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My present invention relates to superheterodyne 
receiving Systems, and more particularly to an 
improved type of frequency changer, or first de 
tector, circuit for use in a superheterodyne re 
ceiver. 

It has been well appreciated for some time that 
power detectors are desirable, if not necessary, 
Where the desired station is of sufficient strength, 
either by virtue of strong transmission or con 
siderable amplification in the receiving set. Thus, 
in a tuned radio frequency receiver employing 
modern radio frequency amplification, such as 
produced by a multi-stage radio frequency ampli 
fier, a detector must be employed which will not 
readily Overload. This is so since a detector cir 
Cuit which readily overloads constitutes the weak 
link in the amplification chain, and will result in 
premature distortion. Similarly, the same con 
dition pertains in the second detector of a super 
heterodyne receiver where both the radio fre 
quency and intermediate frequency amplification 
have created a signal of considerable strength. 
The need for a power detector in the first de 

tector Stage of the superheterodyne receiver is 
not So apparent and has not been appreciated. 
Obviously, the desired signal strength at this 
point is very weak as the signal has been Sub 
jected to little or no amplification. Of course, 
the entire available grid swing determined by the 
permanent grid bias On the first detector tube is 
not available for the incoming signal because of 
the presence of the induced local oscillator SWing. 
However, the amount of local oscillator peak 
Swing has been maintained at a point sufficiently 
below the maximum permanent bias on the first 
detector to allow the incoming signal to be super 
imposed thereon. Without causing the instantane 
OuS peak SWing in the first detector grid to run 
into the positive region at any time as this causes 
distortion. 
The aforegoing discussion relates Only to the 

reception of the desired signal. Now, there is a 
real defect which arises from other broadcast 
channels than the desired one. It often happens 
that the strength of the signal from an adjacent, 
undesired channel on the grid of the first detector 
is greater than the strength of signal from the 
desired channel. This arises by virtue of the 
limited amount of tuned radio frequency selec 
tivity preceding the first detector. The presence 
of this excessive undesired signal is of itself no 
detriment, and will cause no undesired responses 
in the receiver by virtue of its mere presence be 
cause the frequency differential between the same 

(C. 250-20) 
and the local oscillator is not the frequency of 
the intermediate tuned circuits. 

However, if the effect of this excessive local 
undesired Station. On the grid of the first detector 
is great enough to cause the instantaneous grid 5 
Swing of the first detector to run into the posi 
tive region then a peculiar type of distortion and 
interference takes place in the form of croSS 
modulation on adjacent desired channels and 
multiple responses. The latter occur whether or 10 
not a desired channel is being received. 
There are three solutions for such defects, and 

Such Solutions are as follows: 
(1) Increased radio frequency selectivity pre 

ceding the first detector may be employed; 5 
(2) The local oscillator induced Woltage may be 

reduced; 
(3) A power detector employing ample grid 

bias or other types of detectors which are not 
subject to overload, may be utilized in the first 20 
detectOr Stage. 
The first expedient mentioned above is costly 

as it necessitates additional tuning condensers 
With the associated difficulties of ganging these 
additional condensers. Furthermore, additional 25 
tuning Stages required extra precautions in shield 
ing to prevent the undesired Stations from reach 
ing the first detector other than through the 
Orthodox path. The second expedient involving 
reduced local oscillator Swing greatly reduces the 30 
translation efficiency of the first detector. 
ACCOrdingly, it may be Stated that the third 

solution referred to above comprises the basis of 
the present invention, and offers as only real Solu 
tion to an aggravating problem. Hence, it may 35 
be pointed out that it is one of the main objects 
of the present invention to provide in the first de 
tector circuit. of a Superheterodyne receiver an 
electron discharge tube arrangement so designed 
that its grid circuit can handle the induced local 40 
OScillator Voltage SWing, the desired channel signal 
Swing, and the maximum amount of undesired 
signal Swing possible to encounter in practice 
Without resulting in an instantaneous grid Swing 
sufficiently great to pass into the positive region 45 
of the first detector characteristic. 
Another important object of the present inven 

tion is to provide a Superheterodyne receiver em 
ploying but a single tuned stage of radio frequency 
amplification prior to the first detector, and to 50 
operate the first detector with such plate and grid 
Voltages that the maximum grid voltage swing 
does not overload the detector tube. 
Another object of the present invention is to 

minimize croSS modulation between a desired sig- 55 
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2 
nal and an undesired adjacent channel signal in 
a superheterodyne receiver by designing the first 
detector of the Superheterodyne receiver in such 
a Inanner that the instantaneous grid Swing of 
the latter is never great enough to run into the 
positive region of the detector characteristic. 
And still other objects of the present invention 

are to improve generally the operating efficiency 
of Superheterodyne receivers, and to especially 
design the first detector circuit of a superhetero 
dyne receiver as a power detector in such a man 
her that the first detector circuit is not only reli 
able in operation, but economically manufactured 
and installed, 
The novel features which I believe to be chair 

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 one circuit organiza 
tion whereby my invention may be carried into 
effect. 

Referring now to the accompanying drawing, 
in which there is shown a conventional type of 
Superheterodyne receiver, it will be noted that 
the usual grounded antenna, A, G is employed for 
collecting intelligence modulated carrier fre 
quency energy, within the so-called broadcast 
range between 550 to 1500 kilocycles. The col 
lected carrier energy is impressed as at M1, upon 
the tuned input circuit of a radio frequency am 
plifier f, it being noted that the input circuit of 
the amplifier is adapted to be tuned through the 
frequency range of the receiver by a variable 
condenser 2. The amplified radio frequency en 
ergy is then impressed upon the input circuit of 
the first detector, which includes an electronic 
discharge tube 3 of the screen grid type. The 
input circuit of the tube 3 includes the variable 
condenser 4 which is adapted to tune the input 
circuit of the first detector in a manner similar 
to the tuning of the amplifier . 
A local oscillator 5 is shown in conventional 

form, and is adapted to be tuned by a variable 
Condenser 6 through a frequency range which 
differs from the frequency range through which 
the condensers 2 and 4 are operative by a desired 
intermediate frequency. The locally produced 
energy is impressed, as at Ma, upon the grid cir 
cuit of the first detector tube 3. Those skilled 
in the art are well acquainted with the phenom 
enon occurring in the first detector, or frequency 
changer circuit, and it may be briefly stated that 
the energy impressed upon the input circuit of 
the tube 3 through the coupling M2, and the lo 
cally produced energy impressed upon the grid 
circuit of tube 3 through the coupling M3, hetero 
dyne to produce in the output circuit of the first 
detector the desired intermediate frequency. 
The intermediate frequency-energy is transmitted 
through a coupling M4 to the input circuit of the 
intermediate frequency amplifier 7, the input cir 
cuit of the latter being maintained fixedly tuned 
by a condenser 8 to the desired intermediate fre 
quency. While the amplifier has been conven 
tionally represented, it will be understood that 
the amplifier may consist of one or more stages 
of intermediate frequency amplification, and the 
design thereof is so well known to those skilled 
in the art that it need not be described in any 
further detail in the present application. 
The amplified intermediate frequency energy 

is then transmitted through the coupling M5 and 
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impressed upon the second detector input which 
is fixedly tuned, as by a condenser 9, to the 
intermediate frequency energy, and the detected 
intermediate frequency energy is subjected to 
audio frequency amplification in the Well known 5 
and usual manner. The amplified audio fre 
quency energy is then utilized in any Well known 
fashion, as by head phones, loud speaker or any 
other type of reproducer. 
As pointed out heretofore it has been well ap- 10 

preciated for Some time that power detectors are 
desirable, and in fact necessary, where the de 
Sired signal energy is of sufficient strength due 
to considerable amplification in the receiving set, 
Thus, a detector must be employed which will 15 
not readily overload, as such a condition will con 
stitute the weak link in the amplification chain 
and Will result in premature distortion. Accord 
ingly, the second detector ) may be a power de 
tector since both the radio frequency and inter- 20 
mediate frequency amplification have created a 
Signal of considerable Strength. 

It is not believed necessary to describe in any 
further detail the characteristics of the design 
of the second detector as a power detector since 25 
this is clearly disclosed by W. L. Carlson in United 
States Patent 1,770,838 of July 15, 1930. It is to 
be noted that if the detector () is a power detec 
tOr a Single Stage of audio frequency amplifica 
tion is Sufficient to operate a loud Speaker. 30 

Considering, now, the subject matter of the 
present invention it is again pointed out that 
the need for a power detector in the first detector 
stage of the Superheterodyne receiver has not 
been appreciated. Obviously, the desired signal 55 
strength at the first detector point is very weak 
Since it has been subjected to but one stage of 
radio frequency amplification. It often happens 
that the strength of signal from an adjacent un 
desired channel on the grid of the first detector 40 
tube 3 is greater than the strength of signal from 
the desired channel. This arises from the lin 
ited amount of tuned radio frequency selectivity 
ahead of the first detector. 

If the effect of this excessive local undesired 45 
Station, combined with the local oscillator Swing 
and the desired station, on the grid of the first 
detector is great enough to cause the instanta 
neous grid SWing of the tube 3 to run into the 
positive region, then it can be readily demon- 50 
strated that a peculiar type of distortion and 
interference takes place in the form of cross-mod 
ulation on adjacent desired channels and mull 
tiple responses. The latter may occur whether 
or not a desired channel is being received. 55 

It will be appreciated that such cross-modula 
tion, or cross talk, is particularly annoying in 
the case of a Superheterodyne receiver. The lat 
ter is considered one of the most selective types 
of radio receivers, and hence the existence of 60 
CrOSS-talk and multiple responses Would obviously 
cause the operator of the Superheterodyne re 
ceiver considerable disappointment in the selec 
tive qualities of the receiver. As explained above, 
the present invention offers the only real solu- 65 
tion to this aggravating problem. 
By employing a power detector in the first de 

tector circuit which is operated on high plate 
voltages Such as 250 volts. With an associated in 
creased negative grid bias of approximately thirty 70 
to thirty-five volts, the grid circuit can handle 
the induced osciliator voltage swing, the desired 
channel signal swing, and the maximum amount 
of undesired signal swing possible to encounter 
in practice without resulting in an instantaneous 75 
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grid Swing sufficiently great to pass into the posi 
tive region. The source B conventionally desig 
nates the 250 volt source, the latter being shunted 
by a radio frequency by-pass condenser , and 
the source C conventionally designates the grid 
bias source capable of applying approximately 
-30 to -35 volts to the grid of the tube 3. 
By means of the arrangeinent described the 

problem of eliminating the cross modulation dis 
tortion is sinply and effectively solved. This in 
vention is particularly necessary in Superhetero 
dyne receiver circuits employing automatic Wol 
Line control because the radio frequency gain 
preceding the first detector is automatically in 
creased in proportion as the desired signal is 
Weak. This increase in radio frequency amplifi 
cation thus tends to bring in the undesired ad 
jacent channel to an excessive degree sufficient 
to run the instantaneous grid swing of the first 
detector into the positive region. Hence, When 
utilizing an automatic gain control circuit, as of 
the type disclosed by H. T. Friis in United States 
Patent i,675,848 of July 3, 1928, it is extremely 
beneficial to design the first detector circuit to 
operate as a power detector. It is not believed 
necessary to go into the details of construction of 
an automatic volume control circuit Since the 
latter patent clearly discloses the design in Op 
eration of Such a circuit in a superheterodyne re 
ceiver, and additionally since those skilled in 
the art are acquainted with the manner of em 
bodying an automatic gain control circuit in a 
radio receiver of the Superheterodyne type. There 
has been shown in the drawing for this reason 
a conventional representation designated 'AVC'. 
This is to be understood as representing an au 
tomatic amplification control circuit of the type 
shown in the Friis patent. 
The operation of the present invention is be 

lieved to be clear from the aforegoing descrip 
tion. It is, of course, understood that the tuning 
condensers 2, 4 and 6 are mechanically coupled 
as shown by the dotted lines 2, for uni-control 
tuning. In order to maintain the desired inter 
mediate frequency difference between the local 
Oscillator circuit and the radio frequency ann 
plifier and first detector circuits a, constant quan 
tity throughout the operating frequency range, 
an arrangement is employed which is disclosed 
by W. L. Carlson in U. S. Patent 1,740,331 of 
December 17, 1929. Such a constant intermediate 
frequency difference arrangement is too well 
known to those skilled in the art to require any 
additional description in the present application. 
While the first detector circuit has been shown 

to embody a power detector tube 3 employing Suf 
ficient grid bias to prevent overload at maximum 
instantaneous grid Swing, it is to be clearly un 
derstood that the present invention is not limited 
to a power detector operating by this manner in 
virtue of increased grid bias and plate Voltage. 
Any other type of detector which is not subject to 
overload may be employed in the first detector 
circuit, since the essential principle underlying 
the present invention involves utilization of a 
first detector circuit which is designed in such 
a manner that maximum instantaneous grid 
swing never passes into the positive region of the 
detector tube characteristic. 

Additionally, it is pointed out that a type of 
electron discharge tube known as the "variable 
mu' tube may be employed for the tube 3 in the 
first detector circuit. Such a tube and its chair 
acteristics has been described in the Proceedings 
of the Institute of Radio Enkineers in volume 18, 

3 
1930, the paper being entitled “Reduction of Dis 
tortion', attention being particularly directed to 
pages 2122 and 2123 of this article. The Variable 
mu tube employs high plate voltages and in 
creased grid bias referred to herein, and provides 5 
a tube design which lends itself readily to the 
purposes sought to be attained in the present 
invention. 
While I have indicated and described one ar 

rangement for carrying my invention into effect, 10 
it Will be apparent to One skilled in the art that 
my invention is by no means limited to the par 
ticular organization shown and described, but 
that in any modifications may be made Without 
departing from the scope of my invention as 15 
Set forth in the appended claims. 
What I claim is: 
1. A superheterodyne receiving circuit com 

prising a single stage of tuned radio frequency 
amplification, a grid biased tube detector operat- 20 
ing as a first detector, an intermediate frequen 
cy amplifier, and a second detector all arranged 
in cascade, the Selectivity of the receiving circuit 
network preceding the said first detector being 
Sufficiently low to permit the impression upon 25 
the first detector grid of an undesired adjacent 
channel signal of Substantial intensity, means to 
impreSS a high negative biasing voltage on the 
grid of the first detector tube, a source of high 
positive plate voltage therefor, the grid and plate 30 
Voltages being Sufficiently high to give a detector 
characteristic such that the grid circuit of the 
first detector can handle a desired channel sig 
nal SWing and the maximum amount of unde 
sired signal Swing possible to encounter in prac- 35 
tice Without resulting in an instantaneous grid 
Swing sufficiently great to pass into the positive 
region of the said detector characteristic. 

2. A Superheterodyne receiver comprising a 
Single stage of tuned radio frequency amplifica- 40 
tion, a local oscillator, a first detector tube circuit, 
an intermediate frequency annplifier, and a sec 
Ond detector circuit, means to impress a nega 
tive biasing voltage on the grid of the first de 
tector tube of the order of at least 30 to 35 volts, 45 
the Selectivity of said singie stage preceding the 
Said first detector being insufficient to reduce the 
Strength of Signal from an adjacent undesired 
channel on the grid of the first detector with 
respect to the strength of signal from the desired 50 
channel, and a source of commensurately high 
positive plate voltage for the first detector tube, 
Whereby the grid circuit of the first detector can 
handle the induced oscillator voltage swing, the 
desired channel SWing, and the maximum amount 55 
Of undesired signal Swing possible without result 
ing in an instantaneous grid swing sufficiently 
great to pass into the positive region of the first 
detector characteristic. 

3. A Superheterodyne receiving circuit con- 60 
prising a radio frequency amplifier, a first de 
tector circuit, a local Oscillator circuit, an inter 
mediate frequency amplifier, a second detector 
circuit, the selectivity of the radio amplifier be 
ing sufficiently low to permit the transmission to 65 
the first detector of an undesired adjacent chan 
nel signal having an intensity comparable to that 
of the desired Signal intensity, means to impress 
a negative biasing Voltage on the grid of the 
first detector tube of the order of 30 volts, and a 70 
Source of positive plate voltage for said first 
detector Which is So high that the maximum in 
stantaneous grid Swing of the first detector tube 
is not capable of running into the positive region 
of the first detector characteristic, 75 
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4. 
4. In the operation of a superheterodyne ra 

dio receiver including an intermediate frequency 
amplifier, a first detector tube, and a second 
detector tube, the method which includes reduc 
ing the Selectivity preceding the first detector to 
an amount such that the strength of Signal from 
and adjacent undesired channel. On the grid of the 
first detector is comparable with or greater than 
the Strength of signal from the desired channel, 
obtaining rectification in the first detector tube 
by negatively biasing the grid thereof, and in 
creasing the negative grid bias and positive anode 
potentials applied to the first detector tube in 
order to sufficiently raise the characteristic Sat 
uration point thereof so that the maximum in 
stantaneous grid swing of the first detector never 
runs into the positive region of the first detector 
characteristic. 

5. In the operation of a superheterodyne re 
ceiver of the type having sufficiently low Selec 
tivity preceding the first detector to permit the 
impression upon the first detector of an unde 
sired adjacent channel signal comparable in in 
tensity to the desired signal, the method of pre 
venting distortion in the form of CrOSS-modula 
tion on adjacent desired channels and multiple 
responses caused by overloading of the first de 
tector tube, which includes so adjusting the 
constants of the first detector that the maximum 
instantaneous grid Swing of the latter never runs 
into the positive region of the first detector char 
acteristic. 

6. A superheterodyne receiver including only a 
single stage of tuned radio frequency amplifica 
tion prior to the first detector circuit, the selec 
tivity ahead of the first detector being insuffi 
cient to substantially suppress undesired adja 
cent channel signals, characterized by the fea 
ture that the constants of the first detector cir 
cuit are so adjusted that the maximum instan 
taneous grid Swing of the first detector is prevent 
ed from running into the positive region of the 
first detector characteristic. 

7. In a superheterodyne receiver comprising a 
radio frequency amplifier adapted to have its 
amplification automatically varied to maintain 
the receiver volume at a predetermined level re 
gardless of carrier fluctuations, a local OScillator, 
a frequency changer tube circuit coupled to said 
amplifier and oscillator for producing a desired 

Second frequency changer tube and a repro 
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beat frequency, the said amplifier having insuf 
ficient Selectivity to reduce the undesired adja 
cent channel Signal intensity whereby the unde 
Sired signal is substantially amplified when weak 
desired signals are received, the constants of the 
frequency changer tube being so adjusted as to 
prevent the instantaneous grid Swing of the fre 
quency changer tube from running into the posi 
tive region of its characteristic. 

8. In a Superheterodyne receiver comprising a . 
radio frequency amplifier adapted to have its . 
amplification - automatically varied to maintain 
the receiver volume at a predetermined level re 
gardleSS Of Carrier fluctuations, a local oscilla 
tor, a frequency changer tube circuit coupled . 
to Said amplifier and oscillator for producing a 
desired beat frequency, the said amplifier having 
insufficient Selectivity to reduce the undesired 
adjacent channel signal intensity whereby the 
undesired Signal is substantially amplified when 
Weak desired signals are received, the constants 
of the frequency changer tube being so adjusted 
as to prevent the instantaneous grid swing of the 
frequency changer tube from running into the 
positive region of its characteristic, means for 
amplifying Said beat frequency, and a detector 
circuit coupled to said beat frequency amplify 
ing means, Said Second detector comprising a 
power detector capable of delivering sufficient 
power to operate a reproducer with but a single : 
Stage of audio frequency amplification. - 

9. A method of receiving signals with a super 
heterodyne receiver, of the type including a sig 
nal collector, a first frequency changer tube, a 

S 
ducer, Which COnsistS in Collecting broadcast Sig 
nals, reducing the selectivity between the col 
lector and first frequency changer tube to a point 
Such that undesired signals are applied to the 
latter with an intensity comparable to the in 
tensity of desired signals whereby reproduction 
of demodulated desired signals is accompanied by 
reproduction of demodulated undesired signals, 
and maintaining the relative grid and plate 
potentials of the first frequency changer tube 
such that overloading of the latter by applied 
collected Signals is constantly prevented and the 
effect of said reduced selectivity Substantially 
compensated for. 

DAVID GRIMES. 


