Fig. la repre-
senting relative component frequency intensities,
and in the case of Figs. 1b to 1f, inclusive, repre-
senting relative gain or responsiveness. In Fig.
la, eraph 10 represents the frequency spectrum
of audio-frequency telephone currents, and graph
i1 represents the carrier and sideband spectrum
of a radio-frequency signal wave modulated by
these audio-frequency currents.

Fig. 1b shows the selection characteristics of
an ordinary double sideband receiver. Graph (2
shows the responsiveness of all the selector cir-
cuits combined, the responsiveness being uniform
over both sidebands and falling off abruptly be-
yond the extreme frequencies of each sideband.
Graph 13 shows the responsiveness of the re-
ceiver to audio modulation, this being determined
by the two symmetrical portions of graph 12 at
either side of the signal carrier frequency fsc, as
effecting the respective sidebands. From these
graphs, it is observed that a double sideband re-
ceiver having these selection characteristics is

uniformly responsive to audio modulation within :

the required range of audio frequencies.

In Fig. 1c, graphs 14 and 15 show the selection
characteristics for signal and audio frequencies,
respectively, of a double sideband receiver which
is made too selective. Graph 14 is only half as
wide, in the frequency scale, as graph 12, which
causes the outer half of each sideband to be cut
off. Graph 15 shows the audio-frequency effect
that the receiver is unresponsive to modulation
at the higher audio frequencies.

Fig. 1d shows the selection characteristics of
a single sideband receiver cperating according to
this invention. Graph 16 is the same as graph
{4 but is displaced in the lower frequency direc-
tion by an amount approximately equal to half
the width of a sideband. This is effected by ad-
justing the signal selective circuits off center
(with respect to the signal-carrier frequency
fsc), so as to include all of the lower sideband
and exclude most of the upper sideband. Graph
{7 shows the resulting effect upon the audio fre-
quency, namely, that the receiver is more or less
responsive to modulation at all required audio fre-
quencies. The low audio-frequency modulation
is carried by side frequencies very near the car-
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rier frequency where the receiver is responsive
on both sides of the carrier, whereas the high
audio-frequency modulation is carried by the out-
er side frequencies where the receiver is respon-
sive on only one side of the carrier., The respon-
siveness to high audio frequencies is, therefore,
reduced to half of what it would be in the case
of double sideband reception. This deficiency
of the higher audio frequencies may be readily
corrected, however, by doubling the gain of the
audio amplifier at the higher audio frequencies,
the resulting uniform response being illustrated
by graph 18.

Fig. le is similar to Fig. 1d except that graph
{9 shows tuning off center (with respect to the
signal carrier frequency) in the opposite direc-
tion from that shown in Fig. 1d, so that the up-
per, instead of the lower, sideband is passed. The
resulting audio-frequency response, shown by
graphs 17 and 18, is the same as in the case rep-
resented by Fig. 1d.

Fig. 1f shows a method for obtaining uniform
responsiveness in a single sideband receiver, with-
out compensating correction in the audio ampli-
fier. Comparing with Fig. 1d, graph 20 is not
as wide as graph 16, although the detuning from
the carrier frequency fsc is just as great; hence,
the receiver is only half as responsive at the car-
rier and the immediately adjacent side frequencies
as in the case of Fig. 1d. For any given audio
frequency of modulation, the total responsiveness
at all side frequencies is the same, as shown by
graph 21.

The operation of double sideband and single
sideband reception as applied to superheterodyne
receivers will be described with reference to Fig.
2. For the purpose of such description, the fol-
lowing additional notation is employed, which as-
sumes that the superheterodyne oscillator fre-
quency is greater than the received carrier signal
frequency, but less than double the signal fre-
quency.

fi==an intermediate frequency in general.

fio=the nominal intermediate frequency-=the
center frequency of the intermediate-frequency
band determined by the intermediate-frequency
selectors.

fo=7Fso+fio=the oscillator frequency

fie==fo—f:c=the intermediate carrier frequency.

fia' =fo—f " =Ffic-tfa.

fia”:fo—fsa”=fic—fa.

i’ =fo—fsn’ =Ffie-+fo.

fib":fo—-fsb"=fic-—fb.

The graphs of Fig. 2 are plotted similarly to
those of Fig. 1, frequency being indicated along
the horizontal axis, the ordinates of Figs. 2¢ and
2¢ representing relative component frequency in-
tensities, and the ordinates of Figs. 2b and 2d in-
dicating relative gain or responsiveness. The
graphs which are like those of Fig. 1 are similarly
numbered.

Figs. 2a and 2b correspond to Figs. 1¢ and 1b,
respectively, and show the general operation and
characteristics of the ordinary superheterodyne
double sideband receiver. " The oscillator fre-
quency fo is tuned above the signal carrier fre-
quency fse by the amount of the nominal inter-
mediate frequency fio. The oscillator frequency
is represented by the line 22, which corresponds
to a dial indication fso, at the receiver, equal to
the signal carrier frequency fse. The signal and
oscillator frequencies are combined in the super-
heterodyne modulator to produce the difference
frequency components represented by graph 23,
the converted carrier wave having its frequency

3

Jie equal to the nominal intermediate frequency
fio. It isnoted that the lower and upper sidebands
are interchanged in the process. of converting from
signal to intermediate frequency. This is because
the signal upper sideband is nearer the oscillator
frequency, and therefore produces lower differ-
ence frequencies.

The graph 24 in Fig. 2b, centered at the nominal
intermediate frequency fic, shows that the inter-
mediate-frequency selectors respond uniformly
over a frequency band which includes both of the
intermediate-frequency sidebands. Graph 12 of
Fig. 2b shows the responsiveness of the modu-
lator and intermediate-frequency selectors in
terms of signal frequency, and takes into consid-
eration the fact that the latter frequency is to
be converted to the intermediate frequency in the
modulator. The resulting audio-frequency re-
sponsiveness, shown by graph 13, is the same as in
the case of Fig. 1b.

Figs. 2c¢ and 2d show the operation and charac-
teristics of a superheterodyne single sideband re-
ceiver, Fig. 2d corresponding to Fig. 1d. The oscil-
lator frequency is tuned lower than in the case of
the double sideband reception of Figs. 2¢ and 2b,
by an amount equal to one half of the highest
audio frequency required. The oscillator fre-
quency in this case is represented by the line 25
and corresponds to a dial indication fso which is
likewise lower than the signal carrier frequency
fse. 'The signal and oscillator frequencies are
combined to produce the difference frequency
components represented by graph 26, The con-
verted carrier frequency fic is lower than in the
case of Figs. 2a and 2b by one half of the frequency
v, and likewise lower than the frequency fio.

The graph 21 in Fig. 2d shows that the inter-
mediate-frequency selectors respond uniformly
over a frequency band which includes only one of
the sidebands, graph 27 being half as wide, in fre-
quency, as graph 24. The graph 27 is centered
at the same frequency fio as in the case of double
sideband reception illustrated in Fig. 2b, but in-
cludes all of only one sideband, as a result of
detuning the receiver. In Fig. 2d, graph 16 shows
the responsiveness of the modulator and inter-
mediate-frequency selectors in terms of the sig-
nhal frequency. The resulting audio-frequency re-
sponsiveness, shown by graph 7 (and {8 when
audio-frequency compensation is employed), is
the same as in the case of Fig. 1d.

Fig. 2 shows exactly how a superheterodyne re-
ceiver would be operated to secure the double
sideband and single sideband characteristics of
Figs. 1b or 1d, respectively. From that descrip-
tion, it is apparent how to design and operate a
superhetercdyne receiver with the characteristics
of Figs. 1d, le, or 1f.

With respect to superheterodyne receivers, the
following considerations should be appreciated:

(1) The signal carrier frequency fsc is fixed at
the transmitter and cannot be varied by adjust-
ing the receiver,

(2) The nominal intermediate frequency fio is
predetermined by the design of the intermediate-
frequency selectors and cannot be varied by ad-
justing the tuning dial of the receiver. The band
width of the intermediate-frequency selectors,
shown - by graph 24 or 21, is likewise predeter-
mined.

(3) The nominal tuning frequency fso, indicated
on the tuning dial, may be varied at will. The
main function of the tuning dial is to vary the
oscillator frequency fo, which is normally equal to
fso plus fio. 'The direct effect of varying the-oscil-
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lator is to vary the intermediate carrier frequency
fic, relative to the nominal intermediate frequency
fio. 'The indirect effect of varying the oscillator
is to vary the position of graph 12 or 16 in Figs.
2b or 2d, which is determined by the oscillator
and the intermediate-frequency selectors, and
which is centered at fs, assuming the oscillator
frequency fo is always equal to fso DIUS fio.

(4) The superheterodyne receiver can be re-
garded as a simple receiver, for most purposes,
provided the oscillator frequency fo is always
equal to fso plus fio.

Circuit arrangement and general operation

Fig. 3 is a generalized circuit diagram illus-
trating the arrangement of a superheterodyne
type of single sideband receiver in accordance
with this invention. The path traversed by sig-
nals between the antenna and the loudspeaker is
largely conventional. There is provided an an-
tenna 39 and ground 3! for intercepting the sig-
nals, which are then supplied in order to a radio-
frequency amplifier 32; a local oscillator and
modulator 33; intermediate-frequency ampli-
fiers 34 and 35 having interposed therebetween a
volume level control 35; a diode rectifier 37; an
audio-frequency amplifier 38; and the loud-
speaker 39.

With reference to this main signal path, the
radio-frequency signal is received in the usual
manner by the antenna 30 and selected and am-
plified at the signal frequency in the radio-fre-
quency amplifier 32, which for broadcast recep-
tion is capable of tuning over the frequency
range of about 550-1500 kilocycles. The oscil-
lator and modulator system 33 converts the signal
carrier frequency to an intermediate carrier fre-
quency in the manner well understood in the
art. The intermediate carrier frequency will be
one of two frequencies depending upon which of
the two sidebands is being selected. These two
alternative intermediate carrier frequencies will
therefore differ by the width of a sideband which
is about 4 kilocycles. These frequencies may con-
veniently be 110 or 114 kilocycles, depending upon
which sideband is to be utilized. The signal is
further amplified in the intermediate-frequency
amplifier wherein the carrier and one sideband
are selected, the band width passed by this am-
plifier being, for the particular intermediate car-
rier frequencies mentioned above, 110-114 kilo-
cycles. The volume level is controlled by the level
control 35 interposed between the two interme-
diate-frequency amplifiers 34 and 36.

The diode rectifier 31 produces from the car-
rier and the single intermediate-frequency side-
band the audio frequencies of modulation, which
are then amplified in the usual manner by the
audio amplifier 38, from whence they are sup-
plied to the loudspeaker 39. For the purpose of
maintaining the volume output of the receiver
substantially constant in spite of wide variations
of received signal intensity, there is provided an
automatic volume control system comprising con-
nections 40 from the output terminals of inter-
mediate-frequency. amplifier 34 to the following
elements connected in succession: an interme-
diate-frequency trap 4f, an intermediate-fre-
quency amplifier 42, a diode rectifier 43, and a
diode “suspender” 44. The functions of the in-
termediate-frequency trap 41 and of the diode
suspender 44 are described below. In accordance
with the operation of the automatic volume con-
trol system, there is created at the diode sus-
pender 44 a uni-directional voltage which varies

2,050,679

with the received signal intensity; and this uni-
directional voltage is applied through the auto-
matic volume control bias connection 45 to the
control elements of amplifiers 32 and 34 and
modulator 33. For the purpose of insuring the
proper variation of control bias voltage over a
wide range of received signal intensities, there is
provided a connection 46 from the intermediate-
frequency amplifier 34 of the main signal path
to a control element of the intermediate-fre-
quency amplifier 42 in the automatic volume con-
trol system. The function and operation of this
“reverse control bias” is more fully described be-
low.

There is also provided a quieting system also
operated from connections 40, this quieting sys-
tem comprising in succession a diode rectifier
471 and a direct-current amplifier 48 wherein
there is created a direct-current bias which
is applied to a control element of
mediate-frequency amplifier 36 for main-
taining this latter amplifier inoperative un-
til the signal intensity at connections 40
rises above a predetermined value. This in-
operativeness of amplifier 36 under the condi-
tion of relatively weak signals can be brought
about by the use of a high negative bias on its
control element. When the signal strength be-
comes stronger, this quieting bias on the control
element is reduced, permitfing normal opera-
tion. There is also associated with the quieting
system a visual tuning indicator 50 connected to
the output of amplifier 48, the purpose of the
tuning indicator being to enable an operator to
readily determine the correct position of the
tuning dial.

In accordance with a feature of the invention,
there is created what is here termegd “selective
admission”, this being effected by the action of
the intermediate-frequency trap 41 of the aufo-
matic volume control system, and perfected by
the cooperation of the quieting system. The trap
41 contains a number of selective circuits pro-
portioned to cause the automatic volume control
bias of conductor 45 to become partially relaxed
when the receiver is so tuned that the interme-
diate carrier frequency is located exactly at one
edge or the other of the frequency band trans-
mitted by the intermediate frequency amplifier;
in this case, 110 or 114 kilocycles. At these tun-
ing points, which represent the proper adjust-
ment of the receiver, the intermediate-frequency
carrier voltage present at connections 40 is main-
tained at a substantially higher level than in the

case of any other tuning points. This means that :

when the receiver is tuned to one or the other of
the correct tuning points, the output of ampli-
fier 34 rises abruptly and therefore causes the
signal at connections 40 to exceed the critical
value above which the quieting action is released.
At these correct tuning points, the visual indi-
cator abruptly gives maximum indication to show
correct tuning.

Fig. 4 is a detailed circuit diagram illustrat-
ing a single sideband receiver designed accord-
ing to the general arrangement of Fig. 3. The
rectangular boxes of Fig. 3 are indicated in Fig.
4 in dotted lines and are similarly numbered.

Before proceeding with a description of Fig.
4, there will be explained some of the conven-
tional notations and symbols used therein. The
more important of these symbols are defined
with reference to Figs. 4a~4f. The tube 118 il-
lustrates a triode having a cathode (21, a con-

trol grid 122 usually negative relative to the
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cathode, and a plate or anode 123, usually posi-
tive relative to the cathode. Tube (19 is the
symbol used for a “double-diode triode” type of
tube, in which the triode elements are cathode
121, control grid 122, and plate 123, while the
plates 124 and 124’ are diode plates or anodes.
Tube 120 illustrates the symbol used for a pen-
tode tube having a cathode 121, a control grid
122, a screen (25 usually having a positive volt-
age relative to the cathode, ‘a suppressor grid
126, usually tied to the cathode, and a plate 123.
The symbol for a variable tuning condenser
which is varied while tuning the receiver is shown
at 127, while condenser 128 is the symbol for
an adjustable (but usually preadjusted) con-
denser. The battery 129 represents a source of
direct voltage, the positive side of which is con-
ventionally indicated by a long line.

Although batteries such as 129 are shown in
many places in Fig. 4, it is understood that these
represent any cource of direct voltage, and the
same source may be used simultaneously in sev-
eral or many places where the symbol 129 is
shown. It is also observed that the double-
diode triode tube 119 is a multi-purpose tube,
that is, the triode elements may be used in one
portion of the system and each of the diode ele-
ments in different portions. - Hence, where such
a tube as 119 is used, it is separately shown at
each position in Fig. 4 where any of its elements
are used.

In Fig. 4, the radio-frequency amplifier 32
comprises a pentode tube 51 suitably coupled to
the antenna 30, and has associated therewith
three simultaneously tunable selecting circuits,
two of which, designated 64 and 65, are located
ahead of the amplifier and the other of which,
66, is coupled between the amplifier and the mod-
ulator 52. : o

The oscillator and modulator arrangement 33
comprises the local oscillator tube 53 and the
modulator tube 52. The general arrangement
of this part of the system is understood in the
art and requires no detailed description here.
Particular features are described below.

The output of the modulator is the input of
the intermediate-frequency amplifier 34 which
comprises two amplifying tubes 54 and-55% and
the three intermediate-frequency coupling sys-
tems (60, 161, and 162 located before, between
and after the amplifying tubes. '

The volume level control 35 comprises a mov-
able coil 80 in the input circuit of the following
intermediate-frequency amplifier stage 36. The
coil 80 is coupled with coil 718 of coupling sys-
tem (62 and is preferably coaxial therewith.
Therefore the signal intensity applied to tube 56
of stage 36 can be varied at will by axial mo-
tion of coil 80. :

The signals are rectified in the diode portion
of a double-diode triode tube 57’ in stage 37.
Only one of the diodes is employed for signal
detection, this particular diode comprising the
cathode 63 and one of the diode anodes 164.
The triode elements of this tube are used as the
first portion of audio-frequency amplifier 38.
For the purpose of illustration, therefore, tube
517’ is shown again in the audio amplifier 38
where it is designated as tube 51. This second
illustration of the same physical elements is
proper and convenient.because in so far as cir-
cuit operation is concerned, it acts as two sep-
arate and distinct tubes.

The rectified current flows through a resistor
165, from whence rectified voltage is impressed
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upon the control grid of audio amplifier 57
through conductor 166. The anode of amplifier
57 is coupled to the second audio-frequency am-
plifier 58 through a system of resistances and
reactances which include resistance 84 and con-
denser 85, the function of the latter two ele-
ments being to provide proper audio-frequency
compensation as will be more fully described
hereinafter. The audio signals are further am-
plified in the push-pull amplifier including tubes
59 and 159, from whence they are conducted to
the Ioudspeaker 39.

Single sideband relations

Since it is of primary importance that the re-
ceiver select a band of frequencies having a width
about equal to the highest required audio frequen-
cy of modulation, this selection is provided by the
permanently tuned intermediate-frequency cou-
pling systems of intermediate-frequency ampli-
fier 34. The coupling systems 160, 161, and 162
each include .a double-tuned transformer hav-
ing syntonous primary and secondary - circuits
individually tuned to the intermediate frequency,
and the coupling is preferably designed to have
about the “optimum” value to provide a uni-
form transmission characteristic over a band .of
frequencies corresponding in width to one side-
band. In the particular receiver being described,
the band seelcted by the intermediate-frequency
selecting system is. 110-114 kilocycles. The re-
sulting selectivity is illustrated by the curve 134
of Fig. 7 which is shown to be flat within two
decibles over a band 4 kilocycles wide and cen-
tered at the frequency fio equal to 112 kilocy-
cles. The signal-selecting circuits of radio-fre-
quency amplifier 32 cannot be as accurately tuned
as the intermediate-frequency coupling systems,
and are, therefore, more broadly tuned; hence,
the selection is accomplished mainly in the in-
termediate-frequency amplifier according to the
curve of Fig, 7. The responsiveness of the radio-
frequency amplifier may and should be kept uni-
form within about one decibel over the corre-
sponding radio-frequency sideband, and is there-
fore designed to pass a band about twice as wide.

At the top of Fig. 7, there is shown the fre-
quency spectrum 28 of a desired signal, carrier
and both sidebands being shown as indicated by
the designations fi, fin’, and fi’’. There are also
illustrated the positions of the carrier. and both
sidebands, 135 and 136, of each of two other
signals in adjacent broadcast channels. The
curve 134 shows that the receiver is tuned so that
the intermediate-frequency amplifier transmits
the upper intermediate-frequency sideband. (the
lower radio-frequency sideband). For the pur-
pose of this example, it is assumed that signal
135 is stronger than signal 136; hence, the re-
ceiver is shown to be properly tuned to the side-
band which is furthest away from the strongest
signal. ‘The intermediate carrier frequency of
signal 135 is subject to 20 decibels more attenua-
tion than that of signal 136, and the nearest
sideband frequency of signal 135 is subject to 30
decibels more attenuation than is the nearest
sideband frequency of signal {36. Both of the
adjacent channel signals are attenuated much
more than they would be if the curve (34 were
doubled in width, as required for double side-
band reception, and it is shown how the receiver
may be tuned to discriminate most against the
stronger of the signals in the two adjacent chan-
nels.

Each of the intermediate-frequency trans-
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formers 160, 161 and 162, is provided with two
co-axial closed turns of wire 74 and 14’ on the
side of each transformer coil which is remote
from the other transformer coil. These two
closed . coils are moderately coupled with the
corresponding transformer coil, preferably in a
coaxial cylindrical shield and serve the purpose
of increasing the width of curve [34 to the re-
quired value. The desired effect may be obtained
by varying the position of the closed turn or by
changing the wire size; and for any given kind of
wire a size is found which has the greatest effect.

Two of the most important problems encoun-
tered in the use of this receiver are: (1) to cause
the operator to properly tune the receiver so that
the intermediate carrier frequency is located at
one edge of the selected frequency band, as
shown in Fig, 7; and (2) to compensate for the
loss of nearly all of the rejected sideband.

The first of these problems is solved by a sys-
tem of “selective admission”, which greatly les-
sens or entirely quiets the response of the re-
ceiver when not properly tuned. This system,
which has been mentioned above and is described
below in more detail, is made necessary or at
least desirable because the sound at the loud-
speaker is harsh and unpleasant when the car-
rier frequency is tuned too far off of the edge
of the transmifted sideband.

The second of these problems is solved by the
use of resistor 84 and condenser 85 in the audio-
frequency amplifier 38. In Fig.9, which is plotted
as relative gain or responsiveness against audio
frequency, curve 140 indicates the equivalent
audio-frequency loss resulting from the cutting
out of most of one sideband. This loss is shown
to be about 3 decibels at one kilocycle and 6 dec-
ibels at 4 kilocycles in the case of the particu-
lar receiver under discussion. Accordingly, the
elements 84 and 85 are proportioned to produce
a relative audio-frequency gain which varies sub-
stantially as represented by curve (41, This lat-
ter variation being complementary to that of
curve (40, uniform overall audio-frequency re-
sponse is produced as represented by curve {42.

Automatic volume control

The proper operation of the quieting system
requires that the output of the intermediate-fre-
quency amplifier 34 be maintained at a constant
predetermined value, substantially independent
of both the received signal intensity and the per-
centage of modulation. In so far as is known,
none of the usual systems of automatic volume
control meet both of these requirements. The
novel type of automatic volume control system
used with the present receiver does meet these re-
quirements, and the arrangement and operation
of the system is described with reference to Figs.
3, 4, 12, and 13. For the purpose of maintaining
the output of amplifier 34 constant across coil 78
in Fig. 4, coil 19 is coupled to coil 18 and connected
by connection 40’ to the intermediate-frequency
trap 41 from where it is amplified in intermedi-
ate-frequency amplifier tubes 60 and 61 and then
rectified in the rectifier tube 63’. The coupling
systems 98 and 99, which couple these latter
three tubes in succession, are each tuned to a
broad band centered at the mid-frequency of the
intermediate-frequency band, 112 kilocycles in
this case.

Rectifier 63’ is shown as being part of a double-
diode triode tube, but for rectification only that
diode portion comprising cathode 110 and anode
i1t is utilized. The remaining diode anode 172
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is tied to the cathode so that it is inert, and the
grid 113 and plate 1714 are utilized as the ele-
ments of the triode amplifier 63 associated with
the visual tuning indicator in the quieting sys-
tem, described below.

There is associated with the diode rectifier 63’,
a bridge circuit formed by resistors 104 and 105
connected in series across direct voltage sources
{01, 102, and 103, the point 157 between these
resistances being connected to the lower side of
the secondary coil of coupling system 99, and the
lower end of resistance 105 being connected to the
diode anode 175 of another diode 62’’, called the
“suspender diode”. The point between voltage
sources 102 and 103 is connected to the cathode
110.

The suspender diode 62’* is. physically like tube
63’, that is, it comprises also a triode having a
control grid 176 and a plate 177, these triode ele-
ments being utilized in the triode amplifier des-
ignated 62 of the quieting system, described be-
low. Although voltage sources 101 and (02 are
shown in the diode rectifier section 43 as directly
connected in series without any other element
connected between them, there is actually a con-
nection from between these two sources to the
anode [T7 of triode 62.

Each of the diodes 63’ and 62’’ is a uni-di-
rectional conductor having, relative to resistors

104 and 105, much less resistance to current in 3

the more conductive direction and much more re-
sistance to current in the opposite direction.
Therefore, each of these diodes has an internal
resistance, when its anode is positive relative to
its cathode, which is much lower than the value
of either of the resistances 104 or 105. Therefore,
the diode anode 115, which is point 107, is in ef-
fect grounded to cathode 178 so long as the junc-
tion 157 has a positive voltage relative to ground.

In the absence of a signal, point 157 is maintained -

at a positive voltage by voltage sources 101, 102,
and 103, the resulting current flowing through re-
sistors 104 and 105 and diode 62’’. These re-
sistors and voltage sources are so proportioned
that the open circuit voltage at the junction 157
is substantially the same as that at the junction
of sources 102 and (03. Consequently, the con-
nection of the cathode 170 and anode 171 of diode
83’ between these two junctions of the bridge
produces little or no effect in the absence of a
signal, because then there is little or no flow
of current through this diode.

‘When an intermediate-frequency voltage is im-
pressed on diode 63’ from coupling system 99,
there is produced a rectified current which flows
through the bridge and divides between resistors
{04 and 105, increasing the current in the former
resistor and decreasing the current in the latter
resistor and diode 62’'. Therefore there is super-
imposed upon the initial voltage of the junction
point 157 a rectified voltage having an average
value approximately equal to the root-mean-
square value of the intermediate-frequency volt-
age impressed upon this diode. This consti-
tutes a form of linear detection, and the rectified
voltage is an undistorted replica of the interme-
diate-frequency envelope. To produce this re-
sult, condenser 100, connected between cathode
170 and junction point 157, is so small that its
charging current is negligible at audio fre-
quencies; while condenser (06 connected between
point 10T and ground is so large that its audio-
frequency impedance is considerably less than
that of resistor 105, and therefore the audio-fre-
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quency voltage at point 107 is negligible at all
times regardless of the impedance of diode 62"’.

Fig. 12 is a chart in which average rectified
voltage is plotted against intermediate-frequency
carrier voltage, and which shows the approximate
relations in the rectifier and suspender circuit as
a function of the intermediate-frequency carrier
voltage applied to diode 63’. The straight line 145
shows the average voltage of the junction point
187 relative to ground, which voltage changes in
the negative direction in proporticn to the im-
pressed carrier voltage. It is observed that the
total voltage of sources 101, 102 and 103 is 90
volts, sources 101 and 102 together accounting for
30 volts and source 103 for 60 volts. In the
absence of an intermediate-frequency signal, the
voltage of point 157 relative to ground is 30
volts, as indicated by the upper end of the graph
146, When an intermediate-frequency voltage of
any intensity is applied to the rectifier, the dimen-
sion 147 indicates the voltage across resistor 104,
and the dimension 148 indicates the voltage across
resistor 105. When the signal intensity increases
to the point where the voltage of junction point
157 becomes negative, the current in diode 62"
is reduced to zero, and the average voltage of
point {07 then becomes equal to the average volt-
age of point 151. 'The voltage of point 107 rela-
tive to ground is indicated by dimension {49, and
is shown for this example to increase from zero in
a negative direction when the intermediate-fre-
quency carrier voltage exceeds 30 volts. The volt-
age of point {07 is applied through the conductor
45 to the control grids of intermediate-frequency
amplifier tubes 54 and 55, and through connec-
tion 45’ to the control grid of modulator 52 and
of radio-frequency amplifier 51. The action of
such automatic volume control biasing connec-
tions for controlling the gain of amplifiers and
modulators is well understood in the art and re-
quires no detailed discussion here. It is suf-
ficient to state that the connecticn 45 causes the
control grids of the controlled tubes to become
more negative when the signal strength increases
above a predetermined value, thereby maintain-
ing the output level fairly uniform.

Changes in the degree of modulation of the
received signal are prevented from affecting the
automatic volume control bias in the following
manner. The rectified voltage at point 157 is an
undistorted replica of the intermediate-ire-
quency modulation envelope, and therefore the
average rectified voltage is equal to the rectified
intermediate-frequency carrier voltage, for any
degree of modulation up to 100%. Since the audio
modulation frequency components of rectifica-
tion are filtered out by condenser 106, the auto-
matic volume control bias and the effect of diode
62’ depends only upon the intermediate-fre-
quency carrier voltage. This type of “suspended”
automatic volume control utilizing a suspender
diode 62’’, which fails to exert any volume con-
trolling influence until the carrier voltage exceeds
a predetermined value, is a preferred method
of performing this result. This advantage plus
freedom from modulation effects is not obtained
in other systems now in common use,.

In the particular receiver under discussion, it
is desired that the amplification be capable of
100 decibels variation by the automatic volume
control action, in order that received signals
varying in intensity from 10 micro-volts to 1 volt
may produce a uniform output.. This requires
that the bias represented by the dimension 148
in Fig. 12, applied to the control grids of fubes
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51, 52, 54, and 55, shall vary from zero to about
30 volts negative relative to ground, correspond-
ing to the above minimum and maximum re-
ceived signal voltages. The production of this
wide variation of control bias requires that the
intermediate carrier frequency voltage applied
to diode 63’ shall vary from about 30 to 60 volts
over the same range of received signal intensity,
smaller intensities producing no volume control
bias. These relationships are shown in Fig. 12.

The desired highly uniform output of inter-
mediate-frequency amplifier 34 is accomplished
by means of a “reverse automatic volume con-
trol” bias voltage provided by a connection 46
extending from the cathode of amplifier tube
55 to the cathode of amplifier tube 60 of the
automatic volume control system. This common
cathode connection 46 is connected to ground
through a resistance including rheostat 76 which
carries the space current of both tubes; hence,
the space current of tube 55 partially controls
the grid-cathode bias of tube 60, and therefore
the gain of this tube. This bias on tube 60, how-
ever, varies oppositely from that on the con-
trolled amplifier and modulator tubes of the main
signal path. When the grid-cathode bias of am-
plifier 55 hecomes greater by automatic volume
control action, its amplification and space current
decrease, and consequently the grid-cathode bias
on tube 60 decreases, causing the gain of the lat-
ter tube to increase somewhat. Therefore, the
increased intermediate-frequency voltage, which
is required by diode 63’ to decrease the amplifica-
tion of amplifier 34, is supplied by the increased
gain of tube 69 and without any increase of the
input to the latter tube, or of the output of am-
plifier 34. This action is called reverse automatic
volume control because the gain of tube 68 is
automatically varied oppositely to that of tubes
51, 52, 54, and 55. Quantitatively, the gain of
tube 60 can be just about doubled by this reverse
automatic volume control connection, this being
sufficient to vary the intermediate-frequency
voltage on diode 63’ over the above-mentioned
range of 30 to 60 volts without any appreciable
variation of the intermediate~-frequency input to
tube 60.

The foregoing discussion describes the opera-
tion of the ‘“reverse” and the “suspended” auto-
matic volume control actions. These cooperate
to maintain the output of intermediate-fre-
quency amplifier 34 very nearly uniform, within
plus or minus 1 decibel, during received signal
intensity variations up to 100 decibels, this rep-
resenting approximately a 99% approach to per-
fect automatic volume control. For the particu-
lar quantitative example described, the resulting
automatic volume control action is illustrated by
curve 180 of Fig. 13 which shows the relative
audio-frequency output in decibels plotted
against the received radio-frequency input volt-
age in microvolts:

An adjustment of the output level of amplifier
34 is furnished by the rheostat 16, whose function
is to control the gain of tube 60 and thereby to
determine the output level of amplifier 34 which
is required to operate the automatic volume con-
trol system. The adjusting rheostat 16 is pref-
erably preadjusted to the proper value and not
changed during operation of the receiver. Its
proper setting is mainly determined by the action
of the quieting circuit described below in detail.

The sensitivity control of the receiver is pro-~
vided by a rheostat 15 connected between the
cathode (and outer screen) and ground of am-
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plifier tube 54, this constituting a manual varia-
tion of the grid bias of the tube which, therefore,
controls its gain, and is able to make it less sensi-
tive to noise and to weak signals too noisy to be
useful. When the rheostat 15 is adjusted for
minimum sensitivity of the amplifier, the auto-
matic volume control characteristic of the re-
ceiver is modified somewhat as shown at curve
150’ in Fig. 13, which shows the change of audio-
frequency output with radio-frequency input.
Incidentally, it is desired that the sensitivity con-
trol 15 be mechanically connected, as indicated
by broken line 179, with a switch 112 associated
with amplifier 62 of the quieting system so that
the latter switch is automatically opened when
the control 15 is adjusted to or beyond maximum
sensitivity, thereby rendering the quieting circuit
inoperative and placing the receiver in condi-
tion to respond to all signals and noises however
weak.

Selective admission

The “selective admission”, mentioned above, is
provided for causing the operator to correctly
tune the receiver for single sideband reception.
This includes means for causing the audio-fre-
quency output to sharply reach a maximum value
when the intermediate carrier frequency is tuned
on either edge of the band selected in the inter-
mediate-frequency amplifier 34. This action is
an effect of the frequency-discriminating circuits
of trap 41 in cooperation with the other sections
42, 43, and 44 of the automatic volume control
channel, and is perfected by the cooperation of
the quieting circuit.

Curve 145 of Fig. 11 shows the relative gain or
responsiveness of the intermediate-frequency trap
or discriminating network 41, the ordinates rep-
resenting relative gain in decibels and the ab-
scissas representing the frequencies in and near
the selected intermediate-frequency band. Curve
{45 then represents the relative gain from the
output coil 18 of amplifier tube 55 to the grid
of tube 60, the amplifier output being applied to
the trap through the connection 40’ from coil 19
which is coupled to coil 78. In the trap network,
coil 92 and condenser 94 are sharply tuned to the
upper edge of the selected sideband
(fio+fp/2=112-12=114 kilocycles, in this case)
and produce the right minimum of the trap curve
145. Coil 93 and condenser 95 are equally sharply
tuned to the lower edge of the sideband
(fio—fp/2:=112—2=110 kilocycles, in this case)
and produce the left minimum of the trap curve,
The four elements 92, 83, 94, and 95, taken to-
gether, form a parallel circuit resonant at the
mid-frequency fio of the band (112 kilocycles in
this case) and serve to produce the center maxi-
mum at frequency fio. Coils 19 and 96 and con-
denser 91, in parallel, are likewise resonant at
the frequency fio and cooperate with the other
four elements of the trap to produce the higher
maxima on either side of the band.

In this arrangement, coil 19 is only moderately
coupled to coil 18 so as not to materially affect
the characteristics of the latter in the tuned in-
termediate-frequency circuit. The loss of voltage
in the trap circuits is more than made up by the
gain in amplifier 42. The trap circuits are pref-
erably enclosed in a shield, and the junctions
of elements 92 and 94 and of elements 93 and 95
enclosed therewithin, thus preventing accidental
coupling to these elements. These elements
should also be shielded from each other. A par-

ticular advantage of this arrangement is that
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the grid-cathode capacity of tube 60, or any
other outside circuit properties, do not in any way
affect the frequencies of minimum gain of the
trap.

The effect of the selective admission feature
upon the output of intermediate-frequency am-
plifier 34 is illustrated by curve 52 of Fig. 14
and curve 155 of Fig. 15, these latter two figures
having negative rectified intermediate-frequency
voltage plotted as ordinates and frequency as
the abscissas. Curves 152 and 155 are inversely
proportional to curve 145 in Fig. 11. They repre-
sent the effect of the trap in making the auto-
matic volume control action dependent on the
intermediate carrier frequency and therefore on
the tuning of the receiver. Curve 52 of Fig. 14
represents the rectified voltage from diode 62’ of
the quieting channel, due to the connection 40’’
from amplifier 34 to the quieting channel. For

a given setting of the volume level control 89, :

curve 155 of Fig. 15 shows the variation of the rec-
tifled voltage at diode rectifier §1’, due to the
intermediate-frequency voltage impressed there-
on from amplifier 56. In Fig. 15, the ordinates
are proportional to the audio-frequency sound
from the receiver.

Automatic quieting

The automatic quieting system proper com-
prises connection 40’’, tubes 62’ and 62, and the
quieting connections 49 and 49’. It is the means
for quieting the receiver at all times except when
the receiver is properly tuned to receive a signal
above the noise level. This system quiets unde-
sired noises and distorted signals, which would
otherwise be produced when the receiver is not
properly tuned to a useful signal. As used in
this receiver, the quieting system cooperates with
the trap 41 and the automatic volume control sys-
tem to perfect the “selective admission”.

The quieting action is performed by automati-
cally varying the bias between control grid and
cathode of intermediate-frequency amplifier tube
56, this bias being maintained so highly negative
under the condition of no signals or too weak
signals that this tube is substantially inoperative.
‘When the signal strength rises above a predeter-
mined threshold value, the connection 49 restores
the bias to its normal operating value and tube
56 is made operative. This bias is determined
by the voltage of source 102, and by the addi-
tional voltage which supplies the normal bias
voltage, produced across resistor 113 by the plate
current of triode 62, assuming switch 112 is closed.
‘When this plate current is considerable, the grid
bias of tube 56 is sufficient to reduce its gain to
Z€eTro.

In operation, the intermediate-frequency vol-
tage at connection 40°’ is rectified by diode 627,
which is of the linear type producing an undis-
torted replica of the modulation envelope. The
audio-frequency modulation components of this
rectification are filtered out by a resistor 110 and
condenser {1 connected in the order recited be-
tween the anode 180 and ground, and the uni-di-
rectional rectified component, proportional to
carrier but independent of modulation, is applied
to the grid 116 of triode 62 from the junction
of resistor 110 and condenser fi1.

As shown above, the plate current of triode 62
serves, in the absence of a signal, to apply an
excessive bias on tube 55, thereby quieting the
receiver, But when the amplified intermediate
carrier frequency voltage on connection 40’ in-
creases. the rectified current of rectifier 62’ in-
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creases, the grid 176 is made more negative, and
the plate current of tube 62 flowing through
resistor {13 is reduced. When the amplified car-
rier voltage exceeds a predetermined value, the
plate current of tube 62 is reduced substantially
to zero and the bias of amplifier 56 is thereby
reduced substantially to its normal value for op-
eration as an amplifier.

The quieting of noise and weak signals is illus-
trated in Fig. 13 by curves I5¢ and 151’, which
are respectively like curves 150 and (50’ except
for the dotted portions. Curves 151 and (51’
show that when the signal input falls below a
given threshold value, the receiver is quieted by
reducing the audio-frequency output to zero.
The threshold value of the signal input voltage
is determined by the setting of rheostat 15, as
previcusly mentioned. When the quieting system
is disabled by setting rheostat 75 for minimum
resistance and thereby opening switch 112, the
operation of the receiver is characterized by curve
{50, Curve 150’ can be cbtained by operating
switch 112 independently when rheostat 15 is set
for high resistance.

The quieting system cooperates with the trap

41 to perfect the selective admission, during the
reception of any signal strong enough tc operate
the automatic volume confrol system, in the man-
ner shown graphically in Figs. 14 and 15. In
Fig. 14, curve 152 shows the variation of the
rectified intermediate-frequency voltage in diode
62, as a function of the intermediate carrier
frequency. Curve 183 shows the corresponding
variation of the negative grid-bias voltage ap-
plied to the grid of tube 58 through connection
29, this curve being similar in shape to the upper
part of curve I45 in Fig. 11. Curve 154 illus-
trates the corresponding variation of the plate
current of tube 56, showing that space current
flows only when the negative grid bias impressed
by connection 49 drops to a low value. 'This
illustrates the quieting action due to this tube.
The selective admission without quieting produces
at the diode 57’ a variation of rectified infer-
mediate carrier frequency voltage shown by curve
{85 of Fig. 15, When the quieting action is co-
cperating, the rectified voltage at diode 51’ varies
as shown in curve 156.

When the operator tunes the receiver, he varies
the intermediate carrier and sideband frequen-
cies. Figs. 11, 14, and 15 therefore show the op-
eration of the quieting and selective admission
while tuning the receiver. Curve 156, in par-
ticular, shows that the signal is heard only when
the receiver is tuned very close to one of the two
points where the intermediate carrier frequency
is on one edge of the band selected according to
curve £34 of Fig, 7.

When a weak distant station is being tuned
in at the same time that a strong local station
is transmitting on an adjacent channel, the lat-
ter operates to quiet the receiver when the re-
ceiver is tuned to the sideband of the distant
signal which is nearer the local signal channel.
This action is desirable, because under such cir-
cumstances the distant signal can be heard free
frem interference only when tuned fto the side-
band further from the local signal channel,

Visual tuning indicator

There is connected to the plate of tube 62 the
grid 178 of triode tube 63 in the direct current
amplifier 48. In the space current path of tube
£3 is a visual tuning indicator in the form of a
low current incandescent lamp 59, There is ap-

plied through the lamp an initial current through
resistor 117 from direct voltage source 116, suffi-
cient to heat the lamp filament to the point of
incipient incandescence when no space current

is flowing in tube 63. The grid bias of triode 5
63 varies in the same manner as that of tube
56, so that no space current flows in tube 63
until the signal strength reaches a predetermined
value. The space current of tube 63 fluctuates
simultaneously with that of tube 56 (since both 10
are connected to the plate of tube 62) and there-
fore the relative lamp brilliancy is indicated by
curve 154 of Fig. 14, The condition of greatest
brilliance indicates the correct tuning position.
The switch 112 must be closed to render the 15
tuning indicator operative.

The incandescent filament lamp is satisfac-
tory, since the variation of its current during
the tuning operation may be several milliam-
peres. A neon or other type of lamp can bhe 20
used satisfactorily for the same purpose with
good results.

Time lag relations

Good operation of the receiver requires that o5
the automatic volume control should operate in
a time comparable with the period of the lowest
audio-frequency modulation to be reproduced.
This time lag of automatic volume control op-
eration is determined mainly by resistor 185 and g4
condenser 106, the time constant of which may
well be 1/40th second.

The time lag of operation of the quieting sys-
tem should be at least as great, and preferably
greater, than that of the automatic volume con- gg
trol, so that while a signal is being tuned in, the
receiver will remain quiet until the automatic
volume control has had time to operate. The
time lag of the quieting system is determined
mainly by resistance 114 and condenser 115, and
secondarily by resistance {16 and condenser (11.
The time constant of the former two elements
may well be the same as that of the automatic
volume control, 1/40th second, and the time con-
stant of the latter two elements may well be
1/100th second. The total time constant of the
quieting system, as thus proportioned, will there-
fore he .035 second which is 40% greater than
that of the automatic volume control.

The lamp 50 has sufficient time lag due to ther- 50
mal inertia, so that the electrical time lag is un-
desired. The electrical time lag is reduced by
connecting the grid of triode 62 ahead of ele-
ments 114 and 115, so that the total electrical
time constant for the lamp is that due to ele- 55
ments {10 and (11, or 1/100th second.

Volume level conitrol

40

45

Referring now to the volume level control, coils
18, 19, and 80 are preferably located coaxially 60
within a non-magnetic metallic cylindrical shield.
Angular rotation of the control knob imparts
axial displacement to coil 88, and therefore it
is found that the mutual inductance between
coils 78 and 80 varies exponentially with the dis- g5
placement. Plotted in terms of decibels varia-
tion of output against angular displacement, this
relation is represented by the straight line 137
of Fig. 8, this being the ideal relation between
displacement and audio-frequency output. Curve ¢q
138 shows the corresponding curve of variation
for a linear (instead of exponential) potentiome-
ter, and curve 139 shows the corresponding char~
acteristic of a linear potentiometer having a high
resistance half and a low resistance half. The 75
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smoother and superior operation of the exponen-
tial type of variation is apparent.

The potentiometer 86 is controlled simultane-
ously by the same knob, as indicated by broken
line 181, which controls the volume level control
35. This potentiometer serves to modify the
audio-frequency fidelity simultaneously with
volume level. Experience teaches that the nor-
mal ear desires less change of intensity at the
higher and lower audio frequencies than at the
medium audio frequencies. The fidelity. control
is designed to satisfy this desire of the ear. At
the greatest volume level, the contact of poten-
tiometer 86 is situated at the upper end thereoi.
In this position, the elements are proportioned
so that the fidelity is according to curve 143 of
Fig. 10, which is plotted in terms of relative gain
against audio frequencies. At the lowest volume
level, the contact is at the lower end, and in this
position, condenser 80 causes the fidelity curve
to slope upward at the lower freguencies as shown
by curve i{44. The condenser 8 and resistor 89
at the same time cause the curve to slope up-
ward at the higher frequencies, as shown. At
mean volume level, the fidelity is according to
curve 142, which is substantially level.

Oscillator and modulator

The tuning condenser of the tuned circuit 67
of oscillator tube 53 is like those of the radio-
frequency selector circuits 64, 65, and 66, all be-
ing on the same shaft as indicated by broken
lines 182, and all having the same variation of
capacitance. The oscillator frequency is re-
quired to be always greater than that of the
radio-frequency selective circuits by a constant
amount, which is 112 kilocycles in this case. 'This
is ordinarily accomplished by adjusting three
properties of the oscillator tuned circuit to be
different from the selective tuned circuits as
follows:

(@) A relatively large adjustable condenser
{80 is added in series with the oscillator tuned
circuit;

(b) The oscillator tuned inductance 181 is
made somewhat smaller than those of the signal
selective circuits;

(¢) The minimum value of the oscillator tun-
ing condenser is adjusted to be slightly larger
than that of the other tuning condensers.

The above three degrees of freedom permit ad-
justment of the oscillator alignment to be exact-
ly correct at three points throughout the tuning
range, but the errors at other frequencies in the
range may be substantial. This is shown by
curve 130 of Fig. 5, in which oscillator error is
plotted against tuning frequency. The points
where the curve crosses the horizontal zero axis
are the three points made correct by the three
adjustments.

The alignment error can be further reduced
by adding a fourth degree of freedom, which is:

(d) One or more resistors 68 and 69 may be
connected across coils fairly closely coupled to
the oscillator tuned circuit.

The resulting errors of alignment when the
fourth degree of freedom is employed are as indi-
cated by curve 131 of Fig. 5, which crosses the
zero axis at four points and shows much less
error. The above degrees of freedom have been
named in the order of decreasing effect at lower
frequencies and increasing effect at higher fre-
quencies. The last is most effective at the high
end of the tuning range. .

The cathode conductance of the modulator §2
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is substantially equal to its transconductance sm,
and is located across resistor 68. Since the
transconductance varies with the automatic vol-
ume control bias on the control grid of the modu-
lator, the volume control system has some unde-
sired effect upon the oscillator frequency. It is
desired to minimize this undesired effect with-
out impairing the modulator performance.

Curve 132 of Fig. 6 shows the transconductance
sm of modulator 52 as a function of the voltage
on its screen 195, in the case of a small initial
negative bias on confrol grid 194. While the
transconductance determines the straight ampli-
fication of the tube, its modulation is determined
by

,__dsm

T de,

where eg represents the grid-cathode bias. The
variation of the quantity sm’ with screen voltage
is shown by curve 133.

In the case under consideration, it is observed
that reducing the screen voltage from 100 to 40
volts does not appreciably affect the value of sm’
but does reduce the transconductance sm in the
ratio of 5:1. This fact is of great advantage in
minimizing changes of oscillator frequency. It
also has the advantage of reducing the straight
intermediate-frequency gain of the tube, such
gain not being desired in a modulator, as it
serves to increase ncise and interference.

The use of a fixed low screen voltage is not
desirable, because the grid-bias control would
become less gradual and thereby increase dis-
tortion in the modulator. The best result is ob-
tained by the use of resistor 71 and by-pass
capacity 12 associated with the screen 194, The
resistor reduces the screen voltage at low values
of grid bias but causes the screen voltage to re-
sume the normal rated value when the screen
current is decreased by the presence of greater
automatic volume control bias. As a result of
this arrangement, there are obtained all the
benefits of lower screen voltage when the grid
bias is at its minimum value, and also the bene~
fit of higher screen voltage when the grid bias is
greatly negative.

I claim:

1. In a modulated carrier frequency signal re-
ceiver including a selector uniformly responsive
only within a narrow Irequency band, tuning
means for varying the frequency difference be-
tween the carrier and the middle of said band,
indicating means responsive to the carrier, and
a selective network coupled to the output of said
selector and associated with said indicating
means for causing the latter to give a critical pre-
determined indication only when said frequency
difference is half the width of said band.

2. In a modulated carrier frequency signal re-
ceiver including a selector uniformly responsive
only within a narrow frequency band, tuning
means for varying the frequency difference be-
tween the carrier and the middle of said band,
visual indicating means responsive to the carrier,
and a selective network coupled to the output
of said selector and associated with said indicat-
ing means for causing the latter to give a critical
predetermined visual indication only when said
difference is half the width of said band.

3. In a modulated carrier frequency signal re-
ceiver including a selector uniformly responsive
only within a narrow frequency band, tuning
means for varying the frequency difierence be-
tween the carrier and the middle of said band,
guxiliary means responsive to the carrier for
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automatically determining the signal output of
the receiver, and a selective network coupled
to the output of said selector and associated with
said auxiliary means for causing the latter to
produce maximum signal cutput when said fre-
quency difference is half the width of said band.

4. In a modulated carrier frequency signal re-
ceiver including a selector uniformly responsive
only within a narrow frequency band, tuning
means for varying the frequency difference be-
tween the carrier and the middle of said band,
auxiliary means responsive to the carrier and
unresponsive to modulation for automatically
determining the signal output of the receiver,
and a selective network coupled to the output
of said selector and associated with said aux-
iliary means for causing the latter to produce
maximum signal output when frequency differ-
ence is half the width of said band.

5. In a modulated carrier frequency signal re-
ceiver including a selector uniformly responsive
only within a narrow frequency band, tuning
means for varying the frequency difference be-
tween the carrier and the middle of said band,
auxiliary means responsive to the carrier for
automatically determining the carrier output
of the receiver, and a selective network coupled
to the output of said selector and associated with
said auxiliary means for causing the latter to
produce maximum carrier output when said dif-
ference is half the width of said band.

6. In a modulated carrier frequency signal re-
ceiver including a selector uniformly responsive
only within a frequency band sufficiently wide
to include the carrier and one sideband but tooc
narrow to include both sidebands, tuning means
for varying the frequency difference between the
carrier and the middle of said band, auxiliary
means responsive to the carrier for automatically
determining the signal output of the receiver,
and a selective network coupled to the output of
said selector and associated with said auxiliary
means for causing the latter to produce maxi-
mum signal output when said frequency differ-
ence is half the width of said band.

7. In a modulated carrier frequency signal re-
ceiver including a selector uniformly responsive
only within a narrow frequency band, tuning
means for adjusting the carrier frequency, aux-
iliary means responsive to the carrier for auto-
matically determining the signal output of the
receiver, and a selective network coupled to the
output of said selector and associated with said
auxiliary means for causing the latter to pro-
duce maximum signal output when the carrier
frequency is adjusted to one edge of said band.

8. In a modulated carrier frequency signal re-
ceiver including a selector uniformly responsive
only within a narrow frequency band, tuning
means for adjusting the carrier frequency, and
auxiliary means responsive to the carrier for pro-
ducing maximum signal output only when the
carrier frequency is adjusted to either edge of
said band.

9. In a modulated carrier frequency signal
receiver including a tunable selector uniformly
responsive only within a narrow frequency band,
auxiliary means responsive to the carrier for
automatically determining the signal ou'put of
the receiver, and a selective network coupled to
the output of said selector and associated with
said auxiliary means for causing the latter to
produce maximum signal output only when one
edge of said band is tuned to the carrier.

10. In a modulated carrier frequency signal
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receiver including a selector uniformly responsive
only within a narrow frequency band, means for
adjusting the carrier frequency, and auxiliary
means responsive to the carrier for producing
maximum signal output only when the carrier

% 11. In a modulated ecarrier frequency signal
receiver, signal selecting means for uniformly
selecting the carrier together with all of one
sideband and only the inner edge of the other
sideband, means for rectifying the selected sig-
nal to produce the modulation frequencies, means
for amplifying the lower modulation frequencies
for which both sidebands are selected, and means
for doubly amplifying the higher modulation fre-
quencies for which only one sideband is selected,
both said means for amplifying being embodied
in a common amplifier including in one stage in
series a coupling impedance having resistance
and capacitance in parallel for doubling the am-
plification of the higher modulation frequencies.

12. In a modulated carrier frequency signal
receiver including a frequency band selector and
an amplifier, tuning means for varying the fre-
quency difference between the carrier and the
middle of said band, auxiliary means for auto-
matically reducing the amplifier gain in propor-
tion to increasing carrier intensity and a selec-
tive network for coupling the output of the am-
plifier to the auxiliary means, said network being
proportioned to minimize the action of the gain
reducing means when said frequency difference
has a predetermined substantial value not ex-
ceeding half the width of said band.

V tuned to either edge of said band.

13. In a modulated carrier frequency signal ®

receiver including a frequency band selector and
an amplifier, tuning means for varying the fre-
quency difference between the carrier and the
middle of said band, auxiliary means for auto-
matically reducing the amplifier gain in propor-
tion to increasing carrier intensity, and a selec~
tive network for coupling the ocutput of the am-
plifier to the auxiliary means, said network being
proportioned to magnify the action of the gain
reducing means when said frequency difference
has a value substantially exceeding half the width
of said band.

14. In a modulated carrier frequency signal
receiver including a frequency band selector and
an amplifier, tuning means for varying the fre-
quency difference between the carrier and the
middle of said band, auxiliary means for auto-
matically reducing the amplifier gain in propor-
tion to increasing carrier intensity, and a trap
circuit sharply tuned to a frequency in said band
but substantially displaced from the mid-fre-
quency thereof for coupling the ocutput of the
amplifier to the auxiliary means, whereby the
action of the gain reducing means is minimized
when the carrier frequency is equal to the trap
frequency.

15. In a modulated carrier frequency signal
receiver including a frequency band seclector and
an amplifier, tuning means for varying the fre-
quency difference between the carrier and the
middle of said band, auxiliary means for auto-
matically reducing the amplifier gain in propor-
tion to increasing carrier intensity, and a trap
circuit sharply tuned to one edge of said band
for coupling the output of the amplifizr to the
auxiliary means, whereby the action of the gain
reducing means is minimized when said fre-
quency difference has a value equal to half the
width of said band.

16. In a modulated carrier frequency signal
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receiver including a frequency band selector and
an amplifier, tuning means for varying the fre-
quency difference between the carrier and the
middle of said band, auxiliary means for au-
tomatically reducing the amplifier gain in pro-

2,050,679

is resonant at one edge of said band and the
other of which is resonant at the other edge of
said band, whereby the signal output of said
amplifier is caused to be greatest when said car-
xier frequency is located at either edge of said

portion to increasing carrier intensity, and 2™ band.
double trap circuit sharply tuned to both edge'sj N\, 21. In a modulated carrier frequency signal

of said band for coupling the output of the am-
plifier to the auxiliary means, whereby the ac-
tion of the gain reducing means is minimized
when said frequency difference has a value equal
to half the width of said band.

17. In a modulated carrier frequency signal
receiver, an amplifier, a selective system for
selecting a band of frequencies which includes a
carrier frequency and an associated modulation
sideband to be translated, an automatic volume
control system responsive to the output of said
amplifier for maintaining said amplifier output
relatively constant in spite of wide changes in the
intensity of the signal input to said amplifier,
and a discriminating network interposed between
the amplifier output terminals and said automatic
volume control system which is least responsive
at an edge of said band of frequencies, whereby
the signal output of said amplifier is caused to
be greatest when said carrier frequency is located
at said edge of said band.

18. In a modulated carrier frequency signal
receiver, an amplifier, a selecting system for
selecting a band of frequencies which includes
a carrier frequency and an associated modula-
tion sideband to be translated, an automatic
volume control system responsive to the output
of said amplifier for maintaining said amplifier
output relatively constant in spite of wide changes
in the intensity of the signal inpuf to said am-
plifier, and a discriminating network interposed
between the amplifier output terminals and said
automatic volume control system which is least
responsive at each edge of said band of Ire-
quencies, whereby the signal cutput of said am-
plifier is caused to be greatest when said carrier
frequency is located at either edge of said band.

19. In a modulated carrier frequency signal
receiver, an amplifier, a selecting system for
selecting a band of frequencies which includes a
carrier frequency and an associated modulation
sideband to be translated, an automatic volume
control system responsive to the output of said
amplifier for maintaining said amplifier output
relatively constant in spite of wide changes in
the intensity of the signal input to said amplifier,
snd a discriminating network interposed between
the amplifier output terminals and said automatic
volume control system which is least responsive
at both edges of said band of frequencies and is
most responsive at frequencies between and be-
yond said edges, whereby the signal output of said
amplifier is caused to be greatest when said car-
rier frequency is located at either edge of said
band.

20.In a modulated carrier frequency signal
receiver, an amplifier, a selecting system for
selecting a band of frequencies which includes
a carrier frequency and an associated modula-
tion sideband to be translated, an automatic vol-
ume control system responsive to the output of
said amplifier for maintaining said amplifier out-
put relatively constant in spite of wide changes
in the intensity of the signal input to said am-
plifier, and a discriminating network interposed
between the amplifier output terminals and said
automatic volume control system, said network
having two resonant trap circuits, one of which

receiver, an amplifier, a selecting system for
selecting a band of frequencies which includes a
carrier frequency and an associated modulation
sideband to be translated, an automatic volume
control system responsive to the output of said
amplifier for maintaining said amplifier output
relatively constant in spite of wide changes in
the intensity of the signal input to said amplifier,
a quieting system for rendering a portion of said
translating system inoperative when the amplifier
output is below a predetermined level, and a dis-
criminating trap associated with said automatic
volume control system which is least responsive
at the frequency of an edge of said frequency
band, whereby the signal output of said amplifier
is caused to be greatest when said carrier fre-
quency is located at an edge of said band, and
is caused to decrease sufficiently to actuate the
quicting system when said carrier frequency is
not so located.

22. In a modulated carrier frequency signal re-
ceiver including a carrier amplifier, auxiliary
means excited by the carrier output of said am-
plifier for producing a unidirectional voltage
tending to vary directly with the carrier output
amplitude, means for utilizing said voltage to vary
inversely with carrier input amplitude the gain
of said amplifier, and means for simultaneously
varying directly with the carrier input amplitude
the unidirectional voltage produced in said aux-
iliary means by an unvarying value of said car-
rier output applied thereto, all of said means be-
ing relatively proportioned automatically to main-
tain the carrier output of said amplifier sub-
stantially constant.

23. In a modulated carrier frequency signal
receiver including a carrier amplifier, auxiliary
means for further amplifying and then rectify-
ing the carrier output of said amplifier, and means
for utilizing the rectified carrier to reduce the
gain of said amplifier and simultaneously to in-
crease said amplification in said auxiliary means,
both said means being relatively proportioned to
automatically maintain the carrier output of said
amplifier substantially constant.

24. In a modulated carrier frequency signal
receiver including a carrier amplifier having a
vacuum tube, auxiliary means including a car-
rier rectifier and also a vacuum tube for cou-
pling the carrier output of said amplifier to said
rectifier, means for utilizing the rectified carrier
voltage from said rectifier negatively to bias said
vacuum tube and thereby to reduce the gain in
said amplifier with increasing carrier amplitude,
and means including a connection between the
cathodes of both said vacuum tubes and a resistor
common to the circuits of said cathodes, said
latter means and said resistor being relatively
proportioned automatically to maintain the car-
rier output of said amplifier substantially con-
stant.

25. In a modulated carrier frequency signal re-

ceiver, a first carrier amplifier for repeating sig- 7

nals to detecting apparatus, means for automati-
cally controlling the carrier amplification in said
amplifier, comprising a second carrier amplifier,
a rectifier responsive to the carrier output of said
second amplifier whereby said rectifier develops
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4 unidirectional voltage increasing with carrier
amplitude, a connection from an output electrode
of said rectifier to a control electrode of the first
amplifier for biasing said control element nega-
tively with said unidirectional voltage, whereby
the amplification in said first amplifier is de-
creased with increasing carrier amplitude, and
a connection from a point of said first amplifier
to a point of said second amplifier for causing
the effective bias voltage on a control electrode
of said second amplifier to decrease with increas-
ing bias on said control element of said first am-
plifier, said bias voltages being proportioned to
maintain the carrier output of said first amplifier
substantially constant.

26. In a modulated carrier frequency signal
receiver including means for quieting the receiver
when the carrier amplitude is less than a thresh-
old value, thearrangement for adjusting the quiet-
ing effect which comprises adjustable means for
controlling the threshold value by adjusting the
gain of the receiver, and a switch linked to said
adjustable means for cutting out the quieting ac-
tion only when the gain of the receiver is adjusted
to maximum.

27. In a modulated carrier frequency signal re-
ceiver, a carrier frequency adjustable volume con-
trol circuit, a rectifier, a vacuum tube for cou-
pling the volume control circuit output to said
rectifier, and means for automatically reducing
the translation ratio of said tube when the input
to said volume control circuit is less than a pre-
determined threshold value, whereby disturbances
below said threshold value are subject to reduc-
tion prior to rectification in said rectifier.

28. In a modulated carrier frequency signal re-
ceiver, means for tuning said receiver to a de-
sired carrier frequency, means for quieting said
receiver when the desired carrier amplitude is less
than a predetermined threshold value, and selec-
tive means most responsive to interfering signals
on slightly different frequencies, for operating the
quieting means when the ratio of interfering sig-
nal to desired carrier amplitude exceeds a pre-
determined value.

29. In a modulated carrier frequency signal re-
ceiver including a carrier amplifier, means for
tuning said receiver to a desired carrier frequency,
selective means for automatically reducing the
amplifier gain with increasing sum of the ampli-
fied desired carrier amplitude plus a muiltiple of
the amplitude of any amplified interfering signals
on slightly different frequencies, and means for
automatically quieting said receiver when the
sum of the amplitudes of all amplified signals is
less than a predetermined threshold value, where-
hy the system is quieted when the amplitude ratio
of interfering signal to desired carrier exceeds a
predetermined value.

30. In a modulated carrier frequency signal
receiver, means for automatically quieting the
system when the carrier amplitude is less than a
predetermined threshold value, means for delay-
ing the quieting action to avoid its responding to
impulses of short duration, and means for visual-
ly indicating with less delay the condition of
the quieting means at all times.

31. In a modulated carrier freguency signal re-
ceiver including a carrier amplifier, means for
auntomatically reducing the amplifier gain with
increasing carrier amplitude, means for quiet-
ing the receiver when the carrier amplitude is
less than a predetermined threshold value, means
for delaying the gain reducing action to avoid
its responding to low frequency modulation,
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means for delaying to a greater degree the quiet-
ing action, and means for visually indicating
without substantial delay the condition of the
quieting means at all times.

32. In a modulated carrier frequency signal
receiver including a selector uniformly respon-
sive only within a narrow frequency band, tuning
means for varying the frequency difference be-
tween the carrier and the middle of said band,
indicating means responsive to the carrier, and
a selective network less responsive at the edge
frequencies of said band than at the interme-
diate frequencies of said band and all frequencies
without said band, said network being coupled to
the cutput of said selector and being associated
with said indicating means for causing the lat-
ter to give a clear indication when said frequen-
cy difference is half the width of said band.

33. In a modulated carrier frequency. signal
receiver including a selector uniformly respon-
sive only within a narrow frequency band, tun-
ing means for varying the frequency difference
between the carrier and the middle of said band,
indicating means responsive to the carrier, and a
selective network less responsive at an edge fre-
quency of said band than at the intermediate
frequencies of said band and of frequencies with-
out caid band, said petwork being coupled to the
output of said modulator and being associated
with said indicating means for causing the latter
to give a clear indication when said frequency
difference is half the width of said band.

34. In a modulated carrier frequency signal
receiver including a selector uniformly respon-
sive only within a narrow frequency band, tun-
ing means for varying the frequency difference
between the carrier and the middle of said band,
visual indicating means responsive to the carrier,
and a selective network less responsive at the
edge frequencies of said band than at the inter-
mediate frequencies of said band and all frequen-
cies without said band, said network being cou-
pled to the output of said selector and being as-
sociated with said indicating means for causing
the latter to give a clear indication when said
frequency difference is half the width of said
band.

35. In a modulated carrier frequency signal
receiver including a selector uniformly respon-
sive only within a narrow frequency band, tun-
ing means for varying the frequency difference
between the carrier and the middle of said band,
visual indicating means responsive to the car-
rier, and a selective network less responsive at an
edge frequency of said band than at the interme-
diate frequencies of said band and all frequencies
without said band, said network being coupled
to the output of said selector and being associat-
ed with said indicating means for causing the
latter to give a visual indication when said fre-
quency difference is half the width of said band.

36. In a modulated carrier frequency signal
receiver, signal selecting means for uniformly
selecting the carrier together with all of one side-
band and only the inner edge of the other side-
band, a diode rectifier circuit for producing linear
rectification of a strongly modulated selected
signal to produce the modulation frequencies,
said rectifier having the property of distortion-
less rectification of carrier and sidebands when
both sidebands are present and their sum is less
than the carrier, and also when only one side-
band is present and does not greatly exceed half
the carrier.

37. In a modulated carrier signal receiver in-
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cluding a carrier amplifier, auxiliary means re-
sponsive to the carrier output of said amplifier
for producing a unidirectional voltage increasing
with said carrier output, means utilizing said
voltage for reducing the gain of said amplifier
with increasing carrier output thereof, and
means responsive to the carrier input to said
amplifier for simultaneously increasing with in-
crease in said carrier input the uni-directional
voltage produced in said auxiliary means in re-
sponse to a given value of said carrier output,
all of said means being relatively proportioned
to vary automatically the gain of said ampli-
fier in the inverse ratio of said carrier input with-
out appreciable variation of said carrier output

for a wide variation of said carrier input.

38. In a modulated carrier frequency signal
receiver including a carrier amplifier, means for
tuning said receiver to a desired carrier fre-
quency, means for automatically controlling the
amplifier gain, selective means coupling the out-
put of said amplifier to said gain confrol means
and including a trap circuit proportioned to cause
said gain control means to reduce said amplifier
gain with increasing sum of the amplified de-
sired carrier amplitude plus a multiple of the am-
plitude of any amplified interfering signals on
slightly different frequencies, and means for auto-
matically quieting said receiver when the sum of
the amplitude of all amplified signals is less than
a predetermined threshold value, whereby the
system is quieted when the amplitude ratio of the
interfering signal to the desired carrier exceeds a
predetermined value.

39. In a modulated carrier frequency signal re-
ceiver, a band selector for selecting a band of
frequencies including a desired signal, an ampli-
fier, auxiliary means for automatically reducing
the amplifier gain in response to the signal out-
put thereof, and selective means substantially
more responsive at frequencies outside said band
than at the desired signal frequency, said selec-
tive means coupling the output of said amplifier
to said auxiliary means and magnifying the action
of the gain reducing means toward any inter-
fering signal on said frequencies outside said band
relative to the action thereof toward said desired
signal, whereby the amplifier gain is reduced in
response to such interfering signals to a great-
er extent than in response to desired signals of
the same order of intensity.

40. In a modulated-carrier frequency signal re-
ceiver including a selector uniformly responsive
only within a narrow frequency band, tuning
means for varying the frequency difference be-
tween the carrier of a desired signal and the
middle of said band, indicating means, and a
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selective network more sharply funed than said
selector and controlling said indicating means as
a function of said frequency difference for caus-
ing the latter to give a critical predetermined in-
dication only when said frequency difference is
half the width of said band.

41. In a modulated-carrier frequency signal re-
ceiver including a selector uniformly responsive
only within a narrow frequency band, tuning
means for varying the frequency difference be-
tween a desired signal carrier and the middle of
said band, auxiliary means for determining the
signal output of the receiver, and means including
a selective network more sharply tuned than said
selector and controlling said auxiliary means as a
a function of said frequency difference for caus-
ing the latter to produce maximum signal out-
put when said frequency difference is half the
width of said band.

42. In a modulated-carrier frequency signal re-
ceiver including a selector uniformly responsive
only within a narrow frequency band, tuning
means for adjusting the carrier frequency, and
auxiliary means for controlling the output of
the receiver as a function of the frequency dif-
ference between a desired signal carrier and an
edge of said band for producing maximum signal
output only when said frequency difference is zero.

43, In a signaling system, an amplifier produc-
ing an amplified signal output, auxiliary means
responsive to said amplified signal output for pro-
ducing a unidirectional voltage, means for vary-
ing the amplification in said amplifier inversely
in accordance with said unidirectional voltage
and means for simultaneously varying the re-
sponsiveness of said auxiliary means directly in
accordance with said unidirectional voltage
whereby the ratio of said unidirectional voltage
to said amplified signal output is increased when
the signal input to said amplifier increases.

44, In a modulated-carrier-frequency signaling
system, a carrier-frequency amplifier producing
an amplified carrier output, means responsive to
said amplified carrier cutput for producing a uni-
directional voltage, said means including an aux-
iliary amplifier and a rectifier, means for varying
the amplification in said carrier amplifier inverse-
1y in accordance with said unidirectional voltage,
and means for simultaneously varying the am-
plification in said auxiliary amplifier directly in
accordance with said unidirectional voltage,
whereby a change in the intensity of the input
voltage to said carrier amplifier is caused to pro-
duce a greater rate of change in the unidirection-
al voltage than in said carrier output.

HAROLD A. WHEELER.
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