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This invention relates to amplifying ar 
rangements and more particularly to an 
amplifying arrangement provided with 
multiple feed-back connections. 
In accordance with the present invention, 

the same amplifying tube may be used for 
reamplifying the same signal a number of 
times by passing the energy to be amplified 

E. tube successively each time at a 
different frequency. The invention in one 
of its aspects contemplates employing the 
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tube not only for amplifying the translated 
frequencies but also for producing a trans 
lation in the frequency of the energy each 
time it is fed back to the input side of the 
tube. This frequency translation may be 
accomplished by arranging the tube to act 
as a modulator and supplying to its circuit 
a beating frequency in a manner well known 
in the art. As a still further refinement, the 
tube may in some instances be arranged to 
oscillate at a definite frequency thereby 
supplying its own beating frequency, so 
that in effect the same tube combines the 
functions of amplification, modulation and 
generation of the modulating frequency. 
While the present invention is applicable to 
any situation in which signals are trans 
lated in frequency either during transmis 
sion or reception, it is illustrated as being 
applied to a radio receiving system in which 

modulated radio frequencies are stepped 
down to audible signals by a plurality of 
steps. 
The invention may now be more fully 

understood by reference to the following 
description when read in connection with 
the accompanying drawing, Figure 1 of 
which illustrates schematically a circuit ar 
rangement embodying one form of the in 
vention, Fig. 2 of which is a chart showing 
the frequency relations involved in the cir 
cuit, and Fig. 3 of which is a schematic 
diagram illustrating another embodiment 
of the invention. '. 

Referring to Fig. 1, RA designates a re 
ceiving antenna connected through a filter 
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some desired beating frequency as f. 
Source O may, for example, be a vacuum 

A to the input circuit of a vacuum tube M, 
said vacuum tube being arranged to operate, 
both as an amplifier and a modulator. In 
connection with its modulating function, the 
tube M is supplied from a source O with 

The 

tube oscillator of well known type generat 
". fundamental frequency f. 

he output circuit of the modulator M, 
is connected to an outgoing circuit 21 which 
is connected through filters AAA, and As to an incoming circuit 22 leading to the 
input side of a vacuum tube device M. 
The vacuum tube M, may likewise bead 
justed to operate both as a modulator and as 
an amplifier, and in connection with its 
former function has itsinput circuit connect 
ed through a tuned circuit to the oscillator 
O. As is well known, a vacuum tube type of 
oscillator normally generates a secon 
monic of its fundamental frequency in addi 
tion to the fundamental, and it is frequently 
necessary to take considerable pains in order 

har-, 

70 

to eliminate said harmonic when it is un 
desired. In the present instance advantage 
is taken of the fact that the oscillator 
generates the second harmonic, and accord 
ingly the input circuit of the modulator M, 
is tuned to the frequency 2f Consequently 
the vacuum tube M, acting as a modulator is 
Supplied with a beating frequency twice as 
great as the beating frequency supplied to 
the modulator M. 
The output circuit of the tube M, is con 

nected to the outgoing circuit 23 which is 
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connected through the filters B, B, and B, 
to the incoming circuit 24 leading to the 
input side of the vacuum tube M. The cir cuit 23 is also provided with a branch 25 
including a suitable filter R and leading to a 
receiving instrument R. . . . 

Further, details of the apparatus may be 
understood from a description of the opera 
tion. For assistance in understanding the 
operation of the circuit, the chart shown in 
Fig. 2 is provided, and definite frequencies 
have been assigned to the various filters in 
volved. Let us assume that a carrier fre 
quency of 88,000 cycles modulated in ac 
cordance with the voice band extending 
from zero to 2,000 cycles is bein 
by the antenna RA. If both side bands are 
being transmitted, the received band will 
extend from 86,000 cycles to 90,000 cycles, as 
indicated by the cross-hatched block desig 
nated Ain Fig. 2. This band of frequencies, 
upon being impressed upon the modulating 
amplifier i E. with a locally supplied 
frequency of 8,000 cycles to produce sum 
and difference frequencies as well as original 
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frequencies extending from 86,000 to 90,- 
000 cycles. As it is not desired to take ad 
vantage of any frequency translation during 
the first transmission of the energy through 
the modulating amplifier M, the filter A. 
connecting circuits 21 and 22, is designed 
to pass the same range of frequencies as the 
filter A, connecting the receiving antenna 
RA with the modulator. M. Consequently 
the sum and difference frequencies are elim 
inated, and the original frequency band ex 
tending from 86,000 cycles to 90,000 cycles 
is transmitted through the filter A to the in 
put circuit of the modulating amplifier M. 
A beating frequency of 16,000 cycles is 

impressed upon the modulating amplifier 
M, so that sum and difference frequencies 
result. The difference frequency corre sponds to a range of frequencies extending 

20 from 70,000 cycles to 74,000 cycles corre 
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sponding to the section-lined rectangle 
designated B in Fig. 2. The surn frequen 
cies correspond to a range extending from 
102,000 to 106,000 cycles as indicated by the 
lain rectangle directly above the rectangle 
of Fig. 2. As the filter B interconnecting 

circuits 23 and 24 is designed to pass only a 
range from 70,000 to 74,000 cycles, the band 
marked B in Fig. 2 will be passed, and con 
sequently the energy amplified by the devices M, and M, will again be impressed upon the 

in frequency by a further step 

input circuit of the modulating amplifier M. 
translated in frequency by being stepped 
down 16,000 cycles. 
The energy transmitted through the band filter B, upon being impressed upon the 

modulating amplifier M, beats with the 
locally supplied frequency of 8,000 cycles to 
produce a lower side band from 62,000 to 
66,000 cycles and an upper side band ex 
tending from 78,000 to 82,000 cycles. The 
lower band is represented by the rectangle 
A, in Fig. 2, and the upper band is desig 
nated by the plain rectangle immediately 
above the rectangle A. The upper band is 
suppressed by the filter A, while the lower 
band is passed through said filter and in pressed upon the modulating amplifier M. 
The range of frequencies extending from 

62,000 to 66,000 cycles impressed upon the 
modulating amplifier M is stepped down 

of 6,000 
cycles, the stepped down band extending 
from 46,000 to 50,000 cycles being passed 
through the filter B, to the modulating 
amplifier M. Here another step down in 
frequency of 8,000 cycles occurs, so that a 
stepped down band extending from 38,000 
to 42,000 cycles is selected by the filter A, 
and impressed upon the modulating ampli 
fier M. The energy is now amplified and 
stepped down in frequency to a band ex 
tending from 22,000 to 26,000 cycles which 
band is passed through the filter B. and 
impressed upon the modulating amplifier 
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M. The modulating amplifier M, steps 
this band down to a range extending from 
14,000 to 18,000 cycles, the latter band being 
selected by the filter A and impressed upon 
the modulator M. - Recalling that the band of frequencies 
extending from 14,000 to 18,000 cycles cor 
responds to a band of the same width orig 
inally received from the transmitting station 
and that the original band involved two side 
bands and a carrier, it is apparent that the 
band extending from 14,000 cycles to 18,000 
cycles corresponds to an upper and lower side 
band associated with a carrier of 16,000 cycles. 
Consequently when this band is impressed 

70 

75 

upon the modulating amplifier M, the 16- . 
000 cycle frequency locally supplied to the 
modulator beats with the band to detect from 
the two side bands a single signal band ex 
tending from zero to 2,000 cycles. This 
signal band is selected into the circuit 25 . 
from the circuit 23 by the filter R and 
actuates the receiver R. 

If we examine the chart of Fig. 2, it will 
be seen that each of the selected lower side 
bands is represented by a rectangle shown 
in Section lines, while the corresponding side 
band which is suppressed is represented by 
a plain rectangle immediately above the 
rectangle representing the selected land. 
The stepping down in frequency, it will be 
noted, occurs alternately in steps of 8,000 
and 16,000 cwcles. The advantage of step 
ping down by unequal steps resides in the 
fact that if each step should be made equal 
interference would occur between upper side 
bands which it is desired to suppress and 
lower side bands of some preceding step in 
the operation. For example, suppose we 
consider the band B, in Fig. 2 which has 
been stepped down from the band A, by a 
step of 16,000 cycles. If the band B, should 
in turn be stepped down by beating with 
16,000 cycies, the band A would occur 8,000 

le lower in the frequency spectrum, and 
the corresponding upper side band which 
is to be suppressed would lie in the same 
range as the band A. As the band to be 
Suppressed would be inverted with respect 
to the band. A this would produce inter 
ference. 
There is a further advantage in making 

the successive steps unequal in the ratio of 
two to one, for, as will be observed from the 
diagram, this brings two of the upper side 
bands to be suppressed within the same fre 
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quency range. For example, the upper side 
bands corresponding to A, and B, are both 
in the range from 54,000 to 58,000 cycles. 
If the steps were so chosen that these two 
bands did not coincide, it would obviously 
be necessary to increase the distance between 
bands A and B, for example, with the re 
sult that the stepping down of the frequen 
cies would have to take place by larger steps. 30 



1,057,451. 

Consequently, the energy to be amplified arranged to pass a. different frequency, and 
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could not be repassed through the amplify 
ing apparatus as great a number of times 
as might be necessary in a given situation 
where the energy to be amplified is very 
weak. A modified arrangement is illustrated in 
Fig. 3 in which tuned circuits are used in 
stead of band filters and in which the tubes 
M, and M, are arranged to oscillate and 
generate each its own stepped down fre 
quency. For example, the tube M is pro 
vided with a feed-back connection 25 tuned 
to a frequency f, so that the tube generates 
its own beating frequency. Likewise the 
tube M, is provided with a feed-back con 
nection tuned to 2f, so that the tube will generate a beating frequency twice that sup 
plied to the tube M. Each of the tubes M, 
and M, is arranged to operate not only as 
a modulator and an amplifier but also as an 
oscillator. The operation is as follows: Assuming, 
for example, that a frequency band extend 
ing from 86,000 to 90,000 cycles is received 
by the antenna RA and impressed upon the 
tube Minasmuch as the tube is oscillating 
at 8,000 cycles, it will produce in its output 
circuit bands corresponding to the sum and 
difference frequencies and also to the original 
band extending from 86,000 to 90,000 cycles. 
This first amplifying step is not designed to 
produce any frequency translation, conse 
quently the tuned circuit will be tuned to 
select a band of from 86,000 to 90,000 cycles 
and exclude the upper and lower side bands. 
The selected band is impressed upon the tube 
M, which is oscillating at 16,000 cycles. 
Consequently the output circuit of the tube 
will transmit an amplified component cor 
responding to the original band stepped 
down 16,000 cycles. This stepped down am 
plified component will be selected by the 
tuned circuit B and impressed upon the mod 
ulator M, which, by beating it with the 
self-generated frequency of 8,000 cycles will 
step it down 8,000 cycles further. This proc 
ess is continued as in the case of Fig. 1 
until finally an amplified detected band of 
from zero to 2,000 cycles is selected from the 
output of the tube M, and impressed upon 
the receiving device R. It will be obvious that the general prin 
ciples herein disclosed may be embodied in 
other forms widely different from those il 
ustrated without departing from the spirit 
of the invention as defined in the following 
claims. 
What is claimed is: 
1. An amplifying system in which the en 

ergy to be amplified is passed through the 
amplifier successively a number of times, 
comprising an amplifier, a plurality of re 
entrant connections from the output of said 
amplifier to its input, each connection being 

means associated with said amplifier to sup 
ly a beating frequency thereto, said beating 
E. being such as to prod 
in the frequency of the energy, each time it is passed through said amplifier, and each 
change E. to the frequency 
passed by a di 
connections. 2. An amplifying system in which the en 
ergy to be amplified is passed through the 
amplifier successively a number of times, 
comprising an amplifier, a plurality of re 
entrant connections from the output of said 
amplifier to its input, each connection bein 
arranged to pass a different frequency, an 
means associated with said amplifier to sup 
E. a beating frequency thereto, said beating 
requency being such as to modulate the en 
ergy each time it passes therethrough to pro 
duce sum and difference frequencies, one of 
the frequencies thus produced for each trans 
lation corresponding to the frequency passed 
by a different one of said re-entrant connec 
tions. 3. An amplifying system in which the en 

uce a change 
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erent one of said re-entrant 
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ergy, to be amplified is passed through the 
amplifier Successively a number of times, 
comprising an amplifier, a plurality of re 
entrant connections from the output of said amplifier to its input, each connection being 
arranged to pass a different frequency, 
means associated with said amplifier to sup ly a beating frequency thereto, said beating 
requency being such as to modulate the en 
ergy each time it passes therethrough to pro 
duce sum and difference frequencies, one of 
the frequencies thus produced for each trans 
lation corresponding to the frequency passed 
by a different one of said re-entrant connec 
tions, and means associated with each re 
entrant connection to render it selective of 
a different one of the successively produced difference frequencies, thereby successively 
stepping down the energy in the frequency 
spectrum as it is amplified. - 

4. An amplifying system in which the en 
ergy to be amplified is passed through the 
amplifying apparatus successively a number 
of times, comprising a plurality of amplifiers 
each arranged so that its output transmits to 
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the input of the other, the arrangements for 
transmitting from the output of each ampli 
fier to the input of the succeeding amplifier 
each comprising a plurality of re-entrant 
connections, each connection being arranged 
to pass a different frequency, and means as 
sociated with each amplifier to change the 
frequency of the energy each time it passes 
through the amplifier, each change corre 
sponding to the frequency passed by a differ 
ent one of the re-entrant connections associ 
ated with its output circuit. 5. An amplifying system in which the en 
ergy to be amplified is passed through the 
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amplifying apparatus successively a num 
ber of times, comprising a plurality of am. 
plifiers each arra so that its output 
transmits to the input of the other, the ar 
rangements for transmitting from the out 
put of each amplifier to the input of the succeeding amplifier each comprising a plu 
rality of re-entrant connections, each cont nection being arranged to pass, a different 
frequency, and means, associated with each amplifier to supply a beating frequency 
thereto to change the frequency of the en. 
ergy each time it passes through the am 

er, each change corresponding to the 
En passed by a different one of the re 
entrant connections associated with its out put circuit. 
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6. An amplifying system in which the en 
ergy to be amplified is passed through the 
amplifying apparatus successively a number 
of times, comprising a plurality of ampli 
fiers each arranged so that its output trans 
mits to the input of the other, the arrange 
ments for transmitting from the output of 
each amplifier to the input of the succeeding 
amplifier each first a plurality of re 
entrant connections, each connection bein 
arranged to pass a different frequency, an 
means associated with each amplifier to 
change the g of the energy each 
time it passes through the amplifier, each 
change corresponding to the frequency 
passed by a different one cf. the re-entrant 
connections associated with its output cir 
cuit, and the change in E. produced by each amplifier being different from that produced by the other. 
7. An amplifying system in which the en 

ergy to be amplified is passed through the 
amplifying apparatus successively a number 
of times, comprising a plurality of ampli 
fiers each arranged so that its output trans 
mits to the input of the other, the arrange 
ments for transmitting from the output of 

S 

entrant connections, eac 
eachamplifier to the input of the succeeding amplifier each comprising a plurality of re 

connection bein 
arranged to pass a different frequency, an 
means associated with each 6 Sup 
ply a beating frequency thereto to change 
the g of the energy each time it passes through the amplifier, each change 
corresponding to the frequency passed by a 
different one of the re-entrant connections 

iated with its output i. d She 
CA 1808, CWO OCC each ampll A"ESAE E. that E. by 
the lifyin in which th 8. amplifyi stem in which the en 
ergy to be EEE passed through the 
amplifier successively, a number of times, comprising an amplifier, a plurality of re 
entrant connections from the output of said 
amplifier to its input, each connection being 
arranged to pass a different frequency, and 
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means comprising a feedback coupling as sociated with said amplifier, said feedback coupling being so adjusted and proportioned 
S E. E. EE frequency for the amplifier, said beating frequency being such 

as to produce a change in the frequency of 
the energy each time it is passed through said amplifier, and each change correspond 
ing to the frequency passed by a different 
one of said re-entrant connections. 

9. An amplifying system in which the en ergy to be amplified is passed through the 
amplifier successively a number of times, comprising an amplifier, a plurality of re 
entrant connections from the output of said 
amplifier to its input, each connection big 
arranged to pass a different frequency, an 
means comprising a feed-back coupling as 
sociated with said amplifier, said feed-back coupling being so adjusted and proportioned 
as to produce a beating frequency for the 
amplifier, said beating uency being 
such as to modulate the energy each time it 

therethrough to produce sum and dif 
erence frequencies, one of the frequencies 
thus produced for each translation corre sponding to the frequency passed by a differ 
ent one of said re-entrant connections. 

10. An amplifying system in which the en 
energy to be amplified is passed through the 
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amplifier successively, a number of times, comprising an amplifier, a plurality of re 
entrant connections from the output of said 
amplifier to its input, each connection being 
arranged to pass a different frequency, 
means comprising a feed-back coupling as 
sociated with said amplifier, said feed-back coupling being so adjusted and proportioned 
as to produce a beating frequency for the 
amplifier, said beating frequency being such as to modulate the energy each time it passes 
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therethrough to produce sum and difference frequencies, one of the frequencies thus pro 
duced for each translation correspondi 
to the frequency passed by a different s 
said re-entrant connections, and means as 
sociated with each re-entrant connection to 
render it selective of a different one of the 
successively produced difference frequencies, 
thereby successively stepping down the en 
ergy in the frequency spectrum as it is am plified. 

11. An "Eg system in which the en ergy to be amplified is passed through the 
amplifying apparatus successively a number 
of times, comprising a plurality of ampli 
fiers each arranged so that its output trans 
mits to the input of the other, the arrange 
ments for transmitting from the output of 
each amplifier to the input of the succeeding 
amplifier each comprising a plurality of re 
entrant connections, each connection bein 
arranged to pass a different frequency, an 
means comprising a feed-back coupling as 
Sociated with each amplifier, each feed-back 
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coupling being so adjusted and proportioned 
as to produce a beating frequency for the 
corresponding amplifier to change the fre 
uency of the energy each time it passes 

through the amplifier, each change corre 
sponding to the frequency passed by a differ 

O 
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ent one of the re-entrant connections associ 
ated with its output circuit. a 

12. An amplifying system in which the 
energy to be amplified is passed through the 
amplifying apparatus successively a number 
of times, comprising a plurality of ampli 
fiers each arranged so that its output trans 
mits to the input of the other, the arrange 
ments for transmitting from the output of 
each amplifier, to the input of the succeed ing amplifier each comprising a plurality of 
re-entrant connections, each connections be 

ES arranged to pass a different frequency, 
and means comprising a feed-back couplin 
associated with each amplifier, each feed back coupling being so adjusted and propor 
tioned as to produce a beating frequency for 
the corresponding amplifier to change the 
frequency of the energy each time it passes SS 
through the amplifier, each change corre 
sponding to the frequency passed by a differ 
ent one of the re-entrant connections, asso 
ciated with its output circuit, and the change 
in frequency produced by each, amplifier be 
ing different from that produced by the 
other. 

In testimony whereof, I have signed my 
name to this specification this 14th day of 

HERMAN A. AFFEL. May, 1923. 
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