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This invention relates to wave translating sys-
tems, as. for example vacuum tube. amplifiers
for long cable c1rcu1ts of wide flequency range:
Such, c1rcu1ts may be used for instance for multi-
plex carrier commumcatlon .They may be, for
example, of a. length of the order of one or more
thousand miles. Each may- have, for example,
two_eoncentrlc or coaxial conductors transmitting
a very large number of communications, for in-
stance - telephone communications, occupying a
frequency range-extending for example from 500
kilocycles . to 5,000 kilocycles..

An, obJect of the invention is to ampllfy waves
of broad frequency ranges extending up to high
frequencies, as.for example the range-from. 500
Lllocycles to 5, 000 kilocycles, for instance in cir-
cuits .such as. those referred to. above.

In one spec1ﬁc aspect the invention. is.a vacu-
um. tube ampl.ﬁer for effectmg such. amplifica-
tion w1th h1gh gain, as for example 60 decibels
gain, at the top frequency, . and w1th the. ratio
of gain. to line attenuatlon at least proportion-
ally as: great approx1mately, at all of the other
utilized. frequencies.as at the- top frequency. To
obtain - such couphng between Voltage amplifi-

cation stages.as. will, result in high voltage step-.
up frO‘n the grld of one. tube to. the grid" of the:

next and. yet result in-.an approx1mately flat
gam—frequency charactenstm for the gain be-
tween. the two grlds over .the ut111zed frequency
range, an mterstage couphng circuit is used which

comprises a filter separatlng the inherent plate-:
to-ground and grld-to ground capacites of the

coupled. stages and using a portion of each of
those capac1tes as elements of the filter, and
which has means building out the remaining por-
tions of those capacities to, termmatmg resist-
ances for the filter. The couplmg circuit may-be
described somewhat. more spec1ﬁcally as a broad:
band wave filter terminated in resistances equal
to its image impedances, the filter haying initial
and final shunt arms.separated by .a. series arm,
each shunt armincluding a eapacitance, these

capacitances bemg portions of the inherent plate-.

to-ground .and- grid-to- ground capac1t1es of the-

"coupled stages, and the remammg port1ons of:

the two latter capac1t1es being built out to form
the termmatmg resistances; just  mentioned.
Each of these two capacities can be built out
to a resistance by shunting: the capac1ty with
series-connected inductance and: resistance of ap-
propriate values, for example; for then the ca-
pacity and the inductance form a low-pass. filter
terminated. (at midseries). by- the resistance. (as

 pointed out in Nyquist Patent 1,894, 322, January-

(Ol 178—44)
17, 1933). 'The filter thus terminated has its in-

put impedance a resistance over its transmitting

frequency range or pass band (as indicated by
Fig. 116 (b) on page 227 of “Transmission net-
works and wave filters”, T. E. Shea, D. Van Nos-
trand Co., N. Y., 1929), provided the filter is ter-
minated in an appropriate value of resistance
at its input end as well as at its output end so
that it works between its midshunt and midseries
image impedances.

A feature of the invention is an inherently re-
active wave source feeding two paralleled filters,
each passing a given frequency band, each using
a .portion of the source reactance as filter re-~
actance and each forming a terminating resist-
ance for the other.

Other objects and aspects of the invention will
be apparent from the following description and
claims.

Fig. 1 shows an amplifier illustrative of the spe-~
cific aspect of the invention referred to above;

Fig. 2 gives a general picture of an interstage
coupling system;

Figs.. 3 to 8 show examples of specific forms
of coupling circuits;

‘Figs. 9 and 10 show curves facilitating explana—
tion of the invention;

Fig. 11 shows a transformer type of interstage
vacuum tube coupling system embodying a fea-
ture of the invention; and

Fig. 12 shows a filter type of interstage sys-
tem that is equivalent as regards operating re-
sults.

Fig. 1 shows a four-stage vacuum tube ampli-
fier for amplifying waves received from line In and
transmitting the amplified waves to line Ls. . The
lines I: and L2 are shown as sections of a con-
centric conductor or coaxial conductor cable with
the outer conductor grounded. The first stage
of the amplifier comprises a screen grid, space
charge grid, heater type vacuum tube 1 having
a mutual conductance of 10,000 micromhos, for
example; the second stage comprises a heater
type pentode 2 having a mutual conductance of
3,000 micromhos, for example; the third stage
comprises two tubes 3 and 3’ connected in bal-

anced or push-pull relation, each tube being the
same as tube 2; and the fourth stage comprises

two power triodes 4 and 4’ also in push-pull rela-
tion, each of high transconductance and low in-
terelectrode capacities, and producing relatively
low modulation, and each for example of 100 watts
power. capacity or dissipating 160 watts in the
plate circuit.. .

The ﬁlaments of tubes 1, 2, 3 and 3’ are ener-
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gized in paraliel from a five-volt secondary wind-
ing 5 of power transformer 6, which has primary
winding 7 connecied to a 110-volt, 60-cycle power
source 8 and has a 10-voli secondary winding
9 energizing the filaments of tubes 4 and 4’ in
parallel. Transformer 6 also has secondary wind-
ings 10, 11, 12 and 13. Windings 10 and 11
energize the filaments of rectifier tubes 14 and
15, respectively. Winding 12 and rectifier 14
supply direct current tc resistance 18 through
a filter comprising choke coil 17 and by-pass con-
denser 18.

Resistance 16 has a 15-volt tap 1§ supplying
voltage to the space charge grid of tube 1, by-
pass condenser 20 suppressing fuctuations in this
voltage.

Resistance 16 has a 180-volt tap 21 supplying
voltages to the screen grids of tubes 1, 2, 3, and
3’, by-pass condensears 22, 23 and 24 suppressing
fluctuations in these voltages.

"' Resistance 18 has a 250-volt tap 25 supplying
space current for tubes i, 2, 3 and 3’. The space
current is supplied to tube 1 thiough choke coil
26, condenser 27 by-passing variations. - The

" space current is supplied to tube 2 through a

branched circuit comprising as one branch re-
sistance 29 and as the other branch inductance
30 in series with primary winding 31 of unbal-
anced to balanced interstage transformer 32, con-
denser 33 by-passing variations. The space cur-
rent is supplied to tubes 3 and 3’ through choke
coils 34 and 34’, respectively, condenser 35 by-
passing variations. :

Winding 13 and rectifier 15 supply 1,050-volt
dirvect current to bleeder resistance 36 through
a filter comprising choke coil 37 and by-pass con-
denser 38; and the voltage across resistance 36
is applied to the plates of tubes 4 and 4’ through
choke coils 39 and 39’, respectively, condenser
40 by-passing variations.

The control grid of tube 1 is grounded, for
direct current, through the secondary winding
43 of amplifier input transformer 41, which has
its primary winding 42 connected to line 1. The
cathode of the tube is connected to ground
through resistance 44 and by-pass condenser 45
which supply biasing potential for the control
grid.

The control grid of tube 2 is at ground poten-
tial for direct current, being connected to ground
through o branched circuit formed by elemeants
of a fllter interstage coupling circuit 46 dezcribed
hereinaiter. One of the branches comprises in-
ductance 47 and resistance 48 in series with each
other and with parallel-connected inductance
49 and resistance 50, elements 49 and 50 forming
a series arm 51 of filter 46; and the other branch
comprises inductance 52 and resistance 53 in
series. The capacities employed in the filter are
obtained from the inherent plate-to~-ground
capacity of tube 1 and the effective input capacity
of tube 2. A stopping condenser 54 of negligibie
reactance separates the plate of tube 1 and the
control grid of tube 2 for direct current. The
cathode of tuke 2 is connected to ground through
resistance 55 and by-pass condenser 58 which
supply biasing potential for the control grid.

The control grid of tube 3 is at ground po-
tential for direct current, being connected to
ground through elements of interstage coupling
circuit 60 that couples tube 2 to tubes 3 and 4.
‘The elements forming this ground connection
comprise resistance 61 in series with secondary
winding 62 of transformer 32 and with a branched
circuit 63 composed of inductance 64 and re-
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sistance 65 in parallel. The cathode of tube 3
is connected to ground through resistance 66 and
by-pass condenser 87 which supply biasing poten-
tial for the control grid.

The control grid of tube 3’ is at ground po-
tential for direct current, being connected to
ground through elements of the interstage cou-
pling circuit 60. The elements forming this
ground connection comprise the resistance 61 in
series with secondary winding 62’ of transformer
32 and with a branched circuit 63’ composed of
inductance 64’ and resistance 65’ in parallel.
The cathode of tube 3’ is connected to ground
through resistance 66’ and by-pass condenser
67’ which supply biasing potential for the con-
trol grid.

The control grid of tube 4 is at ground potential
for direct current, being connected to ground
through elements of interstage coupling circuit
70 (described hereinafter) that couples tubes 3
and 3’ to tubes 4 and 4’. ‘The elements form-
ing this ground connection comprise inductance
71 in series with resistance 72 and with a
branched circuit 73 composed of inductance 74
and resistance 75 in parallel. Sfopping condenser
76 separates the plate of tube 3 and the grid of
tube 4 for direct current. Hlements 71’ to 76’
function in connection with tube 4’ as elements
71 to 76 function in connection with tube 4. The
filaments of tubes 4 and 4’ are connected to
ground through winding 9 and resistance 77 by-
passed by condensers 78 and 79, the resistance 77
supplying biasing voltage for the grids of tubes
4 and4’,

An output circuit 80 (described hereinafter)
couples tubes 4 and 4’ to line Ls. The circuit
80 comprises a permalloy dust core balanced to
unbalanced push-pull transformer 81 which has
primary windings 82 and 82’ and secondary
winding 83, the winding 82 having in series there-
with an inductance 84 and a stopping condenser
85, and the winding 82’ similarly being in series
with an inductance 84’ and a stopping eondenser
85’. The transformer changes the impedance
level to 80 ohms corresponding to the impedenace
of the line Lo, Condensers 90 and 90’ are cross-
neutralizing condensers which neutralize the cou-
pling effects of the grid-plate capacitive coupling
and other inherent coupling hetween the output
circuit and the input circuit of the last stage of
the amplifier., The stopping condensers 85 and
85’ isolate the high frequency transformer 31
from the high direct current plate voltage.

The inductances 84 and 84’ are small coils
which separate the tube and transformer capac-
ities and thereby improve transmission at the
top frequency as indicated hereinafter.

An amplifier such as that of Fig. 1 may need
to meet requirements for exarmple such as the
following:

(1) That it transmit a frequency band of 580
kilocycles to 5000 kilocyeles;

(2) That the gain be approximately 60 de-
cibels at the highest frequency, and that at all
utilized frequencies the gain be at least as grest
as the attenuation in the line;

(3) That the noise introduced by the amplifier

be less than the resistance noise introduced by

the line; and

(4) That the amplifier be such that in the last
stage tubes can be used of sufficient power ca-
pacity to hold medulation below objectionable
values, as for example, tubes of the 50-watt class
(e. g. of the power capacity of the Wester
Electric Company type 211-D tube).

80

85

90

95

100

105

110

115

120

125

140

150



| 1,052,879

“the resistance noise; whereas equalizing the line

““‘Regarding requirement (4), if the amplifier

can-meet the other requirements with 50-watt-

“.tubes in-the last stage, then if desired tubes of
“higher: power capacity could be used without

410

‘necessitating any radical change in the type of.

. ‘amplifier - circuit employed but with only such
- .minor rearrangements as required by higher di-
--reet current voltages, increased currents, ete.
“"The-amplifier would still meet requirements (1)

t0+(3)- when the tubes of -increased’ power- ca-

- -pacity -were used.

“Regarding requirement (3), the gain required

gt the top frequency is taken ‘as approximately

“‘the line attenuation to be counteracted by the:

116 -amplifier at that frequency. In many cases it is

~~desirable that a substantial portion of this gain,

[

,5;:: 20’ N
- -required value.

~for-example a- 20 decibel voltage step-up, be ob-

-“tained- in the input transformer in order that
-“the resistance contribution of noise from the first

‘tube and its associated circuit will be below the

The type of the tube and the

- gireuit of the tube control this figure for the

~amount of voltage step-up that the input trans-

-former must give in order that the additional
28
*the line Iz will never have to be so great as to

- noise introduced by the line.

130

voltage gain from the grid of the first tube to

cause the amplifier noise to equal the resistance
-If the required

~-amplifier gain at the top frequency is 60 decibels

and the transformer 81 gives a voltage step-up

--0f; say 20 decibels at that frequency, the voliage

‘gain-from the grid of tube 1 to the line Lz will

“-never have to exceed 40 decibels.

185

---zero power level.

The original power level in the line will be

~regarded as the reference level and designated

For example, assuming the line

- ‘attenuates the top frequency 60 decibels before

delivering it to the amplifier, for that frequency

' the signal voltage level on the line at the ampli-
40

fier-input‘will be —60 decibels.
“The line attenuation decreases with frequency,

:-for example, from 60 decibels ‘at 5000 kilocycles
“-to approximately 20 decibels at 500 kilocycles.

45"

-In-order that after passage through the ampli-

fier all utilized frequencies will be at their orig-

“inal power- levels it will usually be desirable to
-employ a line attenuation equalizing network

¢not-shown), but it is advantageous to obtain a

~substantial ‘amount of the total required equal-

60

R 11

“izgtion in the input transformer, by tuning the
“input transformer to the top frequency and

having “the utilized frequency range fall on the

~-low frequency side of the resonance curve, since
* then the voltage step-up of the transformer at

“the top frequency can be made high due fo the

““tuning. The transformer may have a low cou-
~“pling “coefficient and act as & rather dull single
-tuned circuit with the maximum step-up at the
“top frequency.

60

“With the amplifier working very close to the

- limiting tube noise level, it is in some cases de-
. sirable to have the input transformer perform

. 65

.only a portion cf the equalization -effected by

- .the amplifier and to have the remainder per-

formed by one or more of the voltage amplifica-

- tion stages rather than in or ahead of the input

transformer; so that.the low frequencies of the

. utilized range will be transmitted to the grid of

.70

.5 maintained at a higher power. level relative to-

tube 1 at a voltage level sufficiently high to in-
-sure that they will override the noise.
ization in a voltage amplification stage means

(Equal-

that only at the top frequencies does the signal

. .approach as close to the noise level as permis-
" sible .and that the lower frequencies are always

characteristic entirely before the amplifier ‘tubes
has the disadvantage that the signals of all fre-
quencies are reduced to a point where they are

‘equally near. the resistance noise level of -the

line, The seriousness of amplifier noise in-
creases. with the number of amplifiers in tan-
dem.) Moreover, the design of the transformer
for maximum gain at the top frequency is in

some’ cases facilitated by lessening the amount*

of equalization required in the transformer and

‘accordingly performing a substantial proportion

of the equalization later in the amplifier. How-
ever, it-will be assumed that a substantial amount

of equalization is to be effected in the input trans--

former 41 and that the amplifier characteristic

‘from the grid of tube 1 to the line Lo is to be

substantially flat. It has been found that the
required gain and equalization in the transform-

er 41 can be obtained with an air core trans-

former whose secondary winding 43 tunes the ef-

-fective input capacity of tube 1, as well as the

inherent capacity of the attached wiring, to res-
onance at the top frequency. The primary
winding 42, of insulated wire, is wound directly
on the low alternating current potential end of
the secondary winding 43, also of insulated wire.
If desired, loading resistance (not shown) can
be incorporated in the winding 43 or connected

in series with it, to control the equalization.

For example, a large diameter transformer with
a primary-to-secondary turns ratio of about 1-to
6 and a loading resistance of 100 chms in series
with the secondary winding was found to have
a desirable transmission characteristic. If de-
sired, the transformer 41 instead of being of the
air core type, may have a core of permalloy dust,
introducing effective resistance of -appropriate
value to provide the desired equalization in the
transformer.

The transformer 41 forms substantially a short
circuit on the line I: at very low frequencies, and
thereby prevents low frequency interference from
entering the amplifier and modulating the high
frequency signal on the grid of tube 1.

Passing from consideration of the input system
of the amplifier of Fig. 1, the voltage amplifica-
tion stages of the amplifier will now be con~
sidered. The gain of such a stage, or of a tube
and its associated interstage coupling circuit that
couples it to the following tube, is usually ex-
pressed as the ratio of the voltages on the grids

.of the consecutive tubes or may be expressed in

decibels as 20 X the logarithm of this ratio, this

.expressing ‘true- decibel gain (of power) if the

circuits feeding the consecutive grids are of the
same impedance. Use of screen grid tubes (as
for example, tubes 1 and 2) facilitates obtaining
high gain over the utilized freguency range with-
out necessity for employing -neutralizing con-
nections to prevent impedances placed in -one
stage (for instance, the stage comprising tube 1)
from being in effect short-circuited by imped-
ances of later stages reflected back through the
grid-plate capacity of a tube (for instance,
tube 2).

For amplifying wide frequercy ranges extend-
ing up to high frequencies it has been found that
(assuming adequate screening) at least when a

“stage does not employ neutralization or regenera- .14
tive or negative impedances, for a given mutual
- conductance and plate-to-ground capacity of the

tube of the stage the higher the internal plate
resistance of the tube the greater becomes the

-gains-of - the stage (either for -an :approximately
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flat gain-frequency characteristic over a given
frequency range or for some other shape of char-
acteristic, for instance, a characteristic with a
peak at some particular freguency of the utilized
range), though little improvement is obtained by
increasing the plate resistance after it has
reached twenty times the lcad impedance. With
the utilized freguency range broad and extending
up to high frequencies, as for example, in the case
of the 500 kilocycles to 50606 kilccycles range,
the irequency range practically determines that
interstage impedancss will be low compared to the
tube impedances. In other words, very little of
the actual # of the tubs (for example, tube 1)
is used, and the tube may be considered as a con-
stant current generator acting across a capacity
which is the plate-to-ground capacity of the tube.
Then the higher the impedance that is built up in
the plate circuit (this impedance must include the
tube capacity in shunt), the higher the gain.
Since the generator delivers a constant current,
the gain in voltage ratio is directly proportional
to this impedance.

Fig. 2 is a generalized showing of the alternat-
ing current cirveuits of an interstage coupling
system (such for example, as that comprising
tubes 1 and 2 and coupling cireuit 46 of Pig. 1), the
interstage coupling circuit being shown in block
form as a four-terininal network I having input
terminals T: and Tz and output terminals Ts and
T4 corresponding - to - similariy designated ter-
minals in Fig. 1 and in Figs. 3 to 8. One tube
(corresponding, for example, to tube 1 in Fig. 1) is
represented by its equivalent circuit, consisting
of a constant current generator G of voltage gm €
with the plale resistance Rp and the plate
capacity Cp connected in parallel with it, gm being
the mutual conductance or transconductance of
the tuke. The coupling circuit N couples this tube
to the second tube (corresponding, for example,
to tube 2 of Fig. 1) which is represented by its grid
capacity Cg aione. Other eifects, for example grid
conductance may be neglected here. Further,
since, as indicated above, in order to increase gain
the resistance Ry is made large compared to the
load impedance connected to it, Ry may be re-
garded as of negligible admittance compared to
the load, and thus may be regarded without mate-
rial error as omitied in considering the system,
thus simplifying the system to be considered.

Figs. 3 to 8 show examples of specific forms of
coupling circuits which block N may represent
(the direct current connections required for sup-
plying plate and grid potentials being omitted as
nFig.2). Anyo se forms may be substituted
for the coupling circuit 46 in Pig. 1. The circuit
46 will be described by reference 1o the circuits of
Figs, 2 to 5.

The cireuit of Fig. 3 may be called a resistance
choke coupling circuit. In the case of this type
of coupling Cp and Cy (shown in Fig. 2) are com-
bined and an associated inductance I’ tunes with
the total capacity at some particular value, A
resistance R’ is then inserted in the circuit, and
over the chosen band of frequency the whole
coupling circuit is transformed inte g relatively
constant impedance. In particular cver a con-
siderable part of this range the impedance is a
relatively pure resistance. One particular value
of R’ gives the most uniforin transmission char-
acteristic. The resistance choke coupling cir-
cuit may be considered as a one-half section low-
pass filter which converts the combined grid and
plate capacities into a relatively constant imped-
ance over the pass band. Transmission through

1,052,579

the filter is not used, but the input impedance
of the filter is used as a coupling impedance.

The gain in this type of circuit is given by the
expression gmZ, where gm is the mutual conduc-
tance of the first tube and Z is the coupling im-
pedance, and the coupling impedance is largely
determined by the capacity and the highest fre-
quency to be transmitted. The characteristic in-
put impedance of a low~pass filter section is given
by the reactance of the capacity at the cut-off
frequency and it is usually desirable to have this
cut-off at the top frequency to be transmitted.
Actually, if the terminating resistance is made
about 30% higher than the theoretical value for
a filter termination, the impedance throughout: -
the band is essentially constant, and 30% higher
than would be cbtained by the conventional ter-
minaticn, A feature of the invention is such
a resistance choke coupling circuit, the coil tun-

80

- 85

190

ing the capacity at the top frequency to be trans- : 95

mitted and the resistance being approximately
30% higher than the reactance of either of the
othar elements at that frequency. This propor-
tioning gives the coupling circuit the highest
impedance (not resistance) which is at the same
time constant within limits of approximately
*+5%.

For the time being let it be assumed that the
maximuin constant impedance is equal to the
capacity reactance at the top frequency. ZLet it
also be assumed that Cp=Ce (This limitation
simplifies preliminary discussion and is easily re-
moved later.) This means that if Xep is the
reactance of the plate side, the coupiing imped-
ance in the case of the resistance choke coupling
circuit is % Xep. All wiring, coil, and other
capacities are considered lumped with the tube
capacities.

If some filter coupling scheme is used it is
possible to separate the grid and plate capacities -
50 that it will be necessary to have only one of
the reactances to contend with at a time. The
first step along this line is to use the circuit
shown in Fig. 4, but with resistances 166 and 107
omitted. Here the capacities Cp and Cg (shown
in Fig. 2) form the terminating shunt elements
of a complete low-pass filter section comprising
inductance 105 as the series arm. The charac-
teristic impedance of the filter will be given by
Xeop. This represents twice the impedance which
it was possible to get with the resistance choke
coupling circuit. Unfortunately, the character-
istic of a filber without resistance termination
is by no means fiat. In fact, it is essentially a
pure resohani coupling circuit. If the filter be
assumed perfect and be terminated in.physical
resistances 106 and 107 equal t6 Xep at both ends
of the line, a very good transmission character-
istic can be obtained, but the effective impedance
into which the tube must work is now equal to
Yo Xep which is no better than that of the re-
sisbance choke coupling circuit, and since the
filter with physical terminating resistances is
more compilicated than the resistance choke cou-
pling circuit, it is less desirable,

100
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120

125

130

135

> > . - 140
Putting a physical resistance across the plate

capacity is the equivalent of using a tube of
much lower Rp and is undesirable and wasteful
of gain. In the case of g filter coupling circuit,
an improvement over the use of the physical re-
sistance may be made by using a combination
of the ideas of the resistance choke coupling
circuit and the filter coupling device, as indicated
in Fig. 5. Assuming that the resistance choke
scheme converts a capacity into a pure resistance
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-are-increased to double their former value.
contributes; theoretically, a 6 decibel increase in-
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over the pass band of the filter, instéad of using
a physical resistance termination part.of each of
the capacities (Cp and Cg)- can.be used, in con-
junction with suitable coils 11l and. 112 .and re-

_sistances: 113 and 114 as the terminating resist-

ances. 'The remainder of the capacities will be
used with a coil 110 as a low-pass filter section.
The coupling circuit is then as shown in Fig. 5
and the equivalent circuit, assuming that the re-
sistance choke device converts a capacity to a pure
resistance, has the configuration shown in Fig. 4.
In.this case, the transmission characteristic is of
the same shape as that for Fig. 4 in which
physical resistances are used, out’ alliimpedances
This

the voltage gain of the stage over the corre-
sponding resistance choke coupling circuit.  .(In
actual practice it is seldom possible to:realize all

‘of ‘this gain for various reasons, as for instance,

departure of filter impedance from the character-
istic ‘impedance -as: ‘the ‘frequency approaches
cut-off.. However, practical performeance is in ab
least approximate agreement with the theory,
notwithstanding the simplifying assumptions.)

If it is assumed that the filter coupling circuit-
presents a pure resistance equal to the reactance

of ‘its first  shunt capacity at.the top frequency
and that the resistance is also equal to its ca-

: pacity reactance at the top frequency, both the

consideration of the maximum power in the load
and- the consideration of matching filter im-
pedances ‘and cut-offs demand that one-half of
the capacity Cp be converted into resistance by
the resistance choke circuit and the other half of
capacity Cp be assigned as the first shunt ca-
pacity of the coupling circuit. .

In some cases in order to get a flat character-
istic, it is desirable to use dissipative resistances

»in accordance with the principle explained in U. S.

patent to W. L. Casper, 1,432,965, October 24, 1922,
for example, in series or shunt with the series
coil of the filter coupling circuit, the coupling eir-
cuit 46 of Fig. 1 exhibiting: the shunt arrange-

‘nent of such a resistance 50 across coil 49 by way

of illustration.. The coupling circuit 46 is other-
wise the same as the coupling circuit of Fig. 5.
The "dissipative resistance merely reduces .ex-
cessive gain in the region of some particular fre-

“guency ahd does not affect the gain ‘appreciably

over the greater part of the range if the proper
resistance is used in the proper position. As
illustrated by the curves of Fig. 9, which indicate
the effect of resistance 50 upon transmission
through the coupling .circuit 46 for the utilized
frequency range, the dissipative resistance can
be used to eliminate peaks in the transmission
which occur near the top frequency to be trans-
mitted. . Since in Fig. 1 the condensers 54 and 27

‘have negligibly low impedance and the choke coil

26 ‘has negligibly high impedance for the utilized
frequencies, these thrse elements used to facili-

tate supply of direct current plate and grid po-:

tentials do not materially affect alternating cur-
rent transmission- through the interstage cou-

pling circuit between tubes 1 and 2 in the utilized -

frequency range.

Tt seldom occurs that Cp and Cg; are equal as

assumed above. When they differ materially, in

place of a filter coupling circuit, such for example,

as that of Fig. 5 or the filter coupling circuit 46

of Fig.. 1, there can ke used a transformer of an .
impedance ratio corresponding to the ratio be-
tween the impedances of :Cp..and Cg or if the

impedance ratio is not too high a band-pass
transforming filter can be used.. A transformer
suitable over the frequency range from 500 Kilo-
cycles to 5000 kilocycles, for example, is shown
in Fig. 6; and a suitable transforming filter is
shown in Fig. 7.

The transformer of Fig. 6 is of the type dis-
closed in the application of E. L. Norton, Serial
No. 625,616, filed July 29, 1932, assigned to the

asgsignee of this application, for Wave transmis-.

sion networks -for working out of a resistance

shunted by a capacity whose reactance at the.
top frequency to be transmitted equals this termi-
‘nating resistance.
primeary windings 120 and 121 coupled to second-..

The transformer comprises

ary windings.122 and 123, respectively, with con-
densers 124, 125, 126 and 127 in series -with wind-
ings.120, 121, 122 and 123, respectively. Induc-
tance 128 and resistance 129 build out a portion
of the plate capacity Cp to a resistance in the
manner in which the inductance I and resistance

5 -
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R’ build out a shunt capacity to a resistance as -

explained -above; and, similarly, inductance 130
and resistance 121 build out a portion of the grid
capacity Ce to a resistance.

The transforming filter of Fig. T, referred to.

above comprises a single band-pass filter section,
having inductance 140.as a series- arm. . One-
half of the plate capacity Cp and one-half of the
grid capacity C. are-used; in conjunction with
coils 141 and 142 and resistances 143 .and 144 as
the terminating resistances for the filter .(in a

100 -

105

manner similar to that in which, as-explained -

above, half. of the capacities Cp and Ce are used
in conjunction with coils 111.and 112 and re-
sistances 113 and 114 of Fig. 5 to form terminat-
ing resistances for the filter of Fig. 5). The.re-

_maining half of capacity Cp and the remaining

half of capacity Cg are used, in conjunction with
coils. 145 and-148, respectively, to form the initial

and final shunt arms; respectively, of- the band-

pass filter. It has-been found that a fairly uni-

110. -

115 -

form characteristic can be obtained with a step- -

up . considerably above the. theoretical -limiting
step-up consistent with the width of band to be

120

transmitted. A circuit-corresponding to that in .

Tig. 7 has been used in cases where the frequen-
cy band of 10:1 and -a capacity ratio of 2:1 has
been used, whereas for a frequency band of 10:1
the impedance ratic theoretically should be lim-
jted to 1.04.

Tn all.cases, transforming filters are essentially
band-pass filters.
always- possible with a band-pass. filter than a
low-pass hecause the input. impedance is, for a

fizxed capacity across the input of the filter; given

by the expression -

R—X“(fz—fl)

for a band-pass filter of pass range f1 to fz as com-
pared with

R=X.,

for a low-pass filter..
Fig. 7 may be considered to represent a uni-

form band-pass filter as well as a transforming

filter. TFor a 10:1 frequency range this has a
109 greater impedance than that of the low-
pass filter for the same input capacity. Another

-practical advantage of a band-pass filter of this
“type is that it supplies a path for a plate current

to the tube which does not involve resistances,
(since the plate source can be connected, for ex=
ample, in the initial shunt arm, inseries with ele-

125 -~

Theoretically greater gain-is .

130 .-

135

140 -

145
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ment 145, the stopping condenser, such as 54 in
Pig. 1, then being connected between arm 145
and arm 140, for example). The 10% improve-
ment in this case applies squally well to com-
parison with the resistance choke coupling cir-
cuit. Essentially, if the band is wide, the shunt
coil is tuned to parallel resonance at the lowest
frequency to be transmitted and the series coil
is tuned to series resonance with the tube capaci~
ties. Of course, the coil usually adds capacity
and if the contribution of capacity is more than
10 per cent of the total capacity, the result of
adding the coil is a net loss in impedance.

A further increase in gain with a filter inter-
stage coupling circuif can be obtained by remov-
ing one termination. For example, considering
the circuit of Fig. 4 where physical resistances
are used in the termination, if the resistance
across Cp he omitted, the impedance into which
the alternating current plate current flows in-
creases by a factor of 2, thus doubling the voltage
that appears on the output grid. To be sure, the
characteristic which is largely determined by de-
partures from the ideal filter values of impedance
becomes less flat so there are certain arguments
against the use of only a single terminal, but in
many cases the additional gain makes it dis-
tinctly worth while, The termination at the out-
put end can be omitted equally well and the in-
put termination retained in which case the theo-
retical gain is just as great. The shape of the
characteristic is in many cases more desirable,
that is, relatively flatter over the whole band and
holding up better at the high frequencies, if the
termination is thus placed at the input end of the
filter instead of at the output end.

In case one terminal is omitted where (as for
example in Fig. 5) the termination is a resistance
choke combination with one half of the capacity
of the tube element, the gain is not as great for
the removal of the coil and resistance as in the
case just discussed. Removing one termination
throws additional capacity into the filter. Then,
as shown in Fig. 8, in order to preserve the prop-
er cut-off frequency and impedance values, a
step-down transforming network 150 is added of
an impedance ratio of 2:1. Thus, by removing
one termination in this case, a net voltage step-
up of

NET

or 3 decibels, is obtained. Here, as in Fig. 2, the
first tube is represented by generstor G and ca-
pacity Cp, shown here as divided into halves,
one half forming with coil 111 and resistance 113
a low-pass filter whose input impedance is used
as a resistance termination for the filter formed
by the other half of Cp with coil 110, transformer
150 and capacity Cs, this latter capacity repre-
senting the second tube as in the case of Pig, 2.
As indicated above, the resistance Rp shown in
Fig. 1 is negligibly large. Therefore, it has been
omitted in Fig. 8. Having the resistance Ry high
is advantagecus not only from the standpoint of
the direct effect upon gain, bub also because in-
crease of Rp is usually associated with increased
screening, which reduces refiected impedances.

With purely passive networks, this type of cou-
pling is a very advantageous type. Even nega-
tive impedance, either actual, as in a dynatron,
or effective, as obtained hy regeneration, would
merely modify the values of the shunt terminal
impedances, the same types of couplings being
used. :

With respect to filter coupling ecircuits for broad

1,952,579

band amplifiers, such, for example, as that of
Fig. 1, it may be noted that in general the simpler
the circuits, the better the characteristic im-
pedance for a given top frequency and shunt ca-
pacity, so that while flatter characteristics can
be obtained, as for instance by m-derived filter
sections, they are obtained only at the expense
of decreased gain.

Actually, the resistance choke type of circuit
referred to above does not convert the shunt ca-
pacity to a resistance throughout the pass band.
Near the cut-off the input impedance becomes
almost entirely capacitative. This usually results
in lowering the impedance somewhat if a flat
characteristic over a given band is required.
However, the loss due to this consideration is not
sufficient to negative the advantage of the re-
sistance choke type of termination over a ter-
mination constituted by physical resistance.

While the impedance of filter types of coupling
can be made greater than that of resistance
choke coupling, the latter coupling has the ad-
vange that it does not use transmission through
the filler and consequently its phase shift, for
transmission between the tubes, is very much
less than in the case of a filter coupling circuit.
This superior phase characteristic becomes of

-especial importance in the case of regenerative

types of amplifiers.

Regarding the matter of the best distribution
of tube capacity between a coupling filter and its
termination, it is sometimes advantagecus to
depart from a 1:1 division or ratio and use the
greater portion of the capacity in the termina-
tion and the smaller portion in the filter, due
to the fact that the impedance across a given ca-
pacity can be made somewhat fatter by using a
termination about 30% too high. This gives as
a best distribution of capacity

(1.3)
2.3)°"

used in the termination and

(1.0)
(2.3)

used in the coupling filter. Other distributions
can be chosen appropriate for characteristics of
other shapes.

Regarding the matter of the best distribution
of a given amount of capacity between the tubes
coupled by a filter type of coupling, as great an
unbalance as possible between the plate capacity

C,

- Cp and the grid capacity Cg is desirable for max-

imum gain and it is immaterial whether Cp or
Cg is the smaller. However, the gain due to such
inequality is not very large in practical cases.
The gain of a resistance choke coupling stage is
unaffected by such inequality. i
The interstage coupling circuit 60 that couples
tube 2 to tubes 3 and 4 in Fig. 1 is a filter coupling
circuit with resistance termination 29 (in place
of a resistance choke termination) at the input
end, and with no termination at the output, and
with permalloy dust core transformer 32 insert-
ed in the filter. This transformer not only
changes the circuit from an unbalanced to a bal-
anced circuif, but also changes the impedance
level. The coils 30, 64 and 64’ are the series
coils of the filter network. 'The resistances 65
and 65’ eliminate undesirable peaks in the trans-
mission curve near the upper cut-off, in the man-
ner indicated in connection with the description
above of resistance 50 and Fig. 9. The resist-
ance 61 removes irregularities which might be
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introduced by slight departures from balance in
the transformer. )
The interstage coupling circuit 70 that couples
tubes 8 and 2’ to tubes 4 and 4’ in Fig. 1 is a bal-
anced half section of filter coupling whose.ele-
ments correspond to those of Fig. 7, but one ter-
mination is omitted. Thus inductances 34 and
34’ correspond to inductance 145; resistances 2
and 72’ correspond to resistance 143; inductances
71 and 71’ correspond to inductance 141; and in-
ductances 74 and T4’ correspond to inductance
140. The resistances 75 and 75 fulfill the func-
tion that is fulfilled as described above by re-
sistances 85 and 65’ in the preceding stage, or by

“resistance 50 in the first stage.

Regarding the inductances 84 and 84’ in Fig.
1, in the design of transformers for broad band
amplifiers, one of the most important problems
in many cases is the development of as high an
impedance as is possible across a capacity (usual-
Iy a tube capacity). The impedance that can be
obtained across such a capacity is limited to
about twice the reactance of the capacity at the

top frequency to be transmitted, provided the

ratio. of top freguency to bottom  frequency- is
large. When a transiormer is designed, an al-
lowance for the distributed capacity of the wind-
ing to be used across this capacity must be made.
This normaily adds directly to the tube capacity,

y.and if, as is often the case, tube and transformer

capacities are about equal, this reduces by a fac-
tor of two the impedance that can be obtained.
The use of a series coil such as the coil 84 or the
coil 84’ of Fig. 1 to separate these two capacities

permits & higher impedance to be realized. Con-

sidering the transformer as a filter, the above
process amounts to adding a half section of low-
pass filter at one end of a band-pass filfer—a pro-
cedure which is permissible in view of the very

wide band passed by the transformer which makes

it almost a low-pass network.

The use of the series coils is the invention of E.
L. Norton, and need not be confined to single
transformers but can apply to those of the mul-
tiple type referred to above in connection with
Fig. 6.

Most of the transformers used in broad band
amplifiers, suchh for example as that of Fig. 1,
have a tendency to give their best transmission

.in the middie of the band, and poorer transmis-

sion at both ends. Filter coupling circuits such as
those discussed above usually give a “two-hump”
characteristic with each hump near the edges of
the transmission band. Two such stages,- one

55:,transformer coupled and the other filter cou-

pled, when connected in tandem can be made
to have compensating characteristics in many
cases, as for example in the case of the third and
fourth stages of Fig. 1. Wig. 10 shows gain-fre-
guency characteristics the two stages may have
(with coils 84 and 84’ omitted) by themselves,
and in tandem. The improvement in transmis-
sion is very apparent.

As indicated above in the discussion of filter
coupling circuits, it has been found possible to
improve the transmission considerably by a shunt
resistance around a series coil, the resistance
eliminating peaks in the transmission which oceur
near the top frequecy to be transmitted as noted

‘in connection with Fig. 9. A similar idea can be

used in connection with a transformer as a
coupling element. In some cases it may be de-
girable to use a transformer of approximately one
to one impedance ratio as coupling between

.stages, as shown in Fig. 11 wherein the unity ratio

transformer 200 comprising primary and second-
ary winding 201 and 202 couples tubes 1’ and 2,
and g resistance 203 and stopping condenser 54
in series connect the upper ends of windings 201
and 202. Capacity 204 is the inherent plate ca-
pacity of the tube 1, (including the winding ca-
pacity of winding 201). Capacity 205 is the in-
herent grid capacity of tube 2’, (including the
winding capacity of winding 202). The circuit
of Fig. 12 is equivalent to that of Fig. 11 as re-
gards operating resuits, and is a filter coupling
cireuit with a resistance 203’ corresponding to
the resistance 203 of Fig. 11 and to the resistance
50 of Fig. 1. The filter of the circuit of Fig. 12
comprises a series inductance element 210 and
two shunt arms. One of the shunt arms con-
sists of an inductance 211 and the piate capacity
Cp in parallel. The other shunt arm consists of
an inductance 212 and the grid capacity Cg in
parallel. If the resistance 203 were omitted from
Tig. 11 or the resistance 203’ were omitted from
Fig. 12, a peak in the transmission characteristic
of the circuit of Fig. i1 or Fig. 12 would occur
in the region of the top frequencies to be trans-
mitted, such, for example, as the peak in the
upper curve in Fig. 9. The addition of the re-
sistance 203 or 203’ removes the peak, as indi-
cated, for exampie, by the lower curve in Fig. 8.
That is, as regards operating results, the circuit
of Fig. 11 with the resistance 203 omitted is
equivalent to the circuit of Pig. 12 with the re-
sistance 203’ omitted; and the circuit of Fig. 11
with resistance 203 included is the equivalent of
the cireuit of Fig. 12 with resistance 203’ in-
cluded.

What is claimed is:

1. The combination with two electric space
discharge devices, of a coupling circuit for said
devices, said circuit comprising a filter separat-
ing the inherent plate-to-ground and grid-to-
ground capacities of the coupled devices and
using a portion of each of those capacities as ele-
ments of the filter, and means building out the
remaining portions of those capacities to termi-
nating resistances for the filter.

2. The combination with two electric space dis-
charge devices, of a wave filler having a shunt
arm and having an arm connected in serial rela-
tion to a grid circuit of one of said devices with
respect to a plate circuit of the other device, a
capacitance in said shunt arim, said capacitance
being a vortion of an inherent capacity-to-ground
of an electrode of one of said devices, and means
for building out the remaining portion of said
inherent capacity tc a resistance,

3. The combination with two electric space dis-
charge devices, of a wave filter having a shunt
arm and having an inductance connected in se-
rial relation to a grid circuit of one of said de-
vices with respect to a plate circuit of the other
device, a capacitance in said shunt arm, said ca-
pacitance heing a portion of an inherent ca-
pacity-to-ground of an electrode of one of said
devices, and means for building cut the remain-
ing portion of said inherent capacity to a resist-
ance, said means comprising inductance and re-
sistance connected effectively in serial relation
to each other across said remaining portion of
said capacity.

4. A wave translating system compriising a
sereen grid vacuum tube having a plate circuit,
a second vacuum tube having a grid circuif,
means coupling said circuits, inherent shunt in-
terstage capacitance in one of said circuits, and
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means in said coupling means building out said
capacitance to shunt interstage resistance.

5. A wave translating system comprising two
filters having a portion of their pass hands com-
mon, and an inherently reactive wave source
feeding said two filters in parsallel, each filter
using a portion of the source resctance as filter
reactance and forming a terminating resistance
ior the other filter.

§. The combination with twe vacuum tubes of
a broad band wave filter for coupling a plate cir-
cuit of one to a grid circuit of the other, termi-
nating resistances for said filter of the order of
magnitude of iis image impedances, said filter
having initial and final shunt arms separated by
a series arm, a capacitance in each shunt arm,
said capacitances being portions of the inherent
plate-to-ground and grid-to-ground capacities of
said coupled tubes, and means for building out
the remaining porticns of the fwo latter capac-
itiez to form said terminating resistances.

7. A circuit of substantislly constant imped-
ance over a wide freguency range, comprising
capacity, and inductance and resistance effec-
tively in serial relation to each other across said
capacity, said inductance tuning said capacity at
the top frequency of said ranse and said resist-
ance being approximately a third greater than
the reactance of either said inductance or said
capacity at said frequency.

8. A muliistage vacuum tube system for trans-
mitting waves of a wide frequency range, com-
prising inherent shunt interstage capacity, and
inductance and resistance effectively in serial re-
lation to each other across said capacity, said

1,952,579

inductance and capacity tuning at the top fre-
cquency of said range, and said resistance being
approximately a third greater than the react-
ance of either said inductance or said capacity
at said frequency.

9. A multistage vacuum tube circuit for trans-
mitting waves of a wide range of frequencies,
comprising a transformer coupled stage giving
higher transmission efficiency in the region of
the middle of said range than in the regions of
the upper and lower limits of the range, and in
tandem with said transformer coupled stage a
filter coupled stage giving higher transmission
efficiency in the regions of the upper and lower
limits of said frequency range than in the region
of the middie of the rangs, whereby the trans-
mission efficiency of the circuit over said fre-
quency range is rendered more uniform than
the transmission efficiency of either of said
stages alone.

10. A multistage vacuum tube system for
transmitting waves of a wide frequency range
extending up to high frequencies, comprising
two vacuum tubes, s transformer of substan-
tially unity impedance ratio having a primary
winding and a secondary winding for coupling
cald tubes, said transformer and tubes having
their combined characteristic of transmission ef-
ficiency versus frequency peaked in the region
of the upper limiting frequency of said range,
and means including a resistance connecting the
high potential ends of said windings for remov-
ing said peak.

KNOX C. BLACK.
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