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o 1,986,597
SERIES COUPLED AMPLIFIER

Alexander Nyman, Dobbs Ferry, N. Y., assignor
to Radio Patents Corporation, New York, N. XY,
a corponﬂon of New York

Appllcation Febmry 25, 1931, Serhl No. 518.098
19 Claims. (CL 250—20)

My invention relates to a novel system for and
method of amplification, and more particularly to
a system which utilizes electric valves, such as
thermionic tubes in series eonnection; that is, in

5: such a manner that the anode of one tube is con-

10

20..

nected to the cathode of the next tube and the
anode of said second tube to the cathode of the
third tube, and so forth.

I have found that this novel system, when uti-
lized with proper connections to control elements,
is capable of achieving new and useful results,
both with regard to degree of amplification and
freedom from disturbing reactions-and infiuences.

An object of my invention is, therefore, to pro-
vide means for using a system of series connected

amplifiers for amplification of currents of al

frequencies.

Another object is to provide means for using a
series amplifier for amplifying currents of high
frequency only.

.A further object is to provide means for using a
series amplifier for amplification of currents of
selected frequency range.

- Still a further object is to provide means for

. using a series amplifier of high frequency with

a detector for demodulating and further ampli-
fication of modulated radio signals.
Stili another object is to provide means for

/ using the same series amplifier, first for amplifi-
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cation of radio frequencies, and, furthermore,
after detection of the signals, for amplification of

audio frequencies. - A further object is to provide.

means in connection with a series amplifier of
one. frequency, for detecting and further ampli-
fying the detected frequencies in a series amplifier
and by-pass means for segregating the currents
of different frequencies through their respective
channels.

A further object of this invention is to utilize a
series amplifier of one frequency in combination
with detector of radio frequency and an amplifier
of the currents at another frequency and reserv-
ing a portion of said series amplifier as a cou-
pling element for further stages of amplification,

3 at another frequency.

A further object of this invention is to utilize &
series amplifier for super-heterodyne connections;
that is, a connection where the original incoming
signal is transformed into a different frequency,
amplified at that different frequency and then de-
“modulated to give the audio signals.

A further object of this invention is to utilize a
. series amplifier for super-heterodyne sets, includ-
ing the necessary oscillators, as a part of the series

3 amplifier.

-A further object of this invention is to apply
automatic volume control for different combing-
tions of series amplifiers, -

As will appear hereinafter in the technical anal-
ysis which follows, the series amplifier which-con- 5
stitutes the subject matter -of this invention has
several distinct properties, which I have discov-
ered and which were not appreciated in the prior
art, and which properties I make use of for simpli-

' fying the construction and utilization of radio sets 10

and other amplifiers, both at radio frequency and
at other frequency ranges.

One of these new properties is the fact that a
common coupling element may be utilized for the
whole series of amplifiers, instead of providing a 156
separate coupling element for each stage of am-
plification, as has been the practice with the pres-
ent type of amplifiers. Such a coupling element
may be a resistor, & reactor, a transformer, or &
tuned circuit, the latter being particularly useful 20
for high frequency operation. It is quite evident,
that the reduction in the number of coupling ele~
ments to a single unit materially simplifies the
problem of tuning; particularly at the high fre-
quencies, where adjustable, tuned coupling ele- 28
ments are utilized and where it was necessary in
the prior practice to carefully adjust said ele-
ments to the same tuning in all stages and at all
frequencies to which they may be tuned. Ac-
cordingly, with my invention, not only is the cost 30
of additional coupling elements avoided, but, the
careful adjustment and elaborate structural de-
tails for multiple control of several tuned coupling
elements can be entirely discarded.

It is, therefore, a further important object of 35
this invention to provide circuit means to re-
duce the number of coupling elements and, in
particular, to utilize a single coupling element
for the entire multistage series amplifier. ;

As stated above, an object of this invention is 40
to utilize the same series amplifier, first at one
frequency, then at another. - I have found under
such conditions that it will' be useful to provide
separate coupling elements for the separate fre-
quencies, making them most effective for each 45
particular range.

Therefore, a further object of my invention is
to supply separate coupling elements for a series
amplifier for each of the ranges of frequencles
at which it-is operated. 50

T have illustrated my invention with reference
to a number of figures, some of which illustrate
particular types of circuits and the others are
diagrammatic to illustrate the operation of the
series amplifier. - A 66



Pigure 1 shows a resistance coupled series am-
plifier of the simplest-type.

‘Figure 2 is a diagrammatic representation of
the operating characteristics of this amplifier.

Figure 3 is a complete diagram of a radio
receivinig set, utilizing a series amplifier at radio
frequency with a tuned coupling element and

-8 resistance coubled audio frequency amplifier.
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Figure 3—a illustrates the selective action of
a double filter used in Figure 3.
Pigure 3—b shows the selective action of a

single filter utilized in Figure 3.

Flgure4isadla.gramofandioset utilizing
a series amplifier at radio frequency and de-
modulating the radio signals at one stage of this
series amplifier.

Pigure 5 shows an alternative arrangement of
a radio set, using a series amplifier and a de-
tector cooperating with this series amplifier in
a reflex action.

Figure 6 is a diagrammatic representation of
the theory of operation of a series amplifier with
tuned circuit.,

Figure 7 is another alternative connection simi-
lar to Figure 5, in which the detector is coupled
to the series amplifier in a parallel relation.

Figure 8 shows a radio receiving set with two
series amplifiers, one at radio frequency; an-
other at audio frequency.

Figure 9 shows a radio receiving set with a
series amplifier, wherein a portion of the series
amplifier is used as a coupling element at audio
frequency. .

Figure 10 is another alternative connection of
a radio set using a ‘series amplifier for radio
frequency and a detector cooperating with this
amplifier.

Figure 11.shows a super-heterodyne radio re-
ceiving set using a series ampllﬁer and a separsate
oscillator.

Figure 12 shows a super-heterodyne set with
two series amplifiers; one at intermediate fre-
quency, and another at audio frequency, and
an oscillator incorporated in the first series am-~
plifier.

Figure 13 shows another alternative super-
heterodyne connection, wherein the oscillator is
included in the radio frequency series amplifier
chain and the intermediate frequency is supplied
with a separate series amplifier.

Figure 14 illustrates diagrammatically the
manner in which a series amplifier chain may
be utilized successively at radio frequency, inter-
mediate frequency and audio freduency.

Figure 1 shows a series amplifier with a re-
sistance coupling element, which will be suitable
for any frequencies. As seen from this figure,
three thermionic tubes, T1, T2, and T3, are con-
nected in series: that is, the anode of one tube
T1 is connected to the cathode of the next tube
T2, etc., and finally, the anode of tube T3 is con-
nected through a coupling resistor Rl to the
positive supply lead 1 of any suitable source of
supply. The negative supply lead 2 is connected
to the cathode 3 of tube T1 and may have a
small resistor R2 of a suitable value to secure the
grid bias voltage.’ -

I have supplied a resistor R3 across the supply
leads 1 and 2, which may be of relatively high
resistance value with tap points to the different
control elements or grids, these tap points to be
adjusted, either during manufacture of a device
or during the ‘operation, to such points as will
give the proper operating characteristics of the
series amplifier, as will be discussed below,

1,086,507

The grid 4 and cathode 3 of tube T1 are used
to apply the input potentials. The resistor R2
is included in the input circuit to secure a grid

~ bias. The output of the series amplifier, may,
for example, be connected to & point 19 which is

the connection between the resistor R1 and
plate 6 of tube T3 and, in this particular exam-

ple, is shown to consist of a coupling condenser
7 and a grid leak 8 of a further power amplifier
tube P, which, as is usual, may be of a different
characteristic, for instance higher operating plate
voltage, than the amplifier tubes of the serles
amplifier, A resistor R4 connected to the cath-
ode 11 of a tube P may serve to produce the
necessary grid bias potential, which is applied
via the grid leak 8.

The plate 12 of the power tube P may be con-
nected to an output circuit through terminals 13
and 14, the return circuit being through termi-
nal 14 to the positive lead 1. I have, further-
more, supplied by-pass condensers Cl and C2,
condenser Cl serving to return the variations of
plate current of tube P to the filament circuit and
the condenser C2 for by-passing the grid bias re-
sistor R4. The condensers C1 and C2 are, more-
over, in series across the input leads 1 and 2 and,
therefore, help to smooth out pulsations of the
supply voltage. The tubes T1, T2, and T3, may
be, as shown, of the type having a screen grid 4’,
15’ and 18’, respectively, and, in that case, the
screen grid connections are applied to such points
of the resistor R3 as will render these tubes most
effective amplifiers for the purpose as will be de-
scribed hereinafter. .

The cathodes of the tubes T1, T2, and T3,
may be heated either directly by applying a cur-
rent from a transformer or a battery, or prefer-
ably by means of the so-called indirect heating;
that is, by a separate heater element, which lat-
ter may be energized through transformers from
a supply of alternating current. The method of
connecting such heater transformers will be de-
scribed below.

Referring to Figure 2, I have illustrated dia-
grammatically the manner in which such an
amplifier will work. I have laid out along the
abscissae the voltages which may he applied to
the different elements of tubes T1, T2, and T3,
and the coupling resistor R3, as illustrated along
the line OV, the ordinate of this diagram being
merely proportional to equal resistance units, so
that the resultant distribution of voltage along
the elements can be represented by a straight line,
such as OV’. It is evident, therefore, that the
distance C1—C2 represents the drop of potential
through the tube T1, C2—C3, the drop of poten-
tial through the tube T2, etc., when no signals
are received. On the other hand, the distance
g1—C1 represents the grid bias of tube T1, g2—C2,
grid bias of tube T2, etc. Similarly represent-
ing the voltages on the upper line O’'V’ to be
exactly the same as on the lower line OV, the
points Sg1, S¢2, and Sg¢3, represent the poten-
tials of the screen grids of the tubes and R the
drop through the resistor R1.

Considering now that a potential has been ap-
plied to the grid 4 to cause its potential to shift
from g1 to gl’, the effect of this would be to
make the resistance of tube T1 higher, which is
the property of amplifier tubes, and, therefore,
change the voltage drop of this tube from C1—C2
to C1—C2’, the voltage drop on the other tubes
readjusting itself in accordance with the line
O1V’, since the resistance of these other tubes
has not changed. It is evident that the shift
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!romcztocz’withrespecttochangefromnl

to g1’ represents the degree of amplification of
tube T1 and will be; in general, several times the
shift in grid potential from g1 'to g1°, but by vir-
tue of connection of the grid 15 to a fixed resistor
R3, its potential remains fixed and, therefore, a
new difference of potential is introduced between

the grid- 15 of tube T2 and its corresponding cath-.

ode 16. This voltage is now g2, C2’ which is con-
siderably larger than ¢2, c2 and will result in a
change of -the impedance of the tube, in such a
manner that the drop of potential through tube
T2 will now be represented by C2’, C3’, and the
remainder of the voltage will be distributed over
the line O2V’.
analysis here as, as a matter of fact, the ‘change
in the impedance of tube T2 will cause a slight
reduction in ctirrent and, therefore, also change

the voltage C1, C2’, but it will be readily seen that ‘
- this change is automatically self-adjusting.
- The new potential C3’ of the filament 17 of tube

T3 is, as can be readily seen, widely separated
from the original potential of this filament C3
and, since the grid 18 of this tube is connected to

- a fixed resistor R3 and its potential fs therefore

fixed, the effect is of introducing a high negative
bias of g3—C3’ in the tube T3 and a consequent
high amplification in this tube. Thus, the plate

- 6 of tube T3 has its potential changed from point

P3 to point P3’ and the remainder of the voltage

will be distributed along line O3V’ acros$ the re- .

sistor R1. The diagram here again is simplified,
since, as ‘a matter of fact, the current through
tubes T1 and T2 will also change slightly, due to

" the change in impedance of T3, but the change
will never be the same as the change of voltage .

across resistor R1, since no tube can be regarded
as purely a resistance element, but is rather
equivalent to a fixed potential in series with a
resistor. Thus, it is seen that the original volt-
age drop R across resistance R1'is now changed
to voltage drop R’, which is the result of the
amplification of the original change of potential
from g1 and g1’ of the input grid 4.

Considering further the effect of -the screen
grid connections to the fixed resistor R3, it will
be seen that on tube T1, the shift of its plate po-
tential from C2 to C2’ gives a very slight change
in the operating characteristic with regard to
the screen grid potential, since the screen grid
potential is fixed. However, on tube T2 not only
the plate potential has shifted from C3 to C3’,
but also the filament potential has shifted from
C2 to C2’. Therefore, the screen grid is now at
a lower potential relative to the filameént, and its
controlling effect tends to limit the current and
inerease the impedance of the tube even further.
The action of the screen grid is, therefore, to en-
hance the effect of the control grid and create
a larger amplification.

". Similarly, in tube T3 the filament potential is
shifted from C3 to C3’, while the plate potential
has shifted from P3 to P3’. The screen grid
potential, however, has remained fixed and,
therefore, in the new position it is closer to the
filaments and the impedance of the tube is
raised to give a greater amplification effect than
with the control grid alone. The choice of the
proper screen grid potential for the best opera-

" tion of the system is, of course, dependent on the

particular use to which the amplifier is put. Thus,
for radio frequency amplification the effect of
distributed capacity of the tube must be taken
into account, the plate current must have such
& value that the direct current impedance of the

There is a slight simplification of .

tube is low relative to the impedamce of its dis-
tributed capacity. On the other hand, at audio
frequency, where the capacity effect is small, the

- greatest .degree of amplification may be more

desirable and, for that purpose, the screen grid
potential may be adjusted to give a relatively high
direct current impedance of the tube.-

Referring to Pigure 3, this shows a series am-
plifier consisting of tubes T1, T2, and T3 con-
nected in & manner similar to Figure 1, but the
coupling element is represented by one or more
tuned circuits, such as S1 and S2. Each tured
circuit comprises an inductance and a variable
condenser, adjusted to give resonance condi-
tions over the range of frequencies at which this
amplifier is adapted to operate. The object of
utilizing more than one tuned circuit is to secure
the broadening of the wave band to which the
amplifier is responsive, for any particular setting.
As illustrated in Pigure 3a, the two tuned circuits
provide s maximum impedance over a range of
frequencies from F1 to F2, while Figure 3b shows
a similar condition for a single circuit, such as
81, in which case there is a pronounced resonance

'very close to one frequency, such as F, and a

gradual dropping off to both sides of these fre-
quencies. For practical operation, the adjust-
ment of the two circuits gives the best results
when the difference of frequencies, F2 minus F1 is
equal to about 10 kilocycles, thus including all
of the side bands caused by the modulation of &
radio frequency with ordinary musical and speech
frequencies.

Referring to Figure 6, I have illustrated dia--

grammatically the manner in which the circuits,
such as Figure 3, operate in a series amplifier.
In this diagram, the abscissa OV represents the
voltages on different elements of the series chain,
while the ordinate illustrates the location of
the different elements with respect to constant
resistance units such, for instance, as the poten-
tiometer R3. A tuned circuit S—1 is supplied in
series with the chain and it will appear that the
voltage distribution over the chain may be repre-
sented by the line O—03, while the voltage across
the tuned circuit S—1, which is constant, 1s repre-
sented by O3V’.

It is also seen that the voltage on tube T1 is
C1Cs; on tube T2, C2Cs; and tube T3, C:P3. IThave
illustrated further the potentials of the various
grids at points g1, g2, and ¢3. Considering now
an application of potential of the value g1—gl1’
at radio frequency to the grid 4 of tube T1. When
this potential is applied in the direction as shown,
that is, towards the cathode C1 of the same tube,
it will result in the lowering of the impedance
of the tube. Since at radio frequency, the tuned
circuit S—1 prevents any changes in the current
value, the voltage distribution will now change to
a line O—0O’'—01’'—02'—03’; that is, providing
that the impedances of tubes T2 and T3 have not
changed. The total voltage change on tube T1
is, therefore, impressed on the tuned cireuit St
and is represented by the shift from O3 to O3’,

However, since in tube T2 the cathode 16 has
changed its potential from C2 to C2’,
therefore closer to the grid potential g2 of the
same tube by a voltage C2—C2’, there will be a
change of impedance in tube T2 sufficient to
shift its plate potential from 02’ to O2’’. This
second change in the potential of the plate of
tube T2 is evidently the change of its cathode
potential C2—C2’ multiplied by the amplification
constant of this tube. On the other hand, the
shift of the cathode potential C2—C2’ is the

3
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result of the amplification of tube T1 and ls,
therefore, the shift of its grid potential gg’ multi-
plied by the constant of amplification. - Calling,
for instance, the change gg’ unity, with ampli-
fication constant of 5, the shift C2-—C2’ would be
5 units and the shift 02’—02’’, 25 units. There-

" fore, the total shift of the potential of plate of

tube T2 and also of the cathode of tube T3, which
is connected to it, is from C3 to C3’, 5 units, and
from C3’ to C3’’, 25 units; a total of 30 units.

At this stage of consideration, the voltage is
distributed along the line

0—0’—O0y'—07’ —03"—V1,

that is, the total shift of potential would be
shifted on the tuned circuit S1 and represented
by 03—03’’. However, the impedance of tube
T3 also changes by virtue of the change of its
cathode potential from C3 to C3’’. This cha.nge
is illustrated by the line O2"’'—O03’"’.

In other words, bearing in mind the fact that
the current through the system does not change
as the change in potential is taking place at the
resonant frequency.of the tuned circuit, the
potential across the tube T3 will shift from the
line 02”’—03’’ to the line 02"'—03’’’, While
the potential on the other tubes T2 and TI,
which has already been taken into consideration,

will not change, and the resultant change of
all of the voltages will be impressed on the cir-

cuit S1 and is represented by the value V1Va,
amounting to the change of potential of plate of
tube T3 from P3 to P3’"’. :

On account of the ampliﬂcation in the tube
T3, the change from O3’ to 03’’’ is the change
in potential of the cathode of tube T3 from C3 to
C3”’, multiplied by its constant of amplification.
Thus if we take the constant of amplification as
5 and with the figures for the change of cathode
potential of tube T3 from C3 to C3’’ equal to 30,
the change of the plate of tube T3 from 03’’ to
03’’’ will be 150 units, and the total change of
the plate potential of tube T3 will be

5-}-25-1150=180.

In general, the amplification with this type of
amplifier will be expressed by the formula:

V=VN(N+41)P-?

in which V is the final voltage change: Vg is the
change in the grid potential of the input side;
N the constant of amplification; and P is the
number of stages. As in the usual type of paral-
lel amplifier, the corresponding formula would be:

V=VyN?

It will be seen that the amplification in this sys-
tem is slightly higher for the same number of
stages.

Considering the amplification at some fre-
quency away from the resonance point as, for in-
stance, frequency F’ of Figure 3b, it would result
with one stage of amplification in an amplifica-
tion one-half of that at frequency F. In other
words, if the original amplification value was 5,
the amplification now would be 215, The con-
dition of the series amplifier circuit will now be
evidently equivalent to that illustrated in the
diagram of Figure 2, where, by virtue of the
presence of resistance of the coupling element,
the amplification value is about 14 of the ampli-
fication constant.

Thus, if the amplification constant with a single
stage is 215, the amplification with 3 stages would
be approximately 2% X 2% X 21,2=15.6, as against

1,086,597

an amplification of 180, of Figure 6. However,

with resistance coupling, any change in im-
pedance of the individual tube, causes a slight
variation in current and, at the same time, a
change of potential on the other tubes.

As was explained in connection with Figure 2,
no consideration is given in this analysis to
changes in the voltage.distribution of tubes T1
and T2, when the impedance of tube T3 had
changed. As was mentioned - heretofore, the
change of current through tubes T1 and T2 will
reduce the effect of the change of impedance of
tube T3, as they are more or less equivalent to
another resistance on the opposite side to the

- coupling resistor R1. ‘Therefore, the total ampli-

fication will be somewhat reduced. Thus, in the
case under consideration where the frequency
F’ is coming in, the amplification is likely to be
lower than 15, thus enhancing the sharpness of
tuning of this circuit. Of course, as soon as the
incoming frequency reaches a value ¥’ in which
the impedance of the tuned circuit 81 is insuffi-
cient to give any amplification, no signal is ampli-
fled at ony one of the stages and the voltage of
the plate 6 of tube T3 will have even smaller
variations than the incoming signal. The. cir-
cuit is, therefore, particularly effective in elimi-
nating disturbing frequencies.

Figure 6 illustrates the operation with ordinary
three-electrode tubes, preferably of the separate
heater type. As the cathodes of the tubes must

-change their potential, they must be isolated

from any fixed potentials or grounded circuits,
such as the heating transformers. Of course,
separate insulated batteries for each stage may
be used, or transformers with insulated second-
aries separate for the tubes at each stage, and
preferably protected by choke coils similar to
the choke coils shown in Figure 3 in the heater
circuit, may be used.

It is also often desirable to use tubes with more
than three electrodes, such as screen grid tubes,
and a simple consideration of the diagram of
Figure 6 will make it clear that, if the cathode
potential of tube T3 is shifted from Cs to Ci’’
and the anode potential is shifted from P3 fo
P3’’’, the screen grid which is connected by meéans
of the resistor R3 to a fixed potential, will be-
come more positive with respect to both anode
and cathode, and hence, it will lower the im-
pedance of the tube and result in a more pro-
nounced amplification. In other words, the
screen grid acts in the same direction as the con-
trol grid, for the purpose of amplification.

Although the consideration of Figure 6 was
for operation at radio frequency with a tuned
circuit S1 for coupling purposes, it is quite evident
that identical consideration may be applied to
audio frequency amplification, if the circuit S1 is
replaced either by a choke coil of sufficient mag-
nitude to prevent variations of current at the
lowest audio frequency, or by a suitable trans-
former. Of course, a resistance can be used for
coupling at audio frequency, but in that case the
diagram of Figure 2 and the accompanying con-
sideration is more strictly applicable. -

It is also possible to utilize the same series
amplifier for amplification both at radio frequency
and at audio frequency, as illustrated in Figures
5, 7, and, furthermore, at three different ranges
of frequencies, as illustrated in Figures 11, 12, and
14. The conditions which must be fulfilled are
that the coupling elements, supplied for each
range of frequency, are designed to offer high
impedance for changes in current of that fre-
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quency, and also, that if there are any changes
at any one range of frequencies, then this change
of current must be by-passed from the tubes oper-
ating on another range, as is illustrated, for in-
stance, in Figures 4 and 10.

It is well known that with a type of tube
{llustrated in many of the drawings, known as
the screen grid tube, or with other ‘types of
tubes known, as space charge tubes, having an
extra control electrode, ‘it is possible to vary
the amplification constant. A reference to tech-
nical literature on this subject may be found, for
instance, in the Proceedings of the Institute of
Radio Engineers of February, 1929, where, on
page 327, a diagram ig given of the variation of
the amplification constant and of the other con-
stants of the tube, with the changes in the screen
grid potential. Similarly, an article in the Pro-
ceedings of the Institute of Radio Engineers for
May, 1929, on pages 830 to 833, discusses the
operation of screen grid tubes and space charge

grid tubes, as detectors, showing the various ad--

vantages of this type of tube for this purpose.
Thus, any particular amplifier connection can
be laid out, with the full knowledge of the op-
erating characteristics of the tubes for the pur-
pose intended. Moreover, the screen grid con-
nection or the space charge grid connection to
the common potentiometer R3 may be utilized
for the purpose of changing the amplification
constant of the series amplifier. This arrange-
ment has been carried out in Figure 8, but can
evidentily be applied also to other systems.
Where a screen grid tube or a space charge
grid tube is used as a detector, as a part of the
series amplifier as, for instance, in Figures 5, 7,
and 8; such a detector tube may have volume
control by the proper changes in potential of
the screen grid or the space charge grid of de-
tector tube. However, the more usual method
of volume control is by changing the control
grid potential of an amplifier or detector tube.
This can also be applied to the series amplifier,
as for instance, illustrated in Figures 3 and 7.
In parallel type amplifiers, a very common
phenomenon which must be guarded against is
known as regeneration and consequent oscilla-
tion. This phenomenon is due to a reactive or
capacitative coupling between the different
stages of the amplifier and is attributable to
the fact that in most parallel connected ampli-
flers there is a reversal of the phases of the
amplified currents or potential on successive
stages. Thus, a capacitative coupling between
two stages would introduce regenerative action
with great facility. It will be observed, for in-
stance, from the consideration of Figure 2 or
Figure 6, that the changes of pofential in suc-
cessive stages of series amplifiers have the same
phase; that is, lowering of cathode potential in
tube T1 with respect to its grid; that is, from
gCi1 to g’Ch, as illustrated in Figure 6, results in
a lowering of the cathode potential of tube T2
and in a further lowering of the cathode poten-
tial of tube T3. Thus, even if there is capaci-
tative coupling between tubes of successive stages,
such coupling would, in general, produce a re-
duction of amplification or degeneration and
would effectively stabilize the system from any
oscillations. In other words, the series amplifier
is inherently stable, while the parallel amplifier
is inherently unstable. :
While I have shown, in Figure 3 and the other
figures, arrangements for automatic volume con-
trol which constitutes the preferred form of vol-
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ume control as it becomes independent of the
operator of the radio set, yet it 1s quite evident
that in Figure 3 or in any of the following
figures where the volume control is applied, that
this may be of the ordinary manual type; that
is, controlled by the operator and achieving the
same type of reduction in amplified impulses as
the automatic control. _

Also, I have illustrated in all of the figures
the usual type of thermionic valves consisting

_of a heated cathode, an anode, and one or more

control grids. However, the circuits fllustrated
in these diagrams can be applied also to other
types of electrical valves and especially to glow
discharge valves which have operating properties
somewhat similar to thermionic valves; that is,

- they have main electrodes carrying the discharge

current and one or more control electrodes for
determining the particular value of the discharge
current. Among such discharge valves there are
some where the controlled potential is applied
between anode and the control electrode rather
than between cathode and the control electrode,
as in the thermionic tube. In that case, the
connections, as illustrated in the different dia-
grams, would have to he modified in so far as
the coupling element has its most effective po-
sition next to the electrode in which the original

impulses appear in amplified form. Thus, with -

thermionic valves the coupling element is gen-
erally most effective when connected next to the
anode of the last tube of the series amplifier.
If, however, discharge valves are used in which
the .input is applied between anode and control
electrode, then I would preferably connect the
coupling element next to the cathode, and on
the negative end of the series amplifier. Also,
the input connections would be applied to the
valve next to the positive end; that is, the same
connections as illustrated may be used except
that the potential applied to terminals 1 and 2
will be reversed.

The effect of introducing either-one or more
tuned circuits, such as S1 and S2 in series with
the amplifier, is to multiply the effectiveness of
the selective action of said tuned circuits by the
amount of amplification of the series amplifiers.
In other words, a single tuned circuit, such as
S1 with 3 stages of series amplification, such as
tubes T1, T2, and T3, becomes equivalent in its
selective action to three stages of parallel con-
nected amplifiers of the usual type with three

independent tuned circuits, all adjusted to the

same frequency.

Similarly, an arrangement as shown in Figure 3
with two tuned circuits S1 and 82, the tuning of
which is slightly staggered to keep & frequency
range of 10 kilocycles and connected in series
with three stages of series amplifier, is equivalent
to a parallel amplifier of three stages with six
tuned circuits, two to each stage; each one ad-
justed exactly the same as the present combina-
tion of S1 and S2.

In the practical manufacture of amplifier cir-
cuits, it has been customary to adjust the tuning
circuits of all stages to be controlled by a common
means. For such a circuit it is necessary to
secure a very uniform construction of the coils
and condensers of the different tuning circuits,
and moreover, to employ elaborate methods for
adjusting accurately each tuned circuit to be
exactly of the same frequency as the other cir-
cuits, for any particular setting of the variable
condenser. In fact, this has been one of the most
serious difficulties experienced in the assembly of
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the amplifier circuits, and has caused no end of
trouble, both in manufacture and in subsequent
readjustment due to slight variations in the values
of capacity or inductance. -

All of these difficulties are entirely eliminated
in the arrangement of series amplifier without

-any sacrifice in the amount of amplification to

be secured or the selectivity of the resultant
amplifier. It is necessary to supply only one
tuned circuit with no arrangements for multiple
control, or if & double circuit, such as illustrated
in Figure 38, is desired, only the two condensers
of the two circuits 81 and 83 need to be adjusted
to cover the necessary frequency range, as illus-
trated in Figure 3a, for all of the settings of these
condensers,

I have shown in Figure 3, the control and screen
grids of the tubes T1, T2, and T3 connected to a
resistor R3, similar to that of Figure 1, and I have
also shown diagrammatically the secondary wind-
ings 19, 20, and 21 for the tubes T1, T2, and T3
connected through choke coils 19’, 20°, and 21’ to
the heaters 22, 23, and 24 of the three tubes;
these heaters being of the usual type in close prox-
imity to the corresponding cathodes 3, 16, and 17.

The object of the choke coils 19°, 20', 21’ is to
prevent any radio frequency currents that may
have reached these leads through the capacity
between the heaters and the cathodes, or through
the electrical leakage therebetween, to be ground-
ed by virtue of the capacity of the secondary
windings to the core of the transformer, and to
the primary circuit 25. I have, moreover, sup-
plied connection from the center points of the
transformer windings 19, 20, and 21, to the resistor
R3 by means of which a potential is applied to the
heaters normally below the potential of the cath-
ode to minimize such leakage as may take place.

As shown, the plate 6 of the tube T3 is connect-
ed through a coupling condenser 7 to the grid 26
of an amplifier tube 27 and to a grid leak 8 of
tube 27. Tube 27 may be connected to further
amplifiers in any desired manner, but I have
shown in this figure a direct coupling from the
plate 28 of this tube to the grid 9 of & power
amplifier tube P and to resistor R5. Resistor RS
supplies positive potential from supply lead 1 to
the amplifier tube 27, and at the same time, pro-

- vides g resistance coupling to the grid 9 of tube P.

50

55

60

70
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.input circuit of series amplifier,

Connected between the cathode 29 of tube 27
and the negative lead 2, is a resistor R6 which
serves, by virtue of its drop of potential, to give
potential bias from the tap 29’ to the grid 26
through the grid leak 8. A condenser C3 shunts
& portion of the resistor R6, and a connection 30
from this condenser extends to the input circuit
and the grid 4 of tube T1. The condenser C3 is
chosen of such a value, with respect to the part
of the resistor R6 which it is shunting, that the
time constant of this combination is relatively
long. Thus, if the signal coming through the
system maintgins an excessive value over g period

. of time, say of one second or more; the definite

change, such as lowering of the electronic current
through tube 27, will cause a change of potential
across the condenser C3, which is applied to the
and thereby
changes the potential of the controlling grid 4 of
tube Ti. Since the lowering of the electronic
current through tube 27 will result in the lowering
of potential on the condenser C3 and a conse-
quent lowering of the control grid potential in the
input tube T, tt is evident that the amplification

‘of the tube T1 will be reduced and therefore, the

resultant signal to tube 27 will also be reduced,

1,086,507

I have shown the grid 4 of tube T connected
through & circuit, which may or may not be tuned,
and consisting, for instance, of an.inductance 31
and variable condenser 32, to the negative lead
38 which, by virtue of the tapped section of resistor
RE and of resistor R2, similar to that of Figure 1,
will give a necessary negative bias to the input
tube T1. The coil 31 may be coupled to another
coll 83 which is connected to antenna 34 and
ground 35. There is also a by-pass condenser
C¢ for the input circuit lead 30 to the cathode 3
of tube T:. ’ :

Connected between the cathode 29 of tube 27
and the positive lead 1 is & condenser 36, the
object of which is as follows: Direct current sup-
Ply on the leads 1 and 2 will, in general, have a
certain amount of pulsations of potential caused
either by imperfections in filtration of rectifying

10

15

current, or by some other causes. It will be seen -

that such pulsations of potential will be coupled
through the condenser 7 and grid leak 8 to the
grid 26 of the tube 27, and hence cause a certain
amplification of these pulsations in tube 27, unless
the cathode 29 can be made to have exactly the
same pulsation potential with regard to the phase
and amplitude as the grid 26. By choosing a
proper value of condenser 36 with respect to
resistor R6, such a value of pulsation potential
can be easily procured and hence the amplifica-
tion of pulsations prevented.

The power amplifier tube has a plate 12 con-
nected through the output terminals 13 and 14 to
the positive supply terminals 1, while the cathode
11 is supplied from a secondary 37 of the heater
transformer and may utilize the same primary 25
as the heater secondaries 19, 20, and 21, as indi-
cated by the dotted lines. The center point of
transformer 37 is connected to the cathode re-
sistor R4 and hence to the negative lead 2. By-
pass condensers 37’ and 38’ may be supplied
across-the cathode with the center connection to

the resistor R4. The resistor R4 may be also.

tapped at some point 39 for the potential of the
screen grid 40 of tube 27, while the heater 41 of
tube 27 can be readily supplied either from the
secondary 19 of the heater transformer of tube T1
or else by a separate secondary or by a separate
transformer,

I hayg shown a condenser C1 as a by-pass on the
power'fube P and the output circuit, and a con-
densér C2 as a by-pass of the resistor R4. The
condgnser C2 may be adjusted to such a value that
the potential of the cathode 11 with regard to
bulsation voltage is exactly the same in amplitude
and phase as the pulsation potential applied to
£grid 9 of the same tube by virtue of resistor R5 and

fube 27. By this means, the amplification of such

pulsations in tube P are successfully prevented.
Referring to Figure 4, I have shown an alterna-
tive arrangement wherein the tube T3 can be
utilized as a detector, by means of a grid leak 42
and & grid condenser 43 connected between the
screen grid 44 of tube T3 and its point of con-
nection to resistor R3. Since, with a radio fre-
quency signal going through tube T3, there will
be a certain amount of rectification on the screen
grid 44, an arrangement of such s grid leak 42
and grid condenser 43 will obtain a demodulation
of the signal and a consequent introduction of

audio frequency changes of impedance of tube T3.-

These changes of impedance can be utilized by a
provision of either resistor, choke coil, or trans-
former coupling, such, for instance, as the choke
coil coupling illustrated in Figure 4 and con-
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sisting of an iron core choke 45 with a by-pass
condenser for radio frequency 46 and a coupling
lead through condenser 7 to the grid 9 of a power
amplifier tube P, The connection of the power

amplifier tube P has been fully described in con-:

nection with Figure 1, and needs, therefore, no
further discussion. .

In addition to the rectification through the
screen grid connection, I may also supply recti-
fication through the control grid by providing a
gridleak 47 and a grid condenser 48 between the
control grid 18 of tube T'3 and its point of connec-
tion to resistor R3. It is also possible to omit the
resistor 42 and condenser 43 and utilize the con-
denser 48 and resistor 47 alone for demodulat-
ing purposes. :

The tube T3 will now have variations of im-
pedance at audio frequency. These variations of
impedance will impress a voltage change on a
series choke coll 45 and also on the amplifier tubes
T1 and T2. The changes on the choke coil 45 are
the useful changes applied to the grid 9 of a fur-
ther amplification stage. Those, however, which
may be impressed on the tubes T1 and T2 would
cause a reduction in the audio frequency ampli-
fication, since they would be subtracted from the
potential change across the tube T3 at its plate
circuit connection.

In general, if the changes of current at audio
frequency are successfully prevented by the pres-
ence of the choke coil 45, there would be no
changes of potential across the tubes T1 and T2,
but inasmuch as there is a possibility of this choke

coil being not entirely effective in suppressing the

changes in current, I have supplied a by-pass con-
denser 49 in series with radio frequency coil 50,
by means of which the audio frequency changes
are by-passed around the tubes T2 and T1, while
the radio frequencies are prevented from being
short-circuited through this by-pass.

I have also supplied a series of by-pass con-
densers 51, 52, 53, 54, 55, and 56 across the various

taps to the different control grids and screen

grids, so that if any current passes through these
grids at radio frequency, this current would not
cause any variation of the potential, being by-
passed by the above by-pass condenser. I have
also supplied a by-pass condenser 57 from the
cathode 3 of tube T: to the negative lead 2 and
across the resistor R2, which serves for the biasing
of the input circuit. I have shown in this diagram
an antenns 34 with a ground connection 35 cou-
pled directly to the input circuit by means of coil
33. Since the selectivity of circuit S—1 in series

_ with the series amplifier is such as to segregate

al of the disturbing frequencies, it may not always
be necessary to supply a tuned circuit in series
with the antenna and an arrangement, as shown,
is satisfactory.

Referring to Figure 5, an alternative arrange-
ment of detector is shown, wherein a separate
detector tube D is utilized. It is connected in se-
ries with the tubes T1, T2, and T3 in such a man-
ner that the plate 58 of tube D connects to the
cathode 3 of tube T1. A coupling condenser 7’
and grid leak 8’ connect the grid 59 so that the
tube D acts as a detector for radio frequency os-
cillations arriving by the condenser 7’. As the
tube D is connected to tubes T1, T2, and T3 in
the series amplifier system with respect to a cou-
pling resistor R1, similar to that of Figure 1, this
system will also amplify the changes of imped-
ance at radio frequency, resulting from the de-
modulation of radio signals by the detector D.

In other words, the tubes T1, T2, and T3 are

7

used as a series amplifier at radio frequency back- -

‘ing up against tuned circuit 81, and also as a se-

ries audio frequency amplifier backed up against
& coupling resistor R1. The voltage across the
resistor R1 can be further utilized by & coupling
condenser 7 connected to the grid 9 of the power
tube P with a grid return lead through the resis-
tor 8 to the negative lead 2. The remainder of
the connection of the power tube may be the same
as in Figure 1. As shown, the cathode 60 of the
detector tube D is connected through a resistor
61 to the negative lead 2 and a by-pass condenser
62 supplied across the resistor 61. This resistor
serves to provide the proper grid bias to detector
D and the combination may also be utilized for
automatic volume control.

I have also shown by-pass condensers 63 and 64
and a connection of the input circuit to a point
65 on the potentiometer R3, from which the prop-
er grid bias for tube T1 is secured. The input
circuit is shown to be similar to that of Figure 3,
but any other modification may also be utilized,
as the real tuning is accomplished by the circuit
S1. The by-pass condenser 64, together with con-
denser 63, permits the variations of potential of
radio frequency to by-pass the detector tube D
and thus have the radio frequency amplification
unaffected by the presence of the impedance of
tube D. On the other hand, since the grid 4 of
tube T1 has a permanent connection at point 65
to resistor R3, the tube T1 will act as an audio
frequency amplifier for the variations of imped-
ance at audio frequency in tube D in exactly the
same manner as is illustrated in Figure 2.

Although I have shown a resistance coupling R1 5

for the audio frequency signals, it is evident that
other types of coupling may alsc be used, such as
a choke coil coupling, similar to Figure 4, or trans-
former coupling, similar to Figure 8.

I have shown in Figure 7 another modification
by a partial drawing representing the tube T1 and
the detector tube D in a different arrangement
from that of Figure 5. The circuit is only par-
tially shown, but the elements will be identified
without difficulty. The tubes T1 and D are in
this case connected in parallel; that is, the re-
spective plates 58 and 5 of the tubes D and T1 are
connected to the cathode 16 of tube T2. The tube
D is prevented from being a shunt at radio fre-

quency on the tube T1 by means of a choke coil *

66 in its plate circuit, and the tube T1 is prevented
from being a shunt at audio frequency by & proper
adjustment of its grid bias by means of the grid
bias resistor R2 and possible volume control de-
rived from the resistor 61, in a manner similar to
Figure 3; that is, in combination with a condens-
er C3 which by-passes a section of the resistor 61.

A by-pass condenser C4 is also provided for the
resistor R2 and connected to cathode of tube T1.
In general, the tube T1, as the input stage of the
radio frequency amplifier, may be adjusted with
relatively - high negative bias so that it will be
subject to the controlling effect of the automatic
volume control. On the other hand, the tubes
T2 and T3 may carry higher current values, as
determined by the proper choice of their screen
grid potentials, than either the tube T1 or the
tube D, so that the sums of the plate current of
these latter two tubes will be equal to the elec-
tronic current of tubes T2 and T3. However, it is
also possible to bring in additional current in the
detector tube D by means of a separate resistor
(not shown) similar to resistor R5 of Figure 3.

T have shown in Figure 8, an alternative ar-
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rangement utilizing three tubes, T1, T2, and T3,
as & series radio frequency amplifier with a tuned

other tuned circuit 82 coupled to the circuit
81 and connected as input to a detector tube D,
the input leads being provided preferably with
& grid condenser 67 and grid leak 68. The de-
tector D may form the first of another serfes am-
plifier comprising tubes T5 and T6, which to-
gether with D, form a series amplifier connected
through the primary 69 of a coupling transformer
70. The secondary 71 of said transformer may
be either utilized directly on a loud speaker or
connected to a further power amplifier tube P.
The connection of this power amplifier may be
from the positive lead 1 to the output terminals
13 and 14 and to the plate 12. A resistor R4 is
connected to the cathode 11 and to negative lead
2. The by-pass condensers C1 and C2 may also
be provided. The return lead of the secondary
71 may be connected to the negative lead 2. The
resistor R4 is then chosen to give the proper grid
bias to the power tube.

I have shown in this diagram two grid biasing
resistors R3 and R3’, of which R3 may be used
exclusively for control grids and R3’ exclusively
for the screen grids, or as an alternative, R3 may
be used for all connections of the chain
T1—T2—T3 operating at radio frequency, while
the resistor R3’ may be used for all the grid
connections of the chain D, T5 and T6 of the
series audio frequency amplifiers.

The preferred arrangement, as shown, has all
of the screen grids connected to R3’. The nega-
tive lead of this resistor R3’ is brought to a
tap point 72 on a resistor 73, the latter being
a by-pass resistor to the detector tube D. A
condenser 74 is attached between the point 72
and the negative lead 2, and is chosen of such
& value that in conjunction with the part of
resistor 73, which it by-passes, it would have a
relatively long time constant and thus serve as
an automatic volume control. A resistor 75, con-
nected to the cathode 76 of tube D, provides the
necessary grid bias for the detector D. The
volume control is accomplished in this case by
the variation of the screen grid potentials.

Thus, it will be seen that an excessive signal
being demodulated by the detector D causes a
considerable increase in its impedance and there-
fore shifts the excess of current which tends to
remain. constant on account of the presence of
the coupling transformer 69 to the resistor 73,
thus placing a higher voltage on the condenser
74. If the excessive signal is merely a transitory
note, the original potential of condenser 74 will
not be affected to any great extent, as the time
constant of the combination is long, but if the
excessive signal persists, then the potential of
condenser 74 is raised, and consequently, the
potential on all of the screen grids.

In general, the operation of screen grids is such
that a change of the potential of the screen grid
changes the amplification constant of the tubes,
In the particular example illustrated, it is as-
sumed that a rise in the screen grid potential
will reduce the amplification, in accordance
with the theory discussed in connection with
Figure 6. If, however, tubes are utilized which
have the opposite properties, or if a detector is
used which has an increase of plate current
with excess signal, then the connection of con-
denser 74 should be across a section of resistor
75, rather than 72. Also, the by-pass resistor
73 may be connected to any of the plates of

- 1,086,507

tubes Ts. or Ts if higher volume contro! poten-
tials are necessary or instead of a by-pass con-

denser 74 an inductance in series with 73 may

be used to give the necessary time constant or
even the inductance 69 may give the n

time constant in combination with: tube imped-
ance of tubes Ts, Ts and D, so that with the de-
tector of the second type, the screen. grids may
be.supplied from one of the intertube connec-
tions, or for each tube from its corresponding
plate circuit by a suitable high resistance.

‘The system is, therefore, seen to possess great
flexibility with regard to volume control, It
may be controlled either by the variations of
the screen grid potential, as {llustrated in Plgure
8, or by the variation of the bias of the input
circuit of tube T1, as illustrated in Figures 3 and

-1, or by the variation of the control grid poten-

tial of all of the amplifier tubes by connecting
R3 of Figure 8 to the condenser 74 rather than
the resistor R3’. Moreover, the volunie control
may be adapted to the particular characteristics
of the tubes; that is, depending on whether the
amplification constant rises or falls with the cor-
responding rise and fall in the potential of the
control elements and whether the detector im-
pedance rises or falls with excess signal.

The circuit of Figure 8, which shows two cou-
pled circuits S1 and 82, may be arranged to
have the same type of response characteristics
as that illustrated in Figure 3a, by slightly stag-
gering the resonant frequencies of these two cir-

-cuits. It is evident, however, that the condenser

77 of the circuit 82 may be omitted and also that
any other coupling arrangement, such, for in-
stance, as illustrated in Figure 3, may be used
for coupling the radio frequency series amplifier
to the detector tube D. .

Referring to Figure 9, I have shown an arrange-
ment in which a part of the series amplifier is
used as resistance coupling element at g dif-
ferent frequency. The detector tube D is con-
nected below the series amplifier comprising the
tubes T1, T2, and T3 (that is, at its negative end),
and supplied with radio frequency energy from
the filter circuit S1.by means of a coupling con-
denser 7 and grid leak 8. In this case, the changes
of audio frequency impedance of the tube D
are further amplified in tube T1 and will have
an amplified audio frequency potential. Audio
frequency by-pass condensers, 85 and 86, extend
respectively from the eathode of tube T2 to its
grid, and from the cathode of tube T3 to their
respective grids.

Radio frequency chokes, 87 and 88, are con-
nected in series with the condensers 85 and 86.
By this means, the tubes T2 and T3 are held with
invariable impedance at audio frequency, while
at radio frequency they are free to undergo the
changes of impedance in accordance with the
description of Figure 6 and the general theory
of series amgplifier, :

Since the impedance of tubes T2 and T3 re-
mains constaml with respect to audio frequency,
they will act 3 a resistance coupling element for
the changes {p impedance of tube D and tube T1,
and a’direc{ coupling may be applied from the
plate of tuhe T1 to the grid 9 of the power tube
P, or some other amplifier. A choke coil 89 is pro-
vided at this coupling lead to stop the flow of
radio frequency current into the power amplifier,

The connections of the power amplifier P may be.

the same as in Figure 1.
The resistor R4, in series with the cathode 11 of
tube P, may have a value of resistance sufficient
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to provide a potential of the cathode of tube P
above the potential of the grid 9 of this tube, by

the necessary grid bias amount for the proper op-

eration of tube P. I have also shown by-pass
condensers 63 and 64 which perform the same

Tunctions as the same elements in Figure 3.

Referring to Figure 10, I have shown an alter-
native connection for the detector fube D, in this
case above the series amplifier, consisting of tubes
T1, T2, and T3. The tube D is connected on the
outside of the tuned circuit S1, but in series with
the tubes T1, T2, and T3 and with resistor 90
between its cathode and the circuit 81, to provide
the proper grid bias potential for the detector tube.
The grid 91 is connected to the plate of tube T3
by means of & grid condenser 92 and grid leak 93,
although in some cases, direct connection may be
used with sufficient detection by the so-called
method of plate rectification utilizing the bend
of the characteristic curve. ‘The plate of the tube
D is shown connected to the audio frequency cou-
pling device; in this case a choke coil 94, and to a
further coupling condenser 7 with a grid leak 8
to the grid 9 of the power amplifier P.

An alternative method of volume -control is
shown which comprises the by-pass condenser 95
in series with a resistor 96 preferably with asym-
metric characteristic, the latter having across its
terminal a condenser 97, and forming with it a
combination of large time constant in which va-
riations of potential at audio frequency across the

_ choke coil 94 and detector tube D, are impressed.
If the signal becomes excessive, these variations .

will introduce a change in.the potential across
resistor 96. The potentiometer R3 being con-
nected through resistor 96 to the positive lead 1,
any change in the potential of resistor 96 will
be communicated to the potentiometer R3. The
arrangement in this respect therefore, becomes
similar to that of Figure 8, where the volume con-
trol was used for varying the potential of the
screen grids, only in this case, not alone the screen
grid but also the control grids of tubes T2 and
T3 are also varied.

Since an excessive radio frequency potential will
cause an increase in the impedance of tube D
and a consequent lowering of the average ac-
cumulated potential across the resistor 96, it will

" result in the relative rise of potential on the po-

tentiometer R3, and consequently higher control
potential applied to the screen grids of tubes T1,

T2, T3, and D. As has been discussed in connec-

tion with Figure 8, such a rise ip the screen grid

potential means a lowering of amplification con-

stant, and hence a reduction in the signal.
Referring to Figure 11, I have shown an ar-

rangement of series amplifier utilizing a so-called

super-heterodyne connection. The general op-
eration of a super-heterodyne includes the con-
version of the received signals into another fre-
quency known as intermediate frequency, and

amplification at this intermediate frequency for

further demodulation into audio frequency.

In Figure 11, the antenna 34 with a coupling
coil 33 and a ground connection 35 is shown. The
coil 33 is coupled to a tuning circuit comprising
coil 31 and a variable condenser 32. The tuned
circuit forms a part of the input circuit of the
first tube of a series amplifier, consisting of tubes
T1, T2, T3, and T4. The cathode 3 of the tube T1
is connected through a coupling coil 100 and a bias
resistor R2 with a by-pass condenser 57, to the

_negative supply lead 2. The coil 100 is coupled

to another coil 101, which may be the output coil
of an oscillator 102, the connections of which

are not shown, but which may be of any standé,fd .

type of oscillator, including a variable condenser
103. ' This variable condenser may be arranged
for a common control 104 with the variable con-

* denser 32, these condensers being designed, as is

usual for super-heterodyne sets, to have values
of capacities at all settings, such as to produce
a definite difference of frequencies in the tuned
circuit 31—32 and the oscillator 102, Thus, heter-
odyne beats are introduced in the grid 4 of tube
T1 and amphﬁed through series amplifiers T2,
and T4.

I have shown the grid 15 of tube T2 connected

~to a grid condenser 105 and a grid leak 106, the

purpose of which is to demodulate the heterodyne
currents of the tube T1 impressed on the cathode
of tube T2, so as to leave substantially only inter-
mediate frequency on the subsequent tubes T2, T3,

-and T4. I have shown, moreover, & by-pass con-
"denser 107 from the plate of tube T2 and a radio

frequency choke ccil 108 hetween the plate of
tube T2 and the cathode of tube T3.. The object
of the by-pass condenser. 107 and the choke 108
is to localize the radio frequency oscillations to

‘the tubes T1 and T2 and permit intermediate

frequency variations only to pass on to tubes T3
and T4. I have also shown a coupling element in

.series with the plate 109 of tube T4, consisting of

a tuned circuit consisting of inductance 110 and &

"condenser 111 arranged to be within the frequency

range of the intermediate frequency. . The coil
110 is coupled through the coil 112 to another
tuned circuit comprising the coil 112 and con-~
denser 113 and the combination of the two above
tuned circuits, forms the necessary coupling ele-
ment with a high impedance over the interme-
diate frequency range necessary for successful
transmission of the modulated signals; that is, it
may be a range of frequency of 10 kilocycles, say,
around an intermediate frequency of 100 kilo-
cycles, or whatever other intermediate frequency
is chosen.

The design of such a filter is well known in
the art and any alternative construction may be
utilized. I have shown the output of the inter-
mediate frequency coupling element connected
from the coil 112 to the grid 114 of the second
detector D, which demodulates the intermediate
frequency into audio frequency. To assist de-
modulation, a grid condenser 115 and grid leak
116 may be used, but this is not always neces-
sary. The other lead from coil 112 is shown con-
nected between a grid bias resistor 117 in series
with the cathode 118 of tube D and a volume con-
trol tube 119 which, as is shown, may act as a
rectifier for changes in the plate current of
tube D.

The grid 120 and plate 121 of the tube 119 are
shown connected together and by-passed to the
cathode 122 of the same tube, by means of re-
sistor 123 and condenser 124. The combination
of tube 119, resistor 123, and condenser 124, is
designed for a large time constant so as to give
the variations of voltage, only due to sustained
excessive signals. 'Thus, an excessive signal com-
ing in at detector D would result in an appreci-
able diminution of the average plate current of
this tube and a consequent reduction of the po-
tential across the rectifier tube 119 and the re-
sistor 123. A tap 125 on resistor 123 applies the
reduced potential to the contrc' grid 15 of tube
T2, which acts as a first detector and, by lower-
ing its potential, will reduce the effectiveness of
this tube as a detector and as an amplifier, so that

10

15

20

25

30

35

40

45

50

55

60

65

70

((]



. lo

the signal amplified by tubes T3 and T4, and
detected by tube D, is also reduced.

-A condenser 126 is shown by-passed from the
tap 125 to the negative lead 2. The detector tube

means of direct-connection from its plate 137 to
the grid 9 of the power tube, and & plate cou-
pling resistance R5, similar to Figure 3, may be

~ Supplied. The power tube may be connected in
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any desired manner, for instance, as shown in
Figure 3, and is not specifically illustrated in this
diagram. ° Although this diagram shows or

three-electrode tubes used, it is quite evident that

screen grid tubes ‘could be similarly utilized and
that such screen grid tubes could also be con-
nected to the potentiometer R3, which is used for
“the series amplifier, in exactly the same manner
as has been shown in the several previous figures.

Referring to Figure 12, an alternative arrange-
ment is shown in which the series amplifier con-
sisting of tubes T1, T2, T3, and T4 may have for
tube T1, a tube with & space charge grid 130, in
addition to the control grid 4. In this case, I can
utilize this space charge grid to produce oscilla-
tions in the tube T1, by connecting an oscillator
circuit comprising variable condenser 103 and a
coil 101 in the circuit of the grid 130, a coil 100
coupled with 101, and a by-pass condenser 131
in the circuit of the plate 5 of tube T1. Thus,
while the input circuit 31—32 applies a poten-

tial at incoming frequency to the control grid 4,
130 at the same time applies.

the space charge grid
an oscillation of a frequency determined by the
oscillatory circuit of condenser 103 and ‘coil 101.
I have shown a grid bias resistor R2 with a
by-pass condenser 57 in the input circuit and a
high resistance by-pass 132 in parallel with con-
denser 131. This combination will act effectively
as a demodulating circuit, so that the tubes T2,
T3, and T4 will receive substantially only inter-
mediate frequency oscillations and will amplity
such oscillations, as a series amplifier, due to the
presence of the filter circuit consisting, in this
case, of three tuned circuits, S3, 84, and S5, in
series with the plate 109 of tube T4 and on account
.of the connections from the control grids of
tubes T2, T3, and T4 to the potentiometer R3,
The output from the filters S3, S84, and 85 ex-
tends through a condenser 7 to a second detector

tube D, which converts the intermediate fre--

quency signals to audio frequency and has a grid
leak resistance 133 and the following volume con-
trol arrangement. A rectifier tube 119, similar to
Figure 11, is connected in series to the cathode
118 of tube D, and a tap point 125 on a by-pass
resistor 123 is used to supply the grid bias to the
grid 114 of the tube D, via the grid leak 133. A

- . by-pass condenser 126 is supplied on the volume
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control and also a by-pass condenser 124 in par-
allel with the rectifier tube 119. This condenser
is arranged with the resistor 123 and the imped-
ance of tube 119 to have the necessary long time
constant. The tube D may have an intermediate
frequency by-pass condenser 134 from plate 127
to cathode 118 and a choke coil 135, suitable to
block off the intermediate frequency.

As a result, only variations of audio frequency
will reach a further amplifier tube T5 in series
amplifier connection with the tube D1.” The grid
136 of tube T5 may be supplied with a constant
potential from ‘the comimon potentiometer ‘R3.

- The output of tube T5 and, if necessary, of a fur-
ther amplifier tube T6 (not shown) connected
and in series with it, is obtained from a coupling
transformer 70, which may bhe similar to that of

D may be coupled to a power amplifier tube P by:

1,080,507

Figure 8 and lead further into a. power amplifier
stage (not shown). It will be seen that in this
case the volume control arrangement is applied
to the second detector, while in Figure 11 the

volume control was applied to the first detector, -

Either of these arrangements may have advan-
tages, depending on the particular design of the
amplifier. Thus, the connection of Pigure 11
gives a more effective volume control over a
wider range of amplitudes, while Figure 12, with
& simpler oscillator arrangement, gives also a
simpler volume control arrangement, -

I have shown in Figure 13 another alternative
arrangement in which the series amplifier Ti,
T2, and T3 uses the tube T1 as a radio fre-

‘quency input tube, exactly as, say, in Figure 8,

and the tube T2 as an oscillator. The tube T2
has its grid 15 connected to a tuned circuit com-
prising variable condenser 103 and a coil 101,
A tickler coil 100 is connected to the anode 6’
of tube T2. A back coupling condenser 131 is
used to connect the tickler coil back to .the
cathode 16 of tube T2, A grid hias resistor 136
may be supplied, if necessary, for the tube T2,
used as oscillator. . : o ’

The variable condenser 103 is shown to have a

common control 104 with the variable condenser

32 of the input circuit 31—32, and also with the
coupling- circuits S1 and 82, which are arranged
in exactly the same manner as the circuits 31—32
and 103—100, to give the frequency response to
the two heterodyning frequencies in the series
amplifier T1, T2, and T3. Thus, the hetero-
dyning frequencies are permitted to be freely am-
plified up to the anode 6 of tube T3 and at the
same time, certain demodulation to intermediate
frequency will take place in this serles amplifier.

This. demodulation will impress the potential
at intermediate frequency only to a further series
fllter of intermediate frequency, which may be
exactly similar to that of Figure 11 and consist-
ing of a primary 110 with condenser 111 and a
secondary 112 with a condenser 113, I have
shown the output of the secondary 112 applied
to. a further intermediate frequency series am-
plifier consisting of tubes T4, T5, and 'T6, with
series - coupling circuits S3 and 84, which are
arranged to have a high impedance over the mod-
ulated intermediate frequency range; that is, the
same range for which the first intermediate fre-
quency filter of coll 110 with condenser 111 and
coil 112 with condenser 113, were designed. .

Thus, the intermediate frequency signals will
be freely
plifier and simultaneously demodulated, result-
ing in audio frequency changes of impedance,
which may be directly impressed upon a series
audio frequency transformer 70 with an inter-
mediate frequency by-pass condenser 137." The
output coil 71 of transformer 70 may be applied
to further audio frequency amplifier of any suit-
able design and supplied, for instance, with a
volume control terminal 138 and the supply ter-
minals 139 and 140, connected respectively to
positive lead 1 and negative lead 2.

The volume control terminal 138 may be used,
for instance, for controlling the potential of the
screen grids of tubes T4, T5, and Té, by means
of potentiometer R2’ in an. arrangement similar
to that of Figure 8. I have supplied a choke coil
139, in order to prevent any changes of radio
or intermediate frequency that may exist in re-
sistor R3’ from reaching the volume control ter-
minal 138. As it is necessary to use tube T4
partly as a detector at audio frequency, I have

amplified through the second series am-
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supplied, moreovet, a grid bias resistor 140 in
the cathode circuit of this tube, together with a
by-pass condenser 141 and a. plate by-pass 142,

which, however, may be omitted and also a screen

grid by-pass condenser 143, which may also be
omitted, without greatly aflecting the operation
of this device. A choke coil 144 serves further-

. more, to prevent any changes at radio frequency

from reaching the intermediate frequency ampli-
flers T4, T5, and T6.

In Pigure 14 there is shown a schematic ar-
rangement to illustrate in & general way the man-
ner in which & series amplifier can-be used in a
suitable chain of amplifiers arranged for differ-
ent- frequency ranges in somewhat similar man-
ner to the chains of parallel connected amplifiers
operating at different ranges. Thus, tubes T1,
12, T3, and T4 operate as radio frequency series
amplifiers, while the tube T3 at the same time
may act as an oscillator similarly to the connec-
tions of tube T2 of Figure 13, except that the grid
18 of tube T3 is shown connected directly to the
potentiometer R3 and the oscillator circuit of
condenser 103 and coil 101 is connected through
condenser 145 with the cathode lead of tube T3.
In this way, the tube T3 will act simultaneously
as an oscillator and also as a part of the radio
frequency series amplifier.

.A radio frequency coupling element or filter
RF is connected between the tubes T4 and
TS5, which may be exactly similar to the radio

frequency filter of Figure 13, consisting of S1 and’

S2. A connection from the plate 109 of -tube T4
is made to the grid 146 of tube T5, and while this
connection does not indicate by the presence of
grid condenser or grid leak that the tube T5 will
act as a detector, yet, by proper choice of the
grid bias of tube T5, such detection may be
obtained. .

By-pass condenser 147 returns the intermediate
frequency variations on the outside of the radio
frequency filter back to the negative lead 2. The
tubes TS, T6, and T7 are shown to operate at in-
termediate frequency as a series amplifier with
an intermediate frequency fliter IF connected to
the plate 148 of tube T7. The intermediate fre-
quency filter may be of any known type, for in-
stance, such as is shown in Figure 12 or 13. The

plate of tube 148 is shown connectsd to the grid

149 of tube T8 and again, the tube T8 may act
as a detector to audio frequency.  The variations
of the latter frequency are by-passed through con-
denser 150 to the negative lead 2. The tubes T8,
'T9, and T10 may act as an audio frequency series
amplifier with an audio frequency fllter mark-d
AF, the output terminals of which——151 and 152—
may lead either to utilization as loud speaker, or
to further amplifiers. The audio frequency filter
is connected to the plate 153 of tube T10 and to
the positive lead 1, and the potentiometer R3 is
shown connected directly between the positive
lead 1 and the negative lead 2 and has taps to

the different control grids, except to the grids of

the tubes which are used as detectors, such as
tubes T5 and T8. It is evident that screen grids
could be used just as well, or space charge grid

tubes could be used, and the connections to such’

screen grids or space charge grids will be again to
the common potentiometer R3 or to other poten-
tiometers similar and parallel to it.

While the particular diagrams illustrate differ-
ent connections of amplifiers applied to receiv-
ing circuits, it is quite possible and evident to
one skilled in'the art that similar or identical

. diagrams may be applied also to transmitting

circuits, Thus, for instance, referrlng to Flgures
11 to 14 which show the infroduction of sp:zcial
oscillations into one of the tubes of a series am-
plifier, the oscillations which are introduced may
be used for the purpose of transmitting and the
oscillator itself, either of the type shown in Fig-
ure 11 or of the type shown in Figures 12 to 14,
may be controlled by special frequency control-
ling means such as crystals or tuning forks, and
modulated by signalling impulses such as tele-
phonic or telegraphic signals.

When used for transmitting purposes, the con-
struction of electric valves in the series amplifier
may sometimes be modified to advantage. For
instance, instead of increasing the current of such
valves for higher power, the potential may be in-
creased as the series amplifier is particularly ef-
fective in amplifying potential variations. - Also,
for such purposes it may be desirable to utilize by-
path circuits on some of the valves which carry
relatively lower current than the highest powered
valve.

Other uses of this type of ampliﬂer include all
of the uses to which the present type of power
amplifiers are applied. Thus, for instance, this
type of amplifier can be used for picture trans-

mission or for transmission of television signals,

or for amplifying of telephonic currents in tele-
phone networks. Moreover, the various factors
which enter into the operation of such amplifiers
of the parallel type are clearly brought out in this
specification as applied to series amplifiers, and
it is a part of my invention to provide means for

ll"

10

15

20

25

30

utilizing such operating factors as volume con-.

trol, tuning, heterodyning, and so forth, in a series
amplifier.

- While I have illustrated a number of modifica-
tions of the uses of series amplifier and some gen-
eral and theoretical diagrams and arrangements,
such as Figures 2, 6, and 14, which illustrate
schematically th: method of operating such am-
plifiers, I do not wish to be limited to the particu-
lar circuits or theoretical consideration outlined
in the specification, except as defined in the ap-
pended claims.

What I claim is:

1. In an amplifying system, comprising a plu-
rality of valves, each having cathode, anode and
control electrodes, said valves being arranged in
series with the anode of one valve being connected
to the cathode of the succeeding valve; a common
coupling means having a fixed impedance con-
nected to the anode of the last valve; a common
source of operating potential supply for said valves
arranged so that substantially the same current
flows through said valves and said coupling means
in series; means for applying input potential vari-
ations to the first valve of the series; means for
maintaining the control electrodes of said valves
at predetermined fixed potentials; means includ-
ing circuit connections for deriving output po-
tential variations developed by said coupling
means, said coupling means being designed to
present high impedance to said input potential
variations.

2. In an amplifying system, comprising a plu-
rality of thermionic valves each having cathode,
plate and grid electrodes, said valves being ar-
ranged in series with a plate of one valve being
connected to the cathode of the succeeding valve;
an impedance coupling means connected in series
with th> plate of the last valve; a source of anode
potential supply connected to said valves and said
impedance so that the same current flows through
said valves and said impedance; means for sup-
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blying input potential variations to the grid of
the first valve, means for msaintaining the control
electrodes of said valves at predetermined fixed
potentials; said coupling means being designed
to present high fixed impedance to the frequency
range of said input potential ‘variations, and
means for deriving amplified output potential va-
riations developed by said impedance means, v
3. In an amplifying system as claimed in claim
2 In which said impedance means consists of a

" high ohmic resistance for supplying amplified po-

15

20

25

30

36

40

‘45

tential variations in accordance with g broad
range of input potential variations applied to said
system., :

4. In an amplitying system as claimed in claim
2 in which said impedance means consists of a
transformer designed to present high\{m_pedance
to a predetermined range of input frequencies
applied to sald system. '

5. In an amplifying system as claimed in claim

"2 in which said impedance means is comprised

of an audio frequency transformer designed to
have high impedance with regard to the desired
input audio. frequency band to be applied to said
amplifying system, . . S

6. In an amplifylng system as claimed in claim
2 in which said impedance means is comprised
of a choke coil designed to present high imped-
ance 10 a predetermined range of frequencies to
be applied to and amplified by said system. ,

7. In an amplifying system as claimed in claim
2 in which said impedance means is comprised
of an electric filter designed to present high im- _
pedance to a bredetermined band of frequencies
to be applied to and amplified by said system.

8. In an amplifying system as claimed in claim
2 in which said impedance means is comprised of
& multiple tuned circuit, resonant to the fre-
quency of input potential to be applied to and
amplified by said system.

9. In an amplifying system as claimed in claim
2 including means for maintaining the grids of
sald valves at a fixed operating potential,

10. In' an amplifying system as claimed in
claim 2 including a potentiometer and tap con-
nections from -said potentiometer at definite
points thereof to the grid electrodes of said valves
for maintaining fixed grid potentials during op-

- eration,
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11. In an amplifying system as claimed in
claim 2 including a potentiometer connected
across sald potential supply source, and tap con-
nections from points of said potentiometer to the -
grid electrodes of said valves, for malintaining
fixed grid potentials during operation.

12. In an amplifying system as claimed in
claim 2 in which a plurality of groups of series
amplifying valves are provided with impedance
coupling means for each group designed for am-
plification of a different predetermined range of
frequencies, means for connecting said groups
in series and for changing the operating range of
frequencies of one group into the range of fre--
quencies of the succeeding group for successive
amplification of signals applied to the input of
the first group, to be translated into .amplified

- signals supplied from the last group.

70
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13. In an amplifying system as claimed in
claim 2 comprising a plurality of groups of series
amplifying valves, each group including an im-
pedance coupling means designed for a different

-predetermined range of operating frequencies,

heterodyning means connecting one group in

‘series with the. succeeding group for changing

the operating frequency of one group into the

‘1,986,597 ) :
operating frequency of the succeeding group, for

- operating potential

_rent supply;

‘bilizing
-devices.

amplifying high frequency input signals’ applied
to the input of the first group and to be delivered
from the output of the last group and a common

8l source, supplying all of said
groups in series. :

14, In an amplifying system as claimed in
claim 2 in which two impedance means designed
each for g different predetermined range of fre-
quencies are provided, and means for feeding
back output potential variations in accordance
with one range of frequencies and obtained from
one impedance means to the input.of the series
to effect & multiple amplification by the same
series of valves and said second impedance means.

15. An amplitying system comprising a plural-
ity of discharge devices each comprising a cath-
ode, plate and grid electrode; a source of cur-
a coupling element of fixed high
impedance with respect to the signalling current
variations to be amplified; said devices, said
coupling element and said source being connected
in series with the plate of one device being direct-
ly connected to

device; means for applying input current varia-

tions to the grid of the first discharge device;

means for deriving output potential variations
from said coupling element; and means for sta-
the direct grid potentials of said discharge

16. An amplifying system; a plurality of dis-
charge devices, each comprising a cathode, plate
and grid electrode; a source of current supply; a
high ohmic fixed resistance; said devices, said
registance, and said source being connected in
series with the plate of one device being directly
connected to the cathode of the succeeding de-
vice; means for applying input current variations
to the grid of the first discharge device; means
for deriving output potential variations from said
resistance; and means for stabilizing the direct
grid potentials of said discharge devices.

17, An amplifying system: a plurality of dis-
charge devices, each comprising a cathode, plate
and grid electrode; a.source of anode current
supply; a coupling element designed to present
& high fixed impedance to audio frequency cur-
rents; said devices, said coupling element and
said- source being connected in series with the
plate of one device being directly connected to
the cathode of the succeeding device; means for
applying audio input currents to the grid of the
first discharge device; means for deriving out-
put potential variations from said coupling ele-
ment; and further means comprising a poten-
tiometer connected across said source and hav-
ing tap connections to the grids of said discharge
devices for main g constant direct grid po-
tentials,

18. An amplitying system: a plurality of dis-
charge devices, each comprising a cathode, plate
and grid electrode; a source of anode current
supply; a resonant circuit designed to present
high impedance to high frequency currents to be
amplified by said system:; said devices, said
resonant circuit and said source being connected
in series with the plate of one device being di-
rectly connected to the cathode of the succeeding
device; means for applying high frequency input

currents to the grid of said first discharge device;

means for deriving output potential variations
from said resonant circuit; and further means
comprising a potentiometer with tap connections
to the grid electrodes of said devices for main-
taining constant direct grid potentials,
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19. An amplifying system; & plurality of dis-
charge devices, each comprising a cathode, plate
and grid electrode; a source of anode current;

- a resonant circuit designed to present high im-

pedance to high frequency currents to be ampli-
fled by said system; said devices, said resonant
circuit and said source being connected in series
with the plate of one device being directly con-
nected to the cathode of the succeeding device;
means comprising a potentiometer with tap con-
nections to the grids of said devices for main-

taining constant direct grid potentials; further

means comprising an impedance bridge supplied”

from said resonant circuit and provided with tap
connections to the electrodes of said devices for
maintaining proper high frequency potentials

thereat; and means for applying high frequency .

input potential to the grid of the first device
and for deriving output potential from said
resonant circuit.

» ALEXANDER NYMAN.,
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