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This invention relates to the reception of car 
rier wave energy and more particularly to meth 
ods of reducing the effects of selective fading in 
such systems. 
In one known method of carrier wave reception, 

selective fading of the received carrier wave en 
ergy has been reduced by employing a local os 
cillator at the receiver which is used to insert 
an artificial carrier frequency. Systems of this 
type have been generally referred to as carrier 
insertion systems. The success of such sys 
tems is dependent upon the ability to synchronize 
or lock the frequency of the local carrier source 
with the frequency of the received carrier en 
ergy. I have found that when, in such systems, 
the amplitude of the received carrier wave is 
below a certain minimum, it is not feasible to 
synchronize the local carrier oscillator with the 
received carrier frequency and that such lack of 
control results in undesirable beats and other 
forms of distortion in the output of the receiver. 

Accordingly, it is a principal object of this 
invention to provide an arrangement whereby 
the desirable eñects of carrier insertion can be ob 
tained without at the same time introducing 
distortion when the received carrier wave energy 
drops below a certain minimum level. 

, It is another object of this invention to provide 
circuit arrangements kfor substantially reducing 
the effects of selective fading in carrier wave 
receiving systems by using an artificially in 
serted carrier at the receiver only so long as the 
level of the received carrier energy is above a 
predetermined minimum value. 
A further object of the invention is to provide 

a receiver for receiving radio carrier signals which 
improves the reception qualities so far as energy 
­transmitted from a distant source is concerned 
when the receiver is located in what is known as 
the secondary service area of a broadcast trans 
mitter. 
Another object of theinvention relates to a 

radio receiving system oí the carrier insertion 
type having means for automatically disabling 
the source of local carrier under control of the 
degree of fading which the carrier undergoes in 
transmission to the receiver. 
Another principal object of the invention is 

to provide an improved system of carrier wave 
reception utilizing the diversity principle. 
A feature of the invention relates to a radio 

receiver of the local carrier insertion type having 
means for disabling the local carrier source when 
the received carrier energy drops below a value 
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2 
suilicient to synchronize the local carrier source 
therewith. 
Another feature of the invention relates to a 

diversity receiving system employing a plurality of 
diversity receiving channels, each of which is of 
the artificial carrier insertion type in conjunc 
tion with means for automatically disabling the 
local carrier source in each channel when the level 
of the received carrier in any given channel 
drops below a predetermined minimum. As a 
result of this feature the diversity effect in the 
commonly excited amplifier for the diversity 
channels is increased and without producing the 
effects of undesirable beats which tend to occur 
when insufficient carrier energy is received to 
control the local carrier insertion oscillator asso 
ciated with any given channel. 
A still further feature relates to a radio receiv 

ing arrangement of the diversity type employing 
artificially inserted local carriers for the several 
diversity receiving channels in conjunction with 
a single automatic volume control rectiñer which 
enhances the diversity effect by insuring with 
a greater degree of certainty that only the chan 
nel receiving the strongest signal controls the 
output of the common amplifier or detector. 
A further feature relates to an improved level 

control arrangement of the so-called amplified 
automatic volume control type. 
A still further feature relates to the novel or 

ganization, arrangement and relative intercon 
nection of parts which cooperate to provide an 
improved carrier frequency receiving system. 
Other ̀ objects and advantages not particularly 

enumerated will be apparent after a consideration 
of the following detailed descriptions and the 
appended claims. 
In the drawing which shows certain repre 

sentative embodiments: 
Fig. 1 is a schematic block diagram of a diver 

sity receiving system employing the novel prin 
ciples of the invention. 

Fig. 2 is a modification of the system of Fig. 1. 
In as much as the main component units of a 

radio receiver such as a superheterodyne receiver 
are well-known in the art, only those portions of 
the system will be shown in detail sufficient to 
enable the inventive concept to be understood. 
Accordingly, in order to secure simplicity in the 
drawing, the known component units are illus 
trated diagrammatically in block outline form. 
In order further to simplify the explanation, 
those parts in the respective embodiments which 
are identical, bear the same designation numerals. 

Referring more particularly to Fig. 1 of the 
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drawing, there are shown three diversity receiv 
ing channels. In as much as each channel uti 
lizes substantially the same apparatus as the 
other channels, detailed explanation of one chan 
nel will apply to the remaining channels. Con 
sequently, channel #I may comprise any well 
known form of carrier wave energy pick-up or 
antenna I0, which is connected to a suitable radio 
frequency amplifier I I and thence to a mixer unit 
I2 which is fed with local oscillations from a 
source I3, in the manner well-known in super 
heterodyne receiving systems. The output of 
unit I2 therefore consists of an intermediate fre 
quency carrier wave having signal modulations 
corresponding to the signal modulations in the 
carrier as received by antenna I0. This inter 
mediate frequency carrier wave is then applied 
to a suitable intermediate frequency amplifier 
I4. In accordance with the invention, the out 
put of amplifier I4 is applied to a local oscillator 
I5 which is adjusted to generate a sustained'car 
rier insertion frequency at the same frequency 
as the intermediate frequency from amplifier I4. 
Oscillator I5 may for example be of any suit 
able design, preferably one having close coupling 
between the output and input circuits so as read 
ily to generate oscillations under control of the 
intermediate frequency carrier. However, in 
accordance with the invention, the oscillator I5 
is sufficiently unstable in itself so that it is read 
ily forced to synchronize in frequency with the 
frequency of the amplified intermediate fre 
quency signals applied to it from amplifier I4. 
For a detailed description of an oscillator suit 
able for this purpose, reference may be had to v 
Terman’s Radio Engineers’ Handbook, pages 514 
and 515. One of the characteristics of this type 
of oscillator is that since its frequency is con 
trolled by the carrier applied to it from amplifier 
I4, the signal modulations which appear in the 
intermediate frequency carrier from amplifier I4 
also appear in the wave form in the output of the 
oscillator I5 having the effect of providing in the 
output of oscillator I5 an intermediate frequency 
carrier of the same frequency as that delivered 
by amplifier I4 and exhibiting an extremely low 
percentage modulation. If desired, these *modu 
lations can be suppressed in any well-known 
manner, without suppressing the local carrier 
generated by oscillator I5. I have found that 
when the level of the carrier received at antenna 
I is below some minimum level, for example 10 
to 15 microvolts, it is not feasible to lock-in the 
insertion carrier oscillator I5 so that it synchro 
nizes with the intermediate frequency from am 
plifier I4. Consequently, under such conditions, 
the oscillator I5 tends to wander in frequency 
with respect to the received carrier and this wan 
dering appears as undesirable beats or distortion 
in the output of detector I5. 
Assuming, for the purposes of explanation that 

the received radio frequency carrier is above the 
said minimum level, then the output of oscillator 
I5 may be applied to a suitable limiter device I1 
for reducing or even eliminating completely the 
modulation components. In some cases, it may 
be desirable to retain a negligibly low percentage 
modulation in the artificially produced carrier at 
the output of device I5. In that-event, the lim 
iter I1 can be eliminated. Device I1 may be any 
Well-known peak limiter device such for exam 
ple as that described in Terman’s Radio Engi 
neers’ Handbook, page 413. 
The peak-limited output of device I1 is then 

applied to the control grid I8 of any suitable 
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4 
grid-controlled amplifier tube I9, which is pro 
vided with a suitable cathode load or follower re 
sistance 20. The resistance 2D is also connected 
to the cathode 2| of another grid-controlled am 
plifier tube 22, whose control grid 23 is excited 
directly from the output of the intermediate fre 
quency amplifier I4. By‘this arrangement, the 
cathode 2I is driven in synchronism with the po 
tential variations developed across the cathode 
follower resistor 20. The anode 24 and the anode 
25 are connected to the same positive D. C. poten 
tial terminal 26 of a suitable D. C. power supply 
through a coupling resistor 21. With this 
arrangement, the tubes I9 and 22 act in the na 
ture of a mixer network for mixing the inserted 
carrier from device I5 with the received inter 
mediate frequency carrier from device I4. In 
other words, the original signal modulations in 
the received radio-frequency carrier are remodu 
lated on the local carrier from source I5. There 
are thus developed across the/coupling resistor 
21 voltages which are representative of the sig 
'nal modulations‘in the original radio frequency 
carrier. These signals can then be applied to any 
suitable detector or rectifier I5 and the detected 
signals can bev applied through switch arm 28 and 
switch contact 29 to any suitable signal repro 
ducer or translator device 3G. 
So long as the received radio carrier is above 

a predetermined minimum level, the foregoing 
described arrangement acts in a manner some 
what similar to the conventional homodyneor 
carrier insertion radio receiver. However,` and as 
pointed out above, if the level o_f the received 
radio carrier drops below a predetermined mini 
mum, it is not feasible to lock-in the oscillator 
I5 to cause it to generate at the same frequency 
as the intermediate frequency carrier from de 
vice I 4. Therefore, oscillator I5 will wander and 
willproduce undesirable beats in the vdetector 
I6. In accordance with the invention, ivhen‘this 
condition occurs, means are'provide'd for auto 
matically disabling or squelching the artificial 
carrier insertion oscillator I5. Forthis purpose, 

« a portion of the detected signals'from device I6 
are applied to thecontrol gri‘d3I 'of a Vgrid-"con 
trolled vacuum tube 32, to'provide an amplified 
automatic volume control voltage' which is ‘applied 
to conductor 33. `When no signalsare’being‘re 
ceived4 by the system, the tube"32 ‘is >'normally 
plate conductive by reason of ̀ the positive4 plate 
potential 34 and the'fa'ct that'thecathode‘35‘is 
directly grounded. This platev current flows 
through resistor'36 ‘and produces-‘a negative‘bias 
which is applied Vthrough ̀ resistor* 31"^and~over 
conductor 33'` to the"'control’ grid” circuits »of *the 
devices I4'and 15. vBy'means of this-negative 
voltage, theY tubes ‘of 'devices ‘ I'4‘and îrI 5I are ̀ biased 
substantially 'to 'plate‘current cutoff. The Atime 
constants of this ‘automatic volume controlcir 
cuit ‘are 'controlled by‘resistors 131, 38, condenser 
39, conductor 33, plus the by-pass condensers 
which are" normally utilized in 4the 'ïgrid ~ circuits 
of the various-tubes to which vtheiconductor »33 
is connected. AIn the'particular example shown, 
this automatic volume controllvoltage isvalso ap 
plied'to the amplifier Atube or -tubes‘in amplifier 
stage II; to the intermediate frequency .am 
plifier tube in stage I4,'and to the intermediate 
frequency oscillator I5. As a result of this nega 
tive bias voltage applied to'oscillator AI5, this os 
cillator is prevented'from I‘generating interme 
diate frequency oscillations. 
When the received radio carrier waves have-a 

level less than the minimum above mentioned, 
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for example 10 to 15 microvolts input, the receiver 
will receive and detect these weak signals di 
rectly by superheterodyne action through the in 
termediate frequency amplifier I4 and thence to 
the grid 23 and thence to the detector IE. Under 
these conditions, the oscillator I5 is inoperative 
and no local carrier is inserted. 

If however, the received radio carrier signals 
are above the predetermined minimum level, suf 
ficient energy will be applied to the oscillator I5 
from the ampliñer I4 to overcome the negative 
squelching voltage which is applied over conduc 
tor 33 to oscillator I5. Consequently, oscillator 
I5 generates oscillations and its generating fre 
quency is determined by the frequency of the sig 
nals from amplifier I4. Under these conditions 
therefore, the remainder of the receiver func 
tions in the well-known manner of a carrier in 
sertion receiver. 
When it is desired to utilize diversity recep 

tion, the switch arm 28 is closed on contact 40. 
As a result, a common diversity receiving am 
plifier 4I and a common signal reproducer 42 are 
connected not only to the detector I6 but also 
to the corresponding detectors IBa and IBD of 
the two other diversity receiving channels. 
These channels are identical with the channel 
#I already described. In other words, if any 
given channel receives energy below a predeter 
mined minimum, its artificial carrier oscillator 
|50. or I5b is automatically squelched, while on 
the other hand if the carrier energy received by 
any channel is above the said minimum, the os 
cillator I5a or I5b acts to produce artificial car 
rier of the desired amplitude to cause the corre 
sponding diversity receiving channels to operate 
as a carrier insertion channel. When the sys 
tem of Fig. 1 is connected for diversity recep 
tion, the artificial carrier insertion oscillators I5, 
I5a or |51), supply energy which augments the 
effect of the automatic volume control signal in 
the respective channel producing an effect simi 
lar to that commonly known as amplified auto 
matic volume control. As a result of this ar 
rangement, during diversity reception, the par 
ticular receiving channel producing the stronger 
signal will not necessarily be the only channel de 
livering detected signal energy into the common 
amplifier ¿I since each receiver channel is pro 
vided with its own automatic volume control and 
its own source of local carrier squelching voltage. 
However, there will always be a tendency for the 
strongest signal to predominate insofar as the 
input to amplifier 4I is concerned, since the sig 
nal voltage supplied to this amplifier from one 
receiver produces a biasing effect upon the plates 
of the rectiñers or detectors I6, IBa, IBb, or the 
other receivers. 

Fig. 2 shows an embodiment of the invention 
for diversity reception wherein the outputs of the 
several channels I, 2 and 3 are connected to the 
common amplifier 4I, the output of which is 
utilized by translator 42. While three receiving 
channels are shown in this embodiment, it is 
understood that a greater or less number may 
be used. 

Separate automatic volume control rectiñers 
d3, 43a and ¿3b are employed for receiving chan 
nels I, 2 and 3 respectively. These rectifiers re 
ceive energy directly from their respective inter 
mediate frequency amplifiers I4, I4a and I4b 
and their outputs are connected to the common 
A. V. C. rectifier load resistance 44. The output 
from common load resistor 44 is conveyed to con 
trol grid 3I of A. V. C. amplifier tube 32. Tube 
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6 
3I functions as described in connection with Figi 
1 except that control grid 3| is only energized by 
one signal, namely the strongest signal from one 
of the receiving channels, and the output of tube 
3I is conveyed to the radio frequency amplifier, 
intermediate frequency amplifier and intermedi 
ate frequency oscillator stages of each receiver. 
Connections from the common output of tube 321 
to the respective radio frequency amplifiers, in-` 
termediate frequency amplifiers and intermedi 
ate frequency oscillators are indicated by conduc 
tors 45, 46 and 4l respectively. Since A. V. C. 
amplifier 32 is normally plate conductive and all 
A. V. C. signals impressed on control grid 3l from 
channels I, 2 and 3 are negative, the strongest 
signal across resistor 44 controls the plate con 
ductivity of tube 32. 
This same amplified A. V. C. voltage is conveyed 

to all channels since all A. V. C. voltage is sup 
plied by the common A. V. C. amplifier 32. If 
the value of the carrier received by any one of 
the channels is below the predetermined level 
such as mentioned in connection with Fig. 1, the 
A. V. C. voltage supplied to the radio frequency 
oscillator in that channel causes the associated 
insertion oscillator I5, Iâa, |519, to be disabled 
or squelched and the channel then operates as 
above described without the inserted carrier. 
When the value of the received carrier in any 
channel is above the predetermined minimum, it 
is sufficient to overcome the A. V. C. voltage sup 
plied to the carrier insertion oscillator in that 
channel and that oscillator as well as the other 
channel oscillators become synchronized with 
their respective intermediate frequency amplifier 
and the channels operate in accordance with the 
insertion carrier principle. 

. While there has been here described preferred 
embodiments, it is understood that various 
changes and modifications may be made therein 
Without departing from the spirit and scope of 
the invention. 
What is claimed is: 
1. In a carrier wave receiving system, means 

to receive a signal modulated carrier wave, a local 
carrier insertion generator, a modulating ar 
rangement comprising a pair of grid-controlled 
electron discharge devices, means to apply the 
carrier from the insertion generator to the con 
trol grid of one of said devices, means to apply 
the received signal modulated carrier to the con 
trol grid of the other of said devices, a common 
load circuit for both of said devices for producing 
a carrier wave at the frequency of said insertion 
generator and bearing said signal modulations, a 
modulation detector connected to said load cir 
cuit, means to derive from said detector a poten 
tial corresponding to the level of the received 
carrier, and means to apply said potential to said 
insertion generator to disable said generator in 
response to the received carrier level dropping 
below a certain predetermined value. 

2. In a carrier Wave receiver of the type hav 
ing a main carrier modulation detector and 
means to produce a signal modulated intermedi 
ate frequency carrier, a local oscillator generator 
which is synchronized by the frequency of said 
intermediate frequency carrier, a mixer network, 
means to apply the signals from said local gen 
erator to said network, means to apply the inter 
mediate frequency carrier to said network to pro 
duce in the output of said network a carrier of 
the same frequency as said local generator and 
bearing signal modulations corresponding to 
those in the intermediate frequency carrier, and 
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means'to apply a .disablingzpotential to-.said gen-_. 
erator, the. last-mentioned means including ade 
tector: connectedI to said network and a resist 
ance network: connected from said detector. to 
said oscillator generator, said resistancenetwork 
including the plate-to-cathode dischargepath 
of a grid~controlled electron> tube, and means to 
bias-the grid of said tube in response to the 
received carrier signals dropping below a prede 
termined value said disabling potentialbeing of 
sufficient magnitude to disable said local genera 
tor when the received carrier is below a level 
sufficient to synchronize said local oscillator. ̀ .but 
is of suiîicient magnitude to produce detected sig 
nals in the output of said main detector` and 
without disabling said main detector. 

10 

3. In a diversity radio receiving system, a plu- ' 
rality of diversity receiving channels each chan 
nel including a local carrier insertion oscillator, 
means to lock-in each oscillator under control of 
the received signal~modulated carrier, meansin 
each channel for deriving an automatic volume 
control potential, a common combining circuit 
for said potentials, said circuit including a grid 
controlled ampliñer tube, and means connecting 
the output circuit of said tube in common to the 
carrier insertion oscillators of said channels for 
disabling any oscillator in response to the level 
of the received signal-modulated carrier dropping 
below a predetermined minimum. 

4. A diversity receiving system according to 
claim -3 in which said automatic volume control 
ampliñer is biased so as normally to be plate cur 
rent conductive in the absence of carrier signals 
in any channel and when no channel has a re 
ceived carrier which is above said predetermined 
level. 

5. A diversity receiving system according to 
claim 3 in which said common automatic volume 
control combining circuit includes a common load 
resistor which is connected to supply the auto 
matic volume control potentials to at least one 
ampliñer stage in each channel, said load resis 
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tor .being .- alsov connected .to,. theY control grid of 
said automaticvolume control amplifier. tube.. 

6..In a. carrier Wave Vreceiving system, .means 
to derive from received signals a signal modulated 
carrier, alocal source of unmodulated carrier, 
means tosynchronizesaid local source with the 
frequency of said derived carrier, electron4 tube 
meansproviding a pair of grid-controlled elec 
tron discharge paths, means to- apply the local 
carrieretothe control gridof one path and means 
to apply the derived carrier to the control grid 
of the‘otherfpath, a common output circuit for 
said paths,­I signalmodulation detector means 
connected to said output circuit, an automatic 
volume` control.l means. for. applying a disabling 
potentialto said local source inresponse to the 
level ïof .1.the1received.carrier dropping below. a 
predetermined 1 value` sumcient to synchronize 
said local source, the last-mentioned .means in 
cluding a grid-controlled. tube whichis normally 
plate conductive to apply said disabling potential 
to said local. source, .and means to .control the 
plate current o_f-said tube in accordance with a 
portion of. the :output .of said detector, said pair 
of. grid-controlled_.paths having their cathodes 
returnedto ground througha commonload resis 
tor. and, theanodes of. said pair of paths arecon 
nectecl together so. that the plate current of one 
tube of> said` pair-1 is modulated in accordance .with 
theplate ,potentials of` the other tube of saidpair. 
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