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My present invention relates to electrical wave
receiving systems, and more particularly to novel
methods of, and means for, amplifying the am-
plitude of the carrier wave of intelligence modu-

5 lated carrier energy with respect to the side bands
of such carrier energy.
In the reception of modulated carrier energy
there exist various situations where it is ex-
tremely desirable to effect amplification of the
carrier amplitude with respect to side band ampli-
tude after the modulated carrier energy has been
received. For example, interference between
broadcasting stations may be considerably re-
duced by broadcasting energy from each station
5 in such a manner that the side bands are trans-
mitted at full amplitude, while the carrier wave
is transmitted at much reduced amplitude. It
can be demonstrated that when interfering sta-
tions also transmit with reduced carrier in this
20 manner, interference is effectively reduced. In
order to receive such broadcast energy it is neces-
sary at the receiving point to amplify the carrier
wave of the received energy more than the side
vands so as to bring the carrier up to normal
ampiitude at the detector input.
Accordingly, it may be stated that it is one of
the main objects of the present invention to pro-
vide a method of reception of modulated carrier
energy wherein the energy is transmitted with
30 the side bands at full amplitude and the carrier
at much reduced amplitude, which reception com-
brises the steps of selectively separating the car-
rier wave from the side bands, amplifying the
carrier from subnormal amplitude to normal am-

35 plitude, and then combining the amplified carrier
and the side bands, both at normal amplitude, for
detection and utilization.

While it has been pointed out heretofore that
modulated carrier energy may be deliberately

40 transmitted with a carrier wave of sub-normal
amplitude, it is also known that natural phe-
nomena, as represented by the action of the so-
called Heavyside layer, result in reception be-
havior often termed “selective fading”. “Selec-

45 tive fading” signifies the attenuation of a rela-
tively narrow portion of the radio frequency band,
this attenuation varying with time in an irregu-
lar manner, and also shifting from one frequency
range to another within the band.

50 When the attenuation band happens to be at

the center of the transmitted frequency band,

50 that the carrier is reduced in amplitude, dis-

tortion occurs in the detection process. Especial-
ly is this so if the carrier is reduced to a small
fraction of its normal amplitude. According to
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my present invention it is possible to correet such
selective fading, fidelity of reproduction of short
waves being particularly improved.

Another important object of the present in-
vention is to provide a novel method of reducing
the harmful effects of selective fading, and in
general receiving modulated carrier energy
wherein the carrier wave is received at sub-
normal amplitude, the method consisting in sepa-
rating the carrier wave and the side bands at a
relatively low radio frequency, amplifying the
separated carrier and side bands independently,
and subsequently combining the carrier wave and
side bands, both at substantially the same ampli-
tude for detection and utilization.

It has been pointed out heretofore that the
bresent invention may be effectively employed to
receive modulated carrier energy in cases where
the received energy is collected with its carrier at
subnormal amplitude. In each of the cases dis-

-cussed above it has been the object of the in-
vention to elevate the carrier amplitude from
subnormal value to a normal value.

However, the present invention can be utilized,
after separation of the carrier wave from the
side bands, for elevating the amplitude of the
carrier wave from a normal amplitude to a super-
normal amplitude. This variation of the present
invention can be employed to great advantage in
reducing the production of harmonics in the out-
put of a detector circuit,

It is well recognized that rectification of modu~
lated signals produces not only audio frequency
currents of the original modulation frequency,
but also second, and higher, harmonics, as well
as sum and difference frequencies. The amount
of extra frequencies depends on the degree of
modulation of the carrier wave. Hence, by re-
ducing the effective modulation degree of the re-
ceived carrier wave, the production of harmonics
in the output of the detector will be considerably
minimized; it being emphasized that elevation of
the carrier amplitude from normal to supernor-
mal value results in reduction of the degree of
modulation.

Another important object of the present in-
vention can, therefore, be said to reside in pro-
viding a method of separating the carrier wave
of received modulated carrier energy from its side
bands, and treating the separated carrier wave
in such a manner with respect to the side bands
that the degree of modulation of the received
carrier wave is reduced with the result that pro-
duction of harmonics in the detector output of
the receiver is considerably minimized.
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Still another object of the present invention is
to provide a method of receiving modulated car-
vier energy which consists in collecting modulat-
ed carrier energy, separating the carrier wave
from the side bands, amplifying the separated
carrier wave independently of the side bands to
a predetermined value, combining the amplified
carrier wave and the side bands, and finally de-
tecting the combined energies.

Still other objects of the present invention are
to improve generally the efficiency of radio re-
ception, and to particularly provide a radio re-
ceiver wherein the carrier of the received signal
is amplified more than the side bands thereof
thus resulting in a receiver which is not only re-
liable in short wave reception, but capable of
reducing detector distortion, due to harmonic
production in the detector output, to a great ex-
tent.

The novel features which I believe to be char-
acteristic of my invention are set forth in par-
ticularity in the appended claims, the invention
itself, however, as to both its organization and
method of operation will best be understood by
reference to the following description taken in
connection with the drawing in which I have in-
dicated diagrammatically several circuit or-
ganizations whereby my invention may be car-
ried into effect.

In the drawings,

Fig. 1 diagrammatically shows a radio receiver
embodying one form of the present invention,

Fig. 2 diagrammatically shows another em-
bhodiment of the invention, and

Fig. 3 shows still another form of the inven-
tion in diagrammatic manner.

Referring, now, to the accompanying drawings
wherein like characters of reference indicate the
same parts in the different figures, there is
shown in Fig. 1 a radio receiver system wherein
modulated carrier energy is collected, amplified
and detected for utilization in any well known
manner, numeral | designating in conventional
manner a source of signal energy, as for example
an antenna system. It is to be understood that
the energy collected at the source 1 is for one
reason or another composed of side bands trans-
mitted at full amplitude, and a carrier wave at
much reduced amplitude.

As has been hitherto stated, this reduction of
carrier amplitude may be due to a deliberate
transmission technique. For the reduction of in-
terference between broadcast stations the side
bands may be transmitted at normal amplitude,
while the carrier may be transmitted from each
pbroadcast station at considerably reduced ampli-
tudes. The manner in which such transmission
from broadcast stations is to be accomplished is
not illustrated, nor referred to in detail, except
to point out that methods are well known to those
skilled in the art whereby such transmission may
be readily accomplished. To receive such waves
at the receiver shown in Fig, 1, the carrier is
amplified much more than the side bands, so as
to bring the carrier amplitude up to normal at
the detector input. This is necessary, as will be
readily realized, because defection of the received
energy with a carrier of subnormal amplitude
would result in serious distortion.

Accordingly, the source | is coupled to two
different amplification paths. One of these paths
comprises a multi-stage radio frequency ampli-
fier 2 which is adapted for tuning to the desired
carrier wave frequency. The amplifier 2 is con-
ventionally represented, as any type of multi-

‘ventionally disposed in
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stage radio frequency amplifier may be employed
which is well known to those skilled in the art, it
being understood that the amplifier 2 will in-
clude 2 tuning device 3, such as one or more
variable condensers, each condenser being dis-
posed in the input of each stage of amplification
in the well known manner, the input of the am-
plifier 2 being coupled as at M, to the source 1.
The output of the amplifier 2 is coupled, as at
Mi, to the tunable input of the conventionally
represented detector 4.

The tuning means of the detector input may
also comprise a variable condenser 5, the latter
being connected by any mechanical control de-
vice 6 for uni-control with the tuning means of
the amplifier 2. The source [ is, additionally,
coupled, as at Ms, to a carrier wave amplifier 1,
the input of which is tuned by a variable con-
denser 8. While the amplifier T has been con-
ventionally shown, it is to be understcod that it
may comprise one or more stages of amplifica-
tion, as in the case of the amplifier 2, and that
each stage of such amplification may be tunable
if so desired. The variable condenser 8 is shown
connected to the uni-control device 6 for varia-
tion therewith whereby the tuning means 3, 5
and & may be simultaneously operated for select-
ing the desired carrier wave frequency.

At § there is shown a second amplifier, the con-
ventional representation being understood to
designate the same type of amplifier as desig-
nated by the reference character 1, whereby fur-
ther amplification of the separated carrier wave
may be secured. The carrier wave amplifiers 1
and 9 are coupled by a piezo-electric coupling
arrangement to insure complete separation of
the carrier wave from its associated side bands.
Thus, the piezo-electric arrangement comprises
a quartz crystal 18 disposed between the two
pairs of metallic plates in a manner well known
to those skilled in the art. ‘The crystal coupling
will transmit a band including 100 cycles or less
and therefore may be considered as insuring a
substantially complete separation of carrier wave
and side bands.

Hence, the path including the amplifier 1, the
coupling (0 and the amplifier 3 may be con-
sidered as a carrier wave amplifier, and it is to
be clearly understood that the characteristics of

these three elements are so chosen that the car- !

rier wave energy is amplified more than the side
band energy, the amplifier 2 being employed
primarily for amplifying the side band energy.

For controlling the gain of each amplifier 2,
1 and 9, it is desirable to include a volume con-
trol device in the circuit of each of these ampli-
fiers. Fach volume control device may be con-
its amplifier -circuit.
Thus, variation of amplifier grid bias, cathode
emission, or any other very well known type of
gain control device may be employed.

In order to adapt the carrier wave amplifier
band to different carrier wave frequencies, the
crystal 10 is conventionally represented as vari-
able by an arrow, the arrow being shown con-
nected, as at 8’, to the uni-control tuning means
% for simultaneous operation therewith,

It is not believed necessary to disclose herein
the construction of a variable crystal coupling
device, it being pointed out that any means well
known in the prior art which is capable of re-
placing a crystal of one definite frequency by a
crystal of another definite frequency may be em-
ployed. Such a variable piezo-electric arrange-
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U. 8. Patent 1,727,575. Other variable, piezo-
electric devices may be employed, it being under-
stood that it is desirable to have the piezo-electric
coupling between the carrier wave amplifiers 7
and 9 adapted for adjustment to different car-
rier wave frequencies simultaneously with the
tuning devices 3, 5 and 8.

The amplified outputs of the amplifiers 9 and
2 are impressed upon the input circuit of the de-
tector 4, as at {1. The combined carrier wave
and side band energy is then detected by any of
the detection methods desired. Detected energy
may then be directly utilized by head phones or
a loud speaker, or the usual audio frequency am-
plifier, of one or more stages, may be disposed
between the detector and the utilization means.
When the receiving circuit shown in Fig. 1 is
employed in a system for reducing interference
between broadcast stations by transmitting side
bands at full amplitude and carrier at reduced
amplitude, it is necessary that interfering sta-
tions also transmit with reduced carrier.

Then, when the receiver is tuned to one sta-
tian, other stations on different frequencies may

interfere by forcing their side band currents into

the receiver, but the carriers of these interfering
stations will be very weak, and hence, the inter-
fering side bands, beating with their own car-
riers, will produce only a small amount of audio
frequency current in the detector. The inter-
fering side bands will beat with the carrier of
the desired station, but the result of this will be
currents of very high audio frequency to which
the audio amplifier and Ioud speaker will not re-
spend. The resulting interfering currents in the
loud speaker will not be as troublesome as those
received under present conditions where the car-
rier is transmitted at full amplitude.

The reception method shown in Fig. 1 could
also be utilized in a receiver in which the re-
ceived carrier is augmented for the purpose of
getting greatly improved fidelity of reproduction,
and improved selectivity, in addition to a reduc-
tion of the harmful effects of selective fading,

5 and possibly a slight reduction of static disturb-

ances. It has been explained that the phenome-
non termed “selective fading” occurs mainly in
the transmission and reception of short waves.
Thus, the energy is usually collected, at a point
remote from the transmitter, with the ecarrier
wave at subnormal amplitude, and the side bands
at normal amplitude. By regulating the amount
of increase of carrier the reception method dis-
closed in Fig. 1 can be effectively employed to
amplify the carrier wave much more than the
side bands so as to bring the carrier up to normal
amplitude at the detector input. The regulation
of the increase of carrier will be treated more
fully at a later point.

The effective modulation degree of the received
carrier wave may be reduced by the system shown
in Fig. 1. If has already been explained that the
amount of harmonics produced in the process of
rectification of modulated signals depends on the
degree of modulation of the carrier wave. Where
a considerable amount of harmonics is produced,
distortion results. Thus, to reduce the amount
of harmonic production in the detector output, it
is merely necessary to reduce the effective degree
of modulation of the carrier wave. This is ac-
complished in the system shewn in Fig, 1 by de-
signing the amplifiers T and 9 in such a manner
with respect to the amplifier 2 that the carrier is
amplified to super-normal amplitude. In other

3

words, in this utilization of the system shown in
Fig. 1 the side bands and carrier wave are re-
ceived at normal amplitude.

It is desired to increase the amplitude of the
carrier wave with respect to the side band ampli-
tude in order to reduce the effective degree of
modulation of the carrier wave. Thus, it will be
seen that the essential distinction between this
use of the system and the previous two uses re-
sides in the amplification of the carrier to super-
normal amplitude from normal amplitude.
However, it should be simultaneously observed
that all three utilizations of the reception method
shown in Fig, 1 involve the common method of
separating the carrier wave from its associated
side bands, amplifying the carrier wave inde-
bendently of the side bands, and then combining
both carrier wave and side bands for detection
and subsequent utilization.

It will be realized that the aforementioned
third use of the present reception method, that is
amplification of carrier amplitude to super-nor-
mal amplitude for reducing detector output har-
menics, may be employed in conjunction with
either of the first two uses. .

For example, the amplifiers T and 8 may be so
designed that a carrier wave, received at normal
amplitude, will not only be amplified in order to
eliminate the effects of selective fading, but will
be amplified to super-normal amplitude, with
respect to side band amplitude, to reduce the ef-
fective degree of modulation of the carrier wave
thereby minimizing the production of harmonics
in the output of the detector circuit. Of course,
the same treatment may be accorded a carrier
wave which is deliberately transmitted at re-
duced amplitude in order to reduce interference
between broadcast stations,

While Fig. 1 discloses the basic method of sep-
arating the carrier wave from its associated side
band for independent amplification, it will be
realized that the method shown therein requires
the use of a different Dbiezo-electric crystal 19 for
every carrier wave Irequency desired. In Fig. 2,
there is illustrated a method of filtering & carrier
frequency out of a modulated wave in a more
advantageous manner. A tuned multi-stage
radio frequency amplifier 2 receives the modu-~
lated carrier energy from a source | through a
coupling M. The tuning device 3 is shown as g
suggested arrangement for selecting any desired
carrier wave frequency, the uni~control arrange-
ment § being empleyed as in the case of Pig. 1.
The amplified carrier energy is impressed upon
the input of a first detector 4 through a coupling
M, the tuning condenser 5 being employed to
select the carrier wave frequency. A local oscil-
lator 4’, including a tuning condenser 5, is ar-
ranged to impress voltage, as at Moz, upon the in-
put of the first detector 4.

The output circuit of the first detector, or fre-
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quency changing device 4, includes the interme- -

diate frequency energy. The intermediate fre-
quency current is now diverted into two separate
paths.. One of these paths includes an inter-
mediate frequency amplifier i1, the input there-
of being fixedly tuned to the desired intermedi-
ate frequency by the fixed condenser {2, the inpug
of the amplifier 11 being coupled to the output
of the detector 4, as at M3, The amplifier {{ may
include, as is well known to those skilled in the
art, one or more stages of amplification, and its
output is coupled,.as at My, to the input circuit
of a second detector, or frequency changing de-
vice 13, whose input circuit ig fixedly tuned to
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the intermediate frequency by a fixed con-
denser 12,

The second path through which the intermedi-
ate frequency current is diverted includes an in-
termediate frequency amplifier {4 having its in-
pui circuit fixedly tuned to the intermediate fre-
quency by a fixed condenser 15, the input circuit
of the amplifier 14 being coupled, as at Ms, to the
output circuit of the detector 4. A second ampli-
fier 14’, similar to the amplifier (4, has its in-
put circuit coupled to the output circuit of the
amplifier 14 through a piezo-electric crystal 10.
This coupling is accomplished in any manner
well known to those skilled in the art, the par-
ticular type of coupling shown herein involving
the well known device of disposing the crystal be-
tween two pairs of metallic plates, each pair of
plates being connected to a particular amplifier
circuit. The amplified output of the amplifier
14’ is impressed upon the input circuit of the
second detector 13 through a coupling Ms. En-
ergy from the local oscillator 4’ is likewise im-
pressed upon the input circuit of the detector 13
through a coupling M.

The operation of the system shown in Fig. 2
will now be explained up to the detector 13, as a
clear understanding of the reception method de-
pends upon a clear appreciation of the action of
the second detector 3. It has been pointed oub
that the intermediate frequency current existing
in the output circuit of the first detector 4 is
transmitted through a second path including a
piezo-electric element 10. In passing the inter-
mediate frequency current through the second
path, such current is in effect passed through
a very selective circuit, highly selective by virtue
of the utilization of the quartz crystal 10 as the
frequency selecting element, which transmits the
carrier but not the side bands.

The amplified unmodulated carrier is impressed
through the coupling Ms upon the second de-
tector 13 simultaneously with heterodyne vcitage,
obtained from the local oscillator 4’, which was
utilized in connection with the first detector 4
to obtain the intermediate frequency energy.
Thus, it is possible to restore, through the action
of the second frequency changing device 3, the
carrier wave to its original received frequency.

For example, if the oscillator 4’ is assumed to
produce heterodyne voltage at 900,000 cycles, and
the received carrier frequency is assumed to have
a value of 1,000,000 cycles, while a certain side
band has a value of 1,001,000 cycles, it will be ob-
vious that the intermediate frequency energy pro-
duced in the output circuit of the detector 4 will
include a frequency of 100,000 cycles, correspond-
ing to the carrier frequency, and a frequency of
101,000 cycles corresponding to the side band.
The amplifier 11 is designed to amplify interme-
diate frequency energy, including both the car-
rier wave and side band, in the usuzl fashion. On
the other hand, the crystal I8 is chosen so as
to pass only the 100,000 cycle energy correspond-
ing to the carrier wave. Furthermore, the am-
plifiers 14 and {4’ are so chosen with respect to
the amplifier {1 that energy of 100,000 cycles is
amplified fo a greater extent than the energy
amplified by the amplifier (1.

1t will now be seen that there is impressed upon
the input circuit of the second detector 13 the
100,000 cycle energy from the carrier wave am-
plifier, 900,000 cycle energy from the oscillator
4’, and amplified intermediate frequency current
from the amplifier i{. Thus, by tuning the out-
put circuit of the detector 18, after including

2,048,765

a tuning condenser 6 therein, to the sum fre-
quency of the 900,000 cycle energy and the 100,000
cycle carrier wave energy, there is obtained in the
output circuit of the second detector the original
carrier frequency of 1,000,000 cycles. The tuned
output of the detector 13 is designed so as to
select the sum frequency, and reject the difference
frequency and the other frequencies present in
the output circuit of the second detector 3.
Obviously, the original side band frequency of
1,001,000 cycles will also be present in the tuned
output circuit of the second detector. If is now
only necessary to couple & third detector {8, hav-
ing its input circuit tuned by a condenser 17, to
the output of the second detector 13, as at Ms, in
order to detect the carrier and side band energy.
The detected output of the detector {8 may then
be amplified at audio frequency in any well known
manner and subsequently utilized by head phones,
a loud speaker, or in any other similar manner.

.The tuning devices 3, 5 and %', 16 and 1T are all

shown arranged for mechanical uni-control by
the element 6, it being obvious that such uni-~
control operation may be varied depending upon
the variations of the basic method disclosed in
Fig. 2.

While it may appear that the arrangement

.shown in Fig. 2 involves a certain degree of com-

plexity in separating the carrier wave from its

side bands, with respect to the method shown 3

in Fig. 1, it is pointed out that it is much easier
to accomplish the filtering of the carrier wave
from side bands at a relatively low freguency, such
as at 100 or 200 kilocycles, than at a higher fre-
quency, since circuiis are much more selective
at low frequencies.

Additionally, the arrangement shown in Fig. 2
permits the use of a guartz crystal which is the
most selective circuit that can be obtained. In-
stead of tuning the selective circuit to the carrier
frequency, which is either impossible since the
resonant frequency of a quartz crystal cannot be
changed, or highly complicated as a -series of
different quartz crystals are to be used, the fre-
quency cf the received signal is changed to agree
with the frequency of the selecting circuit.

Thus, it will be realized that the method shown

in Fig. 2 offers a simple and practicable method of

accomplishing a result which can be obtained only
with great difficulty by other methods. It is in-
tended to be used in a receiver, in which the re-
ceived carrier is amplified from sub-normal am-
plitude (caused by selective fading phenomena
or by deliberate transmission of carrier at reduced
amplitude to minimize interference between
broadcast stations) for the purpose of getting
greatly improved fidelity of reproduction, and im-
proved selectivity, in addition to a reduction of
the harmful effects of selective fading, and possi-
bly a slight reduction of static disturbances. It
is likewise pointed out that the method shown in
Fig. 2 can be employed for reducing the produc-

‘tion of the second harmonic in the output of de-

tector I8 by so designing the amplifiers {4 and 14’
with respect to the amplifier {f that the carrier
wave amplitude is increased to super-normal
amplitude, thereby reducing the effective degree
of modulation of the carrier wave.

The manner of dealing with selective carrier
fading, and general carrier fading, will now be

‘considered in detail.

There are two general methods of correcting
selective fading (when it acts on the carrier).
One is to amplify the carrier in a separate chan-
nel, control the amount of carrier output from
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this channel so that when the received carrier is
strong, the carrier output from the carrier chan-
nel is weak, and vice versa, and then add this
extra carrier to the currents (including carrier)
in the other channel. 'If the carrier channel is
working right, then the sum of the carrier out.-
put of the signal channel and the output of the
carrier channel will be constant., This sum
energy is then impressed on the detector.

The other method is to amplify the carrier to
& high level in a separate channel, possibly using
g limiter to keep the carrier from exceeding a cer~
tain maximum value. This extra carrier is then
added to the signal output of the sighal channel,
and impressed on a linear detector. A linear de-
tector has the property that if the carrier is much
larger than the side bands, the carrier amplitude
may vary without changing the output,.

If the carrier varies, the output of the linear
detector remains constant. Therefore if the
carrier is made large enough, it can vary con-
siderably (fade) and yet eause no trouble.

Another method of signal correction is to be

distinguished from the above two methods, as it.

does not correct for selective fading though it
would probably reduce the bad distortion occur-
ring when the carrier fades out too much, but
only for general fading of the whole frequency
band.

In this scheme, when the signal fades, the extra
carrier channel injects more carrier into the sig-
nal channel just ahead of the second detector
(which must be a square-law detector) so that the
carrier at the detector grid increasss when the
signal fades, and vice versa, Thus, when the sig-
nal is weak, the extra carrier shifts operation to
the steepest part of the detector curve, where the
detector is relatively efficient, and when the signal
is strong the extra carrier is reduced so much
that the total carrier is less than before, and
detection occurs at a point on the characteristic
where the efficiency is lower so that the larger
side bands produce only as much audio oulput as
before.

In Fig. 3 there is shown an embodiment of the
present invention particularly adapted for use in
a system requiring correction for signal fading.
Assume that the source I’ collects modulated
carrier energy with the carrier at g subnormal
amplitude because of fading phenomena. The
collected energy is fed into a radio frequency am-
plifier 2’ comprising one or miore stages of tuned
radio frequency amplification, through a cou-
pling Mi. The amplified output of the amplifier
2’ is then diverted into two paths, one of which
paths comprises a second radio frequency ampli-
fier 3’, whose input is coupled as at Ms, to the out-
put of the amplifier 2. The output of amplifier
3’ is coupled, as at Ms, to the detector, or de-
modulator 4, the latter having a square law
characteristic.

The second path into which the amplified cur~
rents of the amplifier 2 are diverted comprises an
amplifier 5’ having a tuned input circuit coupled,
as ab My, to the output circuit of the amplifier 2’.
A carrier frequency oscillator 7* has its input cir-
cuit coupled, as at Ms, to the output of the ampli-
fier 5, the output of the oscillator being coupled
to the input of the demodulator tube 4’.

Tuning condensers are conventionally shown
disposed in each of the input circuits of the am-
plifiers 2’, 8’, 5’, the demodulator 4’ and the car-
rier frequency oscillator T’, all the condensers
being shown as arranged, for mechanical uni-
control, as at 6. The output of the demodulator

5

4’ may be impressed upon an audio amplifier and
subsequently utilized in any desired fashion.
The. operation of the arrangement shown in
Fig. 3 has been explained heretofore. The col-
lected modulated carrier energy is diverted into
two channels after amplification at 2’. The first
channel amplifies the radio frequency and feeds
into the demodulator 4’. The demodulator 4’

- comprises the square law second detector already

referred to.

It will be noted that the screen grid tube Vi
functions as a detector whose input electrodes are
connected across the output of amplifier 5’.. . Bias
for the grid of amplifier tube V3 is secured across
the resistor Re. This bias increases with increase
of detector (V1) swing, thus reducing the amplifi-
cation of V3, and the amount of energy from oseil-
lator 7’ fed into the demodulator input 4’ through
coupling Ms.. The demodulator 4’ operates along
8 square law characteristic, and as the total
energy goes down, the carrier increases, thus sup-~
pressing fading.

While I have indicated and described several
systems for carrying my invention into effect, it
will be apparent to one skilled in the art that my
invention is by no means limited to the particu-~
lar organizations shown and described, but that
many modifications may be made without depart-
ing from the scope of my invention as set forth
in the appended claims.

What I clainy is: ‘

1. A method of reception which consists in eol-
lecting modulated carrier energy, producing local
oscillations, combining the collected energy and
the local oscillations to produce intermediate fre-
quency energy, separating the carrier of the in-
termediate frequency energy from its associated
side bands, amplifying the separated carrier to g
greater extent than the side bands, combining
the amplified carrier and said side bands, select-
ing the sum frequencies of said last mentioned
combined energy and detecting the selected sum
frequency energy.

2. The method of overcoming selective fading
due to a phase shift of the carrier with respect to
the side bands in a carrier system in which the
transmitted carrier is set ot at a lower value

than the side band amplitude; which consists in

collecting at the receiver the transmitted energy,
separating the carrier wave from its associated
side bands, amplifying the separated carried wave
independently of the side bands to a value equal
to that of the side band amplitude without affect-
ing the side bands, combining the amplified car-
rier wave and side bands and detecting the com-~
bined energy.

3. The method of overcoming selective fading
due to a phase shift of the carrier with respect to
the side bands in a carrier system in which the
transmitted carrier is sent out af 3 different value
than the side band amplitude, which consists in
collecting at the receiver the transmitted energy,
separating the carrier wave from itg associated
side bands, amplifying the separated carrier wave
independently of the side bands to 3 value higher
than that of the side band amplitude, combining
the amplified carrier wave and side bands and
detecting the combined energy.

4. The method of overcoming selective fading
due to a phase shift of the carrier with respect
to the side bands in g carrier system in which the
transmitted carrier is sent out at a lower value
than the side band amplitude, which consists in
collecting at the receiver the transmitted energy,
separating the carrier wave from its associated
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side bands, amplifying the separated carrier wave
independently of the side bands to a value higher
than that of the side band amplitude, combining
the amplified carrier wave and side bands and
detecting the combined energy.

5. In a carrier current system for overcoming
selective fading in which the carrier is trans-
mitted at a subnormal amplitude, the method of
reception which consists in collecting signal
energy, filtering the carrier wave from its asso-
ciated side band, amplifying the filtered carrier
wave to a greater extent than the side bands to
raise the carrier to normal amplitude so as to
maintain a predetermined relationship between
the carrier and the side band amplitudes, combin-
ing the amplified carrier and side bands and de-
tecting the combined energy.

6. The method of overcoming selective fading
due to a phase shift of the carrier with respect
to the side bands in a carrier system in which the
transmitted carrier is sent out at a different am-
plitude than the side pband amplitude, which con-
sists in collecting at the receiver the transmitted
energy, separating the carrier wave and side bands
at a relatively low radio frequency, amplifying
the separated carrier and side bands independ-
ently, obtaining a greater amplification of the
carrier than the side bands, and subsequently
combining the carrier wave and side bands, both
at substantially the same amplitude.

7. In a carrier system for overcoming selective
fading wherein a carrier and sidebands are trans-
mitted, a receiver comprising an energy collector,
a radio frequency amplification path arranged to
amplify the collected energy coupled to said col-
lector, a tuned circuit in said path, a second am-
plifying path connected to said energy collector,
and a tuned circuit connected in said second
path, a piezo-electric filtering means in said sec-
ond path for discriminating against frequencies
other than said carrier frequency, said second
path being arranged to amplify said carrier wave
to a predetermined value at least equal to that of
said side bands, output circuits for said two paths,
and a detector coupled to said output circuits,
a tuned circuit associated with said detector, and
unicontrol means mechanically linked with all
three of said tuned circuits.

8. In a carrier system for overcoming selective
fading wherein a carrier and sidebands are trans-
mitted, a receiver comprising an energy collector,
an amplifier for amplifying the received energy,
a first detector coupled to said amplifier, and a
local oscillator coupled to said first detector for
producing an intermediate frequency, a second de-
tector having input and output circuits, an inter-
mediate frequency amplifier coupling the input

" energy amplifier,

2,048,765

of said second detector with the output of said
first detector, and a second intermediate fre-
quency amplifier for amplifying the intermediate
carrier frequency to an extent greater than that
afforded said side bands by said first intermediate
frequency amplifier, and coupling coils for cou-
pling both said Jocal oscillator and the output of
said second intermediate frequency amplifier
with the input of said second detector, and means
in circuit with the output of said second de-
tector for obtaining the sum frequencies of said
local oscillator and the intermediate carrier fre-
quency.

9. Tn a radio receiver, a modulated carrier
a detector circuit, a path ex-
tending from the output of said amplifier to the
input of said detector arranged to pass both the
carrier and its associated sidebands, and means
including an oscillator in circuit with said path
tuned to the carrier for amplifying the carrier in-
dependently of the sidebands.

10. A method of reception which includes the
steps of collecting signal modulated carrier en-
ergy, producing local oscillations of the same fre-
quency as the collected carrier energy, controlling
the amplitude of the generated oscillations in
accordance with the intensity of the collected car-
rier energy, controlling the phase of the generated

oscillations in accordance with the collected car-.
rier energy and combining at least a portion of 3

the generated oscillations with the collected
modulated carrier energy in such a way that the
resultant product energy comprises modulated
carrier energy, the carrier component of which is
of approximately constant amplitude and of
proper phase relationship with respect to its as-
sociated side bands, and deriving the desired sig-
nals from the resultant product energy.

11. A method of reception which includes the
steps of collecting modulated carrier energy, pro-
ducing local oscillations, combining the collected
energy with a portion of the locally produced 0s-
cillations to produce intermediate frequency en-
ergy,separatingthe carrierof the intermediate fre-
guency energy from its associated side-bands, am-
plifying the separated carrier and the side-bands,
the separated carrier being amplified to a greater
extent than the side-bands, combining the am-
plified carrier, the ampilified side-bands and an-
other portion of the locally produced oscillations,
selecting from said combination the sum fre-
quency of the frequency of the amplified carrier
and the frequency of the locally produced oscil-
jations, detecting the selected sum frequency
energy and utilizing the detected energy to pro-
duce the desired signals.

RENE A. BRADEN.
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