
March 27, 1934. K. C. BLACK 1,952,579 

s 

WAWE TRANSLATING SYSTEM 

Filed Sept. 2, 1932 3. Sheets-Sheet l 

i. 
(SE Qs 
rt c v 

N 
- S 

N s 
T- N 

St. S 
sh st SS Sets an OC in S. e 

t is s 
Q ss o, n. S. N. S. S. E. 
c 20 SN e 
S 

S. H e 
E 

s 
r E. SI Q-un V 

WN //W/AW7OAR 

Stiff A.ca/ACA 

a 77OARAWAY 

  

  



March 27, 1934. K, C, BLACK 1952,579 
WAWE TRANSLATING SYSTEM 

Filed Sept. 2, 1932 3. Sheets-Sheet 2. 

A/G.2 

Op/AWG 

9, Af7 e2 y 

cows7AV7 
UAW 7. W 4. 

GAAVAFA47Ap 

7. 7s 

/24 
7. 

AO 

W23 
/25 
A/ 

W29 

7. 

ADAV 

7AMAYSAoAfee C9 

WW/AW7 OAP 
A.C. A.A.4CA 

a 77OARMEy 

  



March 27, 1934. K. C. BLACK 1952,579 
WAWE TRANSLATING SYSTE 

Filed Sept. 2, 1932 3. Sheets. Sheet 3 
AAG. MO 

AAd Saga aaow 

COAAWa7WOW OF AO7A7 S74Gas 

LaST STAGEaZOAWE 
ur 

O OOO 29OO 3OOO 4OOO SOOO 
ACOLS 

A/G. 9 

way asfsaweso 

AAPaulavcy 

/WMEWTOAR 
A. C. A/a.CA, 

"f(0-13-a- 
ATTORWEY 

  

  



Patented Mar. 27, 1934 

UNITED STATES 

1952,579 

PATENT OFFICE 
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WAVE TRANSLATING SYSTEM 
Knox C. Black, Mountain Lakes, N. J., assignor 
to. Bell Telephone Laboratories, incorporated, 
New York, N. Y., a corporation of New York 

Application September 2, 1932, serial No. 631,486 
10 Claims. (C. 178-44) 

This invention relates to wave translating sys 
tems, as for example vacuum tube amplifiers 
for long cable circuits of wide frequency range. 
Such circuits may be used for instance for multi 

; plex carrier communication. They may be, for 
example, of a length of the order of one or more 
thousand miles. Each may have, for example, 
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tWO concentric 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 amplify waves 

of broad frequency ranges extending up to high 
frequencies, as for example the range.from 500 
kilocycles to 5,000 kilocycles, for instance in cir 
cuits such as those referred to above. 
In one specific aspect the invention is a vacu 

um tube amplifier for effecting, such amplifica 
tion with high gain, as for example 60 decibels 
gain, at the top frequency, and with the ratio 
of gain. to line attenuation at least proportion 
ally as great, approximately, at all of the other 
utilized frequencies, as at the top frequency. To 
obtain such coupling between voltage amplifi 
cation stages as will result in high voltage step 
up from the grid of one tube to the grid of the 
next and yet result in an approximately... flat 
gain-frequency characteristic for the gain be 
tween the two grids over the utilized frequency 
range, an interstage coupling circuit is used which 
comprises a filter separating the inherent plate 
to-ground and grid-to-ground capacites of the 
coupled stages and using a portion of each of 
those capacites as elements of the filter, and 
which has means building out the remaining por 
tions of those capacities to terminating resist 
ances for the filter. The coupling circuit may be 
described somewhat more specifically as a broad 
band wave filter terminated in resistances equal 
to its image impedances, the filter having initial 
and final shunt arms: separated by a series arm, 
each shunt arm including a capacitance, these 
capacitances being portions of the inherent plate 
to-ground and grid-to-ground capacities of the 
coupled stages, and the remaining portions of 
the two latter capacities being built out to form 
the terminating resistances, just mentioned. 
Each of these two capacities can be built out 
to a resistance by shunting the capacity 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 i pointed out in Nyquist Patent 1,894,322, January 

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., i929), 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 
claim.S. 

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 
ten that is equivalent as regards operating re 
Sults. 

Fig. 1 shows a four-stage vacuum tube ampli 
fier for amplifying Waves received from line L1 and 
transmitting the amplified waves to line L2. The 
lines. I1 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 100 watts in the 
plate circuit. . . . . . s 
The filaments of tubes 1, 2, 3 and 3' are ener 
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2 1,952,579 
gized in parallel from a five-volt secondary Wind 
ing 5 of power transformer 6, which has priinary 
winding 7 connected to a 10-volt, 60-cycle power 
source 8 and has a 10-volt Secondary Winding 
9 energizing the filaments of tubes 4 and 4' in 
parallel. Transformer 6 also has secondary Wind 
ings 10, 11, i2 and 13. Windings 10 and 11. 
energize the filaments of irectifier tubes i4 and 
15, respectively. Winding 12 and rectifier 14 
supply direct current to resistance 16 tin rough 
a filter comprising choke coil 17 and by-pass con 
densei 18. 

Resistance 16 has a 15-volt tap 19 Supplying 
voltage to the space charge grid of tube i, by 
pass condenser 20 suppressing fluctuations in this 
voltage. 

Resistance 16 has a 180-volt tap 2i. Supplying 
voltages to the sci'een grids of tubes 1, 2, 3, and 
3', by-pass condensei's 22, 23 and 24 Suppressing 
fluctuations in these voltages. 

Resistance 16 has a 250-volt tap 25 Supplying 
space current for tubes i, 2, 3 and 3. The Space 
current is supplied to tube 1 thirough choke coil 
26, condenser 27 by-passing variations. The 
space current is supplied to tube 2 through a 
grainched circuit comprising as One brancil re 
sistance 29 and as the other brancil inductance 
30 in series with primary winding 32 of Lingal 
anced to balanced interStage transfor; lei 32, CO:- 
denser 33 by-passing variations. The Space Cul'- 
rent is Supplied to tubes 3 and 3' thirough choke 
coils 34 and 34’, respectively, conden Ser 35 by 
passing variations. 
Winding 13 and rectifier 15 Supply 1,030-volt 

direct, current to bleeder resistance S6 througia 
a filter coaprising choke coil 37 and by-paSS Con 
densei 38; and the Voitage acroSS resistance 36 
is applied to the plates of tubes 4 and 4" through 
choke coils 39 and 39', respectively, condenser 

40 40 by-passing variations. 
The control grid of tube 1 is grounded, for 

direct current, through the Secondary Winding 
43 of araplifier input transforin& 4, 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 a branched circuit formed by elements 
of a filter interstage coupling circuit i6 described 
hereinafter. One of the branches compriseS in 
ductance 4 and resistance 43 in Series With each 
other and with parallel-connected inductance 
49 and resistance 50, elements 49 and 50 forning 
a series an 51 of filter 46; and the other branch 
comprises inductance 52 and resistance 55 in 
series. The capacities employed in the filter are 
obtained from the inherent plate-to-ground 
capacity of tube i and the effective input capacity 
of tube 2. A stopping condensei 54 of negligibie 
reactance separates the plate of tube 1 and the 
control grid of tube 2 for direct current. i.he 
cathode of tube 2 is connected to ground through 
resistance 55 and by-pass condeinser 56 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 6i in Series. With secondary 
Winding 62 of transformer 32 and With a branched 
circuit 63 Composed of inductance 64 and re 

sistance 65 in parallel. The cathode of tube 3 
is connected to ground through resistance 66 and 
by-pass condenser 67 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 eleraents of the intel'Stage coul 
pling circuit, 60. The elements forining this 
ground connection comprise the resistance 61 in 
Series with secondary Winding 62' of tiransformer 
32 and with a branched circuit 63' conposed of 
inductance 64' and resistance 65' in parallel. 
the cathode of tube 3' is connected to ground 
through resistance 66 and by-paSS Condenser 
6'7" which supply biasing potential for the con 
tiol grid. 
The control grid of tube 4 is at ground potential 

for direct current, being connected to ground 
through elements of interstage coupling circuit 
10 (described hereinafter) that couples tubes 3 
and 3' to tubes 4 and 4'. The elements foi'in 
ing this ground connection CCImprise inductance 
71 in series with resistance 72 and With a 
branched circuit 73 composed of inductance 74. 
and resistance 75 in parallel. Stopping condenser 
76 separates the plate of tube 3 and the grid of 
tube 4 for direct current. Elements i' to 76 
function in connection with tube 4' as elements 
7 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 and 4. 
An output circuit 80 (described hereinafter) 

couples tubes 4 and 4 to line T2. The circuit 
80 coprises a penalloy dust core balanced to 
unbalanced push-pull transformer 81 which has 
prinary 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 condenser 
85'. ihe transformer changes the impedance 
level to 80 ohms corresponding to the impedeinace 
of the line I2. Condensei's 90 and 90' are cross 
neutralizing condensei's which neutralize the cou 
pling effects of the grid-plate capacitive coupling 
and other inherent coupling between the output 
circuit and the input circuit of the last stage of 
the airplifier. 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 example such as the 
following: 

(1) That it transmit a frequency band of 500 
kilocycles to 5000 kilocycles; 

(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 great 
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 modulation below objectionable 
values, as for example, tubes of the 50-watt class 
(e. g. of the power capacity of the Western 
Electric Company type 211-D tube). 
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; 1,952,579 
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 
necessitating any radical change in the type of 
amplifier, circuit employed but with only. Such 
minor rearrangements as required by higher di 

...rect current voltages, increased currents, etc. 
The amplifier would still meet requirements (1) 

10. to. (3) when the tubes of increased power ca 
pacity Were used. 
: Regarding requirement (3), the gain required 

: at the top frequency is taken as approximately 
the line attenuation to be counteracted by the 

15. amplifier at that frequency. In many cases it is 
desirable that a Substantial portion of this gain, 

3:20. 
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 
- circuit 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 

..i.25 voltage gain from the grid of the first tube to 
the line L.2 will inever have to be so great as to 
cause the amplifier noise to equal the resistance 
noise introduced by the line. If the required 

. 30 

. . .35 

ramplifier gain at the top frequency is 60 decibels 
and the transformer 81 gives a voltage step-up 
of, say 20 decibels at that frequency, the Voltage 
gain from the grid of tube 1 to the line L.2 will 
never have to exceed 40 decibels. 
The original power level in the line will be 

regarded as the reference level and designated 
zero power level. For example, assuming the line 
attenuates the top frequency 60 decibels before 

:40 

delivering it to the amplifier, for that frequency 
the signal voltage level on the line at the ampli 
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. 
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 

50 

55 

substantial amount of the total required equal 
lization in the input transformer, by turning the 
"input transformer to the top frequency and 
having the utilized frequency range fall On the 
low frequency side of the resonance culve, since 
then the voltage step-up of the transformer at 
the top frequency can be made high due to the 
tuning. The transformer may have a low cou 

60 

pling coefficient and act as a rather dull Single 
tuned circuit with the maximum step-up at the 
top frequency. 
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 of 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. 
tube at a voltage level Sufficiently high to in 
sure that they will override the noise. (Equal 
lization in a voltage amplification stage means 
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 

& 5 maintained at a higher power level relative to s. 

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 

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 

former 41 and that the amplifier characteristic 
from the grid of tube 1 to the line L2 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 wit 
a primary-to-Secondary turns ratio of about 1 to 
6 and a loading resistance of iC0 ohms in series 

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. r 

The transformer 41 forms substantially a short 
circuit on the line L1 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 logarithin 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 frequency 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 frequency ranges extend 
ing up to high frequencies it has been found that 
(aSSunning adequate Screening) at least when a 
stage does not employ neutralization or regenera 
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 
gain 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 frequency of the utilized 
range), though little improvement is obtained by 
increasing the plate resistance after it has 
reached twenty times the load impedance. With 
the utilized frequency range broad and extending 
up to high frequencies, as for example, in the case 
of the 500 kilocycles to 5060 kilcCycles range, 
the frequency range practically determines that 
interstage in pedances Will below compared to the 
tube impadaices. In other Words, very little of 
the actual at of the tuba (for exainple, 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 in pedance that is built up in 
the plate circuit (this impedance inust include the 
tube capacity in shunt), the higher the gain. 
Since the generator delivei's a constaint current, 
the gain in voitage ratio is directly proportional 
to this impedance. 

Fig. 2 is a generalized silowing of the alternat 
ing current circuits of an interstage coupling 
system (such for example, as that comprising 
tubes) and 2 and coupling circuit 46 of Fig. 1), the 
interstage coupling circuit being shown in block 
form as a four-terinii)al netWork N having input 
tertainais it and T2 and output terminals T3 and 
i4 correspoiding to Similariy designated ter 
minals in Fig. 1 and in Figs. 3 to 8. One tube 
(corresponding, for example, to tube i in Fig. 1) is 
represented by its equivaleint circuit, consisting 
of a constant current generator G of voltage gmel 
with the piate resistance Rp and the plate 
capacity Cp connected in parallel with it, gim being 
the autual conductance or transconductance of 
the tice. The coupling circuit N couples tihis tube 
to the Second tube (corresponding, for example, 
to tube 2 of Fig. 1) which is represented by its grid 
capacity Cy aiOne. Other effects, for example grid 
conductance may be neglected here. Further, 
Since, as indicated above, in order to increase gain 
the resistance Rp is made large compared to the 
load impedance connected to it, Rp may be re 
garded as of negligible admittance compared to 
the load, and thus may be regarded without nate 
l'ial error as Chitted in considering the system, 
thus simplifying the Systern to be considered. 

FigS. 3 to 8 show examples of spacific forms of 
coupling circuits which block. iN may represent 
(the direct Cui'irst connections required for sup 
plying plate and grid potentials being omitted as 
in Fig.2). Any of these forms may be substituted 
for the coupling circuit 46 in Fig. 1. The circuit 
46 Will be described by reference to the circuits of 
rigs, 2 to 5. 
The circuit of Fig. 3 may be called a resistance 

choke coupling circuit. In the case of this type 
of coupling Cp and Crg (shown in Fig. 2) are com 
bined and an associated inductance L' 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 into a relatively 
constant impedance. In particular over a con 
siderable part of this range the impedance is a 
relatively pure resistance. One particular value 
of R' gives the most uniform transmission char 
acteristic. The resistance choke coupling cir 
cuit may be considered as a one-half section low 
paSS filter Which converts the connbined grid and 
plate capacities into a relatively constant in ped 
ance over the pass band. Transmission through 

1,952,579 
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 gim2, where gim is the mutual conduc 
tance of the first tube and Z, is the coupling in 
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 obtained by the conventional ter 
inination. A feature of the invention is Such 
a resistance choke coupling circuit, the coil tun 
ing the capacity at the top frequency to be trans 
mitted and the resistance being approximately 
30% higher than the reactance of either of the 
other 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 tine being let it be aSSurned that the 

(naXinuin constant impedance is equal to the 
capacity reactance at the top frequency. Let it 
also be aSSunned that Cp = Cs. (This limitation 
simplifies preliminary discussion and is easily re 
innoved later.) This means that if Xcp is the 
reactance of the plate side, the coupling imped 
ance in the case of the resistance choke coupling 
circuit is /2 2Kep. Ali Wiring, coil, and other 
capacities are considered lumped with the tube 
capacities. 

if sonne filter coupling scheme is used it is 
pOSSible to Separate the grid and plate capacities 
So 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 
ShOW in Fig. 4, but With resistances 106 and 107 
omitted. Here the capacities Cp and C (shown 
in Fig. 2) form the terminating shunt elements 
of a complete low-pass filter section comprising 
inductance i05 as the series arm. The chaiac 
teristic impedance of the filter will be given by 
Xop. This represents twice the inpedance which 
it was possible to get with the resistance choke 
coupling circuit. Unfortunately, the character 
istic of a filter Without resistance termination 
is by no means fiat. In fact, it is essentially a 
pure resonant coupling circuit. If the filter be 
aSSuiried perfect and be terminated in physical 
resistances 106 and 107 equal to Xcp 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 
/2 Xop which is no better than that of the re 
sistance choke coupling circuit, and since the 
filter With physical terminating resistances is 
more complicated than the resistance choke cou 
pling circuit, it is less desirable. 

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 a 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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1,952,579 5 . 
Over the pass band of the filter, instead of using 
a physical resistance termination part of each of 
the capacities (Cp and Cs) can be used, in Con 
junction. With Suitable coils 111 and 112. and re 
sistances: 113 and 114 as the terminating resist 
ances. The remainder of the capacities will be 
used with a coil iC as a low-pass filter Section. 
The coupling circuit is then as shown in Fig. 5 
and the equivalent circuit, assuining 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 chai'acteristic is of 
the same shape as that for Fig. 4 in which 
physical resistances are used, but all impedances 
are increased to double their former value. This 
contributes, theoretically, a 6 decibel increase in 
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 performance is in at 
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 

consideration of the maximum power in the load 
and the consideration of Imatching filter in 
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 fiat 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 cir 
cuit 46 of Fig. 1 exhibiting the shunt arrange 
'iment 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 
quency and 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 three 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 and 2 in the utilized. 
frequency range. 

It Seldom occurs that. Cp and Cag 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 be used a transformer of an 
impedance, ratio corresponding to the ratio -be 
tween the impedances of Cp and Cig, 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 80 
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 
assignee of this application, for Wave transmis- 85 
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. The transformer comprises 
primary windings 120 and 121 coupled to second-, 90. 
a'y WindingS. 122 and 123, respectively, with con 
densers 124, 125, 126 and 127 in series with Wind 
iings.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 95 
nanner in which the inductance L and resistance 
R.' build out a shunt capacity to a resistance as : 
explained above; and, similarly, inductance 130 
and resistance 131 build out a portion of the grid 
capacity Cs to a resistance. 100 
The transforming filter of Fig. 7, 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 Cs are used, in conjunction with 105 
coils 141 and 142 and resistances 143 and 144 as 
the terminating resistances for the filter (in a 
manner similar to that. in which, as explained . 
above, half of the capacities Cp and Cs are used 
in conjunction with coils 111. and 112 and re- 10 . 
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 Cs are used, in conjunction with 
coils. 145 and 146, respectively, to form the initial 15, . 
and final shunt arms, respectively, of the band 
pass filter. It has been found that a fairly uni 
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 circuits corresponding to that in . 
Fig. 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 ratio theoretically should be lim- 125 
ited to 1.04. 
In all-cases, transforming filters are essentially 

band-pass filters. Theoretically greater gain is . 
always possible with a, band-pass filter than a 
low-pass because the input impedance is, for a 130 
fixed capacity across the input of the filter, given . 
by the expression 

for a band-pass filter of pass range filtofa as com 
pared with 

for a low-pass filter. 40 . . 
Fig. 7 may be considered to represent a uni 

form band-pass filter as well as a transforming 
filter. For a 10:1 frequency range this has a 
10% greater impedance than that of the low 
pass filter for the same input capacity. Another 145 
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, in series with ele- 50 
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ment 145, the stopping condenser, such as 54 in 
Fig. 1, then being connected between arm 145 
and arm 140, for example). ihe 10% improve 
ment in this case applies equally well to con 
parison with the resistance choke coupling cir 
cuit. ESSantially, 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 circuit 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 be 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 Ornitted 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 

or 3 decibels, is obtained. Here, as in Fig. 2, the 
first tube is represented by generator G and ca 
Racity 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 10, transformer 
i50 and capacity Cig, this latter capacity repre 
Senting the second tube as in the case of Fig. 2. 
AS indicated above, the resistance R shown in 
Fig. 1 is negligibly large. Therefore, it has been 
Omitted in Fig. 8. Having the resistance R. high 
is advantageous not only from the standpoint of 
the direct effect upon gain, but also because in 
crease of Rp is usually associated With increased 
Screening, which reduces reflected 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 by regeneration, would 
merely modify the values of the shunt terminal 
impedances, the same types of couplings being 
used. 
With respect to filter coupling circuits 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 
naination 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 filter and consequently its phase shift, for 
transmission between the tubes, is very much 100 
less than in the case of a filter coupling circuit. 
This superior phase characteristic becomes of 

80 

90 

95 

especial importance in the case of regenerative 
types of amplifiers. 

Regarding the matter of the best distribution 105 
of tube capacity between a coupling filter and its 
termination, it is sometimes advantageous 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 flatter 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) (235Cp 
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 

10 

1.15 

120 

125 

Cp and the grid capacity C 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. 
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 circuit, but also changes the impedance 
level. The coils 30, 64 and 64' are the Series 
coils of the filter netWork. The resistances 65 45 
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 50 
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1,952,579. 
introduced by slight departures from balance in 
the transformer. 
The inter'stage coupling circuit 70 that couples 

tubes 3 and 3’ 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 onnitted. Thus inductanges 34 and 
34' correspond to inductance 145; resistances 72 
and 72 correspond to resistance 143; inductances 
71 and 7' correspond to inductance 141; and ii)- 
ductances 74 and 74" correspond to inductance 
140. The resistances 75 and 75 fulfill the func 
tion that is fulfilled as described above by re 
sistances 65 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 probleias 
in many cases is the development of aS high an 
impedance as is possible acroSS a capacity (usual 
ly 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 frequency to bottom frequency is 
large. When a transformer is designed, an al 
lowance for the distributed capacity of the Wind 
ing to be used across this capacity must be made. 
This normally adds directly to the tube capacity, 
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 a 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 filter-a pro 
cedure which is perinissible in view of the very 

40. 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, such for example as that of Fig. 1, 
have a tendency to give their best transmission 
in the middle 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 
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. Fig. 10 shows gain-fre 

60 quency 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 occur 
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 
sirable to use a transformer of approximately One 
to one impedance ratio as coupling between 

is 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 a, resistance 203 and stopping coindenser 54 
in Series connect the upper ends of windings 201 
and 202. Capacity 204 is the inherent plate ca 
pacity of the tube i', (including the Winding ca 
pacity of winding 20). 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. 1 as re 
gards operating resuits, and is a filter coupling 
circuit with a resistance 203 corresponding to 
the resistance 23 Of Sig. and to the resistance 
50 of Fig. 1. The filter of the circuit of Fig. 12 
comprises a series industance element 210 and 
tWO shuilt arras. One of the shunt arms con 
sists of an inductance 211 and the piate capacity 
Cp in parallel. The other shunt aim consists of 
an inductance 212 and the grid capacity Cs in 
parallel. If the resistance 203 were omitted from 
Fig. 1i or the resistance 203' were Ornitted fron 
Fig. 12, a peak in the transmission characteristic 
of the circuit of Fig. 1 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. 9. 
That is, as regards operating results, the circuit 
of Fig. 11 with the resistance 203 omitted is 
equivalent to the circuit of Fig. 12 with the re 
sistance 203 omitted; and the circuit of Fig. 11 
with resistance 203 included is the equivalent of 
the circuit 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 conprising 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 filter 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 arria, Said capacitance 
being a portion 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 to 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 being a portion of an inherent ca 
pacity-to-ground of an electrode of one of said 
devices, and means for building out the reinhain 
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 
screen giid vacuun tube having a plate circuit, 
a second vacuum tube having a grid circuit, 
means coupling said circuits, inherent shunt in 
terstage capacitance in one of Said circuits, and 

translating syster comprising a 
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Imeans in said coupling means building out said 
capacitance to shunt interStage resistance. 

5. A wave trainslating systeria coixiprising two 
filters having a portion of their paSS bands Com 
non, and an inherently reactive wave source 
feeding said two filters in parallel, each filter 
using a portion of the source reactance as filter 
reactaince and forning a termitating resistance 
for the other filter. 

6. The combination with two 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 its image in pedances, said filter 
having initial and final shunt arms separated by 
a Series artin, a capacitance in each shunt airin, 
Said capacitances being portions of the inherent 
plate-to-ground and grid-to-ground capacities of 
Said coupled tubes, and nearns for building out 
the remaining portions of the two latter capac 
ities to for in said terminating resistances. 

7. A circuit of Substantially constant imped 
ance over a wide frequency 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 range and said resist 
ance being approxiiately a third greater than 
the reactance of either said inductance or said 
capacity at said frequency. 

8. A nultistage vacuum tube systein for trains 
nitting Waves of a wide frequency range, com 
prising inherent shunt inter'stage 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 
quency of said range, and said resistance being 
approxiinately a third greater than the ireact 
ance of either said inductance or said capacity 
at Said frequency. 

9. A multistage vacuum tube circuit for trans 
initting waves of a wide range of frequencies, 
comprising a transformer coupled Stage giving 
higher tira Ismission eficiency in the region of 
the middle of Said range than in the regions of 
the upper and lower limits of the range, and in 
tandern 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 range, 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, a transformer of substan 
tially unity impedance ratio having a primary 
Winding and a secondary winding for coupling 
Said tubes, said transformer and tubes having 
their combined characteristic of transmission ef 
ficiency versus frequency peaked in the region 
of the upper liniting frequency of said range, 
and Yaeans including a resistance connecting the 
high potential ends of said windings for renov 
iing Said peak. 

KNOX C. BLACK. 
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