Feb. 26, 1924. | 1,484,967
. ‘ J.C.SCHEFLENG

AMPLIFYING SYSTEM

Filed Dec. 24, 1920

> Grid errf

29
/s 37 Sl Undamesial wave
2/\\ .

1]
ﬁ'rsf‘iﬂrmom’c‘?ﬂa ve

e\ /\ j<

//7:/6/7/0/1'
John C.Schellerng.

Y @5‘%“7“‘"47&.



Patented Feb. 26, 1924.

UNITED STATES

1,484,967
PATENT OFFICE.

JOHN C: SCHELLENG, OF EAST ORANGE, NEW JERSEY, ASSIGNOR TO WESTERN ELEC-
TRIC COMPANY. INCORPORATED, OF NEW YORK, N. Y., A CORPORATION OF NEW

YORK.

AMPLIFYING SYSTEM.

Application flled December 24, 1920. Serial No. 432,905.

To all whom it may concern.:

Be it known that I, Jou~ C. ScHELLENG, &
citizen of the United States, residing at East
Orange, in the county of Essex, State of

s New Jersey, have invented certain new and

useful Improvements in an Amplifying Sys-

tem, of which the following is-a full, clear,
concise, and exact description.
This invention relates to electric wave
to amplifying systems, and more particularly
to systems of amplifying ‘or generating
waves in which the magnitude of theamplified
or generated waves is determined by varia-
tions in the internal impedance, or resist-
18 ance of the amplifying device.
~ One object of the invention is to amplif
or generate electrical oscillations at hig
efficiency. \
Another object is to reduce energy losses
.20 occurring in the amplifying system due to
amplified energy flowing therethrough.
Another object is to utilize a single three-
' electrode thermionic tube, with the mini-
mum number of connected elements, to am-
28 plify or generate waves of a desired fre-
uency with a minimum loss of energy in
the tube. ' : '

One of the requirements for a high effi-

ciency vacuum tube amplifier is that the
30 greater portion of the space current should

" flow in a time 2t such that coslz,—r—ﬂ does not

differ greatly from unity, where T repre-
sents the period of the wave to be produced
-in the output circuit, or in other words, this
space current should flow in a time which is
very small as compared to the time of one
cycle of the output wave. :
According to the presentinvention, a sys-
tem is provided in which the space current
will flow in accordance with the above de-
scribed relation, this result being accom-
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plished by combining with the fundamental

wave, a first harmonic wave, in such phase
relation that the maximum positive poten-
tial of the given wave coincides in phase
with a maximum positive potential of the
first harmonic wave. . The amplitude of the
first harmonic wave is preferably less than
that of the fundamental wave, and may be
"chosen to have approximately one-quar-
ter the amplitude of the fundamental
wave. The resultant wave of potential pro-
duced by this combination has a much
sharper peak than a single sine wave of
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fundamental frequency having an equiva-
lent effective value. It has been found that
by applying this resultant wave to the con-
trol circuit of a thermionic amplifier, waves
in amplified form are produced in the out-
put circuit of the amplifier much more effi-
ciently than if a sine wave of the frequency
to be amplified and of equivalent effective
value to that of the resuitant wave pre-
viously mentioned, were alone applied to the
control -circuit.

Other objects and features of the inven-
tion will be apparent from the more de-
tailed description. '

Referring to the drawings: Fig. 1 is a
diagram of an amplifier circuit utilizing the
principle of this invention;

Fig. 2 illustrates the application of the in-
vention to a regenerative amplifier, or oscil-
lator; :

Fig. 8 is a diagram showing the form of
waves impressed upon the control circuit of
the amplifier, or oscillator.

In Fig. 1, the thermionic tube 1 contains =
a cathode 2, anode 3, and the control elec- 80
trode or grid 4. - Between the cathode 2 and
the anodé 3 is connected the anode circuit 5
which includes in series therewith primary
winding 6 of the variable coupling trans-
former 7, the secondary winding 8 of which
constitutes a portion of a work circuit con-
nected to the output terminals 9. In shunt
to the winding 6 is the variable capacity 10
by means of which the circuit including the
capacity 10 and the winding 6 is tuned sub-
stantially to resonance with the frequency
of the waves to be amplified, whereby waves
of said frequency are selected from the
other waves appearing in the anode circuit
5. Battery 11 supplies space current to the
tube 1. ‘The tube 1 may be looked upon as
being a relay of the variable impedance -
type, that is, a relay which operates by vary-
ing the impedance of its output circuit n
response to variations in the electric energy 100
impressed upon its input circuit. ’

Between the cathode 2 and the grid 4 is
connected the control circuit 12, which in-
cludes in series therewith; the variable in-
ductive coupling 13 with the source 14 of 105
given waves to be amplified, the variable in-
ductive coupling 15 with the source 16 of
first harmonic waves of the source 14, and
battery 17 to maintain the grid 4 normally -
polarized negatively. : 1
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sources 14, 183 re deri
ancde cireunit 5 mplifier. In series
with the anode Fig. 2, is o source
of space current 11; primary winding 18 of
the variable coupling transformer 19; and

the primary winding 20 of the variable
coupling transforimer 21. Coupled to the
primary winding 18 is th
ing 22, shunted by the condenser 22 for the
purpose of tuning to the £

waves to be amplified, T
are connected to the terminals of the wind-
ing 22. A secondary winding 25 coupled to
the winding 22 has induced the
irequency corresponding to the frequency of
the waves to be amplified. Coupled to the
primary winding 20 is the secondary wind-
ing 26 in series with condenser 27 by mesns
of which the cirenit including the winding
26 and the condenssr 27 is tuned fo a har-
monie frequency of the waves to be ampli-
fied, preferably the frst harmonic fre-
quency. Coupled to the winding 26 is the
secondary winding 28 in which are induced
the harmonic waves corresponding to the
current in winding 26. It is thus seen that
the winding 22 corresponds to the source of
waves 14 in Fig. 1, while the winding 26
corresponds to the source of waves 16 in
Fig. 1.

Referring to Fig. 3, E. M. F. waves im-
pressed upon the grid cireuit 12 are plotted as
ordinates, while time is plotted as abscissse.
Curve 29 represents the wave of given or
fundamental frequency; curve 30 repre-
sents the wave having the first harmonic
irequency of the fundamental wave 29, and
having 2 maximum positive potential oc-
curring at substantially the same instant as
the maximum positive potential of the
fundamental wave 29; while wave 31 rep-
resents the resultant wave produced by the
addition of waves 29 and 80 in the grid cir-
cuit 12. The first harmonic wave 30 has a
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relatively smaller amplitude than the funda-
mental wave 29 and is preferably chosen to "

have an amplitude of the order of magni-
tude of one-quarter that of the fundamental,
This amplitude relation may be adjusted by
the couplings 13, 15 in Fig. 1, and the cou-
plings 19, 21 in Fig. 2. ’Ighe phase relation
between the waves 29 and 80 may be adjusted
by any of the well-known expedients, as by
varying the self and mutual inductance, and
the capacity in the sources 14 and 16, which
sources may be in the output circuit of a
single generator of harmonics.

In the same manner as a resultant control
wave may be built up from a fundamental
wave combined with a first harmonic wave,
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to provide a wave having a sharper positive
peak than the fundamental wave, it is pos-
sible to combine more than one harmonic
wave with the fundamental wave, to pro-
duce the desired peak of positive potential.

It will be seen that the wave 31 between
the points 32 and 83 is much steeper, or in
other words, forms a sharper peak than the
sine wave 29 of fundamental frequency be-
tween the corresponding points 84 and 385.
By virtue of the shape of wave 31 impressed
upon the grid 4, the space current between
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electrodes 2 and 3 will be made to vary in~

& similar manner for a portion of the cycle,
whereby a sharper impact is produced upon
the cireuit 6, 10, Fig. 1, or the circuit 92, 23,
Fig. 2, than could be produced by the sine
wave 29, thus resulting in a larger impact
excitation of waves of the fundamental fre-
quency than could be produced if the sine
wave 29 were alone impressed upon the grid
4. In Fig. 2, at the same time that waves
of fundamental frequency are excited in the
circuit 22, 28, first harmonic waves are ex-
cited in cireuit 26, 27.

The rate of change of E. M. F. in passing
from a negative to a maximum positive ordi-
nate, and vice versa, as shown in Fig. 3, is
greater for the wave 31 than for the wave 29,
This results in a much more rapid change
from maximum to minimum resistance and
from minimum to maximum resistance in the
tube 1 than would take place if the wave 29
were alone impressed upon the grid 4, and
consequently the amount of energy which can
flow during the intervals when the tube 1 has
a resistance intermediate between a maximum
and minimum value, is much more limited
when the tube 1 has a resistance intermediate
between a maximum and minimum value
than when the wave 29 is alone impressed
upon the grid 4. By limiting the amount of
energy which can pass through the tube 1,
during the specified intervals, the loss of en-
ergy within the tube is correspondingly lim-
ited because of the fact that the loss equals
the integrated product of the space current
squared by the resistance of the tube by the
time of flow. Inasmuch asthe factor of time
in this product is relatively small during the
intervals when the product of the current
squared by the resistance is large, the loss in
the tube during these intervals will be rel-
atively small. '

At other times, the. resistance of the tube
is either near a maximum or a minimum
value. During the interval when the wave
31 is near its maximum negative value, the
resistance of the tube is 2 maximum, and the
current is accordingly so small that the in-
tegrated product of the current squared by
the resistance of the tube by the time of
flow, is very small. During the interval

when the wave 31 is near its maximum posi-
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minimum, and is so small that the product
just mentioned is very small.

- It is thus seen that at all times the energy
loss in the tube is relatively small as com-
pared with the loss which would occur if the
wave 29 were alone applied to the grid 4.
In view of the fact that the loss in using
the control wave 31 is less than when using
the wave 29 alone, there is a corresponding
increase in the electrical efficiency of the
amplifying circuit.

The method and means for generating or
amplifying waves as herein described is of
broad application, and it is not intended
that the invention should be limited to the
specific combinations shown in Figs. 1 and
2. The invention is covered generically in
the appended claims.

What is claimed is:

1. The method of electric wave amplifica-
tion which consists in combining with the
given wave to be amplified, a wave of higher
frequency in such phase relation that the
positive peaks of said given wave occur at
substantially the same time as positive peaks
of said high frequency wave, and subjecting
the combined waves to an amplifying
process. .

2. The method of electric wave amplifica-

tion which consists in combining with the
given wave to be amplified, a double fre-
quency wave in such phase relation that the
positive peaks of said given wave occur at
sitbstantially the same time as positive peaks
of said double frequency wave, and subject-
ing the combined waves to an amplifying
process. : ‘
. 8. The method of regenerative amplifica-
tion of electric waves which comprises am-
plifying said waves and selecting from the
amplified output waves a combined wave
consisting of a fundamental wave and a
wave of higher frequency in such phase rela-
tion that the positive peaks of said funda-
mental wave occur at substantially the same
time as positive. peaks of said higher fre-
quency wave.

4. The method of regenerative amplifica-
cation of electric waves which comprises
amplifying said waves and selecting from
the amplified output waves a combined wave
consisting of .o fundamental wave and a
double frequency wave in such phase rela-
tion that the positive peaks of said funda-
mental wave occur at substantialiiy the same
time as positive peaks of said double fre-
quency wave. -

5. The method of electric wave amplifica-
tion which comprises combining with the
given wave to be amplified, a dissimilar
wave and varying in accordance with said
combined waves, the resistance controlling
the flow of amplified waves; said combined
waves being so related that the rate of
change of resistance from the maximum to

the minimum value, and vice versa, over a
greater portion of the resistance range, ex-
ceeds the rate of change obtained by vary-
ing the resistance in accordance with said
given wave alone.

6. The method of electric wave amplifica-
tion which comprises combining with the
given wave to be amplified, a wave the
maximum amplitude of which is approxi-
mately one-quarter the maximum amplitude
of said given wave and subjecting the com-
bined waves to an amplifying process.

7. The method of electric wave amplifica-
tion which comprises combining with the

given wave to be amplified, a wave of higher
frequency having & maximum amplitude of

the order of magnitude of one-quarter the
maximum amplitude of said given wave, and
subjecting the combined waves to an ampli~
fying process.

8. The method of electric wave amplifica-

tion which comprises combining with the

given wave to be amplified, a double fre-
quency wave of smaller maximum amplitude
than said given wave, and subjecting the
combined waves to an amplifying process.

9. The method of electric wave amplifica-
tion which comprises combining with the

iven wave to be amplified, a wave of higher

requency and of smaller maximum ampli-
tude than said given wave, said waves being
in such phase relation that the positive peaks
of said given wave occur at substantially the
same time as positive peaks of said higher
frequency waves, and subjecting the com-
bined waves to an amplifying process.

10. The method of electric wave amplifi-
cation which comprises combining with the
given wave to be amplified, a double fre-
quency wave having a maximum amplitude
of the order of magnitude of one-quarter
the maximum amplitude of said given wave,
said waves being in such- phase relation that
the positive peaks of said given wave occur
at substantially the same time as alternate
positive peaks of said first harmonic wave,
and subjecting the combined waves to an
amplifying process. :

11. In combination, a relay of the variabl
impedance type, a source of waves of funda-
mental frequency coupled thereto to be re-
peated, and means coupled to said relay to
transmit thereto a positive peak of a wave
of frequency harmonic to said fundamental
frequency at substantially the same time as
each positive peak of said fundamental wave
transmitted thereto. ‘

12. In combination, an amplifier of the
space current type, a source of waves of
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fundamental frequency coupled thereto to -
be amplified, and means coupled to said am- .

plifier to transmit thereto a wave of fre-

quency harmonic to said fundamental fre-

quency and having a maximum amplitude

approximately one-quarter that of said fun-
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damental wave in the phase relation in
which each positive peak of said fundamen-
tal wave occurs at substantially the same
time as a positive peak in said harmonic
wave.

13. In combination, a relay of the vari-
able impedance type having an input cir-
‘cuit and an output circuit, a source of waves
of fundamental frequency coupled to said
input circuit, and another source of waves
of frequency harmonic to said fundamental
frequency coupled to said input eircuit in
the phase relation to transmit thereto a posi-
eak at substantially the same
time as each positive peak of said funda-
mental wave in said input circuit.

14. In combination, & space current device
having an anode, a cathode, and a control
element, an input circuit associated with
said control element and an output circuit
associated with said anode, means to polar-
ize said control element, 8 source of waves
of fundamental frequency coupled to said
input circuit, and means for transmitting
to said input circuit a wave of frequency
harmonic to said fundamental frequency in
the phase relation in which a positive peak
of said harmonic wave in said input circuit
oceurs at substantially the same time as each
positive peak of said fundamental wave in
said input circuit,

15. In combination, a space current device
having an anode, a cathode and a conirol
element, an input ecircuit associated with
said control element and an output circuit
associated with said anode, means associated
with said input circuit to apply a negative
polerizing potential to said control element,
a source of waves of fundamental frequency
coupled te said input circuit, and means for
transmitting fo said input circuit a wave
of frequency harmonic to said fundamental
frequency 'in the phase relation in which a
positive peak of said harmonic wave in said
input circuit cccurs at substantially the same
time as each positive peak of said funda-
mental wave in said input circuit.

16. In combination, a relay of the wari-
able impedance type having an input circuit
and an output ecircuit, a source of waves of
fundamental frequency coupled to said in-
put circuit, a source of waves of frequency
harmonic to said fundamental frequency
coupled to said input cireuit in the phase re-
lation to transmit thereto a positive wave

peak at substantiaily the same time as each

" positive peak of said fundamental wave in

80

said input circuit, and a work circuit as-
sociated with said output circuit selectively
recepilve to waves of said fundamental

frequency.

17. In combination, & relsy of the vari-
bl impedance type having an input circuit
ané an output eircuif, g souree of waves of
undamental frequency coupled fo said in-

LR D W

1,484,907

Eu't circuit, a source of waves of frequency
armonic to said fundamental frequency
coupled to said input circuit in the phase
relation to transmit thereto a positive wave
peak at substantially the same time as each
positive peak of said fundamental wave in
said input circuit, means associated with
said output circuit to select therefrom a
wave of fundamental frequency, and a work’
circuit coupled to said frequency selecting
means. ’ '

18. In combination, a relay of the vari-
able impedance type having an input cir-
cuit and an output circuit, a source of waves
of fundamental frequency coupled to said °
iniput. circuit, a source of waves of fre-
quency harmonic to said fundamental fre-
quency coupled to said input circuit in the
phase relation to transmit thereto a positive
wave peak at substantially the same time
as each positive peak of said fundamental
wave in said input circuit, and means reso-
nant to a wave of said fundamental: fre-
quency to receive said wave from said out-
put circuit.

19. A high efficiency relay system com-
prising a relay of the variable impedance
type having an input circuit and an output
circuit, means for transmitting to said in-
put circuit a wave of fundamental frequency
and a wave of frequency harmonic to said
fundamental frequency in the phase relation
in which each positive peak of said funda-
mental wave occurs at substantially the same
time as a positive peak in said harmonic
wave and in the direction to produce maxi-
ma of current in said output circuit in re-
sponse to said positive peaks.

20. In combination, a relay of the vari-
able impedance type having an input circuit
and an output circuit, a fundamental fre-
quency wave source coupled to said input
circuit, and means coupled to said input cir-
cuit to transmit thereto a wave of double
frequency having a maximum amplitude of
approximately one-quarter the maximum
amplitude of said fundamental wave,

21. In a relay of the variable impedance
type having an input circuit and an output
circuit, the method of relaying electric cur-
rents -at high efliciency which comprises
combining with a given wave to be ampli-
fied, a double frequency wave of smaller
maximum amplitude than said given wave,
each positive peak of said given wave occur-
ring at substantially the same time as a peak
in said double frequency wave, and impress-
ing said coincident peaks on said input cir-
cuit in the direction to produce space cur-
rent maxima in said output circuit.

In witness whereof, I hereunto subscribe
my name this 21st day ¢f December, A. D.
1920. '

JOHN C. SCHELLENG.



