
July 4, 1939. C. D, KENTNER 2,164,745 
INTERMEDIATE FREQUENCY AMPLIFIER 

Filed Oct. 31, 1934 6 Sheets-Sheet l 

N 

S 
S. 

ZwVEW7 on 
Carroll D. E?er trier 

A7 rowe 

  

    

  



July 4, 1939. 

s 

c. D. KENTNER 2,164,745 
INTERMEDIATE FREQUENCY AMPLIFIER 

Filed Oct. 31, 1934 . 6 Sheets-Sheet 2 

R R 9 
the 

R s s H N 

WMEA-7 of 

Carroll D, Aerz truer 

a 77ror was 

  

  



July 4, 1939. c. D. KENTNER 2,164,745 
INTERMEDIATE FREQUENCY AMPLIFIER 

Filed Oct... 31, 1934 6 Sheets-Sheet 3 

34 a? /35 
7A 

33 
g - 

"F 

-2 

31 
O 

Souw 7AASA 777 cannen N- | - Pc7vE 77AAwsay". As 
--- Pic//772 777AASM777s2 

Shoe swas 
AWAVA size pawns - 

servist Pv67/7E. 
hecief W.E. Souw Ampare CAA.c7757t 
AMPLIFE 
CyAFACTE757 

50UAD 7Awsm 777 

SE anwns - Awwat 

-- PiT/E 7"Aws Mr 77EN CAREER 
- Picture rawsmf/7.7zn 
SAE Atayos 

E29. 4. 
o 

has ceiver sounvo 
AMP Fic 
CAARACTEste 

EEMEf Pava 
Awpture evacTES7 ve 

2Aod ado 
20oo 1200 4oo AOO f2OO 2000 ZwMEAv7'OA 

A. C. off EsomAAVCE Carroll D. Aerlitzer 

a 77orf was Y 

    

  

  

  



July 4, 1939. c. D. KENTNER 2,164,745 
INTERMEDIATE FREQUENCY AMFLIFIER 

Filed Oct. 3, 1934 6 Sheets-Sheet 4 

S. S. S c S. 
OS GS S s S s 

rt E9. Iw MEGA cycz Es 

ZW/AM7 OF7 

Carroll D. her traer 

aYg 
A77"OAMEY 

  



July 4, 1939. C. D. KaNNE FR 2,264,745 
INTERMEDIATE FREQUENCY AMPLIFIER 

Filed Oct. 3, 934 6 Sheets-Sheet 5 

p? Eig, in 2EGaga I, E 6 

s give/timor 

Carro 22 A). Ferntrzer 

pits 24-hougé 

  



July 4, 1939. c. O. KENTNER 2,64,745 
INTEREDIATE FREQUENCY AMPLIFIER 

Filed Oct. 31, 1934 6 Sheets-Sheet 6 

Carroll D. A 27ter 

BY 924. K A 77'OWEY 

    

  



quency channels. 

if) 

5 

20. 

2 5 

35 

40: 

55 

Patented July 4, 1939 

UNITED STATES 

2,164,745 

PATENT of FICE 
2,164,745 
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Application October 31, 1934, serial No. 750,770 
12 Claims. 

The present invention relates to intermediate 
frequency amplifiers for Superheterodyne receiv 
ing systems, and more particularly to high fre 
quency intermediate frequency amplifiers for 
amplifying a plurality of signals in adjacent fre 

An amplifier embodying the 
invention is, therefore, particularly adapted for 
use in television receiving Systems wherein the 
Sound and the picture are transmitted on sepa 
rate but adjacent carrier frequencies, but it is 

Ot, limited thereto. 
The total channel width, required for One com 

plete sound and picture transmission of given 
fidelity and detail, depends upon the frequency 
spacing necessary between the two carriers, and 
likewise, on the guard band required between the 
picture carrier and the sound carrier of an ad 
jacent sound-picture combination channel. It 
is desirable to keep this channel narrow in order 
to make a yaiiable as large a nimber of channels 
as possible in a given television band. This re 
quirement applies to any amplifier System hav 
ing the same or similar multi-channel signal 
transmission, the channels being closely adjacent 
in frequency. 

In television receiving systems and the like, One 
signal channel in the intermediate frequency 
amplifier may occupy a relatively wide frequency 
band, such as the picture amplifying channel, 
while the adjacent channel or channels may Oc 
cupy relatively narrow frequency bands, such as 
the sound amplifying channel. For example, the 
sound ainplifier band width may be 30 kilocycles 
while the picture band width may be 1500 kilo 
cycles. 

in high frequency amplifiers requiring a wide 
band pass, such as in the intermediate frequency 
amplifier of a television receiver, it is necessary 
to utilize a comparatively large number of am 
splifier stages, each comprising an electric dis 
charge amplifier or tube provided with Suitable . 
tuned input and output circuits to obtain proper 
gain as well as selectivity, as indicated by steep 
ness of the sides of the over-all amplification 
characteristic. , 

It is an object of the invention to provide an 
amplifier of the above type wherein each of a 
plurality of the amplifier stages is tuned for rel 
atively broad response, while comparatively a 
flat response over the pass portion or frequency 
band over which the amplifier is desired to be 
responsive is provided. 
" The invention relates further and more spe 
cifically to intermediate frequency amplifier sys 
tems wherein the tuned input and output circuits 

(C. 178-5.8) 
for the amplifier tubes include the coupling 
windings of suitable interstage transformers and 
tuning means therefor, providing a series of 
fixed-tuned, coupled, amplifier circuits. In ac 
cordance with the invention, a relatively large is 
number of such amplifier stages are provided as 
above pointed out, and the tuning response of 
each is caused to be individually broad to obtair 
a desired over-all characteristic hereinafter de 
Scribed. 

It is, therefore, a further object of this inven 
tion to provide a multi-channel interraediate fre 
quency amplifier wherein a desired over-all re 
sponse characteristic is obtained with fixed 
tuned transformer interstage coupling and with 5 
individually broadly tuned circuits. 

It is a still further object of this invention to 
provide, in an intermediate frequency amplifier 
of the type above referred to, means for increas. 
ing the over-all selectivity characteristic, and, 2. 
more particularly, to decrease the response to 
signals on either or both sides of and adjacent 
to the widest band of signal frequencies to be 
transmitted through the amplifier, including the 
side bands, to permit signals in relatively narrow 25 
frequency bands to flow through said amplifier 
in adjacent and normally overlapping channels. 
In a television receiver, for example, the signal 
response on either or both sides of the picture in 
termediate frequency band in the intermediate, 30 
frequency amplifier channel is reduced to permit 
the sound carrier or intermediate frequency to 
flow in a channel closely adjacent in frequency, 
without interference. 

In carrying out the above and further objects 35 
of the invention hereinafter pointed out, a plu 
rality of auxiliary circuits are provided in con 
junction with the interstage coupling trans 
formers and associated fixed-tuned circuits, each 
of the auxiliary circuits being loosely coupled to 40 
the said fixed-tuned circuits, in a plurality of 
stages. The auxiliary circuits may be capaci 
tively or magnetically coupled to the signal cir 
cuits and arranged to provide circuits more gen 
erally known as absorption circuits, or such aux- 45 
iliary circuits may be conductively coupled to the 
signal circuits, and may be arranged to provide 
a series of frequency traps. The auxiliary cir 
cuits are tuned preferably more sharply than the 
Signal transmission circuits with which they are 50 
loosely coupled and the coupling may be con 
ductive, magnetic or capacitive with the input, 
the output or associated circuits of a particular 
amplifier tube or amplifier stage for the purpose 
of attenuating signals at a certain frequency or sis 
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2 2,164,745 
within a band of frequencies or within the scope 
of the frequency coverage of the main interStage 
transformer characteristic as will hereinafter be 
described, and such attenuation circuits will be 

is referred to hereinafter as rejector or trap cir 
cuits. 

It is a further object of the invention to pro 
vide, in a multi-channel intermediate frequency 
amplifier, comprising fixed-tuned circuits and 

10 interstage coupling transformers, a plurality of 
loose coupled auxiliary circuits, tuned to a fre 
quency or a narrow band of frequencies closely 
adjacent to or lying within a portion of the chair 
acteristic curve of a relatively wider signal band 

ls of frequencies passed by the amplifier to increase 
the selectivity thereof and to separately amplify 
signals in said narrow band or at a singie fre 
quency on either or both sides of said wider band 
of frequencies. . 

20 It will be understood that the present invention 
is adapted to systems of the above character 
wherein a frequency band of sigSais to be re 
jected is narrow compared with tie frequency 
band of signals to be passed by the amplifier cir 

25 cuits and the interstage transformers. As a pres 
ent preferred embodiment of the invention, vari 
ous auxiliary loosely coupled circuits providing 
rejectors or traps in association with the broadly 
tuned individual interstage circuits may be pro 

30 vided to obtain a given band width and a given 
attenuation of a broad or narrow band of signals 
within the normal band or immediately adjacent 
to the normal band of signals passed by the main 
interstage transformer channel. 

85 The invention is particularly applicable to tele 
vision receivers, and, accordingly, it is a still fur 
ther object of the invention to provide an inter 
mediate frequency multi-channel amplifier for 
television receivers and the like arranged as above 

40 described, wherein the voltage developed in trap 
circuits associated with the main picture chan 
nel or other relatively wide band amplifier may 
be used to supply signals at the rejected adja 
cent channel mean frequency or a relatively nar 

45 row frequency band to an amplifier for an adja 
cent sound channel. 

It is a still further object of the invention to 
provide a superheterodyne type of receiver for 
television reception wherein sound is transmitted 

50 by a separate carrier adjacent to the picture car 
rier, with means for preventing the sound carrier 
or sound modulation from mixing with the pic 
ture signal in the amplifier system and thus caus 
ing interference patterns to appear on the finally 

55 projected picture. 
The point of rejection or the mean rejection 

frequency is made to coincide with the frequency 
of adjacent channel carriers Or intermediate fre 
quency signals to prevent interference and to in 

60 crease the selectivity of the main amplifier chan 
nel. In television receivers, for example, the 
point of rejection, in connection with the rela 
tively wide picture intermediate frequency signal 
band, is preferably at the sound intermediate fre 

65 quency. The sound signal voltage in the trap or 
auxiliary absorption circuit, may then be uti 
lized to supply the sound intermediate frequency 
amplifier as pointed out hereinbefore. The sys 
tem, is, therefore, readily adapted to plural chan 

70-nel fixed-tuned amplifiers in which the frequency. 
band to be rejected is relatively narrow with re 
Spect to the frequency band to be passed by one 
of the intermediate frequency channels or main 
intermediate frequency channel. 

is . The invention will, however, be better under 

stood from the following description when taken 
in connection with the accompanying drawings, 
and its scope will be pointed out in the appended 
claims. 

In the drawings, Figures 1 and a combine to S 
show a Schematic circuit diagram of a signal 
receiving circuit and intermediate frequency 
amplifier System of a superheterodyne receiver 
adapted for television reception and embodying 
the invention. 

Fig. 2 is a circuit diagram of a portion of the 
diagram of Fig. 1 showing a modification of the 
invention. 

Figs. 3 and 4 are curve diagrams showing the 
effect upon the channel width of a signal receiv- is 
ing System embodying the invention, and 

Figs. 5 to 12, inclusive, are curve diagrams 
illustrating the response characteristic for various 
circuits arranged in accordance with the inven 
tion. 20 

Referring to Fig. , the circuit diagram illus 
trates a receiving System having two intermediate 
frequency amplifier channels 5 and 6, and rep 
resents any receiver having a plurality of separate 
intermediate frequency amplifier channels where- 25 
in signals izi adjacent frequency bands may be 
amplified. 'I he amplifier is provided with a 
plurality of amplifier stages including electric 
discharge anplifier devices 7, 8, 9, 20 and 2, 
coupled in cascade relation between a signal in- 30 
put circuit 22 and an output circuit represented 
by a lead 23. Interstage coupling transformers 24 
are employed between the tubes and are prefer 
ably tuned on both the primary and secondary 
sides by Suitable adjustable condensers 25, to a 35 
predetermined intermediate frequency. In the 
present example the intermediate frequency of 
the amplifier channel 5 may be between 9 to 9.5 
megacycles, for example, and that of the ampli 
fier channel 8 may be between 10.5 to 11.5 mega- O 
cycles; 
The amplifier 6 is fixed-tuned after the con 

densers 25 are adjusted, to bring the various cir 
cuits into resonance at the desired intermediate 
frequency. It will be noted that in each of the is 
primary circuits, a resistor 26, representing any 
suitable losser means, is provided for broaden 
ing the frequency response characteristic of the 
individual stage, whereby each stage is broadly 
responsive to a relatively wide frequency band, so 
A characteristic resonance curve shows relatively 
low selectivity as indicated by the curve 27 in 
Fig. 6. r 

In providing an amplifier having relatively 
broad tuning in the individual stages, a plurality 65 
of stages are required for obtaining an over-all, 
desired degree of selectivity. In the present ex 
ample, five stages have been shown, although 
fewer or more stages than is illustrated, may be 
used depending upon the character of the signal 60 
to be transmitted through the main channel, 
which may be taken as channel 6 in the present 
example and in a television receiver as the pic 
ture amplifier channel. 
In general, however, the amplifier consists of a 65 

plurality of fixed-tuned amplifier stages, trans 
former coupled, and providing in at least one 
stage means for broadening the individual fre 
quency response of the stage, whereby the fidelity 
is improved by the broadness of the response 0 
characteristic and a degree of selectivity is ob 
tained through the use of a series of stages. 
The receiver output circuit 22 is coupled to the 

first intermediate frequency amplifier tube T of 
the amplifier 6, through a transformer having is 
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a primary winding 33 in the output circuit 22 and 
a secondary winding 3 in a tuned input circuit 
30 for the tube 7. The output circuit 22 and the 
input circuit 30 are tuned by condensers 32 to the 
desired intermediate frequency. The circuit 22 is 
broadly responsive to both the sound and picture 
signals while the circuit 30 is broadly responsive 
to only the picture frequency band. 
The receiver output circuit 22 is also coupled to 

the second intermediate frequency amplifier 5 
through a secondary winding 34 of the same 
transformer which provides with a tuning con 
denser 35 a tuned input circuit 36 for the am 
plifier tube 37 of the amplifier 5. 
The latter amplifier comprises a series of an 

plifier tubes 38, 39, and 40 including the input 
tube 37, having suitable interstage coupling 
means 4 and having an output circuit represent 
ed by the output lead 42. The amplifier repre 
Sents any suitable intermediate frequency ampli 
fier for a relatively narrow frequency band of 
operation as compared with the frequency band 
of operation of the amplifier 6, and closely ad 
jacent thereto in frequency. 
Other amplifier channels may similarly be pro 

vided in connection with the output circuit 22 
and suitably coupled thereto, and may be tuned 
above or below the frequency band covered by the 
amplifier channel 6. The amplifier channel 5 
may be tuned to a frequency such as 6 mega 
cycles, while the channel 6 may be tuned to a 
frequency broadly including 7 megacycles, or, as 
indicated in Fig. 5, the amplifier channel 6 may 
be tuned to have a response characteristic indi 
cated by the curve 5 with a mean frequency of 
10.5 megacycles, while the channel 5 is tuned as 
indicated by the curve 46, to a frequency of sub 
stantially 9.5 megacycles. 
The output circuit 22 is supplied with signals 

for both anpifier channels from any suitable re 
ceiver means. In the present example. a suitable 
receiver is represented by a detector tube 50, a 
tuned input, circuit 5 therefor coupled to a tuned 
antenna, circuit 52 and to an oscillator circuit, 53. 
The circuits S. and 52 are tuned broadly whereby 
signals for both the amplifier channels are per-. 
mitted to pass through and to be amplified by the 
tube 50, and combined with the oscillator signals 
from the circuit 53. In a television receiver, the 
Sound carrier is heterodyned...into the sound in 
termediate frequency Systern 5 and simultane 
ously the picture carrier is heterodyned into the 
picture intern ediate frequency System 6. Each 
intermediate frequency amplifier is caused to be 
sufficiently broad in its response characteristic, to 
accommodate the side bands accompanying the 
carrier which it must pass. As hereinbefore 
Stated, for the sound amplifier, this band may be 
30 kilocycles wide, and for the picture amplifier, 
it may be 1500 kilocycles wide. However, any 
suitable receiving system for applying the received 
signals to the respective channel may be provided 
although, for television reception, the system 
shown is at present preferred. 

Referring now to Figs. 3 and 4, the receiver 
Sound amplifier characteristic such as the ampli 
fier characteristic for the channel 5 and the re 
ceiver picture amplifier characteristic such as the 
characteristic of the channel 6 are indicated in 
Fig. 3 and it will be noted that the channel width 
of both the sound and picture signal together 
with the side bands is relatively wider than the 
corresponding curves in Fig. 4, the scale associ 
ated with Fig. 3 and the legend for each element 
of the curves indicating the characteristic. 

3 
In Fig. 4, the sound and picture characteristic 

are contained within narrower limits about the 
resonance point or mean frequency indicated by 
the line extending from zero on the scale and it 
will be noted that the side of the picture char 
acteristic in Fig. 4 is improved in slope and ap 
proaches the more ideal form for a flat top and 
straight sides, while the sound channel is sep 
arated therefrom sufficiently to permit of effective 
amplification of both signals in a duo-channel 
amplifier such as is indicated in Fig. 1. 

. Fig. 3 also shows the scope of the frequency 
coverages of the main or picture interstage trans 
former characteristic with sound carrier located 
as closely as possible without interference. In 
accordance with the invention, means are pro 
vided in the amplifier for increasing the steepness 
of the sides of the above characteristic without 
attenuating the side bands thereof as will be seen 
by comparing the curves of Figs. 3 and 4. 

O 

5 

20 
In Fig. 4 the Sound carrier or signal lies within 

the frequency coverage of the main characteristic 
of Fig. 3. The interference from the adjacent 
channel signal, however, is no greater because of 
the steeper slope obtained as shown in Fig. 4. 

Further referring to Fig. 4, the curves show the 
amplifier channel response characteristics when 
the picture or side band channel is provided with 
Suitable auxiliary circuits preferably more sharply 
tuned than the amplifier circuits and loosely cou 
pled thereto in connection with a plurality of 
stages. 
Each of the auxiliary circuits are tuned to the 

frequency to be rejected or attenuated. Instead 
of fully attenuating the undesired signal in one 
stage by tightly coupling a rejector circuit there 
to, the signal is attenuated throughout a plurality 
of stages, to a lesser degree in each stage, by loose 
Coupling, the over-all response characteristic 
being retained and the selectivity improved as 
indicated by the curves in Fig. 4. In a television 
receiver, therefore, the same fidelity of sound and 
detail of picture may be maintained, as in a sys 
ten having a channel width as indicated in Fig. 
3. It is desirable to maintain the channel width 
for the over-all sound and picture signal as nar 
row as possible in order to make available as large 
a number of channels as possible in a given tele 
vision band. 

It will be noted that in the main amplifier chan 
nel 6 the tuned transformers 24 provide a series 
of tuned circuits in the input and the output side 
of each stage, the output circuits being connected 
with the anodes through anode circuit leads indi 
cated at 6f and the input circuits being connected 
with the control grids through suitable grid circuit 
leads 62. The tuned output circuits are indicated 
at 63, 64, 65 and 66, the tuned input circuits are 
indicated at 67, 68, 69 and 70. . . . 

It will be further noted that each anode circuit 
lead 6 extending through the respective tuned 
anode circuits is connected with a supply lead 7, 
positive with respect to ground, for supplying an 
Ode potentials thereto, while the grid leads 62 
throug their respective tuned input circuits are 
connected to a supply lead 72, negative with re 
Spect to ground for supplying biasing potential to 
the control grids. Additional grid electrodes, 
such as screen and other grids in the amplifier 
tubes are supplied from a lead 73 positive with 
respect to ground through supply leads indicated 
at 4. - 

In each of the supply leads 74, 62 and 6 there 
is provided a two stage electrical filter, for pre 
venting interstage coupling through the supply 
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leads and the potential supply means (not shown). 
Two stage filters have been found to be desirable 
in a high gain high frequency amplifier of the 
type shown, particularly for television reception, 
where the intermediate frequency signals are, for 
example, in the high frequency range of from 6 
to 12 megacycles. Each of the said fliters may 
comprise a pair of series connected resistors 5 
of relatively high resistance value and by-pass 
condensers 6 to ground. 
The detector 50 and the sound frequency an 

plifier 5 are likewise supplied with grid and an 
ode potentials through suitable two stage filters 
indicated at TT for the detector 50, and at 8, in 
the amplifier 5. Since such filters are, per Se, 
well known, further description of the same is 
believed to be unnecessary except to point out 
that each supply lead is provided preferably with 
a two stage filter and with a separate ground 
return from each stage as indicated at 9 for 
example. 

In connection with the main amplifier channel 
is and in the input circuit for the sound amplifier 
5, there are provided a series of auxiliary cir 

cuits, loosely coupled to the main filter circuits 
to provide for attenuating gradually throughout 
the amplifier, undesired signals such, for exan 
ple, as the sound frequency signals in an adjacent 
frequency channel. In the case of the input cir 
cuit 36 for the sound amplifier 5, the voltage 
available in the trap circuit provided by the Sec 
ondary 34 and tuning condenser 35, is utilized to 
supply input voltage to the first amplifier tube 
7, the input or trap circuit 36 being tuned to the 

sound signal frequency. . 
An auxiliary circuit 80, comprising an induct 

ance 8 and a shunt condenser 82, is loosely cou 
pled with the output circuit 6 of the tube in 
which the tuned signal conveying circuit 63 is 
connected. The coupling is conductive and cou 
pling is varied by a movable tap 83 on the induct 
ance 8. When the coupling is loose as shown, the 
tap is adjacent to the low potential end of the 
inductance 8. In this manner a small primary 
portion 84 is in circuit with the tuned circuit 63 
while the entire winding 8 as a secondary is 
tuned by the condenser 82. A similar circuit 85 
is provided in connection with the tuned signal 
conveying circuit 67, being thereby conductively 
coupled to the grid circuit of the tube 8 in the 
next stage. In a similar manner, a third auxil 
iary circuit indicated at 86 is connected cohduc 
tively, and loosely coupled, with the anode circuit 
of the tube 8 and the signal conveying circuit 
64. In the next succeeding stage input circuit, a 
capacity coupled rejector circuit 88 is provided, 
the variable condenser 87 serving as a variable 
coupling means with the grid circuit 62 of the tube 
9 and the signal conveying circuit 68. 
In connection with the tuned signal conveying 

circuit 69 in the input lead of the tube 20, mag 
netic coupling is provided for an auxiliary or re 
jector circuit 89, through the inductance wind 
ing 90 thereof, which is coupled, as indicated, 
to the secondary of the transformer connected 
in the tuned circuit 69. Coupling may also be 
made with the primary winding in the circuit 65 
as indicated by the dotted arrow connection. 
A second capacity coupled auxiliary or rejector 

circuit is indicated at 9 in connection with the 
output circuit of the tube 20 and is variably 
coupled therewith through a variable condenser 
92. A second rejector circuit 93 is also loosely 
coupled conductively with the output or anode 

2,104,745 
circuit of the tube 20, in association with the 
tuned signal conveying circuit 66. 
The circuits 65 and 69, taken by way of ex 

ample, constitute a normal picture intermediate 
transformer with sufficient loss, added at 26 in 
the form of a resistor, or provided in any other 
suitable manner, to broaden its characteristic. 
A typical response curve of such a stage is shown 
by the curve 27 of Fig. 6. The circuit 89 loosely 
magnetically coupled to the circuit 69 is an ex 
ample of a low loss rejector inductively coupled 
to the Secondary of the transformer and tuned 
below the ?amplifier band, and the characteristic 
curve as taken across the circuit 69 is shown by 
the curve 45 of Fig. 5. Thus the selectivity of 
the low frequency Side of the characteristic is 
greatly increased. The voltage response charac 
teristic of the rejector or auxiliary circuit 89, and 
also the rejector circuit 36, is indicated by the 
curve 46. The characteristic curve taken across 
the circuit 30 may also be represented by the 
curve 45 in Fig. 5. The energy which is taken 
from the sound characteristic and causes the 
sharp dip OO in the curve is permitted to circu 
late in the circuit 36 and this response may be 
made to correspond to the frequency of the 
sound carrier by proper Spacing of the sound and 
picture carriers. Therefore, sound carrier volt 
age appears across the circuit 36 and is utilized 
in the grid circuit of the first intermediate fre 
quency amplifier tube of the sound system. It 
is apparent from an inspection of the response 
curve that the band width and gain represented 
thereby is such that one less stage in the Sound 
intermediate frequency amplifier may be used 
to obtain a desired over-all gain. 
The curves in Fig. 5 may also be taken to show 

rejection by means of conductively coupled trap 
circuits 85 and 86 in a single stage, the charac 
teristic of which without rejector circuits, is 
similar to the curve 27 of Fig. 6. The trap may 
be adjusted for maximum rejection at any dis 
tance from the center of resonance of the trans 
former 24 and on either the high or low fre 
quency side thereof. The amount of rejection 
(ratio of maximum transformer response to the 
response at the point of rejection) and the band 
width of the transformer characteristic increases 
as the trap is tuned further from the trans 
former resonant frequency if the rejector cou 
pling remains constant. It is, therefore, evident 
also that the auxiliary or rejector circuit may be 
placed in either the primary or the secondary 
circuit of the transformer through which the 
main signal is passed. 

O 

5 

40 

45 

50 

55 
Referring now to the curves shown in Fig. 6, .. 

the curves 0, 02 and 03 show rejection (arbi 
trarily at 11.15 megacycles) for various degrees 
of coupling of the trap circuit with the main or 
signal conveying circuit, as by variation of the 
conderaser value at 92 in connection with the 
circuit 9, and the condenser 87 in connection 
with the circuit 88. It will be noted from the 
curves that as the coupling with the auxiliary 
circuit is increased from a condition without 
coupling, represented by the curve 27, to a con 
dition with tight coupling, represented by the 
curve f3, the higher the degree of coupling the 
lower the amount of rejection and the Smaller 
the band width of the transformer character 
istic measured from the center of the transformer 
response to a point on the curve in the region 
of 05. 
While rejection has been shown in connection 

with the high frequency side of the amplifier re 
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Further referring to Fig. 1a, the high loss trap. sponse characteristic, the response on the lower 

frequency side may also be reduced as is indi 
Cated in connection with the curve shown in 
Fig. 7, which also serves, along with the curves 
in Fig. 6 above noted, to show the desirability of 
loose coupling throughout a plurality of ampli 
fier stages rather. than tight coupling in one 
stage to reject the undesired frequency response. 
The response curve shown in Fig. 7 may be 

taken as representing the response curves of the 
rejector circuits 80 and 86, for example, and ill 
lustrates the advantages to be gained by using 
loose coupling over tight coupling. In taking 
these curves the circuits were adjusted to give 
the same amount of rejection in each case so 
that the steepness of each curve can be com 
pared in both cases. The curve 06 in this figure 
is an over-all characteristic of two amplifier 
stages such as the stages including the tubes 
and without rejectors or auxiliary circuits. 
"The curve O shows the over-all response of the 
same two stages by a tightly coupled trap placed 
in one stage as by moving. the tap 83 upwardly 

55 

until it includes all of the coll 8 f. Tight coupling 
may also be accomplished in a single stage by in 
creasing the capacity of coupling capacitcr 8, 
for example, in the case of the trap circuit 88. 
The curveios shows the response characteris 

tic of two loosely coupled rejector or auxiliary 
circuits placed in each of two stages as the cir 
cuits 80 and 86, for example, and adjusted for 
the same amount of rejection. The two Over-all 
characteristics, shown by the curves O7 and 08, 
may directly be compared, and the increased 
band width for a given selectivity of the curve 

clearly indicates its superiority. 
The curve OT representing a condition where 

in the trap is tightly coupled, indicates that the 
band width at 90 percent is restricted and that 
the sides of the curve are caused to slope. In 
contrast, curve 08 representing a similar char 
acteristic of a circuit utilizing a trap with the 
same I/c ratio, but more loosely coupled, indi 
cates that the band width of the main charac 
teristic is preserved, while the sides are greatly 
steepened, as is desirable for selectivity. 
The response characteristic indicated at the 

point 9 of the curve 98, usually occurs when 
utilizing a sharply tuned rejector circuit, and 
is caused partly by the circuit tending to func 
tion along the remaining portion of the curve fos 
which exists in that region, and partly by the 
impedance which is reflected from the rejector 
circuit into the transformer, the latter usually 
causes the response at 09 to rise somewhat high 
er than the corresponding portion of the curve 
06. 
When it is desired to eliminate such response 

peak as indicated at f in Fig. 9, it is possible 
to insert another trap in the amplifier and tune 
it to the frequency at if f whereby the response 
is reduced, as indicated in the curve f(2, for 

65 

70 

example. 
Referring further to the Fig. 9, the curve f3 

having the peak at f f is the over-all character 
istic of two stages with the rejection or auxiliary 
circuit in connection with one stage such as the 
rejector circuit 80, Fig. 1, in connection with the 
output circuit 63 of the tube 7. The curve 2 
is the same with the addition of a high loss trap 
in the second stage tuned to the frequency at 
l?. The maximum response in the region f f 
is thereby reduced by two to one and the addition 
of "f stages, as shown in the diagram, Fig. 

75 'la, further reduces this response, 

5 

in the second stage may be considered as the trap 
circuit 86 in conjunction with the tube 8, and 
the loss is induced by a suitable means such as 
the variable resistor 94, to broaden the response 
characteristic, although it should be understood 
that the auxiliary circuits normally are sharply 
tuned and loosely coupled to fixed and broadly 
tuned transformer coupled circuits. 

Referring to Fig. 8, the curves further illus 
trate how the width of the rejection band may 
be varied by introducing loss into the trap. The 
curve f, for a coil wound with copper wire, has 
a band of rejected frequencies as indicated by 
the length of the broken line if a. The curve 

5 taken with a trap identical to the one used 
for curve if except the coil being wound with 
resistance wire having a resistance of 4.5 ohms 
per foot has a broader rejection band as indi 
cated by the length broken line 5a. The added 
loss decreases rejection, decreases the amplitude 
of response at a peak resonance point, indicated 
at 6 on the curve T (in approximately the 
same ratio as rejection is decreased (and broad 
ens the band of rejected signals at the maximum 
rejection point which, in the curve shown, occurs 
at Substantially 8.9 megacycles. 

Referring again to the curve shown in Fig. 9, 
the curve f2 illustrates the response character 
istic of a circuit which includes a trap wound 
with 10.5 ohms per foot resistance wire in the 
Second stage, the resistance being indicated at 94 
in dotted lines, in Fig. 1a, and the curve f3 by 
comparison illustrates the characteristic of a cir 
cuit which includes a copper winding in the 
trap circuit 80 with no trap in the second stage 
following. 
The response curve indicated at 20 in Fig. 10, 

to the main interstage transformer circuits. In 
the present example, this curve may be taken 
as indicating the characteristic of a trap or re 
jector circuit in Fig. 1a, such as circuit 89, cou 
pled as indicated by the dotted arrow and the ful 
line arrow. The circuit may be coupled magnet 
ically to the secondary as shown, or alternatively 
to the primary winding of the transformer 24 
which is connected between the tuned circuits 
65 and 69. The magnetic type of coupling is 
Suitable when the trap circuit includes an in 
ductance adapted to be coupled magnetically with 
one of the interstage transformer windings. 

It should be noted that rejection with any of 
the types of trap or rejector circuits hereinbe 
fore described may be adjusted to a frequency 
on either side or both sides of the frequency 
band covered by the main amplifier channel, for 
the purpose of attenuating adjacent channel sig 
nals, such as the sound signals in conjunction 
With a picture amplifier, and, at the same time, 
to increase the selectivity on either or both sides 
of the main amplifier band. 
The response on either side of the rejection 

frequency, in the case of the curve 20 shown in 
Fig. 10 is of relatively high amplitude as indi 
cated on the lower frequency side at 2, and 
the voltage in the trap circuit may be utilized 
to feed a separate amplifier under certain con 
ditions as for example as described in connection 
With the circuit 36, Fig. 1, and the amplifier f5. 

In the case that both sides. of the frequency 
signal band to be covered by the main amplifier 
are attenuated by suitable rejector circuits, a 
Symmetrical and improved straight sided re 
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sponse curve may result, as shown in Figs. 
and 12, for example, 

Rejection by two successive trap circuits in the 
same or in two successive amplifier stages may 
briefly be considered. The effect upon the ser . 
lectivity of the main amplifier channel, of re 
jection in two stages, wherein a rejector circuit 
is coupled to one of the transformer circuits in 
one stage and a second rejector circuit is coul 
pled to a transformer circuit in a following or 
second stage, is indicated by the curve 25 in 
Fig. 11. The rejection on either side of the 10% 
megacycle frequency band is indicated by the 
curves at 26 and 2 for loosely coupled traps, 
such as the trap circuits shown in Fig. 1a at 88 
and 93, for example, or the trap circuits 89 and 
9, the trap circuit 89 being then coupled to the 
primary winding in the tuned circuit 65. 

It will be noted that the response on either side 
of the rejection points 26 and 2 is relatively 
lower than is the case where double rejection is 
provided in one stage. This will be seen by re 
ferring to Fig. 12 wherein a curve 28 indicates 
the response of two circuits such as the rejector 
circuits 9 and 93 in one stage, as compared with 
the curve shown in Fig. 1. 

In Fig. 12, the rejection of signals in adjacent 
higher and lower frequency channels is obtained 
by utilizing loosely coupled trap circuits, of the 
type shown in Fig. 1a, the trap circuit 9 being 
capacity coupled while the trap circuit 93 is con 
ductively coupled to the output anode circuit of 
the tube 20 in association with the main channel 
tuned circuit 66. The trap circuit 9 is tuned 
to a frequency about the main channel band for 
high frequency rejection-in accordance with the 
curve 02 in Fig. 6 while the trap circuit 93 is 
tuned to a frequency below the frequency band 
of the main amplifier for low frequency rejection 
after the manner of the curve 45 in Fig. 5. The 
curve 28 thus indicates the effect of a capacity 
and conductively coupled trap combined in one 
stage for rejection at any distance from the 
transformer resonance frequency. The effect of 
high loss traps in addition, as indicated by the 
curve 2 in Fig. 9, may be applied in the foll 
lowing stages, as is found to be necessary to 
smooth or reduce the undesired response peaks 
indicated at 29 and 30 on either side of the 
rejection frequency. 

Referring now to Fig. 2, wherein like reference 
numerals, as used in Fig. 1, refer to like parts, 
it will be seen that the amplifier 6 may be ar 
ranged to include trap or rejector circuits in 
circuit with certain of the electrodes of the am 
plifier tubes other than the electrodes connected 
with signal conveying circuits as in Figs. 1 
and 1a. By way of example, a loosely coupled 
trap circuit f4 may be provided in circuit with 
the screen grid 4 of the tube f, in this case 
being connected in the supply lead 4 between the 
screen grid and the filter 75, 76. The trap or 
rejector circuit is similar to the trap circuits pro 
vided in connection with the amplifier 6 of Figs. 
1 and 1a, and is conductively coupled. 
Tuned trap circuits may be provided in connec 

tion with various other electrodes of certain types 
of amplifier tubes such as screen grid tubes, for 
filtering the interfering signal, such as the sound 
channel frequency in the present amplifier. By 
Way of example, it will be noted that in circuit 
between the signal circuits B7 and 64, a tube 142 
is provided with a dode plate electrode 48 in 
association with the cathode 44. The tube func 

2,164745 
tions otherwise as an amplifier in the circuit 
shown. . 

The trap circuit function is provided by a tuned 
trap circuit 45 connected in circuit between the 
diode plate 43 and the cathode 44. The trap 
circuit is loosely coupled by means of a variable 
contact 46 on the inductance 47. Similar loose 
coupling is provided in the trap circuit 4 

- through a variable contact 48. The trap circuits 
shown are tuned to the frequency to be rejected, 
and may thus be located in any suitable electrode 
circuit provided in connection with tubes en 
ployed as amplifiers in the main signal channel. 
In connection with the amplifier tube 42, the 

tuned diode rectifier circuit provided by the plate 
43 and the cathode 44, together with the trap 

circuit 45 is coupled to the signal circuit through 
electron coupling, since the cathode 44 is com 
mon to the amplifier elements of the tube which 
are in the signal channel. 

It should be understood that the electron cou 
pling provided between the diode anode 43 and 
the cathode 44 results from the fact that the two 
electrodes are associated with the electronic 
stream of the amplifier device 42, which is con 
nected with the input circuit 67 and the output 
circuit 64. It is thought that this coupling may 
result from a capacity relation between the anode 
43 and the other electrodes in the device 42. 
A device of the character shown may be provided 
by any Suitable electric discharge amplifier device 
having a diode anode arranged to rectify in con 
nection with the cathode and be associated with 
the electronic stream of the device. For example, 
the device 42 may be of the type represented by 
the RCA 637 or the RCA 55 tube. 
In the case of the tube , the screen grid 4 

, is raised to a high intermediate frequency poten 
tial by the insertion of the trap circuit 4 and 
therefore serves to control the electron stream in 
the tube 7. It will be apparent that other similar 
grid electrodes may be employed for a similar pur 
pose, such as suppressor grids, for example, and 
that the circuits of Fig. 2 are particularly adapt 
able to amplifiers wherein the signal conveying 
circuits are preferably operable at more nearly 
ground potential. However, the inductive coul 
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pling circuit of Fig. ia as shown at 89 may be 
used in such cases. 

It will also be apparent that other amplifier 
tubes in the intermediate frequency amplifier may 
be similarly provided with rejector circuits in con 
nection with grid and other electrodes for im 
proving the selectivity. of the amplifier and for 
attenuating adjacent channel signal interference. 
The use of a rejector circuit in connection with 

a tube electrode associated with but not in the 
direct electron stream of the tube, has the ad 
vantage that all of the main electrodes may be 
Operated in a normal manner and without rais 
ing the signal conveying circuits above ground 
potential. Furthermore, it will be noted that in 
the modification of the trap or rejector circuits 
shown in connection with the amplifier 6 in Fig. 
2, the said rejector circuits are connected in cir 
cuit with electrodes of the amplifier tubes which 
are not connected with signal conveying circuits. 
This has the advantage, as hereinbefore stated, 
that the signal conveying circuits may be op 
erated more nearly at ground potential. 
From the foregoing description it will be seen 

that in a superheterodyne receiver adapted for 
receiving signals in two or more adjacent chan 
nels, one of the channels occupying a relatively 
wide frequency band with respect to the other 

65 

65 

s 



10 

15 

20 

25 

30 

35 

40 

50 

3 5 

2,164,745 
or others, the selectivity of the wide band chani- frequency band, and a sound signal amplifier 
nel may be maintained at Substantially a maxi 
mum degree, while still retaining its band wide 
at substantially 90% peak through the use of low 
loSS rejector circuits or auxiliary circuits loosely 
coupled to broadly tuned or high loss main chan 
nel transformer circuits. 
The auxiliary or rejector circuits serve to at 

tenuate signals in a relatively narrow band of fre 
quency within the normal frequency coverage or 
adjacent to the normal relatively wide frequency 
band of signals passed by the main amplifier 
channel, and in the case of sound and picture fre 
quency carriers or intermediate frequency sig 
nals, the lattel' are spaced to provide response in 
the trap or rejector circuits at the same fre 
quency as the sound carrier or intermediate fre 
quency thereby to eliminate interference from 
the Sound signals and, if within the scope of fre 
quency coverage of the main interstage trans 
formers, the attenuated signals serve to increase 
the Selectivity of the main amplifier channel. 
A System embodying the invention is therefore 

leadily adapted to plural channel amplifiers in 
which the frequency band to be rejected is rela 
tively narrow with respect to the frequency band 
to be passed by one of the intermediate frequency 
or the main intermediate frequency amplifier 
channels. 
The combination of a plurality of successive 

amplifier stages, each stage being broadly tuned 
and the number of stages being increased to ob 
tain a desired overall voltage gain and flat top re 
Sponse, is of advantage in providing a suitable 
number of successive amplifier stages to which a 
plurality of absorption or trap circuits may read 
ily be coupled as desired. Advantage may then 
be taken of loose coupling in each stage with a 
relatively large number of trap circuits to obtain 
improved selectivity and a reduction of adjacent 
channel interference, while retaining the desired 
Over-all amplifier response as has been pointed 
out. 

It should be understood that the trap circuits. 
and amplifier circuits shown are illustrated only 
by Way of example as indicating circuits which 
are at present preferred and that other circuits 
may be provided and arranged in accordance 
With the invention to obtain similar results. 

claim as my invention: 
1. A superheterodyne receiver adapted to re 

ceive a relatively wide frequency band of picture 
Signals and a relatively narrow frequency band of 
Sound signals in immediately adjacent channels, 
including in combination, means for receiving 
Said combined Sound and picture signals includ 
ing a detector device having an output circuit 
broadly responsive to said sound and picture sig 
nals, an intermediate frequency picture signal 
amplifier coupled to said output circuit and com 
prising a plurality of electric discharge amplifier 
stages having tuned input, and output circuits, 
each stage being individually broad in frequency 
response, means providing a plurality of trap cir 

70 

5 

cuits loosely coupled to a plurality of said tuned 
circuits and being individually tuned to respond 
to the sound signal frequency band, whereby the 
overall response characteristic of the picture sig 
nal amplifier may be represented by a selectivity 
curve having steep sides and whereby the pic 
ture signal band and the sound signal band may 
Occupy a minimum Overall frequency band, a 
tuned trap circuit coupled to the input circuit of 
the picture signal amplifier and to the detector 
output circuit responsive to the sound signal . 

7 

connected therewith to receive the sound signal 
voltage developed therein - 

2. In a superheterodyne receiver, an interme 
diate frequency amplifier adapted to amplify sig 
nals in a relatively wide frequency band, a sec 
Ond intermediate frequency amplifier adapted to 
amplify signals in a relatively narrow and imme 
diately adjacent frequency band, the successive 
stages of the first named amplifier being supplied 
with signals through intermediate frequency 
transformers, a plurality of tuned trap circuits 
loosely coupled to said transformers, said trap 
circuits being tuned to the frequency response 
band of said second amplifier to attenuate the 
signals in said narrow band progressively in the 
Stage of said first amplifier, and means for uti 
lizing one of said trap circuits to Supply signals 
to said second amplifier. 

3. In a superheterodyne receiver, the combi 
nation of means providing at least two signal 
conveying channels, one of said channels com 
prising a plurality of electric discharge ampli 
fier tubes and interstage transformer means con 
necting said tubes in cascade relation to each 
other, means for tuning said transformers to a 
relatively wide frequency band of response, a plu 
rality of auxiliary tuned circuits loosely coupled 
to certain of the tuned circuits in a plurality of 
the successive stages, said loosely coupled circuits 
being tuned to a relatively narrow frequency 
band lying immediately adjacent to said first 
named frequency band and outside thereof to 
attenuate signals in said narrow frequency band 
progressively in each of said stages, and means 
connecting the input circuit of the other of said 
channels to one of said auxiliary circuits to sup 
ply signals thereto Within said relatively narrow 
frequency band. 

4. In an intermediate frequency amplifier hav 
ing a plurality of electric discharge amplifier de 
vices, the combination of interstage coupling 
means therefor providing a series of tuned cir 
cuits, each broadly responsive to a fixed fre 
quency band, one of said electric discharge am 
plifier devices having a cathode associated with 
the amplifier electrodes therein and having an 
auxiliary diode plate associated with the cath 
Ode and the electronic stream of said device in 
the same envelope, and means providing a tuned 
circuit between said diode plate and cathode for 
attenuating signals in adjacent channels with re 
Spect to the band of signal frequencies to which 
the amplifier is responsive. 

5. In a television receiver, the combination of a 
Single sound signal and picture signal detector 
having an output circuit, an intermediate fre 
quency amplifier comprising two separate ampli 
fier channels tuned to operate at immediately ad 
jacent and Widely differing frequency band 
widths for the Sound and picture signal, means 
providing relatively high loss tuned interstage 
coupling circuits in the picture signal amplifier 
channel, means providing a plurality of relatively 
low loss rejector circuits loosely coupled to a plu 
rality of Said interstage coupling circuits and 
tuned to the frequency band of the sound signal, 
and a tuned trap circuit for sound signals provid 
ing a coupling means between the detector out 
put circuit and the input circuit of the sound sig 
nal amplifier channel, 

6. In a superheterodyne receiver for television 
signals comprising sound signals in a relatively 
narrow frequency band and picture signals in an 
adjacent relatively wide frequency band, the com 
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B 2,164,745 
bination of a sound signal intermediate frequency 
amplifier system and a picture signal interme 
diate frequency amplifier system including a 
series of interstage coupling transformers, said 
picture signal amplifier being relatively broadly 
tuned, and a plurality of rejector circuits rela 
tively sharply tuned to the sound carrier fre 
quency and loosely coupled to the input and suc 
cessive transformer circuits to attenuate the 
sound carrier frequency, progressively and to a 
relatively low degree in each stage to provide a 
desired substantially full overall attenuation. 

7. In a superheterodyne receiver for television 
signals, the combination of a sound signal inter 
mediate frequency amplifier system and a picture 
signal intermediate frequency amplifler system 
including a series of interstage coupling trans 
formers, a plurality of rejector circuits tuned to 
the sound carrier frequency and loosely coupled to 
the input and successive transformer circuits to 
attenuate signals at the sound carrier frequency 
progressively in successive stages of said picture 
amplifier, and means for utilizing the voltage at 
the frequency of the sound carrier in one of said 
rejector circuits for supplying Sound signals to the 
sound amplifier channel. 

8. A superheterodyne radio receiving system for 
television signals, comprising receiver means 
broadly tunable to the sound and picture 
carrier waves, oscillator means associated there 
with and tunable to produce in the output circuit 
of the receiver means an intermediate frequency 
sound signal and an intermediate frequency pic 
ture signal in adjacent frequency channels, the 
picture intermediate frequency band being rela 
tively wide with respect to the Sound intermediate 
frequency band, a sound signal intermediate fre 
quency amplifier, a picture signal intermediate 
frequency amplifier, means for Supplying Sound 
intermediate frequency signals to the Sound Sig 
nal intermediate frequency amplifier including a 
tuned trap circuit coupled to the receiver output 
circuit, said trap circuit being tuned to the Sound 
signal intermediate frequency, and a plurality 
of rejector circuits tuned to the sound signal in 
termediate frequency and loosely coupled to the 
picture signal amplifier System to attenuate sig 
nals at the sound carrier frequency in a plurality 
of stages therein and to increase the selectivity of 
the picture signal intermediate frequency 
amplifier. 

9. In a television receiver an intermediate fre 
quency picture signal amplifier, comprising a 
plurality of electric discharge amplifier devices 
and tuned transformer means interConnecting 
said devices to provide a series of amplifier stages, 
means for causing the frequency response charac 

teristic of the individual stages of said amplifier 
to be relatively broad whereby the amplifier pro 
vides increased fidelity of response, and a series 
of sharply tuned rejector circuits loosely coupled 
to certain of Said stages for increasing progres 
sively and by a small degree in each stage, the 
Overall selectivity of said amplifier while main 
taining the overall fidelity. 

10. In a television receiver, an intermediate 
frequency picture signal amplifier including a plu 
Itality of electric discharge amplifier devices and 
tuned interstage coupling transformers therefor 
providing successive amplifier stages tuned to a 
relatively wide picture frequency band, means 
providing a plurality of rejector circuits loosely 
coupled to the transformer circuits and tuned to 
a fixed relatively narrow frequency band adja 
cent to the frequency band to which the amplifier 
is tuned, and means for varying the coupling of at 
least one of said rejector circuits. 

11. In a television receiver, an intermediate 
frequency picture signal amplifier having a plu 
rality of stages, a plurality of auxiliary rejector 
circuits more sharply tuned than the amplifier 
circuits and responsive to an adjacent channel 
frequency of relatively narrow band with respect 
to the frequency response band of the amplifier, 
said rejector circuits being loosely coupled to the 
signal conveying circuits of the amplifier in a 
plurality of stages, said rejector circuit frequency 
band further being substantially in overlapping 
relation to the frequency response band of the 
amplifier, and the coupling thereof being such 
that the narrow band frequency signals are at 
tenuated to a relatively small degree in each stage, 
While the frequency response characteristic of the 
amplifier is relatively broad in addition to being 
wide With respect to said narrow band channel, 
whereby an Overall frequency response for the 
amplifier having high fidelity and steep sides is 
provided. 

12. In an intermediate frequency amplifier, the 
combination of an electric discharge amplifier 
device having input electrodes, output electrodes 
and an auxiliary electrode, tuned signal conveying 
circuits connected with Said input electrodes and 
Said output electrodes, respectively, said signal 
conveying circuits being tuned to a fixed relatively 
wide frequency band, and a second tuned circuit 
connected with said auxiliary electrode of said 
device, said auxiliary electrode lying outside of 
but associated with the electron stream of said 
device, said second tuned circuit being responsive 
to signals in a relatively narrow frequency band 
outside of and adjacent to Said first-named band 
of frequencies. 

CARROLL.D. KENNER. 
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