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22 Claims.

This invention relates to electrical communica-
tion or signal systems for the transmission of
high or carrier frequencies, modulated by a band
of audio or other signal frequencies, and more
particularly to such systems as are tunable over
a range of carrier frequencies. 'The invention in-
cludes means to automatically attenuate the
higher audio or signal frequencies to offset the
varying loss of components at the edges of the
carrier frequency channel and thus obtain a
substantially uniform overall audio-frequency re-
sponse throughout said range.

The paramount object of this invention is to
improve the operating characteristics of com-
munication systems without increasing the
amount of manipulation and adjustment neces-
sary on the part of the user or operator.

A specific object of this invention is to provide
an arrangement to alter the gain-frequency char-
acteristic of the low-frequency or signal-amplifier
portion of a radio receiver in accordance with the
tuning of the radio-frequency portion of the re-
ceiver, whereby the tendency for attenuating the
higher-frequency elements of the reproduced sig-
nal, which accompanies reception on the lower

radio frequencies of the response range, is offset -

and the fidelity of signal reproduction.is en-
hanced.  There is thus provided in the case of
broadcast receivers a species of tone control in
which the gain-frequency response characteristic
of the audio circuit is automatically altered to
give faithful reception. of broadcasts over the
entire tuning range.

Well-designed receivers heretofore used for the
reception of radio-telephone broadcasting have
been. characterized by sharper selectivity curves
at the lower radio frequencies, resulting in dimi-
nution of the high pitches in the reproduced
sound in comparison with réception at the higher
radio frequencies. On account of the fact-that

the effect of over-emphasized high pitches is very -

disagreeable, the best design has been to provide
for approximately accurate reproduction of these
pitches at the upper frequency end of the broad-
cast range, leaving the reception deficient in this
regard at the medium and especially the lower
broadcast frequencies. . This condition has been
the more unfortunate because the better broad-
casting stations generally transmit upon the low
and medium frequencies in the broadcast range.

This condition is remedied by the application
of the present invention which makes three provi-
sions for increasing the tone fidelity characteristic
of the receiver. The first is the provision of a
specially designed audio-amplifier circuit, which

(CL 250—20)

is electrically linked to the carrier frequency
antenna circuit through means including a fre-
quency changer or modulator, and which, except
for the effect of the tone control, has an in-
creased transmission efficiency characteristic for j
the high signal frequencies. The second is the
provision of a tone control including a variable
impedance for controlling the frequency response
characteristic of the audio circuit. The third is
the provision of a mechanical linkage between 1g
the tone control and the carrier-frequency tun-
ing mechanism such that the ratio of high-to-
low-frequency response of the audio circuit is
automatically increased at a ‘predetermined rate
as the tuning circuit or circuits for the choice of 15
stations is tuned to the lower radio-frequency
carrier transmissions. In this way, a high and
stibstantially uniform tone fidelity characteristic
is obtainable over all of the plurality of radio-
frequency channels constituting the broadcast
range or frequency spectrum. Furthermore, this
association of the two controls is done in such a
manner that operation of the resulting single
control simultaneously and automatically accom-
plishes both electrical effects. oK

The invention will be understood more fully
and other objects made clear from the following
description read in connection with the drawings,
and from the appended claims.

Referring to the drawings, Fig. 1 represents the 3
general principle of the invention; ‘

Fig. 2 gives selectivity curves of a typical pres-
ent-day broadcast receiver;

PFig, 3 shows the changing discrimination of
such a receiver against side frequencies convey- gj
ing pitches of 2000 and 4000 cycles per second re-
ceived from radio stations transmitting upon
various carrier frequencies;

Fig. 4 gives various fidelity curves showing the
improvement effected by the invention; . - 40

Fig. 5.is a circuit diagram of a radio receiver
embodying the present invention;

g, 6 is a view of the tuning condenser unit
of the receiver of Fig. 5 showing the added con-
trol of the audio gain-frequency characteristic 45
mounted on the tuning shaft; ‘

Fig. 7 is a schematic diagram of the application
of the invention to a radio transmitter.

In Fig. 1 are shown a pair of input terminals 27,

o transnission circuit A, operating at frequencies 50
received at the .input ferminals, a frequency-
changing device B, a transmission circuit C, op-
erating at some or all of the frequencies produced
by the frequency-changing device B, a pair of
output terminals 28, a control wheel 29, and shaft 55
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31, and two shafts, 230 and 30’ operated simul-
taneously by rotation of the wheel. The rotation
of the shafts 30 and 38’ produces changes in the
transmission characteristics of the two trans-
mission circuits, A and C, respectively, whence
rotation of the control wheel changes the trans-
mission. characteristics of these two portions of
the system simultaneously and accomplishes one
of the objects of the invention: _

The transmission characteristics caused to vary
by motion of shafts 3% and 380’ and the direction
and amount of variation are chosen according 6
the requirements of the particular system. It has
been known that the gain in circuit C might be
advantageously varied in actordance” with the
gain in circuit A or in accordénee ‘with the posis
tion of a frequency selecting control in circuit A.
It should be noted that a change in “gain” or in
“simple gain” is a uniform change for all fre-

quencies, for example, an increase of ter decibels, -

and does not introduce any change in the relative
transmission efficiency for the various frequen-
cies. The present invention is directed toward
those cases in which a changé of frequency char-
acteristic or any change other than gain in cir-
cuit C is desirable; and toward those cases in
which any change in the transmission character-
istic of circuit C is desirable accompanying any
change in circuit A’ except variation in gain or
frequency selectivity. The term “frequency char-
acteristic” or “gain-frequency characteristic” is
used to designate transmission efficiency as a
function of frequency, of which “frequency selec-
tivity” is'a spécial casé in which a certain band
of frequencies is received and all others are sub-
stantially rejected, the frequeficy band which is
recéived usually being variable and located at any
desirable position in a wider operating range.
Variation in frequéncy selectivity is generally
called “tunihg”.

. For éxainpls, in thé broadeast receiver described
below, a change in’ frequenty’ characteristic in
circtit’ C accompanying a change in frequency
selectivity in circuit A is highly desirable for the
reason’ that a high degree’ of fidelity of repro-
duction may thus be obtained throughout the
radio-frequericy range over which the set can be
tuned. A
* Inother cases, such as picture transmission and
television, the preservation of phase relations be-
tween the signal comiponents is irhportant and the
invention can bié used to effect desired automatic
phase adjustments in one portion of the system
accompanying change df transmission character-
istics in" anotheér portion’ which is separated by
a frequency-changing device. In still other cases
it may be desited to vary the power handling ca-
pacity of one portion of a system in' accordance
with a transmission adjustthent of another por-
tion operating at a differerit frequency. Further-
mmore, any combination of changes in transmis-
sion characteristics may be obtained in one such
bortion, accompaiying any combination of
Changes in the other portion.

_ Before describing the application of the inven-
tion'to a broadeast receiver, it is desirable to con-
sider certain characteriStics and limitations of
well-designed’ receivers of the present time. In
Fig. 2 are given selectivity curves of such a re-
ceiver, plotted in the conventional manner.
These curves are obtained by connecting the re-
ceiver to a' standard sntenna, feeding in current
of 4 certain frequency, for example 600 kilocycles
per second, tuninig' the receiver, and then noting
the relative voltagés at other fréquencies neces-

9,080,115

sary to produce the same output without chang-
ing the tuning of the receiver. A low modulation
frequency, 400 cycles, (the phrase “per second”
is omitted here and hereafter in accordance with
common practice) has been standardized for this
burpose and permits the regular detector and
audio amplifier of the receiver to be used as con-
venient auxiliaries to the output measuring equip-
ment. The scale of ordinates used in plotting the
results is logarithmic since this gives 2 much closer
approximation to the intensity characteristics of
the human ear than does a linear scale. The
curves show the discrimination in the tuned cir-
cuits ‘'of the receiver against various frequencies
when the'set is tuned to the indicated frequency.
For example, when the set is tuned to 1000 kilo-
cycles it is seen that a frequency of 1029 kilo-
cycles must have its voltage multiplied by 175 in
order to produce the same effect as it would if its
frequency -were 1000 kilocycles. That is, an un-
wanted signal of 1020 kilocycles is reduced by a
voltage ratio of one part in 175 if the set is tuned
to 1000 kilocycles. In this way the signals from
undesirved stations are generally suppressed leav-
ing only the desired speech or music, The dis-
crimination against unwanted signals a given
number of kilocycles away from the frequency of
tuning is seen to be greater when the set is tuned
to 600 kilocycles than when tuned to 1000 kilo-

cycles, and greater when tuned to 1000 kilocyeles :

than when tuned to 1400 kilocycles. This illus-
trates the well-known fact that the selectivity. is
greater when tuned to the lower broadcast fre-
quencies.

It is well known in the radio art that a high-
frequency current, whose envelope varies in ac-
cordance with the amplitude of g signal wave in
the manner employed in z broadcast transmitter,
is found upon mathematical or electrical analysis
to consist of currents of the carrier frequency and
of other frequencies located below and abhove
the carrier frequency by intervals equal to the
frequency components of the signal wave. Thus,
a 1000-cycle tone with the second harmonic
of 2000 cycles would be transmitted by a station
on 1400 kilocycles with the simultaneous radia-
tion of the transmission band comprising 1398,
1399, 1400, 1401 and 1402 kilocycles. As stated
above, the 1400-kilocycle frequency is called the
“carrier frequency”. The other frequencies are
called “side frequencies”, and the group of side
frequencies cn each side of the carrier is called
a “sideband”. (The term “modulation frequen-
cies” is sometimes used io designate side fre-
quencies but also is frequently used to designate
frequency components of the modulating signal.)
The modulatéd wave may therefore be said to
consist of a lower sideband, an unmodulated car-
rier component, and an upper sideband. In the
case just considered where a 1000-cycle tone with
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a 2000-cycle harmonic is transmitted on a 1400~ ..

kilocycle carrier, the 1398 and 1399-kiloeycle fre-~
quencies are the lower sideband and the 1401 and
1402-kilocycle frequencies are the upper side-
kand. In accordance with the general statement
at the beginning of this paragraph, the 1399 and
1401-kilocycle components (in cooperation with
thé carrier of 1400 kilocycles) convey the funda-
mental of 1000 cycles, the essential point being
that 1399 is 1 kilocycle or 1000 cycles below the
carrier and 1401 is an equal interval above.
Similarly, the frequencies of 1398 and 1402 kilo-
cycles convey the second harmonic of 2000 cycles.
Higher-frequency components of a signal are
similarly conveyed in the transmitted high-fre-
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quency wave by frequencies in the two sidebands
lying farther from the carrier frequency. -

In the case of speech and music the low pitches
are conveyed in the transmitted wave by side fre-
quencies near the carrier frequency, intermediate
pitches are conveyed by side frequencies corre-
spondingly more removed from the carrier, and
the highest pitches are conveyed by the farthest
removed side frequencies. Pitches between 3000
and 5000 cycles are conveyed by part of the lower
sideband extending from a point 5 kilocycles be-
low the carrier to a point 3 kilocycles below the
carrier, and by part of the upper sideband occu-
pying o symmetrical position extending from 3
to 5 kilocycles above the carrier.

Referring again to Fig. 2 it can be seen that the
discrimination against other signals, (such. as
from other stations 10, 20, 30 kilocycles or more
away in frequency)  extends to some extent to

. frequencies within five kilocycles of the frequency

of tuning. = ‘This condition results in attenuation
of the farthest removed side frequencies of the
desired signal, commonly called “sideband cut-
ting” designating that the two sidebands are cut
or reduced in amplitude at their edges, the lower
sideband at its lower edge and the upper side-
band at its upper edge.

In case the audio amplifier and speaker have
approximately equal characteristics for the va-
riotis- audio frequencies, sideband cutting pro-
duces a diminution of the high pitches in the re-
produced sound. This loss causes & reduction
in the normal brilliance of music and crispness
and clarity of speech, and thus mars the quality
of the reproduced sound. To avoid this defect
without altering the audio amplifier would re-
quire that all the selectivity curves of Fig. 2 have,
between the limits —5 to +5 kilocycles, the rec-
tangular band-pass characteristic indicated by
the dotted line. Efforts toward the development
of circuits with. such characteristics- have been
made, but the results have been only partially
successful and have not found wide acceptance.

At any one carrier frequency the loss of high
pitches in a typical radio receiver may be com-
pensated by suitably increasing the gain of the
audio amplifier for the higher pitches without
material change of the low pitch gain. How-
ever, as seen in Fig. 2, the selectivity changes
with the location of the transmission band in the
frequency spectrum,. so that correction of the
sideband cutting at one frequency. still leaves it
incorrect at all other frequencies.
~ In Fig. 3 are shown the effects of sideband cut-
ting based upon the curves of Fig. 2 near the fre-
guency of tuning. The upper curve in Fig. 3
gives the transmission of side frequencies convey-
ing a 2000-cycle pitch through the tuned circuits
of the receiver in terms of the transmission of the
carrier frequency which:is naturally taken as a
standard. A logarithmic scale of ordinates is
used here for the same reason as in Fig. 2. The
upper curve here shows, for example, at 600 kilo-
cycles that a pitch of 2000 cycles is reduced to

= 60% due to sideband cutting, and at 1000 kilo-

eycles is reduced to 82%.. The lower curve shows
the much greater attenustion suffered in the re-
ception of a pitch of 4000 cycles, and it may ke
seen that this is especially severe at the low-fre-
quency end.of the broadcast band. The serious
character of the situation may be realized when
it is noted that these curves are representative
of good design of the present.day. In fact this
lack of fidelity in the reproduction of high pitches
from stations on the lower broadcast frequencies

3
is the main fidelity defect -of the typical.goo
receiver of current manufacture. The defect is
the more unfortunate since, as a result of va-
rious causes: including the better propagation of
radio waves of the lower frequencies in the broad-
cast band, the larger and more important broad-
casting stations are generally found assigned to
these frequencies. ‘
In Fig. 4, curves A and B represent the over-
all fidelity of response,.at 600 and 14090 kilocyeles,
respectively, of: a representative . present-day
broadcast receiver, and show, as an example, the
deficiencies encountered in tonal reproduction
when receiving signais of the lower and interme-
diate broadcast frequencles. These curves in-
clude the effect of the characteristics of all com-
ponents of the radio receiver - including the
speaker. : . :
The ordinates for all the curves in Fig. 4 are
obtained by applying a constant input voltage,
noting the amount of output acoustic energy for
the particular gudio frequency, taking the square
root thereof, and comparing this figure with the
corresponding result for 400 cycles which is taken
as 100%. Logarithmic graduations are used for
hoth coordinate scales to approximate ear char-
acteristics, and in the case of the frequency scale,
also to prevent crowding of the lower frequencies.
In Fig. 4, curve C gives the characteristics of
the audito system. only, without the invention.
The. various curves coincide over the low-fre-
quency range on account of the fact that, the
radio-frequency  amplifier introduces . no losses
for low pitches, wherefore the audio-amplifier
characteristic determines the overall character-
istic for all frequencies of tuning. Curve D gives
the characteristic of the audio system, with the
invention, when the receiver is tuned to 600-kilo-
cycles. . Curves E and F give the characteristic

of the audio system when the receiver is tuned 4

to two higher frequencies in the broadcast band.
As. the tuning is changed from 600 kilocycles to
31400 kilocycles the characteristic of the audio
system varies gradually from curve D, through
curves F and F to curve C. By a suitable design
of the means for varying the characteristic of
+he audio. amplifier, the overall fidelity of the
receiver may be made the same for all frequen-
cies of tuning, and it may be made to have a
curve such as B in the figure.
good fidelity is obtained over the entire broadcast
range as was formerly had only at the higher
frequency portion of the tuning range. Curve B
represents a practical compromise between good

high-pitch reproduction and desired attenuatbion- ;3

of static and components of unwanted signals.
For example, the upper side frequencies of the
station on the next channel 19 kilocycles helow,
and the lower side frequencies of the station on
the next channel 10 kilocycles above would. pro-
duce some very high-pitched interference if there
were not appreciable attenuation immediately
above 5000 cycles.

Fig. 5 shows the circuit of a radio receiver of
present-day design embodying this invention. A
radio-frequency amplifier providing three stages
of radio-frequency amplification in cascade, de-
tector, or demodulator, and an audio-frequency
amplifier providing two stages of audio-frequency
amplification comprise the receiving system. The
selective circuits of the high frequency amplifier
may be tuned by any selective circuit elements
as, for instance, variable condensers 1,2,8and 4.
Tt is to be understood that the application of
the invention is not confined to receivers of the

In this way, a8 5
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type shown, but can be uséd with all systems well
khown in the art, where there is g radio-fre-
qiiéney tiining circuit for the choice of stations,
& detector, rectifier, modulator, or other fre-
quency changer, and an audio circuit conveying
the detected signal. For the purpose of clarity
the power supply unit is not shown here, as its
function in relation to the receiving system is
well-known in the art, and whether batteries or
aiternating current rectifying arrangements are
used for the supply, it has no direct bearing on
this invention. The volume control 6, increases
the volume, as it is rotated to the right, due to
a double action of increasing the shunting re-
Sistarice 8, acrdss the primary I3, of the antenna
transformer 14, and also reducing the grid bias
on the three radio-frequency amplifying tubes
1§, 16 and 17, by reducing the bias resistance 9,
included between the cathodes 18, I and 12 of
these tubes and ground. This double volume
control fiurnishes the necessary attenuation for
satisfactory use of the set with very strong sig-
nals sueh as from powerful locsl stations, and
also dllows thie employment of the high available
serisitivity when desired. For the sake of sim-
plifying the drawing the cathode heater and fila-
ment supply leads are omitted. These are con-
nectéd to suitable windings on the power trans-
former in accordance with well-known practice.
A tone control comprising a resistance 5 and a
capacity T in series is electrically connected in
shunt with the secondary of the transformer 19,
Theé total impedance of the shunt path thus pro-
vided may be made adjustablé by making either
resistor § or capacity T variable.

As indicated by the heavy dotted line, the
four variable tuhing condensers I, 2, 3 and 4
and the variable fesistor 5, of the shunt path
across the secondary I8 of the push-pull input
transformer 19 are operatively cotinected and are
thefefore controlled simultaneously. As the
capacitance of thé condensers 1, 2, 3 and & is
increased to tuné the selective circuits from the
high to the low irequency end of the tuning

5 range, and stations on successively lower carrier

frequencies are tuned in, the value of resistor §
is increased, thus reducing the ioss of the higher
pitch audio currents through condenser 7 in series
with the resistance 5 and gradually increasing
the high-pitch audio-frequency gain. Without
the loss for high pitches the audio amplifier has
greater gain for high pitches than for low so
that & material degree of compensation for the
éffects of sideband cutting iS obtained. This
greater audio gain for high pitches when re-
ceiving the lower broadeast frequencies is ob-
tained by the lesser effect of resistance 5 and
condenser T and also by the greater efficiency
for high pitches of transformer 19. This trans-
formet ¢haracteristic results from the appreciable
leakage reactance of the transformer, sufficient
to resonate with the distributed capacitance of
the windings and the circuit capacitance at a
frequency near the upper frequency of the band
it is desired to reproduce. By the use
of low distributed capacitance and sufficient leak-
age réactance the voltage ratio of the transformer
can be made 2 to 4 times as great at the resonant
frequency as at low audio frequencies. Tn this
way the invention may be employed to improve
substantially the action of the receiver, although
in the simple form depicted in Fig. 5 it may not
accomplish the near-ideal compensation de-
scribed in connection with Fig. 4, With selectiv-
ity curves approximately as showin in Fig. 2, and

2,080,115

under conditions siich as usually found in pres-
ent-day receivers the order of magnitude of the
maximum value of resistor 5 may be 1 megohm
and the order of magnitude of condenser 7 may
be 0.003 microfarad. The determination of such
values for any conditions by either computation
or experiment is well known in the art and
presents no difficulty.

Fig. 6 is a perspective drawing of the variable
condenser unit of the receiver, the circuit of
which has been indicated in Fig. 5, showing the
variable resistance unit 5 mounted on the same
shaft 20 with the condensers | , 2,3 and 4. 'This
drawing serves to illustrate g simple mechanical
assembly by means of which the variable resistor
element can be attached to the tuning shaft in
order to be actuated conjointly therewith and
bring about the variation in the audio gain-char-
acteristic in accordance with the position of the
tuning centrol. Other equivalent devices may, of
colirse, be employed.

It will be clear tc any one skilled in the art of
electrical communication that this invention may
be applied to any desired extent in a radio re-
ceiver. For example, series selective elements
may be empioyed in the audio amplifier and
varied automatically by motion of the tuning
clement as already described. Additional vari-
able shunt selective elements may also be uti-
lized.

By the use of a suitable arrangement of series
and shunt variable selective elements practically
perfect fidelity to 5000 cycles can be obtained
for all broadcast radio frequencies. A low-pass
filter, with a sharp cut-off at 5000 cycles can be
included, and thus the ideal combination of maxi-
mum fidelity and freedom from interference for
the present 10-kilocycle separation of broadcast~
inig stations can be obtained.

If it is desired to use the audio amplifier for
the electrical reproduction of phonograph rec-
ords, this may be done without serious loss of
fidelity by arranging the phonograph switching
control so as to be actuated by the tuning control
immediately after the. latter is moved . beyond
1500 kilocycles. This switching arrangement,
from radio reproduction to phonograph records,
has been used in some types of receivers s0ld in
the United States. With the present invention
the audio system has nearly equal transmission
characteristics for the various pitches when the
funing is at 1500 kilocycles. The only departure
in a thorough application of the invention is a
slight emphasis on the high pitches to offset the
small amcunt of sideband cutting at 15¢0 kilocy-
¢les. If desired this may be corrected and any
selective characteristics of the electric pick-up
reproducer also corrected by the provision of g
suitable selective circuit between the pick-up and
the point where connection into the transmission
circuit of the receiver is made.

It should he noted that the employment of
this invention in a radio receiver does not pre-
clude the use of a manual audio gain-frequency
control, such as is generally called a tone control.

That is, the use of the automatic tone control

of this invention does not necessarily replace the
usual tone control. Manual tone controls have
already been used in radio receivers, and have
certain advantages. By the use of them persons
of defective hearing, who usually have greater
loss for a certain pitch range, may strengthen
this part in the reproduced sound. Tt may also
be used to make changes to correct for the acous-
tics of the room where the receiver is used. An-
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other use for a manual gain-frequency control is
to reduce the high pitches when loud static is
present, thus improving the general reception de-
spite the partial absence of the high pitches in
the reproduced sound. If any of the broadcast~
ing stations heard are deficient in high pitches
or low pitches, but not both, the manual control
may be used to compensate for this deficiency.

Referring to Fig.7, a signal amplifier 21 is asso-
ciated with transmitting equipment 23, compris-
ing an oscillator and a modulator. Desired car-
rier frequencies can be selected by rotation of
the carrier-frequency control dial 22 which in
turn rotates shaft 24 and thereby actuates gain-
frequency control elements 25 and 2§ of the sig-
nal amplifier 2. The transmission character-
istic of the signal amplifier thereby can be varied
in accordance with variations in the transmission
characteristics of the carrier-frequency gener-
ator. ‘

The invention claimed is: ‘

1. In an electrical communication system hav-
ing one portion operating at frequencies within
o certain band, said band being variable in its
location in the frequency spectrum, and another
portion transmitting at least certain frequencies
under all operating conditions, the combination
of a control means to vary the frequency at which
one portion operates, and means interconnected
with said control means for altering the gain-
frequency characteristic of said other portion as
the location of said band is varied by said control.

2. A signaling system including a radio-fre-
quency amplifier linked with an audio-frequency

; amplifier, each of said amplifiers. being respon-

sive over a frequency range, at least one of said
amplifiers being adjustable to amplify selectively
desired frequencies within its range, and means
including & single control member associated with
both amplifiers for varying the ratio of high-to-
low frequency response of one of said amplifiers
automatically as the frequency response of the
other of said amplifiers is selectively adjusted.

3. In a radio signaling system operative over
a plurality of radio-frequency channels, each of
said channels comprising a radio-frequency car-
rier wave modulated by audio frequencies, a ra-
dio-frequency amplifier selectively tunable to said
channels by a control member, an amplifier for
said audio frequencies, and means associated with
said audio-frequency amplifier and operable by
said control member for varying the ratio of
high-to-low audic-frequency-response automati-
cally as said radio-frequency amplifier is tuned

“from one to another of said channels.

4, In a radio signaling system operative over
a range of adjacent radio-frequency channels,
said range terminating in a high and a low end,
each of said channels comprising a radio-fre-
quency carrier wave modulated by a band of audio
frequencies, a receiving system selectively tunable
to said channels in which toward the lower end
of said range a tendency for attenuating the
higher audio frequencies is produced, including:
2 demodulator, an amplifier for said audio-fre-
quencies, means associated with said amplifier
for adjusting the audio-frequency response of
said amplifier to accentuate the higher audio
frequencies and a control member.to operate said
means simultaneously as said receiving system is
tuned toward the lower end of said range, where-
by the fidelity of reproduction is maintained sub-
stantially uniform.

5. A radio receiving system comprising a plu-
rality of high-frequency amplifying stages in

5

cascade, tuning means for each of said stages for
tuning said system over a range of frequencies,
a detector, s plurality of stages of audio-fre-
quency amplification, means associated with one
of said audio-frequency amplifier stages for ad-
justing the ratio of high-frequency to low-fre-
quency response of said audio-frequency amplifier
stage, and means for simultaneously operating
said last-mentioned means and said tuning means
to adjust the frequency response ratio automat-
ically as said receiving system is tuned over said
range in frequencies.

6. In a radio receiving system, selective cir-
cuits tunable to respond to a range of frequen-
cies, a detector connected thereto and followed
by an amplifier for amplifying audio-frequency
currents, adjustable means associated with said
amplifier - for altering the audio-frequency re-
sponse thereof, and control means for tuning
said circuits and simultaneously and gradually
increasing the audio-frequency gain for high
pitches as said circuits are tuned toward.the
lower-frequency end of their response range.

7. In a radio receiving system, the combina-
tion of a plurality of stages of radio-frequency
amplifiers tunable conjointly by means of vari-
able condensers, a detector connected thereto
and - followed by an audio-frequency amplifier,
means operatively connected to said variable

condensers and electrically associated with said ¢

gudio-frequency amplifier for -simultaneously
varying the gain-frequency characteristic there-
of with the tuning of said radio-frequency am-
plifying stages.

8. In a radio receiving system including radio-
frequency amplifying stages tunable over a range
of frequencies, a detector and an audio-fre-
quency amplifier, the combination of means for
tuning said amplifying stages, associated with
said audio-frenquency amplifier including a
shunt path, for controlling the tone thereof, and
mesns for simultaneously operating said last-

mentioned means and the tuning means of said.

radio-frequency amplifying stages, whereby the
ratio of high-to-low frequency response of said
audio-frequency amplifier is automatically con-
trolled as the system is tuned.

9. Tn a radio receiving system, selective cir-
cuit elements tunable to respond to a range of
frequencies, a rectifier, an audio-frequency am-
plifier, means electrically connected to said am-
plifier comprising a shunt path which includes
resistance and capacity in series, the total im-
pedance of which is adjustable, and a single con-
trol means for conjointly and simultaneously ad-
justing said impedance and varying the tuning
of said circuit elements.

10. In a radio signaling system operative over
a, plurality of radio-frequency channels, each of
said channels comprising a radio-frequency car-
rier 'wave modulated by a band of audio ire-
quencies, a radio-frequency amplifier selectively
tunable over said range, whereby the modulation
frequencies at the edges of said channel are at-
tenuated, a rectifier, a plurality of stages of
audio-frequency amplification, means associated
with one of said audio-frequency amplifying
stages for controlling the audio response thereof,
and a single control means for simultaneously
tuning said amplifier and operating said last-
mentioned means and thereby automatically
maintaining the overall response to audio fre-
quencies substantially uniform as said. radio-
frequency amplifier is tuned over said range.

11. In a radio receiving system, a radio-fre-
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6

quency amplifier tunable over a range of fre-
quencies, a detector, an audio-frequency ampli-
fier, circuit elements including a variable im-
bedance associated with said audio-frequency
6 amplifier, and a control member to vary simul-
© taneously said impedance and the tuning of said
radio-frequency amplifier, whereby the gain-
irequency characteristic of said audio-frequency
amplifier is varied in a predetermined manner
10. with the tuning of said radio-frequency am-
© plifier. ) :

12, In a radio signaling system, a control
member, a carrier-frequency generator adjust-
able by said control member over a range of fre-

15 quencies, a modulator, a signal amplifier and
means-associated therewith and also operable by
said control member for controlling the fre-
quency- response thereof simultaneously and at
8 predetermined rate as said generator is ad-

20 justed from one carrier frequency to another
within said range.

13. In an electric system for the faithful trans-
mission or reception of signals over a plurality
of. frequency channels, including two parts elec-

25 trically linked by a frequency changing device,
the method of operating said system which con-
sists in varying the frequency selecting charac-
teristic of one of said parts and simultaneously
varying the fidelity characteristic of other of

30 said parts.

- 14. The method of maintaining substantially
uniform tone fidelity in radio receivers having
radio and audio-frequency amplifiers, which
comprises simultaneously varying the ratio of

85 high-to-low frequency response of said audio-
frequency amplifier and the tuning of said radio-
frequency amplifier.

15. In a radio receiver, a tuning circuit for the
choice of stations, a detector, an audio circuit,

40 g tone control in said audio circuit, and a com-
mon control member for said tuning circuit and
said. tone control.

16. In a radio receiver, a stage of tuned radio-
frequency amplification, tuning means in said

45 stage, the selectivity of said stage being variable
with tuning, a detector, an audio-frequency am-
plifier, means for controlling the tone of said
amplifier, and additional means for rendering
said tone control means simultaneously opera-

50 tive with said tuning means in such sense as to
“compensate for the effects of variation in selec-
tivity of said radio-frequency stage with tuning,

17. In combination, a radic-frequency ampli-
fler, means adapted fo tune said amplifier over

65 a band of frequencies and exhibiting a greater
degree of selectivity at one end of said band of
frequencies than at the other, a detector, and an
audio-frequency transmission circuit, and
means, mechanically linked with said tuning

60 means, automatically increasing the transmission
efficiency of the higher audio frequencies

2,080,115

through said transmission circuit as the selec-
tivity of said radio-frequency amplifier is in-
creased by tuning to said one end of said band
of frequencies.

18. In a radio receiving system comprising
tuning devices and means for intercepting, am-
blifying and rectifying modulated electrical os-
cillations of different transmission frequencies,
means operative after rectification to reduce the
transmission of relatively high audio-frequency
oscillations and to produce characteristic out-
but voltage curves which are substantially alike
for all transmission frequencies, and connections
between the last-named means and the tuning
devices to enable said last-named means and
the tuning devices to be adjusted in unison.

19. In a system comprising means for inter-
cepting, selecting, amplifying and rectifying
modulated electrical oscillations of different

‘transmission frequencies, means including s vari-

able shunt resistance operative after rectification
to produce output voltage curves which are sub-
stantially alike for all transmission frequencies,
and connections between the last-named means
and the selecting means to enable the last-named
means and the selecting means to be adjusted in
unison.

20. In a system comprising means for inter-
cepting, selecting, amplifying and rectifying

modulated electrical oscillations of different -

transmission frequencies, means after rectifica-
tion, comprising a condenser and a variable re-
sistance in series therewith and forming a shunt
circuit, operatively associated with the selecting
means to be adjusted in unison with the latter
to produce output voltage curves which are sub-
stantially alike for all transmission frequencies.

21. In a radio receiver, a stage of tuned radio-
frequency amplification, tuning means in said
stage, a detector, an audio~frequency amplifier,
means for controlling the tone of said amplifier,
and additional means for rendering said tone
control means simultaneously operative with said
tuning means, said tone control means trans-
mitting the higher audio frequencies most ef-
ficiently when the tuning means is adjusted to
the low frequency end of the receiver tuning
range.

22. In a system comprising means for inter-
cepting, selecting, amplifying and rectifying
modulated electrical oscillations of different
transmission frequencies, an amplifier for the
rectified output, and means, comprising a con-
denser and variable resistance in series, in shunt
with the input of said amplifier to effect char-
acteristic veltage curves which are substantially
alike for all transmission frequencies, said vari-
able resistance being operatively associated with
the selecting means to be adjustable in unison
therewith.

CHARLES E, DEAN.
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