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The first major change in years in amplifier coupling 
circuit principles is discussed, together with details of 

the components employed. 

FRANK H. MdNTOSH* 
and 

GORDON J. GOW* 

New 50 - Watt Amplifier Circuit 

A

UDIO A}I rJ.JFIJ'.JLS-being one of the 
oldest forms of equipment built 
using the three or more element 

tube--are now one of the most difficult 
de\'ices to improve, and perhaps n<> 
other field of electronic endeavor has 
been given more time or has been 
etudied by more People. One of the 
major reasons sound amplifiers are dif
ficult to de3ign is the requirement for 
'l"ery wide frequency range, highest to 
le-west running up to 20,000 to 1 in order 
to meet the e'l"er-increasing demand for 

-

Fig. I. Simplified output circuit of con· 
ventional push-puU amplifier. 

Jnvre faithful reproduction of the audio 
Tall�e of from 18 to 20,000 cps. This 
wide range is probably the most rigid 
nqui�ement for an\" electronie device 
rt:g'ardJess of its u�e. To satisfy the 
de;:ign requirements for an audio am
},Iifier, lOel'eral problems must be over
l"ume. At the low E'nd of the audio band 
the requirement for suffieient core ms
terial of prO)ler magnetic properties 
must be weighed against core loss, 
weight, site, and expense. These quan
tities bear an inverse relationship to 
the total numbR of turns, but the total 
turns bear an inverse relationship to 
the leakage inductance and the effective 
shunt capacitance. At frequencies of 

·Mcbuosh E�,,��ri"6 Labor41ory. Inc .• 

9JO Kin8 SI .. SilllCT Sprin8. Md. 

3,000 cps IInd higher the shunt capaci
tance across the primary circuit of out
put transformers becomes one of the 
major limiting factors, regardlese of the 
mode of operation of the output stage. 
When the output stage is operated 
Class AB or Class Bto improve the 
efficiency, then an additional problem 
growing out of the switching from one 
side of the circuit to the other in the 
output stage and thus producing a 
transient has been a barrier for over 
20 years and has made practically use
less such circuits except in applications 
where the harmonic content was not 
of great importance or where the range 
was limited over. which such circuits 
are operated. This transient appean .a 

Fig. 2. Oscilloscope trace showing 
notches in output wave when operating 

.t;,etween Class A and Class B. 
a notch in the signal wave form and 

. was first descr:bed in 19361 but for 
which no solutioll wa� suggested beyond 
that uf redul"ing the leakage inductance 
of the output transformer or of biasing 
the .amplifier stage back to Class A 
opera tion. 

The basic circuit which lfe are about 
to describe grew out of an attempt to 
meet many considerations and require
ments based upon tests and meaSUre
ments made concerning the ability of 
IA.P. Sah, Quasi.Traniientll in Class B 

Audio Frequency Push·pun Amplifier., 
Proc. IRE, Jliov. 1936. 
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the ear to detect distortion. the r811ge 
and power of sllef'oCh and musicQI in
struments, the .impulse characteristics 
of sound, the load impedance variations 
and effects of loudspellkers and other 
devices. A treatment of these basic re
quirements must be resen·ed for a 
later discussion. 

Output arcult 
Figure 1 illustrates the output cIr

cuit of the conventional pushpull om· 
plifier in simplified form. It "'ill be· 
seen that the plates are connected in 
the conventional way to the primaries 
of the output transformer and the r.· 
sistor forming the load ie shown con
nected to the secondary. The plate-to
plate impedance in thie circuit is 4000 
ohms. This is about right for a pair of 
61,6'e as used in the McIntosh 50\\'-1 
amplifier. Attention is called to the 
1000-ohm impedance wh ich corresponQs 
to the circuit from the plate to the 
center tap of the primary of. this out
put transformer. T h  e s e impedances 
should be born in mind &8 later refer
ence will be made to them al part of 

Fig. 3. Trace showing transfer charac. 
teristic of output tubes with discon-

tinuity due to notch of Fig. 2. 
the de3cription of the new circuit- In 
the discussion to follow it ie assumed 
that each of the tubes in the output 
circuit altemat.dy cenee to draw cur
rent during a portioll of. the audio 
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Fig 4. One method of minimizing le.k. 
age reactance by use of sectionalized 

primary winding. 
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Fig. 5. Simplified form of new coupling 
Irrangement for amplifier output stage. 

cycle and, therefore. are operated some
where between Class A and Clan B. 

Experience has shown that using the 
circuit of Fig. 1 and operating between 
Class A and Class B will result in a 
deformity, appearing as a "notch" .. 
shown in Fig. 2 for all frequencies above 
approximately 2,000 to 3,000 cpl. This 
waveform distortion' measures 2 to 10 
per cent or more depending upon the 
frequency and the leakage reactance 
existing between the two primary wind
ings. This "notch" occurs because there 
is a residual leakage inductance in the 
plate circuit of each of the output tubes 
which becomes a source of voltage in
dependent of that voltage driving the 
stage at the instance when one tube 
ceasee to draw current and the other 
tube draws more current. This residual 
inductance or leakage reactance acts 
like an inductance through which the 
current has suddenly been cut off, and it 
generatea a back e.m.!. which distorta 
the output wave. The value of this leak
ege reactance must be minutely small 110 
that the distortion of the wave form 
at the highest frequenq will not ex
ceed 1 per cent. Thia effect haa no panll
cea, 10 far aa we know. 

N egati .. feedback, the usual panacea, 

10 

does not impro.c:I the �ituution. 8S might 
be expected, but rather tends to make 
it worse. To cancel the notch in tht
waveform a current flow \t'ould be re
quired through the tube in the reverse 
direction to that which the electron 
flow permits, at the time the tube ceases 
to draw current du'ring the normal cycle 
of operation. Another way to describe 
what happens in the circuit is to con
sider Fig. 3. Here is shown an oscillo
graphic trace of the transfer character
istic of the, output tubes. The presence 
of leakage reactance bet\veen the two 
primary windings causes a discontinuity 
to exist in this characteristic. This is 
the barrier which has been the source 
of frustration of many engineers for 
yt-ars past and is perhaps the major rea
son that high efficiency and low distor
tion could not be made compatible. 

.edueln. Leaka ... eactance 

There are a number of approaches 
aimed at reducing the leakage reactance 
but the penalty has been so great that 
the value of the increased coupling be
tween primary windings has been offset 
sufficiently to make these approaches 
no solution Ilt all, or of little value. 
Figure " shows symbolically the sec
tionalizing of the two primary \vinding,; 
shown in Fig. 1. Here the primary is 
made up of many coils which are con
nected in such a fashion as to tend to 
make all the windings occupy the snmc 
space. This is an effective means of in
creasing the coupling between two coils 
and does increase the frequency at 
which the "notch" first appears. How
ever, this approach has the disadvantage. 
of increasing the shunting capacitance 
effects between the two plates of the 
circuit to such an extent that the high 
frequencies are by-passed. There doesn't 
!!eem to be any practical way to section
alize and interleave these windings to 
eliminate the leakage reactance efft'Ct 
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Fig. 6. Steps in development of coup
ling circuit. 

and at the same time avoid the shunt 
capacitance effects. Another method 
which suggests itself as a result of the 
experience just described is to use a 
much larger core, permitting a reduc
tion in the number of turns required 
in the windings of the primary circuit. 
This approach requires a very large 
core in the order of 125 pounds to effect 
n sufficient reduction in leakage reac
tance. This compares very unfavorably 
with the ll-pound core required in this 
new unity coupled output circuit for 
the same performance. It may be well to 
mention here also that the use of a 
iarge core has se\'eral other disadvan
tages among which is higher distortion, 
particularly at lo\v output levels. This is 

, due to the non-linear characteristics of 
the magnetic material and the relative-' 

FEED 

[jLOAD 

��+----------------���= + 

Fig. 7. Fin.1 basic .rrangement employed to provide d.e:. voltage for screen grid. 
but at the same •. e:. patential as the correspanding cathode. 
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Iy lar,er total 10811 !n the larger core. It 
would be well to point out at this time 
that for 6L6 tubes operated in Claes AB 
or Class B, the ratio of inductive reac
tance of the primary of the output 
transformer to the· leakage reactance 
bet,,!,een the primaries must be 80,000 to 
one or ,reater to permit 1 per cent dis
tortion ot 20 kcs and full output to all 
low os 20 CJlII. 

From the abm'e diacuasion it seems 
impractical to reduce the leaka,e re
actance sufficiently to permit hi,h-effi
ciency operation and the only hope. 
therefore, is to go back to a conven
tional Claas A arrangement where a 
discontinuity in the current drawn by 
each of the tubes does not occur over 
the operating cycle. The solution for 
high efficiency operation requires an 
unconventional circuit which wil1 ef
fectively eliminate the leakage react
ance between the primary windings. 

Figure· 5 il1ustratea the approach 
made to circumvent the problems de
scribed above. The conventional output 
primary circuit is again ahown with the 
primary marked ! in dotted form. For 
simplicity the power supplies are elimi
nated and the midpoint" of this primary 
is shown connected to the a880ciated 
cathodes. The solid position of primary 
f is shown adjacent to primary 1 and 
this i11ustrates the first step in the de
"e1opment of the unity coupled ampli
fier. The3e two primaries are wound 

............. 
. · - • ... ... 
• · - · ... ,. . 
.. · - . ... 
.. · - . ... 

'00 , - • -

Fig. 8. Equivalent circuit simplified 
from Fig. 7. 

of 80,000 to 1. We now, thereiore, Lav, 
a .,.Item which appears to have promi .. 
by reason of finding a way to eliminatt. 
the leakage reactance between the pri· 
mary windin,. which in turn remov� 
the barrier which bu blocked for 8CI 

many years the use of high-eflieiency 
circuits in high quality audio amplifiers. 

It is obvious that other variationa of 

approach have been considered which 
tccomplish the desired purpose to 
some ex'tent at least, such as winding 
the two primaries on a common core 
not bifilarly and utilizin, a suitable 
capacitance for couping the ends of 
these windings 80 as to maintain the 
two windings at proper and identical 
a.c.. potentia Is. One advantage of the 
bifilar winding is, of eouree, a reduc
tion of the number of components re
quired. and it sidesteps some of the dif

together in a bifilar manner u if they ficulties which grow out of the use of 
were one winding and, therefore, there alternate approaches. It may also be 
is between them both a capacitance obvious here that since the two primary 
coupling turn by turn, and a magnetic windings are unity coupled there is no 

coupling due to the presence of the com- longer any need for lectionalizing the 
mon core. Since the wires occupy prac- primary as is common in high quality 

tically the same space, the coupling ill transformers today. This result/! in an 
exceedingly h i g h a nd measurem�ts economy in manufacture. 
show that it is practicable to wind coils Orcult Arran.emenl 
with a ratio of primary inductance to • 'To make Fig, 5 a practical circuit, 
leakage reactance much better than the cathodes are connected to one coil 
200,000 to 1. This, therefore, provides and the plates to tlle other coil without 
a way to el iminate the leakage reactance changing their position in the circuit 
which in conventional transformers far from an a,c. 

·standpoint but permitting 
exceeds the minimum ratio requirement 

"- ...( .... I 
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the application of the d.c. plate supply . 
between these coils. 

Figure 6 (A) illustrates a further 
step in the development of the final cir
cuit and ahows a cathode-loaded ar
rangement with a required plate IUPP)y 
isolation reactance. Here it will be Men 
that the cathode loading result. from 
the method of drive. For instance. tube. 
1 is driven from the control grid to the 
far side of its load which is, from an 
a.c. standPoint, at the same potential 
as its plate, and similarly tube I i'i 
driven in a like symmetrical manner. In 
order to drive the stage, it is necessary 
to do two things :  to provide an input 
transformer or similar device and to 
provide an ieolation reactor which hu 
sufficient impedance to keep the plate 
supply and the amplifier stage isolated 
from an a.c. standpoint. It will be IeeD 
here that the entire stage is fioating 
with respect to ground. At points A 
and B in Fig. 6(A) it will be noted 
that the full voltage developed acrosa 
the output stage appears to add to the 
difficult problem of designing· a driver 
transiprmer able to handle the large 
voltages needed to drive the output 
stage. These difficulties-as well as the 
requirement for wide frequency range, 
balanced couping, and high impedance 
primary-make this trsnsformer some
what impractical if not impossible. 

Deleting the isolation reactors from 
the circuit of Fig. 6(A) gives the cir
cuit of 6(B) in which the two cathodes 
remain at the signal potential difference 
of the output transformer primary, but 
one cathode has been returned to ground 
while the other is left fioating. Again 
the design of an input transformer is 
highly impractical. 

An attempt, therefore, was made to 
get away from the four-terminal input 
circuit required by Fig. 6(B) and go 
back to the conventional three-terminal 
input if at all possible. This was ac· 
complished by the circuit as illustrated 
in Fig. 7, which is similar to tho£le of 
Fig. 6 except that instead of driving 
the stage fully cathode loaded, the point 
A of Fig. SeA) was connected to the 
mid-point of the cathode winding which, 
of course, euggested that point B be 
connected to that same cathode mid
point. We now, therefore, have our 
three-terminal conventional drive cir
cuit. and furthermore we find that this 
mid-point ean be grounded, \\'hich im
mediately suggests that the plate supply 
can be similarly attached to the mid
point on the plate winding of the out
put transformer, and finally this elimi
plate supply at + upwards through the 
winding and to the plate of the lower 
tube, thence from its cathode through 
its winding to the center point and 

nates the need for the isolation reacton. 
Concentrating first on the 0 u t p ut 

transformer primary and taking for in
stance the Le. current path from the 

one cathode winding on opposite ball-ea 
of theee coils. Considering the Upper 
tube, we find a aimilar situation. It i. 
seen that balf of the output. winding 
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Fig. 10. Performance characteristics of SOW-I amplifier. 

therefore back to the power supply, we 
have utilized one plate winding and 
is in the cathode circuit and half is in 
the plate circuit for each tube, but since 
the two windings are coupled tightly 
from an a.c. standpoint, they become 
practically identical, and therefore we 
have an output stage which utilizes 
essentially the a&me primary windinp. 
Since thia ia 10, it i. obTious that there 
can be no leakage reactance between 
the output coila for the two tubes. In 
addition to the compatibility now poIIIi
ble between high efficiency and high 
quality, there are several other adTan
tages of this circuit arrangement which 
are described. 

Orcult Advantag •• 
It is con'\'enient with this circuit to 

use either pentodes or triodes. Figure 
., shows the screen grid connected in a 
suitable manner to make use of the in
herent efficiency in power conversion of 
pentodes or beam power tubes. The re
quirement that the screen be kept at 
a constant d.c. potential with reaped 
to the cathode is fully m�t by virtue 
of the fact that the two windings are 
coupled so tightly that no a�c. potential 
can develop between the cathode of 
either tube· a n d  i ta c orre spo ndin� 
screen. It is obvious also that a con
stant d.c. potential equal to the plate 
voltage. in this case, is provided for the 
screen. Figure 8 illu strates a simplified 
equivalent circuit of Fig. 7 that m� 
clarify the use of !he 'take turn' pri
mary idea. 

Referring back to Fig. 7, IOme of the 
additional advantages of these circuits 
will be described. The impedance be-

tween the tubes is now 1000 ohms in
stead of 4000 ohms shown for the con
ventional circuit in Fi{}. 1. The impe
dance between either side and ground 
is only 250 ohms instead of 1000 ohms. 
This 4-to-1 impedance reduction be
tween the tuhes reduces the effects of 
Itl'ay capacitances by a factor of 4, per
mits a wide exten sion of the audio pass 
band, and reduces the phase shift of the 
fundamental and the harmonics. Fur
thermore, since the two primary wind· 
ings now look like one winding to the 
secondary, the effective turns ratio has 
been reduced by a factor of 2 to 1 be
tween primary and secondary. This re
sults in a 4-to-l coupling advantage 
over the circuit shown in Fig. 1. Since 
both the shunting capacitance imped
ance adYantage of 4 and the coupling 
adnntage o f  4 occur simultaneously, 
there is inherently a 16·to-1 ad,\,antage 
in this circuit over the conventional cir
cuit. This adnntage obtains regardless 
of the class of operation ·of the tubes. 
Therefore, not only haS' the barrier been 
crossed to permit the use of high effi
ciency at low distortion. but at the same 
time a substantial impro'\'ement in cir· 
cuit characteristics has been found. 

Figure 7 also shows that some direct
coupled negative voltage feedback is 
uaed. It will be seen that since half of 
the load is in the cathode and half of 
the load is in the plate, as before men
tioned, almost the entire gabl j� dl� 



amplifier that is to be use<i anywhere 
but on a test bench and working into 
a resistance load, that it should be made 
as free as possible of the effects of load 
impedance in order that the design per
fonnance of the amplifier can be real
ized in actual practice. The 50W-1 am
plifier for all practical purposes isolats 
the effect of the load on the effective 
amplification of the output stage be
cause of this low value of generator 
impedance. Furthermore, the tendency 
of the load device to continue motion 
after the initiating signals have ceased 
is effectively damped. This means that 
nny back e.m.f. generated. by the load 
device sees such a low resistance looking 
back to the amplifier that the counter 
e.m.f. resulting from this low resistance 
dynamically brakes the load device and 
quickly damps out any free oscilla
tion. Theoretically there is no minimum 
limit to which this internal generator 
impedance can go to act as a benefit in 
both af the principles above mentioned. 
However, going from the damping fac
tor af ten to zero for the use in audio 
devicee produces only a minute im
provement in damping since the loan 
devices do not approach 100 per ceDt 
efficiency. For some applications the ill
ternal generator impedance hu beea 
made l/l00th of the nominal impe
dance. 

One of the apparently conventional 
features of the amplifier is the driver 
transformer for the output stage. Since 
the direct current drawn from the power 
supply by the Class B stage is propor
tional to the input signal level, and 
since the power supply internal resist
ance can not economically be made 
to approach - zero ohm.. there will be 
a change in plate voltage with a change 
in input level. At best, change in level 
of a single-frequency signal from zero 
to full output, the change in plate volt
age cannot be made less than 25 volts. 
If the driver plate voltage were to be 
derived from this varying source and 
the driver were resistance-capecitance 
coupled to the control grids of the Clau 
B amplifier tubes, the change in plate 
voltage would appear as a change in 
bias adding to the bias for an increu
ing signal and subtracting from it for 
a decreasing signal. A 15- to 30-volt 
increase in bias TOltage would ahift 
both output tubee toward Class C oper
ation and consequent current cutoff 
during both crossover periods for a 
length of time depending on the dura
tion of the change in level and the time 
constant of the resistance-capacitance 
coupling circuit. The increase in bias 
signal level change will appear as traZl&
ient distortion. To avoid this source of 
distortion either separate power supplies 
or transformer coupling is required be-

tween the driver and the output stage. 
The design of a high-impedance push
pull transformer' along conventional 
tins is another impractical problem. 
To keep waveform distortion and cur
rent consumption low in the driver 
stage. the primary impedance of the 
driver transformer must be kept above 
100,000 ohms from 20 cycles to 30,000 
cycles. The response of the transformer 
from primary to secondary should not 
show more than a 0.1 db variation from 
18 cps to 30 kca in order to function 
within a second feedback path in the 
amplifier. All of these requirements 
were met by resorting again to the 
bifilar construction where the input 
windings are wound together, giving 
practically 100 per cent coupling inde
pendent of frequency. 

Figure 9 shows the schematic dia
gram illustrating the 5eW-1 watt am
plifier including the phase in'Verter, 
'Volume control and preamplifier. It will 
be seen from this circuit that the driver 
outpnt stages are similar to those dia
gramed in Fig. 7. The output trans' 
former provides for 4, 8, 16, and 32 
ohms balanced or unbalaneed, as well 
&8 600 ohms balanced. It will be noted 
that the 600-ohm tap is taken off the 
prim ary winding  connected to tI,e 
cathodes of the output stage, and since 
this winding is grounded at its mid
point, neither of these taps (7 and 8) 
can be grounded. If required, a 600-
ohm winding can be supplied 13eparate 
from any of the other windings of this 
transformer. 

The amplifier is designed in a man
ner similar to that described for the 
poWf>r supply, namely, that the driver 
tX)i1 and output coil are potted in the 
box forming- the unit, that the top in
cludes a number of sockets which are 
interwired to pronde the proper cir
cuitry and the other elements plug into 
these sockets to provide the proper am
plifier arrangement. This permits easy 
"substitution method" serncing, fixes 
the relative position of components, 
pronding for better uniformity in man
ufacture and permits unusual arrange
ment features. For instance, the input 
level to the amplifier is approximately 
zero db when connected into the phase 
inverter. The plug-in "preamp" provides 
an additional 34 db gain, and a triple
shielded input transformer provides an 
additional 20 to 30 db depending on 
which input connection is used 30, 150, 
600 ohms or bridging input. A control 
console is a'V8ilable which includes tone 
control, additional preamps and neces
sary switching for microphone, phono
graph, and radio inputs. An equalizer
amplifier which follows the NAB re
cording CUT'Ve and with a gain of 20 
db 8t 1,000 cycle$ may be plugged into 
the unit. 

Figure 10 illustrates the a'Verage per
formance characteristics of the ampli
fier. The gain·frequency characteris
tics may seem abnormally wide, but 
since it was desired to provide a manu
factured product which could be guar
anteed to deliver 50 watts at any fre
quency from 20 to 20,000 cpe with less 
than 1 per cent harmonic or intermodu
lation distortion, this wide band was 
found necessary to keep the phose shift 
reasonably low so that the feedback of 
the higher fundamental frequencies and 
their harmonics would be in proper 
phase relationship to cancel out, and 
therefore improve the lineerity of the 
amplifier. If the phase shift at the per
tinent harmonics is 90 deg. or more, 
no benefit is obtained from feedback, 
and since the feedback varies invene� 
ft-om one at zero deg. phase shift to 
zero at 90 deg. approximately as the 
cosine of that angle, it is seen that quite 
large phase angles are 88!.'ociated even 
with relatively small loales or Taria
tions in the gain-frequency character
istic. For instance, a change in response 
from 0 db to 0.1 db ill inevitably &8110-
ciated with 10 deg. of phalle shift. A 
change from 0 db to 3 db is alwaya as
sociated with a 45 deg. phase shift. It is 
instantly obvious that if these varia
tions occur at the fundamental, they 
are substantially more at the harmonic 
frequencies and, therefore, the effect 
of feedback is reduced in proportion to 
the cosine of these phase shift angles. 
In some cases this may cause instability 
of the amplifier, pari'icularly where 
large amounts of feedback are used. 
Experience has !lhown that the phase 
shift begins to be measureable at nlues 
l/7th to l/lOth of the frequency at 
which the 2 db point shows up on a 
gain-frequency characteristic. There
fore, the designed bandwidth should be 
from 7 to 10 times the highest frequency 
for which it is desired to have distortion 
less than 1 pt-r cent. The figur'! show!' 
that the phase shift through the ampli
fier is substantially zero from 30 to 
30,()i)() cps. 

The circuit here described in part 
appears to open new fields of use or 
improvement in present fields permit
ing operation very near the theoretical 
maximum efficiency and yet provides 
a high degree of linearity with high 
stability for either impulse or steady 
state signals. 
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A New 3().Watt Power Amplifier-
SlDlaY A. CORDERKAlft A!fD FU!fK H. McI!fTOllRt 

M c/1Itos/t Laboratory, BitarJu",IIDfI, New Y or� 

�E McINTOSH 3�w amplifier was introduced to the 
high-fidelity market in February, 1953. Since then it 

has received much interest and attention from high-fidelity 
enthusiasts, the 3-D motion picture industry, and others. 
Before the circuit design is discussed, it is well to consider 
the performance specifications considered necessary for this 
amplifier prior to its development. These were as follows: 

1. Power out�t. The output l.evel was to be 30 w at all 
frequencies within the audio spectrum from 20 to 20,000 cps, 
with usable power output from 10 to 100,000 cps. 

2. Linearity. The amplifier transfer characteristic was 
to be linear for all frequencies within the audio spectrum 
and was to be free from discontinuities or curvature for 
impulse-type signals as well as steady-state signals. The 
degree of linearity of the transfer characteristic can most 
easily be expressed in terms of harmonic distortion. A 
maximum harmonic distortion at full power output of not 
more than 0.5% for any audio frequency from 20 to 20,000 
cps was selected as the design objective. This distortion 
rating was to apply at full power output. (It is of interest 
to note that many amplifiers are not rated this rigorously; 
that is, many are rated at midband frequencies only.) 

3. Frequency response. The frequency response was to 
deviate no more than 0.5 db over the audio spectrum at all 
levels up to a 3�w output. The response was to extend 
smoothly beyond the audio spectrum and at half power 
output to be not more than 0.5 db down at 10 cps and 
100 kc. 

4. Phase shift. The phase shift was to be held at a 
minimum with -+- 10° at the limits of the audio spectrum 
being considered acceptable. 

5. Damping factor. The damping factor was to be 10 or 
greater. Damping factors greater than 10 are not thought 
to be of particular advantage, since the speaker system dc 
resistance and feed-line resistance limit the effectiveness of 
the amplifier damping. 

6. Hu," and Mise. Output hum and noise was to be 80 
db or more below rated output level. 

7. Stability. The amplifier was to be stable when looking 
into all types of loads whether they be resistive or a com
bination of resistance and reactance: This characteristic 
was considered important since (a) many speaker systems 
appear reactive close to their resonance frequencies, (b) 

• Presented at the Fifth Annual Convention or the ,\udio Engineer
ing Society, ="iew York, October 14-17, 1053. 

t Chief Engineer. 
: President. 
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FIO. l. The �Ic I ntosh unity·coupled circuit. 

some turnover networks present reactive loads close to their 
crossover frequencies, and (C) long speaker lines load the 
amplifier capacitively. 

. 8. Mechanical design. Mechanical features considered 
important were (a) the amplifier, which was to be con
structed so as to be readily serviceable, and (b) ease of 
manufacturing, so that efficient production techniques could 
be employed. 

9. Other features. (a) The amplifier must pass an Un
derwriter's Laboratory examination, since this examination 
is for the best interest of the customer. (b) The amplifier 
was to be equipped with both plug and screw terminal con
nections so that installation would be simple and not require 
more than a screwdriver and pliers. (C) The amplifier was 
to be designed as a companion piece to operate with Mc
Intosh preamplifier equalizers, but, on the other. hand, it 
must also be flexible enough to operate with other types of 
input equipment. 

Now let us look at the circuits used to meet these per
formance requirements. The well-known McIntosh unity
coupled circuit I,:! is employed in the output stage. This 
circuit is shown in Fig. I, With this circuit one half of the 
load is placed in the plates of the output tubes and the other 
half of the load is placed in the cathodes of the output tubes. 
The output tubes may be considered as operating partially 
as cathode followers. The unity-coupled circuit has many 
advantages, and, like most good things, it presents a few 
problems too. These problems are easily corrected, however, 
and the end result is a circuit far superior to conventional 

1 F. H. Mclntosh and G. ]. Gow, �ew �Watt Amplifier 
Circuit, Audio E1I(. 33, Q (December, 1949). 

:! F. H. McIntosh, U. S. Pats. 2,477,074, 2,544,788, 2,646,467, 
2,654,058, and othen pending. 
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Flo. 2. The RC·eoupll'd dril"l.'r eirl.'uit. 

output circuits. The principle advantages of the McIntosh 
circuit are: 

1. Low out,.,t impedance. The tube-ta-tube impedance 
is only 1,000 ohms, or either tube to ground has an impedance 
of but 250 ohms. This low output impedance simplifies the 
output transformer design, since the ratio of impedance 
between tubes and load is low. 

2. Low equivalent ge1lerator impedance. The output 
stage without feedback (except for the 12 db of feedback 
introduced by the circuit itself, i.e., the plate-cathode load 
system) has an equivalent generator impedance one-third 
the load resistance, or 333 ohms. Thus the output stage 
itself has a damping factor of 3: 1. These figures are based 
on conditions found in the 30-w amplifier when type 6BG6 
tubes are used. 

3. Low out,.,t stage distortion. The output stage distor
tion when measured alone without feedback but including 
the output transformer is much less than 1%. 

4. No notch-type distortion. The output tubes operate 
class ABt• With this class of service there can be severe 
distortion at high frequencies if the interprimary leakage 
reactance of the output transformer is high. This problem 
is eliminated, however, when the McIntosh unity-coupled 
circuit is used, because with this circuit the plate and cathode 
windings on the output transformer can be bifilarly wound. 
This bifilar technique reduces the interprimary leakage in
ductance to an exceedingly low value. There is no trace of 
notch distortion in the 30-w amplifier even at 20 kc. 

Now let us consider the unity-coupled circuit's problems: 
1. A high drive voltage is required to drive the output 

tubes, since these tubes have their cathodes operating above 
ground. The drive voltage required is about four times the 
voltage required when the output tubes are operated in a 
conventional type of circuit. This problem is dealt with 
efficiently, however, by means of a sPecial driver circuit 
which was developed for this amplifier. This driver circuit 
will be dicussed later. 

2. The dc plate and screen grid voltages for the output 

tubes must be the same when the bifilar output transformer 
is used; or, alternatively, a more complicated output trans
former must be used having an additional winding for the 
screen grids. Type 6BG6 tubes were selected for the output 
stage of the amplifier, since these tubes have a screen grid 
voltage rating of 350 v. With 350 v applied to both plates 
and screens, 30 w of output power can readily be obtained. 
W ith this voltage the screen dissipation is well below the 
3.5-w limit for the tube, even at full power output. 

Additional reasons for selecting the 6BG6 tube for this 
amplifier were its read>: availability, its moderate cost, the 
good uniformity of characteristics between tubes, and its 
dependable, rugged construction. 

The driver circuit uses a type 12BH7 dual triode which 
is resistance-capacitance coupled to the output tubes. This 
circuit differs from conventional coupling circuits of this 
type, however, in that the plate load resistors are returned 
to the plate winding of the output transformer. This con

nection has the effect of increasing the apparent ac load 
resistance presented to the driver tube plates while at the 
same time the dc load resistance remains equal to the plate 
load resistor value. Figures 2a and 2b illustrate the opera
tion of this circuit. Figure 2a shows a RC-coupled circuit 
where the plate load resistor for the driver tube consists of re
sistors RL and R. Resistor R is shunted by a large choke. 
Here the ac load resistance is equal to the sum of RI. and R 

and the dc load resistance is equal .to RL, since, for direct cur
rent, R is in parallel with the low resistance of the choke. Fig
ure 2b shows the RC-coupled circuit used in the 30-w ampli
fier. Here the plate load resistor RL is returned to the pri
mary of the output ·transformer. In this circuit the current 
which ftows in the output transformer primary is in phase 
with the driver tube plate current. The voltage at point A' is 
equal to approximately three-fourths ·the voltage at the plate 
of the driver tube. Now, to return to the circuit of Fig. 2a, if 
resistor R is adjusted to a value which equals three times 

RL, the ac voltage at point A will be three-fourths the voltage 
at the plate of the driver tube. Thus, the voltages at points 
A and A' in the two circuits are equal, and it can be seen 

then that the circuit of Fig. 2a can be replaced by the simpler 

R'N 1000 n 
ROUT 8 n 

+1 
o 

DB -I 
-2 
-3 

10 

LpRI 54 H 
LLEAK 12 MH 
CSHUNT 500 WF 

100 IKC 10 KC IOOKC 
FREQUENCY 

Flo. 3. Output transformer trequeDc!)' relpoDIe. 
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equivalent circuit of Fig. 2b. In addition, the feedback 
introduced into the driver tube plate circuits by the plate 
load resistors modifies the output stage generator impedance. 
The generator impedance rises from one-third the output 
load impedance to one-half the output load impedance, or 
500 ohms. This ratio of generator impedance to output 
impedance is the same ratio that exists in triode output 
stages. 

The driver tubes are fed by the phase inverter, which is 
a conventional cathode-plate loaded phase inverter. The 
load resistances have been made low so that balanced phase 
inverter output is obtained to 20 kc and above. This balance 
is important if hf distortion is to be held low. 

Prea-ding the phase inverter there is an amplifier stage 
which uses a high-mu triode. The coupling network between 
this tube and the phase inverter places the plate voltage for 
the amplifier stage at approximately one-half B+, while 
the grid voltage for the phase inverter is at approximately 
one-third B+. Under this condition, distortion in these 
two stages is lowest. Negative feedback voltage from the 
output transformer is fed into the cathode of the amplifier 
tube. The circuits included within this feedback loop con
stitute the power amplifier section of the 30-w amplifier. 

Ahead of the power amplifier section there is a pream
plifier which has a gain of 5. This preamplifier can be used 
or not at option. It is normally not used when �lcIntosh 
preamplifier equalizer equipment is used with the 30-w 
amplifier. The preamplifier consists of two stages of ampli
fication with an overall negative feedback loop. This feed-

back loop reduces the gain of the two stages to 5 and keeps 
noise and distortion low . 

The amplifier has two separate power -supply systems, 
one for B+ and the other for bias. The plate supply uses 
a 5U4 rectifier tube and a condenser input filter. Inas': 
much as the output stage operates class ABl, the B+ is 
required to have a very low impedance to ground at all audio 
frequencies, particularly 20 cps. A large output filter con
denser is used. to meet this requirement. This same con

denser .helps to reduce the ripple output of the power supply 
and allows a low resistance to be used in the filter circuit. 
By keeping the transformer, tube, and filter resistance low, 
good voltage regulation is obtained. The bias supply uses 
a half-wave selenium rectifier and a simple RC filter circuit. 

Considerable time and study went into the design of the 
output transformer. The characteristics of the resulting 
transformer are shown in Fig. 3. The transformer is flat 
within 0. 1 db from 18 cps to 40 kc. The response does not 
fall to the half power level (-3 db) until 130 kc is reached. 
The lowest resonant frequency of the transformer is at 250 
kc, where the transformer response dips to -13 db. The 
wide frequency response of the transformer enables the 
application of up to 32 db of negative feedback around the 
amplifier without oscillation difficulties. Only 20 db of 
feedback is used, however, which allows 12 db for stability 
margin. 

The transformer uses a 2-in.2 Hipersil core. The ac flux 
density is 10.5 kilogauss at .20 cps 30-w output. This 

�: ofL --:;;:;-;:;;-�IO�-:::::- -::::-::::- :=:;- -:::-:;:- �;�;:-�--�-�- -�-�-�-�;.-�-:---=--::-: --:-:--� 
WATTS OUTPUT 

FIG. 5b. Distortion 1'.'1 power output. 
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FIG. 7. Schematic diagram of thc 30-w amplifier. 

moderate flux density plus the excellent characteristics of 
the grain-oriented Hipersil core has two important advan" 

ta�es_ First, distortion produced by the nonlinear relation 

between flux and magnetizing force in the core material is 

exceedingly small. Second, dc flux produced by unbalanced 

dc currents between the output tubes has negligible effect, 

since core saturation will not occur there until there is 25 ma 

of unbalanced direct current in the transformer primary. 

This 25 ma is ample margin when 6BG6 tubes are used, 

and a means for balancinR tube currents is not required. 

As mentioned earlier, the transformer has its primary 

bifilary wound. The secondary consists of five interleaved 

windings. These windings provide outputs for 4, 8, and 
16 ohms, plus a separate output winding for negative feed
back voltage. Separating the main output winding from the 
feedback winding adds greatly to the stability of the am
plifier. Loads having capacitive reactance will increase phase 
shift within an output transformer at high frequencies. This 
increase in phase shift can cause a negative feedback loop to 
become regenerative if the feedback voltage is taken from 
across the load. This is not the case in the 3D-w amplifier, 
however, because separating the feedback and output wind
ings reduces the transformer phase-shift problem. As a 

result, the amplifier is completely stable, regardless of the 

nature of the output load. The amplifier also has a 600-ohm 

output. This output is provided by means of taps on the 

. cathode primary windinR. 

Now let us compare the design objectives mentioned 

earlier with the amplifier's performance. Some of these 

comparisons are illustrated in Figs. 4a, 5, and 6_ Figure 

4a shows the power output. Thirty watts is obtained at low 

distortion and flat frequency response from below 20 cps to 

50 kc. The response at half power output extends from well 

below 10 cps to 100 kc and is down only 0.5 db at 100 kc. 
Figure 4b shows the plate efficiency for the output tubes 
and the plate and screen grid dissipation of these output 
tubes. The plate efficiency at rated output is 54%_ Plate 
dissipation is 14.5 w, well below the 20-w rating for the 
6BG6. The degree of linearity obtained is illustrated by 
the curves for distortion in Figs. Sa and 5b. Figure Sa 
illustrates the distortion at full 30-w output over the entire 
audio spectrum. The distortion is well below 0.5% . 
Figure 5b shows the relation between the distortion and 
power output. At reduced output levels distortion falls 
well below 0.1 %. Figure 6 indicates the phase-shift charac
teristic. Phase shift ranges between +5° and _8° over 



, i . 
I I. I ' r I r ' 

I • --r--+-l ' I I -�/.'.,4 
t'-""v .. ". ... 

I � - .. . 

1 I 
i 

I ':' \'�. r---; ! i L c�T.�.'�: --l--_ I ' 
_� , I 

I 
: 

I ; 
I ',i -f i , :�' , il L��5.:Jf'� 

I . ____ �. I 
.l�··'··' --�5 

\-=-�--

ii I I. 
-I h. 
HH!iiI 

, . 
• 
I 

:! 
:: " IX 

ii ; ! .. .. c l l i · : l i ��I··I·J'··I ! . I .. ; ;  : .,._ -
... .. 1 !: l a ; . , t. - ; i: I; :. i •• ••••• 

. 
l-



296 JoUa.NAL OF -rUE A'UDW .£XGIN&ERlNG SOCIETY 

the audio spectrum. The damping factor is 12 or better for 
the 4-, 8-, and 16-ohm outputs and is 16 for the 600-ohm 
output. This factor is perhaps not as high as values some
times found in other amplifiers, since the output transformer 
secondary coil resistance is not compensated for by the 
negative feedback loop. The degree of damping obtained is 
thougbt to be quite satisfactory, however, and the additional 
stability which is obtained through the use of the separate 
feedback winding is well worth the reduction in feedback 
factor which could otherwise be obtained if the separate 
feedback winding were not used. Output hum and noise 
together are more than 85 db below the rated output. With 
regard to stability, the amplifier is completely stable regard
less of tbe reactive nature of any load placed on the am
plifier. 

The mechanical design objectives have been met also. 

Subassemblies and parts cards are. used. These units make 
possible a neat appearance and rapid assembly. The bottom 
cover may be easily removed so that all components are 
accessible for inspection and service. 

Underwriter's Laboratory code requirements have been 
considered and met through the use of good engineering 
practi(e and adequately rated components. Special plate 
caps are used on the output tubes to eliminate the shock 
hazard arising from plate cap tubes. Adequate ftexibility 
with regard to terminal connections is provided by using a 
combination of both screw and plug types of terminal. 

In conclusion, it is seen that the amplifier more than fully 
meets the design requirements. The end amplifier is a 
sound, dependable unit having all the advantages and feat
ures considered important for this type of amplifier. Figure 
7 shows the complete schematic of the 30-w amplifier. 
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1 
The present invention relates generally to im

proved audio and video frequency amplifiers, and 
to transformers utilizable therein, and more par
ticularly to improved class B audio and video 
frequency electronic amplifiers which introduce 
extremely slight distortion over a wide band of 
frequencies, by utilizing output transformers of 
novel design, connected in novel relation to the 
electronic tubes of the amplifier. 

The class B amplifier is a push-pull amplifier 
in which the tubes are biased approximately to 
cut-off. One of the tubes, in the normal system, 
amplifies the positive half cycles of the signal 
voltage while the other amplifies the negative half 
cycles, the output transformer combining the 
outputs of the two tubes, to reconstruct a replica 
of the signal voltage. 

The frequency limits of the conventional audio 
or video amplifier depend largely upon the de
sign of the output transformer, loss in amplifica
tion at low frequencies resulting from the low 
incremental inductance of the transformer pri
mary, and falling off at high frequencies result
ing from leakage inductance and the various dis
tributed capacities of the transformer. 

In order to obtain a good low frequency re
sponse the incremental primary inductance of 
the transformer must be high relative to the 
plate resistances of the tubes used. The primary 
winding of the transformer, then, should have 
a large number of turns. At the same time the 
resonant frequency of the leakage inductance and 
secondary capacitance must be beyond the high
est frequency desired to be amplified, so that low 
leakage inductance and shunt capacity is essen
tial, if the frequency response of the transformer 
is to be extended. 

The above requirements are mutually"confiict
ing, in various respects. The size of the core of 
a transformer, i. e., the total iron utilized, is lim
ited by conSiderations of cost, space and weight 
requirements. This in turn fixes the total num
ber of turns allotted to the primary and second
ary windings. Decreasing core size and increas
ing total turns on the primary winding to retain 
high primary incremental inductance increases 
leakage inductance and shunt capaCity, which in 
turn, reduces resonant frequency, and hence the 
high frequency response of the transformer. In 
practice, leakage inductance is decreased by inter
leaving primary and secondary windings, but this 
increases distributed capaCity and so tends to 
neutralize the benefits obtained. 

As a fUrther consideration, high permeablIity 
cores must be used, to increase primary winding 

2 
impedance. Such cores are adversely affected, 
in respect to the incremental inductance, by D. C. 
magnetization. Hence the latter must be avoided. 

The effect of leakage inductance on class B 
5 push-pull amplifiers has been considered in the 

literature, and attention is directed particularly 
to an article by A. Pen-Tung Sah, in Proceedings 
of the I. R. E. for November. 1936. Sah pOints out 
particularly the deleterious effects of leakage in-

10 ductance between primary windings of the output 
transformer of such an amplifier, first, in causing 
a decreased output, as frequency increases, and 
second, in introducing finite time constants into 
the circuit, thus causing transients which dis-

15 tort the output wave as one of the tubes changes 
from a conducting condition to a blocking condi
tion, and vice-versa. The latter effect is the baSis 
of great distortion at the higher audio frequen
cies. 

20 It is a primary object of the present invention 
to provide improved push-pull amplifiers having 
negligible leakage reactance in their output trans
formers, and hence negligible transient effects 
during change-over of each tube of the amplifier 

25 from conducting to non-conducting condition. 
It is an anCillary object of the invention to pro

vide novel push-pull transformers having negli
gible leakage reactance. 

It is a further object of the invention to pro-30 vide a push-pull wide band transformer of rela
tively -Simple and economical construction, which 
eliminates leakage inductance between primary 
windings of

" 
the transformer. 

35 It is another object of the invention to provide 
an improved push-pull transformer comprising 
biftlar primary windings, and futher to provide 
push-pull audio amplifiers capable of employing 
transformer having bifilar primary windings. 

40 It is, further, an object of the invention to 
provide a push-pull transformer, having greater 
coupling between the secondary winding and the 
primary windings than is available in known de
signs, without increasing detrimental capaCity ef-

45 fects, thereby to improve the frequency response 
and to enlarge the band width of such trans
formers when employed in amplifiers. 

It is still another object of the invention to pro
vide a push-pull transformer having radically 

50 reduced effective distributed capacity across the 
primary windings, and to provide a push-pull am
plifier for effectively utilizing a transformer of 
this character. 

It is a further object of the invention to pro
!SG vide a push-pull transformer of reduced distrib-
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uted capacity and leakage inductance between 
primary ard secondary wlndings. 

It is a further object of the present invention 
to provide a push-pull amplifier utilizing an out
put transformer having blfllar primary windings, 5 
the amplifier employing pentode, tetrode or beam 
power electronic tubes, wherein is provided means ' 
for maintaining the screen grid of each of the 
tubes at a fiXed potential-with respect to the as
sociated cathode during operation of the tubes 10 
in the ampllfler. 

It is still another object of the invention to pro
vide a push-pull amplifier arrangement capable 
of effectively uti11zing a transformer having sub

'stantiaJly zero leakage inductance between its 15 
primary windings, and which requires but a sin-

4 
reduction of iron reqUirements, and in a simpli
fied, more economically fabricated core and wind
ing structure. 

In the conventional push-pull output trans
former for class B amplifiers the primary wind
ings of the transformer are connected in series 
between the plates of the electronic tubes of the 
amplifier. Accordingly, the primary windings be
ing closely coupled, the total impedance of the 
primary windings is approximately four times 
the impedance of a single primary winding. In 
accordance with certain embodiments of the pres
ent invention the primary windings of the out
put transformer are not connected in series with 
each other between the amplifier tubes, but are 
connected effectively in parallel. Thereby a re-

gle anode voltage source for all the tubes of the 
amplifier. 

, duction in anode terminal to anode terminal im
, pe dance of (4), 'approximately, may be attained. 

Additionally, each coil, by reason of its bifilar re-It is a further object of the invention to pro
vide novel push-pull transformer arrangements 
which are not blfllarly wound but which have 
many of the properties of bifllarly wound trans
formers, and particularly low or negligible leak
age inductance between primary windings. 

20 lation to another coil, is for the same length of 
wire and length of coil of double the number of 
layers, resulting in a further decrease of shunt 
capacity. Reduction of anode to anode imped-

It is still another object of the invention to pro- 25 
vide a modulator capable of supplying large 
amounts of undistorted power for modulating 
carrier frequency signals. 

ance of the windings, is, therefore, refiected in a 

corresponding decrease in anode to anode dis
tributed capaCity across the windings, and there-
fore in a radical extension upwards of the cut
off frequency of the amplifier. at its high end. 
Alternately, more turns may be employed in the BrieflY described, the various embodiments of 

the present invention hereinafter described in de
tail, and illustrated in the drawings, attain the 
objects of the invention by employing bifilar pri
mary windings in the output transformers to re
duce to a negligible value the leakage inductance 
between these wlndings. The effect of substan
tially eliminating leakage inductance between 
primary windings is radically to reduce transients 
during current cross-over from one to another of 
the tubes of a push-pull amplifier, these tran
sients 'being particularly severe in class B opera
tion. Leakage inductance between the primary 
windings and the secondary likewise contributes 

30 primary windings, and the resultant increase of 
shunt capacity, due to inCrease in the number of 
turns, can be tolerated. 

Audio amplifiers constructed in accordance 
with the present invention, and tested for distor-

35 tion, have shown less than %% distortion over 
the band 20 to 20,000 cycles, the conversion effi
ciency of the amplifier tubes remaining abon 
50% over the band, with an essentially flat re
sponse over the band of 20 to 200,000 cycles. 

40 Nevertheless, transformers constructed in ac
cordance with the present invention inherently 
cost less to bUild than do transformers of the 
highest quality fabricated in accordance with to these transient effects, but in reduced degree. 

Relating the primary windlngs in the manner 
stated inherently enables reduction of leakage in- 45 
ductance between primary windings and the sec
ondary winding. 

By proper arrangement and connection of the 
primary windings in the transformer the equiv
alent shunt capacity across the primary wind- 50 
ings, due to the capacity between windings, which 
together with leakage reactance and the capacity 
of the secondary winding determine falling off 
of response at the higher audio frequencies and 
the high frequency cut-off point of the amplifier, 55 
may be Similarly reduced, and the windings may 

prior art prinCiples, and require less space and 
weigh less than the latter. 

Further, no transformers currently available 
commercially or known to me are capable of at
taining the wide frequency response and low wave 
form distortion attainable by the present system, 
regardless of their cost, weight or space. 

T.he above and still further objects, advantagcs 
and features of the invention will become ap
parent upon consideration of the following de
tailed descriptions of various embodiments of the 
invention, especially when taken in conjunction 
with the accompanying drawings, wherein: 

Figure 1 is a schematic circuit diagram of an 
embodiment of the invention wherein is employed 
a pair of bifilarly wound primary coils in an out-

be so related to the electronic tubes of the am
plifier that but a single anode power supply is 
required, and that in certain of the embodiments 
conventional input circuits may be employed. 60 put transformer, one of the coils being connected 

in the cathode circuit of a vacuum tube of a push
pull amplifier, and the remaining coil connEcted 
in the anode circuit of the amplifier; 

The conventional mode of reducing leakage in
ductance consists of sectionalizing primary and 
secondary windings and interleaving or inter
spersing these. This type of construction is ex
pensive, and while it succeeds in reducing leak- 65 
age inductance, results in increased capacities. 
The ,total capacity of the transformer windings 
may be reduced by avoiding the necessity for in
terleaving or pi-winding, in accordance with the 
present invention, in order to reduce leakage 70 
inductance. By avoiding the necessity for pi
winding, or interleaving, furtl}ermore, the trans
former of the present invention may be arranged 
more compactly than previously known trans
formers of the Same performance, resulting in 75 

Figure 2 is a schematic circuit diagram of a 
further embodiment of the invention wherein is 
utilized a transformer having two bifilarly wound 
primary coils, each comprising two windings, each 
bifilarly wound coil having one of its windings 
connected in the cathode circuit and the other in 
the anode circuit of one of the vacuum tubes of 
the amplifier; 

Figure 3 is a schematic circuit diagram illus
trating a modification of the system illustrated 
in Figure 2 of the drawings, wherein the push
pull amplifier utilizes vacuum tubes having screen 



I 
grids, each screen grid being maintained at a con
stant difference of potential with respect to its 
associated cathode during operation of the ampli
fier; 

Figure 4 is a schematic circuit diagram of a 
modification of the system of Figure 2. wherein 
controllable degeneration is provided in the am
plifier; 

8 
ing coonected in the cathode lead of the triode 
I,intermediate the cathode .1 thereof and the 
neeative terminal of the pOtential source I C. 
The cathode 21 of the triode 2 is connected 

I directly to ground and a further primary wind
ing 21 of the output transformer T is connected 
between the· positive terminal of the potential 
source 14 and the anode 22 of the triode 2. 

Figure 5 is a schematic circuit diagram of a 
variation of the system of Figure 1 of the draw- 10 
ings, arranged for balanced operation; 

The primary windings 11 and 21 are wound in 
bifllar manner, or equivalently, as indicated in 
the schematic circuit ,diagram, the wires form
ing one of the wIndings being immediately adja
cent the wires forming the other of the windings 
so that substantially zero leakage inductance 

, Figure 6 is a schematic circuit diagram of a 
variation of the embOdiment lllustrated in Fig
ure 2 of the drawing, wherein the output trans
former is an auto-transformer; 

Figure 7 is a view, showing a transformer hav
ing bifilarly wound primary windings for use in. 
push-pull amplifiers arranged in accordance 
with the invention; and, 

Figures 8, 9 and 10 represent variations of the 
unity coupled transformer of Figure 7. 

Referring now more particularly to the draw
ingS and having reference particularly to Figure 
1 thereof, there is i1lustrated a push-pull a.mpl1-
fier constructed in accordance with the principles 
of the present invention and utilizing an output 
transformer arranged in accordance with the in
vention. 

The amplifier of Figure 1 is illustrated as em
ploying a pair of triodes I, 2 as amplifying elec
tronic devices, the triodes , and 2 being provided 
respectively with grid . leaks 3 and 4. which are 
connected between the control electrodes 5 and 
6 of the triodes. I and 2. respectively, the mid
point of the grid leak resistors 3 and C being 
grounded via a bias source 1. Driving po
tential is applied to the control electrodes 5 and 
6 from sources conventionally illustrated as gen
erators 8. 9. which may be presumed to provide 

, potentials of opposite phases with respect to 
ground, and of suitable relative magnitudes, the 
potentials provided by the sources 8, 9 being ap
plied to the control electrodes 5, 6 vIa coupling 
condensers 10 and 11 respectively, the reSistors 
12 and 13 representing the internal resistances 
of sources 8 and 9. respectively. The bias es
tablished by the bias source 1 may be such as to 
cause operation of the triodes I and 2 to be either 
as class A, class AB or class B amplifiers. the 
Significance of 'the classification being well un
derstood in the art, and defined by the Institute 
of Radio Engineers in its official definitions. 
While the circuits and structures of the present 
application have wide utility in amplifiers oper
ating in accordance with any one of the above 
mentioned classifications. the invention has pri
mary application to class B ampUfiers, and wi1l 
be described accordingly as ut1l1zed in amplifiers 
of this class, without intending thereby to limit 
the scope of the invention. For the purpose 
stated. the bias source 1 wi1l be established to 
have a value such as to cut off the plate current 
of the triodes I and 2. in the absence of signal 
voltage applied to the grids thereof. 

115 exists as between the windings 18 and 21. 
If it be assumed that a sine wave of wtential 

is applied to the control electrodes ., I by the 
sources 8, 8, the positive half of the sine wave 
deriving from source 8 effecting current transfer 

20 through the triode I, and the positive half of the 
sine wave deriving from source • effecting cur
rent transfer through the triode 2, it will be ap
parent that while the positive half of the first 
mentioned sine wave is applied to the control 

215 electrode 5 that the triode 2 is cut off and that 
current fiow through the primary winding 18 
takes place in the direction of the arrow 23. On 
the other hand, while the pooitive half of the 
second mentioned sine wave is applied to the 

30 control electrode 6 of the triode 2, the triode I 
is cut off and current fiow through the primary 
winding 2 1  takes place in the direction of the 
dotted arrow 2C Accordingly, with respect to the 
fiux produced in the core 25 of the transformer 

35 T, current fiow in the windlngs 18 and 21 is in 
opposite directions, so that an alternating mag
netic fiux is set up in the core 2:;. and an alter
nating Voltage induced in the secondary wind
ing 26 of the transformer T, for application to 

.., the load circuit conventionally illustrated as a 
resistance n. 

By virtue of the close coupling eXisting between 
the primary windings 18 and 2 1. the close cou
pling being brought about by the manner of wind-

415 ing the primary windlngs 18 and 2 1, substantially 
no leakage reactance Will exist between these pri
mary windings, and, accordingly. as explained 
in the article by Sah, cited hereinbefore, no 
transient effects will exist during change over of 

50 current carrying function from the triode I to 
the triode 2, and vice-versa. At the same time, 
the direction of the voltages E existing across 
both the windings 18 and 2! are always in iden
tical direction. despite the fact that current fiow 

lili in the two windings is in opposite sense because 
of the fact that the windings conduct in alterna
tion and are closely coupled. 

If we assume that the triode 2 is cut off, and 
the triode I conducting. for example. the winding 

60 18 induces in the winding 21 a voltage congruent 
with its own voltage, and in the same sense in 
the two windings, the voltage in winding 2 1. how
ever, being incapable of causing current fiow in 

The input circuits of the triodes I and 2 will, 615 
accordingly, be seen to be completely conven
tional and to form essentially no part of the pres
ent invention. 

triode 2 because the input voltage applied to grid 
6 is now negative in phase and of sufficient am
plitude with respect to the voltage applied to the 
anode 22 of triode 2 by winding 2 1, to prevent 
such current fiow. Precisely the same argument 
may be presented when triode 2 is conducting A source of anode voltage I C is provided, con

ventionally illustrated as a battery to simplify 
the drawings. The negative terminal of source 
I C is grounded via the lead 15, and the positive 

terminal of source I C is connected directly via 
the lead 16 to the anode 11 of the triode I, the 
primary winding 18 of output transforcer T be-

70 and triode I cut off. 
Furthermore, the terminals 28 and 29 of the 

primary windings 18 and 21 are directly connected 
together via the potential source IC. which may 
be assumed to have zero impedance, and the to-

16 tal number of turns contained in the windings 11  
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and 21 and are precisely equal. Accordingly. no vided with the sa�e number of turns. The ter-
A. C. potential difference exists between any two minaJs 31 and 38 .of the windings 33 and 36 are 
adjacent points of the windlngs I Band 21. so connected together over the extremely low im-
that but slight or zero capacitive currents flow pe<iance provided by the potential source 14 and. 
between adjaCent turns of the primary windings a accordingly. may be Msumed to be at the same 
18 and 21. Such currents as do flow tend to main- A. C. potential. The phase of the voltages across 
tain the potentials of adjacent points of the two the windings 3� and 36 are identical. for the rea-
primary windings 18 and 21 identical, and ac- sons provided in the explanation of the system 
cordingly contribute to the proper functioning of of Figure I, so that voltage correspondence ex-
the system. 10 tends along the lengths of the wires forming the 

A condenser C may, if desired, be connected di- windings 3S, 36 to the remote terminals thereof. 
rectly from cathode 19 to anode 22 without al- Due to the fact that voltage correspondence exists 
tering the operation of the system essentially, but between every two adjacent points of the wInd-
to assure the equipotential relation between ad- ings SS and 3S, only slight or zero interwInding 
jacent turns, particularly at the higher frequen- IG current flow takes place by reason of capacities 
des, where some leakage reactance might con- existing between the windings. Such current flow 
ceivably be present due to imperfections of the as does take place due to capacitive coupling is, 
winding spacings. moreover, beneficial rather than detrimental be-

It will be noted, upon close analysis, that, the cause it tends further to eliminate voltage differ-
triode I being cathode loaded and the triode 2 20 ences between adjacent points of the windings a�, 
anode loaded, the former is subject to degenera- SS. 
tion and the latter is not so subject. The gains The argument presented in the previous para-
.)f the triodes ! and 2 are not equal, for that graph may obviously be duplicated in respect to 
reason, ·and the input Signals must be compen- windings aD and 25. 
sated accordingly. This feature of the system of 2;; Further, the windings £(1 and a5 are wound in 
Figure 1 detracts from its utility, in some degree. bifilar or equivalent fashion, as are the windings 

Reference is now made to Figure 2 of the draw- 33 and ::JG, so that substantially no leakage induc-
ings, wherein is disclosed a variation of the spe- tance exists among the winding pairs lJ@, 3� and 
cific embodiment of my invention illustrated in 35, aG. 
Figure 1 of the drawings, employing triode vac- 30 Since substantially no leakage inductance ex-
uum tubes I and 2, and having signal input cir- ists between primary windings, the effect of tran-
cuits duplicating those disclosed in Figure I, and sients due to leakage inductance, which have been 
described in connection with the description of described in the article by Sah, are completely 
the circuit connections and operation of the em- eliminated in amplifiers constructed in accord-
bodiment of my invention there illustrated, ex- 35 ance with the arrangement of Figure 2 of the 
cept that the signal sources !la and !la provide drawings. Likewise because interwinding capac-
signals of identical magnitude. ity currents are radically reduced, as well as be-

Whereas in the embodiment of my invention cause leakage inductance has been substantially 
illustrated in Figure 1 of the drawings a single eliminated, and for other reasons above provided, 
primary winding is connected in the cathode lead 40 the high frequency resonant point of the trans-
of the triode I, and a single primary winding con- formers is raised by a matter of octaves over the 
nected in the anode lead of the triode 2, in the r

'
esonant frequency of transformers capable of 

system of Figure 2 a more completely balanced being constructed at equivalent cost in accord-
arrangement is provided, wherein the primary cir- ance with prior art principles. The radical reduc-
cuit of the transformer T comprises four windings, 45 tion in shunt capacities and leakage inductance, 
one each in the cathode circuits of the triodes ! furthermore, eliminates the normally expected 
and 2, and one each in the anode circuits of the reduction of response at the higher frequencies, 
triodes I and 2. The negative terminal of the so that the amplifier, taken as a whole. provides 
anode supply 14 is again grounded, the positive an extremely flat response over a very wide band 
terminal of one winding 3D being connected via 50 of frequencies. 
the lead 31 to the anode 22 of the triode 2, and a Actual examples of amplifiers comprising the 
second winding 33. in series with winding 3ll, invention illustrated in Figure 3 of the drawings 
being connected via the lead 34 to the anode 11 have been constructed and found to produce a fiat 
of the triode I . Accordingly, the windings 30 and response curve over the band 2G-200,OOO cycles, 
33 are connected in push-pull relation to the tri- 55 having less than one-half percent distortion, over 
odes I and 2, 'and pass currents in alternation if the range of frequencies 20 cycles to 20,000 cycles, 
the triodes I and 2 are biased for class,B opera- inclusive, the conversion efficiency of the ampli-
tion. fier tubes remaining above 50% over this band, 

A further winding, 35, is connected in the cath- and the total amount of copper and iron utilized 
ode lead of the triode I, and a winding 36, in 00 being equal to or less than is employed in high 
series with winding 35, similarly connected in the grade transformers of comparable price presently 

. cathode lead of the triode 2. Accordingly. cur- commercially available, the performance of the 
rent fiow in the winding 35 takes place in phase latter being far inferior. 
with current fiow in the winding 33, these cur- The embodiment of my invention illustrated 
rent fiows being additive in respect to fiux produc- 05 in Figure 3 of the darwings is substantially similar 
tion in the core of transformer T. Likewise cur- to that illustrated in Figure 2 of the drawings, 
rent fiow in the cathode winding 36 is in phase except that the triodes i-2 are replaced by 
with current fiow in the winding 3D, and fiux pentodes afS-� I. the pentodes being connected 
production responsive to the current flow in the in a novel manner to assure high power conver-
windings 30 and 36 is cophasal in the core of the 70 sion efficiency. 
transformer T. Furthermore, the magnitudes of It w1ll be realized that both the amount and 
the currents flowing in the windings 33 and 35 the character of the potential difference between 
are identical and the magnitudes of the currents the cathode and the screen grid of a pentode. or 
flowing In the windings 30 and 36 are Identical. a tetrode. are parameters which determine in 
and all the windings aD, aa. as and 16 are pro- 76 large part the power conVersion efilciency of the 
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tube. Since the cathode potentials of cathode 
loaded pentode or tetrode tubes vary with respect 
to ground, it follows that if the screen potentials 
are fixed with respect to ground the cathode to 
screen potentials will vary, and, in general, the 
power conversion efficiency of the tubes will be 
found to be reduced. 

In order to preserve the power conversion effi
ciency of pentodes and tetrodes when they are 
connected in cathode loaded circuits, it is usual 
to connect a condenser between the cathode and 
the screen grid, and to connect the screen grid 
�Q_J'�itive anode potential through a resistance. 
The objt:ct of circuit arrangements of this char
acter is the maintenance of approximately con
stant potential of suitable value between the 
cathode and the screen grid. The total potential 
difference between the cathode and the screen 
grid apprmdmates the potential difference be
tween the positive and negative terminals of the 
power supply for the tube, less the potential drop 
due to the current fiow in the screen dropping 
resistance and the drop due to D. C. resistance 
of the cathode load impedance. It accordingly 
follows that the size of the screen grid dropping 
resistance varies in inverse proportion to the 
potential difference between the screen grid and 
the cathode, as the resistance is varied. How
ever, the minimum size of the screen grid drop
ping resistance is limited by the amount of load
ing imposed on the output circuit due to this 
resistance, so that an ideal solution cannot be 
realized, and maximum power conversion from 
pentode and tetrode tubes in cathode loaded cir
cuits likewise cannot be obtained. 

The circuit illustrated in Figure 3 of the draw
ing provides a solution to the problem of attain
ing maximum power conversion from pentode and 
tetrode tubes in cathode loaded push-pull ampli
fier circuitS, arranged in accordance with the 
present invention, the solution consisting in con
necting the screen grid 42 of one pentode 40 
directly to the anode U of the other pentode 4 I, 
and the screen grid CC of the other pentode 4 I 
directly to the anode 45 of the first pentode 40. 
The connection of the screen grid 42 to the anode 
43 implies connection of the screen grid 42 to 
the terminal 46 of the output transformer wind
ing 3D, which, as has been explained, in connec
tion with the embodiment of my invention illus
trated in Figure 2 of the drawings, is maintained 
at the same A. C. potential as is the point 31 of 
the winding 35. Since the terminal 31 is always 
at the cathode potential of the pentode 40, like
wise the terminal 46 of the winding 30 is, main
tained at the same A. C. potential as is the cath
ode of the pentode 40, the D. C. potential exist-

. ing between the two points being, however, that 
provided by the potential source 14. Accordingly, 
as the cathode of the pentode 40 varies in poten
tial, due to the presence in the cathode circuit 
of the current carrying winding 36, the potential 
of the screen grid 42 varies in precisely similar 
manner. The difference in potential is thus main
tained constant, thereby maintaining maximum 
power conversion from the pentode. 

A precisely similar explanation may be pro
Vided in connection with the pentode 41, this 
explanation, however, being suffiCiently obvious. 

It will be further realized that while I have dis
c'ozed tubes 40 and 41 as pentodes, that precisely 
the same principles and mode of operation and 
circuit connections may be employed in conjunc
tion with the use of tetrodes, including beam 
power tubes, in the circuit of Figure 3. 

10 
Reference is now made to Figure 4 of the draw

ings, which illustrates basically a system of the 
same character as that illustrated in Figure 2 of 
the 'drawings, there being added to the latter, 

[) however, controllable degenerative feed-back. 
still further to reduce the distortion of the am
plifier, or in the alternative to necessitate re
duced driving signal, as compared with the em
bodiments of Figures 2 and 3. In the system of 

10 Figure 4 of the' drawings, controllable degenera
tive feed-back is derived by connecting across the 
primary windings 35 and 36, which are connected 
in the cathode leads of the triodes I and 2, a re
sistor 50, the latter then having developed across 

15 itself a voltage which Is a replica of the output 
voltage available at the output of the trans
former T. A pair of variable taps 5 i and 52 are 
provided, taps 51 and 52 being locs.ted generally 
at points equidistantly located with respect to 

20 cathodes 20 and 19, respectively. Accordingly, 
by varying the positions of the taps 51 and 52 
the total feed-back voltage to each of triodes I 
and 2 may be varied. The voltage deriving from 
the tap 51 is applied to contrOl electrode 6, via 

25 a coupling condenser 53, which is connected to 
one terminal of the secondary winding 56 of an 
input transformer S, which is supplied with ex
citing voltage via a primary' winding 51 excited 
from the source of signal voltage A in conven-

30 tional fashion. The remaining terminal of sec
ondary winding 56 is connected to the control 
electrode 6 of the triode 2. While the control 
electrode 6 is being raised in potential and the 
tube 2 is conducting, the potential of the tap 51 

35 decreases in potential due to current flow in 
resistor 50 in the direction of the arrow I, the 
cathode 20 of the trio de 2 being then at higher 
potential than is the cathode 19 of the triode I. 
In a similar manner, the tap 52 introduces a de-

40 generative voltage into the grid of the triode I 
via a coupling condenser 53a which is connected 
in series with one terminal of the secondary wind
ing 58 of the transformer S, the other terminal 
of winding 58 being connected to the control elec-

45 trode 5 of the triode I. Grid leaks for triodes I 
and 2 are provided by resistors 59 and 54, respec
tively connected in series with bias source 55. 

It will be clear, then, that, by moving tap 5 i 
to cathode 19, and tap 52 to cathode 20, zero de-

50 generation will be introduced into the system, and 
that degenerative voltages having values as great 
as twice those normally available in the system 
of Figure 2 may be made available by establish
ing tap 51 at cathode 19, and tap 52 at cath-

55 ode 20. 
Reference is now made to Figure 5 of the draw

ings wherein is illustrated a variation of the sys
tem of Figure 1 of the drawings. SpeCifically, in 
the system of Figure 1, a primary winding I B of 

60 a transformer T is connected in series with a 
cathode circuit of a first triode I and a further 
primary winding 21, which is wound �n bifilar re
lation to the primarY winding 18, IS connected 
in series with the anode circuit of a further triode 

65 2, so that effectively the triode I is/cathode load..; 
ed, while the triode 2 is plate loaded: 

In the system of Figure 5 of the drawings the 
tube I is cathode loaded by means of the primary 
winding 18 of transformer T. Input signal from 

70 the secondary 60 of an input transformer S is 
applied between the control electrode 5 of the 
tube I and the terminal 61 of winding 18 via leads 
65 and 66. However, the tube 2 is driven in a 
different manner in Figure 5 than is the triode 

711 2 in Figure I, the tube 2 being effectively cathode 
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loaded in the system of Figure 5. To this end 
the primary winding 2. is connected in the anode 
circuit of the tube 2, in a similar manner to the 
tOnneClons previously described in conjunction 
With Figure 1 of the drawings. A further signal 
1s applied in opposite phase to the first mentioned 
input signal via a winding 62 connected be
tween the anode 22 of the tube 2 and the con
trole electrode 6 of the tube � via the usual block
lng condenser C. 

Accordingly, the input circuit of tube I sees 
two alternative voltages, one originating in the 
primary winding 133 and which is inductively 
transferred to the secondary winding GO, the sec
ond constituting a degenerative feed-back volt
age deriving from the primary winding is of the 
output transformer T by virtue of the connection 
of the terminal 64 Of the secondary winding 60 
via the lead 65, 66 to the negative terminal 61 
of the primary winding ,a. 

The input circuit of tube 2 sees two alternating 
voltages, one originating in the primary winding 
53, which is inductively transferred to the sec
ondary winding 62, the second constituting a de
generative feed-back voltage, deriving from the 
primary winding 2. of output transformer T, and 
degenerative by virtue of. the fact that winding 21 
is effectively in the cathode circuit of tube 2, 
varying the potential of cathode 20 with respect 
to that of anode 22, in one phase, while the po
tential of control electrode 6 is being varied in the 
same phase with respect to anode 22 by the volt
age in secondary 62. Looked at in another way, 
the input voltage for tube 2 consists of the volt
ages of windings 2. and 62 in series. So, when 
the positive half cycle of voltage in winding 62 is 
in the direction of the arrow E, the potential of 
the control electrode 6 with respect to cathode 20, 
assuming the latter fixed, increases positively. 
This results in an increase of plate current, 
which increases the voltage across coil' 2', re
sulting in a voltage rise across winding 2. in the 
direction of arrow E'. It will be obvious that, 
as seen from the grid-cathode circuit of tube �, 
voltages E and E' are oppositely directed and 
hence that voltage E' is degenerative. 

Additionally, if a screen grid 61 is provided in 
tube I, this may be connected directly to anode 
22 of tube 2, and will be maintained at a constant 
potential with respect to cathode '9 of tube I 
equal to the voltage of source '., because the 
same A.-C. voltages exist at all times on anode 
22 and on cathode '9. If desired a capacitor, C, 
may be connected from cathode .9 to anode 22. 

Similarly, a screen grid 68; provided in tube 2, 
may be connected directly to the positive terminal 
of source 14, and will be maintained at an A.-C. 
voltage diiference from the potential of cathode 
20 equal to the voltage of source '., since no im
pedance exists between screen grid 68 and cath-
ode 20. 

. 

It will be realized that the tubes S. and 2 in 
Figure 5 of the drawings may then be triodes, 
tetrodes, pentodes, beam power tubes, or the like, 
as desired, and further that in the various em
bodiments and examples of my invention, illus
trated and described herein, the specific char
acter of the electronic amplifier tubes employed 
may be selected at will from among the various 
types available, 1. e., triodes, tetrodes, pentrodes, 
beam power tubes and the like. 

The system of Figure 6 represents a simple 
variation of the system of Figure 2, demon
strating that, if desired, the bifilar primary wind-

1l� 
ingS �5, as may be coupled directly to a load, the 
transformer T acting as an auto-transformer. 

! have disclosed a variety of push-pull ampli

fier systems, employing each a. bifilarly wound 
5 transformer, and ,have illustrated in the 

schematic cjrcuit diagrams, Figures 1-6, conven
tionally, bifilarly wound transformers. I have, 
however, recited that transformer primary wind
ings equivalent to biillar windings may be em-

10 ployed. 
Reference is accordingly made to Figures 7-10 

inclusive, of the drawings, wherein is illustrated 
a plurality of different transformer winding con
structions which may be employed in the circuits 

15 of Figures 1-6, inclusive, Figure 7 illustrating a 
transformer having four primary windings, bi
filarly wound, and associated with a common sec
ondary winding, Figure 8 illustrating a, possible 
substitute for the system of Figure 7, employing 

20 superposed coils in place of bifilarly wound coils" 
ths transformer of Figure 8 being in some re
spects equivalent to the transformer of Figure 7, 
when the windings are properly connected 'm a 
push-pull amplifier arranged in accordance with 

25 the invention. Figures 9 and 10 illustrate vari
ants of the transformer of Figure 7 wherein sep
arate layers of a single coil are incorporated by 
suitable interlayer connections in diiferent pri
mary windings of a push-pull transformer, pro-

30 viding a true approximate equivalent for a bi
filarly wound transformer. 

Referring now more speCifically to Figure 7 
of the drawings, there is illustrated a core BOO 
of conventional structure having wound thereon 

35 a coil i 0 I formed of a pluraJity of bifilarly wound 
layers !02, the winding commencing at point 103 
and terminating at point '04. Leads BiUi, UJ6 
are brought out from the commencement point 
QO� of the bifilar winding, to which may be con-

i!0 nected B+ and B- terminals of a voltage supply, 
when the transformer is connected in an ampli
fier circuit. Similarly from the end of the Wind
ing, at point 104, are brought out two terminals 
'DJ, soa, intended for connection, respectively, to 

,,� the plate or anode PI of one amplifier tube of a 
push-pull amplifier, and the cathode C2 of the 
remaining tube. 

' 

A duplicate coil I' 0 is wound on the same 
core beside the coil ! 01, having terminals Q f. and 

50 a 12 for connection respectively to B+ and B
terminals of the voltage supply. and terminals 
's aa, n 14 for connection respectively to the 
cathode Cf of the one tube and the anode P2 of 
the remaining tube; 

55 It will be noted that the respective windings 
are wound in opposIte winding senses with re
spect to the core lOO, for reasons explained here
inabove, and briefiy because the coils iD I and f I 0 
are intended to produce fiux in push-pull, or al-

60 ternately in opposite directions in the core 11l·0. 
Secondary windings [d 5, a B 6 are superposed 

on the primary coils a!.l O' and 8 a 0, respectively, 
and are shown connected in series by a lead f n, 
it being understood that parallel connectIon Is 

6S equally feasible. 
In the broadly or approximately equivalent sys

tem of Figure 8, bifilar windings are dispensed 
with, and four primary windings are provided, 
numbered 120, 121,822 and B23. The superposed 

70 windings 120 and au are wound in mutually 
identical sense, and the superposed windings f22 
and '23 in identical sense, the latter two oppo
sitely to the first mentioned two windings, and 
the winding pairs are arranged adjacently on the 

75 core. The initial point 024 of winding 820 



13 
may be connected to terminal B- and the ter
minating point 125 of winding 121' to terminal 
B+. of a plate voltage supply source, by ap
propriate terminals provided, and the terminal 
points 124 and 125 being thus joined by a path 

14 
pedance provided by the voltage source B +  and 
B-, that the potentials of adjacent turns of 
each pair of layers is ideally at identical A.-C. 
potential. To compensate for any departures 

5 from ideal conditions, brought about by wind
ing irregularities and the like, I may intercon
nect the ends of the windings by means of a 
large condenser K, which establishes the ends of 

of negligible A.-C. impedance remain at iden
tical A.-C. potential. The terminal point 126 of 
winding 120 and the initial point 121 of wind
ing 121 are arranged to be in close juxtaposition, 
and are joined by a condenser K!, which serves 10 
to maintain the points 126 and 121 at identical 
A.-C. potentials. 

the windings at identical A.-C. potential. 
F'igure 10 illulstrates a winding sequence which 

approaches that of the sequence provided in the 
embodiment of Figure 9 of the drawings, the 
winding being laid in successive layers, 170 which 
are left.mutually unconnected when the coil is 

The terminal point 126 may be connected to 
cathode. C2 and the terminal in to anode PI. 

The coil 122 may be similarly arranged, ter
minal 129 being connected to B-, terminal 129 
of coil 123 to B+, and terminals l3C and 1 3! 
joined by a condenser K2, so that the terminals 
of pair 123, 12!ii and the terminals of pair 1 30, 
13 i are at identical A.-C. potentials. Terminal 
13D may be connected to cathode Cl and termi
nal 131' to anode P2, of the tubes of the ampli
fier employing the transformer. The secondary 
winding 132 may be arranged as in the embodi
ment of Figure 7 of the drawings. 

It will be realized that leakage inductance, in 
the case of the embodiment of my invention illus
trated in Figure 8, will be greater than in the 
case of the embodiment of Figure 7. However, 
the transformer of Figure 8 may conceivably 
be more economically constructed than the trans
former of Figure 7, and may prove desirable for 
that reason, despite its relatively poorer per
formance. 

In Figure 9 of the drawings is illustrated a 
further modification of the system of Figure 7, 
wherein the effect of a bifilar coil is attained by 
winding the respective primary windings which 
are desired to be unity coupled, in successive 
layers, and joining the layers thereafter by 
means of suitable leads. Having particular ref
erence to a transformer suitable for use in the 
amplifier system of Figure 2, for example, the 
winding 29 may comprise the winding layers 141, 
142, 143, 144, 145, 146, etc., and the winding 30 
the alternate layers I n, 14B, 149, 150, 151 . . . 
The terminal point of layer 141 may be connected 
to B- and its other end point joined by lead 150 
to an adjacent end point of layer 142, the layers 
141 and 142 being wound in the same direction 
and current in each turn of both layers 141 and 
142 fiowing in the same sense, to produce mutu
ally additive fiux in the core. The process of 
layer interconnection is continued to the end of 
the winding, the winding layers 141. 142, 14 3 . .. 
being thus connected in series. The alternate 
layers, 141, 148, 149 . . .  are likewise connected 
in mutual series relation by leads 161, and a 
secondary winding 16 3 may be superposed on the 
primary windings, in conventional fashion. The 
terminal points of the outermost pair of adjacent 
winding layers may then be brought out to anode 
PI and cathode C2, respectively. 

A similar pair of primary windings, 164 and 
165 may be provided on the core, adjacent to the 
primary windings 29 and 3D, for connection to 
the anode P2 and the cathode C I, and with the 
windings 29 and 30 associated a further second
ary winding 164, connected in series with sec
ondary winding 16 3, it being understood that 
parallel connection is equally feasible. 

It will be realized, since the windings are ad
jacent in alternate layers, and since the starting 
points of initial layers 141 and 141 are adja
cent and interconnected by a path. of low im-

I:J wound. The first, fourth, fifth, eighth, ninth, 
twelfth . . . layers are connected in series by 
leads 161 to provide one winding; the second, 
third, sixth, seventh, tenth. eleventh ... layer.:; 
are connected in series by leads 162 to provide 

20 the other winding. The initial points of the first 
and second layer may be connected respectively 
to the B+ and B- terminals of a voltage sup
ply, and the two outermost windings (the eleventh 
and twelfth layers of a twelve layer winding, for 

23 example), connected to the cathode. C2, of one 
vacuum tube and the anode, Pi, of a further 
vacuum tube of a push-pull amplifier arranged 
in accordance with the invention. The latter two 
terminals may be connected across a condenser 

30 K to assure that the same A.-C. potential exists 
at these terminals, as in the transformer arrange
ments of Figures 8 and 9, inclusive. The upper 
windings may be duplicated to provide two pairs 
of bifllarly wound equivalents. . i 

35 It will further be realized, while the trans
formers illustrated in Figures 7, 9 and 10 ap
proach relatively closely to the ideal, or bifilarly 
wound transformer, that the embodiment of 
Figure 8 is at best a very rough approximation, 

40 and, while operative, operates but imperfectly in 
circuits arranged in accordance with the inven
tion, and is not recommended except in cases 
where other considerations than excellance of 
performance are primary: 

45 It will further be realized that further variants 
of the transformer:; illustrated in Figures 7, 9 
and 10 may be resorted to without departing 

. from the true scope and spirit of the invention, 
which requires the provision of unity coupled 

fiO transformers, for best performance, and which 
may employ any type of unity coupled transform
ers having the requisite windings, and which are 
known or which may become known to the art. 

. 

Consideration of the system of Figures 2, 3, 4 
55 and 6 of the drawings will render evident that 

each of the tubes of the amplifiers or modulators 
disclOSed is operated with negative feedback, since' 
in each case a primary winding of an output 
transformer is connected in a cathode lead of a 

60 tube and the grid-cathode or input circuit is 
connected across the winding. Each of the 
tubes is. however, also plate loaded,);o·that part 
of the output of each tube derives from its plate 
circuit, and part from the cathbde circuit. 

65 Thereby, I provide a push-pull amplifier which 
possesses the advantages of both a plate loaded 
and a' cathode loaded system, simultaneously, in 
addition to the other advantages previously dis
closed. a feature which has not previously been 

70 attainable in push-pull amplifiers useful for wide 
band amplification of audio or Video signals, or 
the like, to my knowledge. 

While I have described various modifications 
of amplifiers, or modulators, arranged to employ 

715 to advantage output transformers having bifllarly 
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wound primary windings, further modifications 
may be devised, and re-arrangements and modi
fications of the modifications illustrated and de
wribed, resorted to, without departing from the 
true spirit and scope of the inventions, as defined 
in the appended claims. 

In particular it will be realized that the vari
ous embodiments of my invention herein dis
closed have particular application, though not 
exclusive application, to class AB and class B 
power amplifiers, �md their variants, and hence 
to utllization as modulators in various systems of 
modulation, and particularly to class B plate 
modulators. 

What I claim and desire to secure by Letters 
patent of the United states is: 

1.  A push-pull wide band audio frequency am
plifier, comprising, a first electronic amplifier tube 
having a first anode, cathode and control elec
trode, a second electronic amplifier tube havlI'g 
a second anode, cathode and control electrode, a 
source of anode voltage having a positive and a 
negative terminal, a magnetic core, first and sec
ond primary output transformer windings of sub
stantially equal inductance and having each a 
high impedance at said audio frequencies, ar
ranged in bifilar relation about said core, means 
for connecting said first winding between said 
negative terminal and said first cathode, means 
for connecting said second winding between said 
lOositive terminal and said second anode, third 
and fourth primary output windings of substan
tially equal inductance and having each a high 
impedance at said audio frequencies arranged in 
biftlar relation about said core, means connecting 
said third winding between said negative termi
nal and said second cat�ode, means for connect
ing said fourth winding between said positive ter
minal and said first anode, a secQndary winding 
coupled substantially equally to said first, second, 
third and fourth windlngs, and a push-pull input 
circuit for said first and second electronic ampli
fier tubes, responsive to a wide band audio source 
for driving said control electrodes with opposltely 
phased wide band audio voltages. 

2. The combination in accordance with claim 1 
which includes means for biasing said amplifier 
tubes for class B operation. 

3. The combination in accordance with claim 
1 wherein said first amplifier tube comprises a 
first screen grid, and wherein said second ampli
fier tube comprises a second screen grid, means 
for connecting said first screen grid directly to 
said second anode and means for connecting said 
second screen grid directly to said first anode. 

4. A push-pull wide band audio frequency am
plifier, comprising, a first electronic amplifier 
tube having a first anode, cathode and control 
'electrode, a second electronic amplifier tube hav
ing a second anode, cathode and control electrode, 
a source of anode potential having a negative and 
a positive terminal, an output transformer having 
a magnetic core, multiturn primary windings of 
substantially equal inductance and having high 
impedance at audio frequencies linking said core 
and coupled to said first and second tubes, said 
primary windings comprising at least two closely 
coupled windings wound' in identical winding 
sense, means for connecting one of said windings 
between said negative terminal and said first 
cathode, means for connecting the other of said 
windings between said positive terminal and said 
second anode, said primary windings compris
ing at least two further closely coupled multi
turn windings of substantially equal inductance 

:a� 
and having high impedance at audio frequencies 
linking said core and wound in identical winding 
sense, opposite to said first mentioned winding 
sense, means for connecting one of said further 

5 windings between said positive terminal and said 
first anode, means for connecting the other of said 
further windings between said negative terminal 
and said second cathode, and a push-pull wide 
band input circuit for applying a wide band of ' 

10 audio frequencies to said control electrodes in 
push-pull relation, and means for biasing said 
electronic amplifier tubes for anode current flow 
in at least one of said tubes at all times in re
sponse to said signals. 

1 5 5. The combination in accordance with claim 
4 wherein said first and second electronic ampli
fier tubes have a first and a second screen grid, 
respectively, and wherein is provided means for 
maintaining constant potential between said first 

20 screen grid and said first cathode and between 
said second screen grid and said second cathode, 
during operation of said amplifier. 

6. The combination in accordance with claim 
4 wherein said means for maintaining constant 

25 potential between said first screen grid and said 
first cathode comprises a direct current connec
tion between said first screen grid and said second 
anode, and wherein said me�ns for maintaining 
constant potential between said second screen grid 

30 and said second cathode comprises a direct cur
rent connection between said second screen grid 
and said first anode. 

7. A wide band amplifier, comprising, a first 
amplifier tube having a first cathode circuit and 

35 a first anode circuit, a second amplifier tube hav
ing a second cathode circuit and a second anode 
circuit, an output transformer having a magnetic 
core, a :first pair of unity coupled primary wind
ings and a second pair of unity coupled primary 

40 windings, both linking said core, means for con
necting one of said first pair of windings in said 
first anode circuit and the other of said first pair 
of windings In said second cathode circuit, means 
for connecting one of said second pair of primary 

45 windings in said second anode (circuit and the 
other of said second pair of primary windings in 
said first cathode circuit, a load circuit coupled 
substantially equally to all said primary wind
ings, means for biasing said amplifier tubes to 60 provide current fiow in at least one of said tubes 
in response to any finite Signal, and a wide band 
input circuit connected in push-pUll relation to 
said control electrodes for applying said wide 
band of signals thereto. 55 8. An amplifier for amplifying a wide band of 
signals with essentially fiat response, comprising, 
a first electronic amplifier tube having a first 
anode, cathode and control electrode, a second 
electronic amplifier tube having a second anode, 

60 cathode and control electrode, a source of anode 
voltage having a positive and a negative termi
md, a. magnetic core, first and second primary 
output windings arranged in unity coupled rela
tion about said core, each of said windings hav-

65 ing an impedance at the low end of said band_ 
which is of the same order of magnitude as the 
internal resistance of one of said tubes, means 
for connecting said first winding between said 
negative terminal and said first cathode, means 

70 for connecting said second winding between said 
positive terminal and said second anode, third 
and fourth primary output windings arranged in 
unity coupled relation about said core, said third 
and fourth primary output windings each sub-

'lIS stantialIy duplicating an impedance one of said 



17 
1lrst and second p rimary  wlndlngs, means con
necting said third winding between said negative 
terminal and said second cathode, means for con
necting sa.l.d fourth winding between said posi
tive terminal and said 1lrst anode, an untuned 6 
load circuit coupled to said 1lrst, second, third 
and fourth wlndlngs equally, an Input circuit 
coupled in push-pull relation to said 1lrst and 
second control electrodes for applying to said 
control electrodes in push-PUll relation sa.l.d wide 10 
band of signals, and means for biasing said am
plifier tubes for operation with anode current 
flowing In at least one of said ampl11ler tubes at 
aJl times in response to sa.l.d signals. 

18 
means for connecting said further control elec
trode of said 1lrst ampU1ler tube to said second 
anode over a path of negUglble impedance, means 
for connecting said further control electrode of 
said second ampl11ler tube to said 1lrst anode over 
a path of negligible impedance. 

FRANK H. McINTOSH. 
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WIDE BAND TRANSFORMER 

Frank H. McIntosh, Chevy Chase, Md. 

Application December 22,1948, Serial No. 66,744 

6 Claims. (Cl. 317-220) 

1 
This application was filed concurrently with 

my application Serial #66,741, now Patent 
#2,477,074, issued July 26, 1949, and enti�led 
"Wide Barid Amplifier Coupling Circuits," and 

2 
impedance. Such cores are adversely affected, 
in respect to the incremental inductance, by D. C. 
magnetization. Hence the latter must be 
avoided. 

contains the same disclosure as the latter. !I The effect of leakage inductance on class B 
The present invention relates generally to wide 

band transformers for push-pull amplifiers, espe
cially of the bi-filar type. 

The class B amplifier is a push-pull amplifier 
in which the tubes are biased approximately to 
cut-off. One of the tubes, in the normal system, 
amplifies the positive half cycles of the signal 
voltage while the other amplifies the negative 
half cycles, the output transformer combining 
the outputs of the two tubes, to reconstruct a 
replica of the signal voltage. 

The frequency limits of the conventional audio 
or video amplifier depend largely upon the design 
of the output transformer, loss in amplification 
at low frequencies resulting from the low incre
mental inductance of the transformer primary 
at low frequencies, and falling off at high fre
quencies resulting from leakage inductance and 
the various distributed capaCities of the trans
former. 

In order to obtain a good low frequency re
sponse the incremental primary inductance of 
the transformer must be high relative to the 
plate resistances of the tubes used. The primary 
winding of the transformer, then, should have 
a large number of turns. At the same time the 
resonant frequency of the transformer leakage 
inductance and secondary capacitance must be 
beyond the highest frequency desired to be 
amplified, so that low leakage inductance and 
shunt capacity is essential, if the frequency re
sponse of the transformer is to be extended. 

The above requirements are mutually conflict
ing, in various respects. The size of the core of 
a transformer, i. e., the total iron utilized, is 
limited by considerations of cost, space and 
weight requirements. This in turn fixes the total 
number of turns allotted to the primary and sec
ondary windings. Decreasing core size increas
ing total turns on the primary winding to retain 
high primary incremental inductance increases 
leakage inductance and shunt capacity, which in 
turn, reduces resonant frequency, and hence the 
high frequency response of the transformer. In 
practice, leakage inductance is decreased by in
ter-leaving primary and secondary windings, but 
this increases distributed capacity and so tends 
to neutralize the benefits obtained. 

As a further consideration, high permeability 
cores must be used, to increase primary winding 

push-pull amplifiers has been considered in the 
literature, and attention is directed particularly 
to an article by A. Pen-Tung Sah, in Proceed
ings of the 1. R. E. for November 1936. Sah 

1O points out particularly the deleterious effects of 
leakage inductance between primary windings of 
the output transformer of such an amplifier, 
first, in causing a decreased output, as frequency 
increases, and second, in introducing finite time 

l;} constants into the circuit, thus causing transients 
which distort the output wave as one of the tubes 
changes from a conducting condition to a block
ing condition, and vice-versa. The latter effect 
is the basis of great distortion at the higher audio 

20 frequencies. 
It is an object of the invention to provide novel 

push-pull transformers having negligible leak
age reactance. 

It is a further object of the invention to provide 
25 a push-pull wide band transformer of relatively 

simple and economical construction, which elim
inates leakage inductance between primary wind
ings of the transformer. 

It is another object of the invention to provide 
30 an improved push-pull transformer comprising 

bi-filar primary windings, and further to provide 
push-pull audio amplifiers capable of employing 
transformers having bi-filar primary windings. 

It is, further, an object of the invention to 
35 provide a push-pull transformer, having greater 

coupling between the secondary winding and the 
primary windings than is available in known 
designs, thereby to improve the frequency re
sponse and to enlarge the band width of such 

40 transformers when employed in amplifiers. 
It is still another object of the invention to 

provide a push-pull transformer having radically 
reduced effective distributed capaCity across the 
primary windings, and to provide a push-pull 

45 amplifier for effectively utilizing a transformer 
of this character. 

It is a further object of the invention to pro
vide a push-pull transformer of reduced dis
tributed capacity and leakage inductance between 

50 primary and secondary windings. 
Briefiy described, the various embodiments of 

the present invention hereinafter described in 
detail, and illustrated in the drawings, attain 
the objects of the invention by employing bi-filar 

55 primary windings in the output transformers to 
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reduce to a negligible value the leakage induct- the band 20 to 20,000 cycles, the conversion em-
ance between these windings. The effect of sub- ciency of the amplifier tubes remaining above 
stantially eliminating leakage inductance be- 50% over the band, with an essentially fiat re-
tween primary windings is radically to reduce sponse over the band of 20 to 200,000 cycle,. 
transients during cross-over from one to another 5 Nevertheless, transformers constructed in accord-
of the tubes of a push-pull amplifier, these tran- ance with the present invention inherently cost 
sients being particularly severe in class B opera- less to build than do transformers of the highest 
tion. Leakage inductance between the primary quality fabricated in accordance with prior art 
windings and the secondary likewise contributes principles, and require less space and weigh less 
to these transient effects, but in reduced degree. J l; than the latter. 
Relating the primary windings in the manner Further, no transformers currently available 
stated inherently enables reduction of leakage commercially or known to me are capable of at-
inductance between primary windings and the taining the wide frequency response and low 
secondary winding. wave fororn distortion attainable by the present 

By proper arrangement and connection of the l�. system, regardless of their cost, weight or space. 
primary windings in the transformer the .equiva- The above and still further objects, advantages 
lent shunt capacity across the primary windings, and features of the invention will become ap-
due to the capacity between windings, which to- parent upon consideration of the following de-
gether with leakage reactance and the .capacity tailed .descriptions of various embodiments of 
of the secondary winding determine falling off 2U the invention, especially when taken in conjunc-
of response .at the higher audio frequencies and tion with the accompanying drawings, wherein: 
the high frequency cut-off point of the amplifier, Figure 1 is a schematic circuit diagram of an 

may be similarly reduced, and the windin�s may embodiment of the invention wherein is employed 
be so related to the electronic tubes of the ,ampli- a pair of bi-filarly wound primary windings in 
fier that but a single anode power supply is re- :":::i an output transformer having one of its coils con-
quired, and that in certain .of the embodiments nected in the cathode circuit of a vacuum tube of 
.conventional input circuits may be employed. a push-pull amplifier, and the remaining coil 

The conventional mode of reducing leakage in- connected in the anode circuit of the amplifier; 
ductance consists of secticmalizing primary and Figure 2 is a schematic circuit diagram ilIus-
secondary windings and inter-leaving or inter- .;<, b'ating a modification of the system illustrated in 
spersing these. This type of construction is ex- Figure 1 of the drawings, wherein the push-pull 
pensive, and while it succeeds in reducing leakage amplifier utilizes vacuum tubes having screen 

inductance, results in increased capacities. The grids, each screen grid being maintained at a 

total capaCity of the transformer windings may constant difference of potential with respect to 
he reduced by avoiding the necessity for inter- 3:.; its associated cathode during operation of the 
leaving 0.1' pi-winding, in accordance with the amplifier; 

present invention, in order .to reduce leakage in- Figure 3 is a schematic circuit diagram of a 
ductance. By avoiding the necessity for pi-wind- modification of the system of Figure 2, wherein 
ing, or inter-leaving, furthermore, the transform- controllable degeneration is provided in the am
er may be arranged more compactly, resulting in 40 plifier; 
reductio.n of iron requirements, and in a simpli- Figure 4 is a view, showing a transformer hav-
:fled, more economically fabricated core and ing bi-filarly wound primary windings for use in 
winding structure. push-pull amplifiers arranged in accordance with 

In the conventional push-pull output trans- the invention; and, 
former for class B amplifiers the primary wind- 4.-) Figures 5, 6 and 7 represent variations of the 
ingS of the transformer are connected in series .bi-filarly wound transformer of Figure 4. 
between the plates of the electronic tubes of the Referring now more particularly to the draw-
amplifier. Accordingly, the primary windings ings and having reference particularly to Figure 
being closely coupled, the total impedance of the 1 thereof, there is illustrated a push-pull ampli-
primary windings is approximately four times the [;0 fier constructed in accordance with the princi-

.impedance pf a single primary winding. In ac- pIes of the present invention and utilizing an out-
cordanc.e with certain embodiments of the pres,. put transformer arranged in accordance with the 
ent invention the primary windings of the out- invention. 
put transformer are not connected in series with The amplifier of Figure 1 is illustrated as em-
.each other between the amplifier tubes, but are 55 ploying a pair of triodes J, 2 as amplifying elec-
.connected effectively in parallel. Thereby a re- tronic devices, the trio des J and 2 being proviqed 
duction in anode terminal to anode terminal im- respectively with grid leaks 3 and 4, which are 
pedance by a factor of four, approximately, may connected between the control electrodes 5 and 
be attained. Additionally, each COil, by reason 6 of the triodes I and 2, respectively, the mid-
of its bi-filar relation to another coil, is for the 50 point of the grid leak resistors 3 and 4 being 
same length of wire and length of coil of double grounded via a bias source 1. Driving potential 

the number of layers, resulting in a further de- is applied to the control electrodes 5 and 6 from 
crease of shunt capacity. Reduction of anode to sources conventionally illustrated as generators 
anode impedance of the windings, is, therefore, 8, 9, which may be presumed to provide potentials 

'.refiected in a corresponding decrease in anode to 55 of opposite phases with respect to ground, and of 

anode distributed capaCity across the windings, suitable relative magnitudes, the potentia Is pro-
and therefore in a radical extension upwards of vided by the sources 8, 9 being applied to the 

the cut-off frequency of the amplifier, at its high control electrodes 5, 6 via coupling condensers 
end. Alternately, more turns maybe employed J 0 and J I respectively, the resistors J 2 and J 3 
in the primary windings, and the resultant in- 70 representing the internal resistances of sources 
crease of shunt capaCity, due to increase in the 8 and 9, respectively. The bias established by 

number of turns, can be tolerated. the bias source 1 may be such as to cause opera-
Audio amplifiers constructed in accordance tion of the triodes I and 2 to be either as class 

with the present invention, and tested for distor- .A, class AB or class B amplifiers, the significance 
tion, have shown less than 112 % distortion over 15 of the classification being well understood in the 
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art, and defined by the Institute of Radio En
gineers in its official definitions. While the cir
cuits and structures of the present .application 
have wide utility in amplifiers operating in ac
cordance with any one of the above mentioned 5 
classitlcations, the invention has primary appli
cation to class B amplifiers, and wiU be described 
accordingly as utilized in amplifiers of this class, 
without intending thereby to limit the scope of 
the invention. For the purpose stated, the bias 10 
source 7 will be established to have a value such 
as to cut off the plate current of the triodes I 
and 2, in the absence of signal voltage applied 
to the grids thereof. 

The input circuits of the triodes I and 2 will, 15 
accordingly, be seen to be completely conven
tional and to form essentially no part of the 
present invention. 

A source of anode voltage 14 is provided, con
ventionally illustrated as a battery to simplify 20 
the drawings. The negative terminal of source 
14 is grounded via the lead 15, and the posi
tive tenrunal of source 14 is connected directly 
via the lead 16 to the anode 17 of the triode I ,  
the primary winding 18 of output transformer T 25 
being connected in the cathode lead of the triode 
I, intermediate the cathode 19 thereof and the 
negative terminal of the potential source 14. 
The cathode 20 of the triode 2 is connected di
rectly to ground and a further primary winding 30 
21 of the output transformer T is connected be
tween the positive terminal of the potential source 
14 and the anode 22 of the triode 2. 

The primary windings 18 and 21 are wound 
in bi-fllar manner, or equivalently, as indicated 35 
in the schematic circuit diagram, the wires form
ing one of the windings being immediately adja
cent the wires forming the other of the windings 
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to the triode 2, and vice-versa. At the same time, 
the direction of the voltages E existing across 
both the windings 18 and 21 are always in iden-
tical direction, despite the fact that current flow 
in the two windings is in opposite sense because 
of the fact that the windings conduct in alterna-
tion and are closely coupled. 

If we assume that the triode 2 is cut off, and the 
triode I conducting, for example, the winding 18 
induces in the winding 21 a voltage congruent 
with its own voltage, and in the same sense in 
the two windings, the voltage in winding 21, how
ever, being incapable of causing current tlow in 
triode 2 because the input voltage applied to grid 
6 is now negative in phase and of sufficient ampli
tude with respect to the voltage applied to the 
anode 22 of triode 2 by winding 21, to prevent 
such current flow. Precisely the same argument 
may be presented when triode 2 is conducting and 
triode I cut off. 

Furthermore, the terminals 28 and 29 of the 
primary windings 18 and 21 are directly con
nected together via the potential source 14, which 
may be assumed to have zero impedance, and the 
total number of turns contained in the windings 
18 and 21 and are precisely equal. Accordingly, 
no A.-C. potential difference exists between any 
two adjacent points of the windings 18 and 21, 
so that but slight or zero capacitive currents now 
between adjacent turns of the primary windings 
18 and 21. Such currents as do tlow tend to 
maintain the potentials of adjacent points of the 
two primary windings 18 and 21 identical, and 
accordingly contribute to the proper functioning 
of the system. 

A condenser C may, if desired, be connected di

rectly from cathode '9 to anode 22 without al

tering the operation of the system essentially, but 

to assure the equi-potential relation between ad-so that substantially zero leakage inductance 
exists as between the windings 18 and 21. 

If it be assumed that a sine wave of potential 
40 jacent turns, particularly at the higher fre

quencies, where some leakage reactance might 

conceivably be present due to imperfections of 

the winding spacings. 

is applied to the control electrodes 5, 6 by the 
sources 8, 9, the positive half of the sine wa ve de
riving from source 8 effecting current transfer 
through the trio de I, and the positive half of the 45 
sine wave deriving from source 9 effecting cur
rent transfer through the triode 2, it will be ap
parent that while the positive half of the first 
mentioned sine wave is applied to the control 
electrode 5 that the trio de 2 is cut off and that 50 
current tlow through the primary winding 18 
takes place in the direction of the arrow 23. On 
the other hand, while the positive half of the 
second mentioned sine wave is applied to the 
control electrode 6 of the triode 2, the triode I 55 
is cut off and current flow through the primary 
winding 21 takes place in the direction of the 
dotted arrow 24. Accordingly, with respect to 
the flux produced in the core 25 of the trans
former T, current tlow in the windings 18 and 60 
21 is in opposite directions, so that an alternating 
magnetic flux is set up in the core 25, and an 
alternating voltage induced in the secondary 
winding 2& of the transformer T, for applica
tion to the load circuit conventionally illustrated 65 
as a resistance 27. 

By virtue of the close coupling existing between 
the primary windings 18 and 21, the close cou
pling being brought about by the manner of 
winding the primary windings 18 and 21, sub- 70 
stantially no leakage reactance will exist between 
these primary windings, and, accordingly, as ex
plained in the article by Sah, cited herein before, 
no transient effects will exist during change over 
Of current carrying function from the triode I 7a 

It will be noted, upon close analysis, that, the 

triode I being cathode loaded and the triode 2 

anode loaded, the former is subject to degenera

tion and the latter is not so subject. The gains 

of the triodes I and 2 are not equal, for that rea

son and the input signals must be compensated 

acc�rdinglY. This feature of the system of Fig

ure 1 detracts from its utility, in some degree. 

Tbe circuit illustrated in Figure 2 of the draw-

ings provides a solution to the problem of at

taining maximum power conversion from pen

tode and tetrode tubes in cathode loaded push

pull amplifier circuits, arranged in accordance 

with the present invention, the solution con

sisting in connecting the screen grid 42 of one 

pentode 40 directly to the anode 43 of the other 

pentode 41, and the screen grid 44 of the other 
pentode 41 directly to the anode 45 of the first 
pentode 40. The connection of the screen grid 
42 to the anode 43 implies connection of the 
screen grid 42 to the terminal 46 of the output 
transformer winding 3D, which is maintained at 
the same A. C.  potential as is the point 37 of the 
winding 35. Since the terminal 37 is always at 
the cathode potential of the pentode 40,likewise 
the terminal 46 of the winding 30 is maintained 
at the same A. C. potential as is the cathode of 
the pentode 40, the D. C. potential existing be-
tween the two points being, however, that pro
vided by the potential source 14. Accordingly, as 

the cathode of the pentode 40 varies in potential, 
due to the presence in the cathode circuit of the 
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current :carrYing winding 36, tlle pdtenti!Ll of the ondar-ywinding, Figlire5 ?illustrating a variant 
'screen :grid 42 varies :iilpreCisely Similar man- of the 'system of Figllre 4 :employing supeliposed 
·ner. The diffel'ence ·in potential 'is thus maill- 'coils in :place oJbi-filal;ly ,wound coils, the 'trails;. 
1ailled constant, tlhereby maintaining maximum former'{jf Figure 5 :being'ih many respects'equiv-
!power ' conversion from the pentode. .j alent to the tranSformer of Figure 4, when the 

lA ,precisely similar 'explanation may be !pro- windingsare 'properly connected in a 'push-'Pull 
vided in connection with the pentode 4·1, this e'X- :a:rilplifier arranged in 'accordance With the fn:ven-
,Planation, however, beingsu'fficiently obVioUS. tiOll. Figures 6 an:d 7 illustrate variants 'ofthe 

ItWHI 'befurther realized that \vhile I :have tfralisformer cif Figilre 4 wherein separatelayel's 
'disclosed .tubes 40 and 41 as !pentodes, thait pre- 'l oof ;asingle coil are incorporated by suitable in-
'cisely the same ,principles and m(ide 'cif 'operation itei"1ayer connections :in diiIe'r'ent primarywiild-
and (circuit :connections may be employed in con� ·ings 'of:a pushoipull tiiiilsfotriler, :providihg a fur-
junction with the use of tE:trodes, including beam thei' approximate eqliivaleht for a bi-'filarly 
:power tubes, ,in the 'circuit of Figure 2. wound transformer. 

,Reference is now made to Figure 30f the I ;) Referriilg now mote specifically 'to FigUre 4 
'drawings, which 'illUstrates 'baSically 'a syStem :of 'ofthe drawings, there is :illustrated a cor-elOOof 
,the same chal'acter as that illustrated :in Figure:2 'conventional structure having woundthereoil a 
'of the drawings, there being added to the .Jatte'r, coil 101 formed of a plurality ofbHilarly wound 
:however, 'controllable degenel;ative ,feed':back, 'layers I 02,the winding commencing at poiiit '103 
still further to reduce the distortion of theam� '2lland terminating at point 104. Leads I 05,106 are 
,pHfier, 01' inthe altemative 'to necessitate 'reduced brought olit from the commencement point l03 
dr-ivingsignal, as compared with the 'embodi- 'of thebi-filar winding, to which 'may be con-
-mel'lts of ,Figure 2. In the system of FigUl'e3 'of nected B+ and B- terminals of a voltage supply, 
the dl'awings, controllable degenerative feed- when the transformer is connected in anampli-
'back ,is ·derived by 'connecting across the ,primary �;j fier circuit. Similarly from the end of the wind
windings35 and 36, which are connected ,in the ing, at 'pointlC4, are brought out two tel;minals 
cathode ,leads of the trio des I and 2, a,resistol' I ill, fOil, intended for connection, respectively, to 
50, the latter then IrIaving developed across itself the plate or anode P lof one amplifier tube of a 
,a voltage which isa replica of the output voltage push-pull amplifier, and the cathode '02 of the 
,available ·at the 'output of the tl1ansformer T. A ,;;1) remaining tube . 
. pail'of variable taps '51 and ,52 are provided, taps A 'duplicate coil 1'1 0  is wound on the same ,core 
.s,1 and ,�being -located ,generally at points'equi- beside the coil lOT, having terminals I 11 and I n 
,distantly located with respect to cathodes 20 and for connection respectively to B+ and B- ter-
IS, l·espeC'tively. AccordiIlglY, by varying the miilals of the voltage supplY,and termina1s 113, 

positions of the taps 51 and 52 the total feed- ':;;j n 4 for 'connection respectively to the cathode 
back voltage to each of triodesl and ,2 may be Cl of 'the one tube and the anode ;P20f �the re
varied. The voltage deriving from the tap Sli:; maining tube. 
applied to contol electl'ode6, '\'ia a coupling con- It will be noted that the respective windings 
denser 53, which is ,connected to onererminalof are wound in oPposIte winding senses with re
the secondary \\inding 56 of an input transformer ,�" spect to the 'core 1'00, for reasons explained here-
S, which ,is supplied with 'exciting voltage vian. 'in above , and briefty because the collsl 0'1 and :110 
,primary winding ·51 excited from the source of are intended to 'produce flux in push-pull, or aJ-
signal voltage A in conventional fashion. The 'terriately in 'opposite directioils in the core 100. 
,remaining terminal of secondary winding 56 is Secondary i,vindingsl15,116are superposed on 
'connected ·to the control electl'ode '6 of :the triode ,j:, the 'primary coils (01 and 1:10, respectively, and 
2. While the control eleotrode 6 is being raised 'in 'are shown connected in series by a lead lll,it 

.potential and the tube -2 is conducting, the po- beiHg understood that parallel connection is 
tential of the tap 51 decreases in poterttialdue to -equal1y feasible. 
CW'l'ent ,flow in resistor 5Din the direction of the In :the bl'oadly 'or apPi'oximately equivalent 
arrow I, the cathode ,20 of the triode 2 being then ,.�OSystemof Figure 5, bi-filar windings are dIs;, 
at higher ,potential than is the cathode 19 of the Pensed With,and four primary windings are pro"-
triode L 'In 'a similar manner, the tap 52 iritro- Vided, numbered 1'20, 1'21, 122 and 1'23. The 
duces a degenerative voltage into the grid 'of the :superposed windmgs ftO and 121 are wound in 
trio de 1 via a coupling condenser 53a which is mutually ,identtcal sense, and the superposed 
connected in series with one terminal 'of the seC- 5.i windings ":22 and :,2,3 in identical sense, the 'latter 
ondary winding 58 of the transformerS, the other 'two 'oppositely 'to the first mentioned two wind
terminal o.f winding 58 being connected to the ings. an'd the \vinding pairs are arranged adja-
control electrode 5 of the trio de I. Grid leaks fOl' (lentlyon :the core. The 'initial point :124 'of 
triode:; I and 2 are provided by resistors 54 and Wiliding 120 may be conneCted to terminal 13-
59, respectively connected in series with bias(JO and the 'terminating point 125 of winding -121 to 
source 55. 'terminal B+, 'Ofii plate voltage supply source, 

It will be clear, then, that, by movihg tap 51 by appropriate tel'rilinals provided,and the ter-
to cathode 19, and tap 52 to cathode 2tl, zero de- 'mina1 points 124 'and '125 being thus joined :Jjy a 
,generation will be introduced into the system, and ·path of negligible A.-C. impedance remain at 
that degenerative voltages having vall1es as greait65 'identical A;-(�. :potential. The terminal point 126 
as tw'ice those,normally available in the system of of winding 120 and the initial point ,121'Of v,rind-
,Figure 2 may be made available by establishing ing 1'21 aTe arl'anged to be in close juxtaposition, 
tap 51 .at cathode 19, and tap ,52 at 'cathode 2 O. ,and al'e,joinea by a:tdndenser K;I,which serves 'to 

ReIerence is accordingly made to Figures 4 to main,tain the points I Z6 and '127 at identical AA:. 
7 inclusive, of the drawings, wherein is HIus- 70 potentials. 
trated a plurality of different transformer wind- The 'terminal point 126 may be connected to 
ing constructions which may be employed �n the cathodeC2 and the tetminal T2T to anode 'P I .  
circuits of Figures 2,  3. Figure 4 illustrating a The 'coB f2� may 'besimilal'iY ananged, termi-
transformet having four primaTY windings, bi'- 'l'la! US :being connected to B-, terminal -(29 of 
ftlal'ly wou'nd, and associated with a common sec-75 :coil '123 to BT,and tel'lninals 130 and ,13:' joined 
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by a condenser K2, so that the terminals of pair 
128, 129 and the terminals of pair 130, 131 are 
at identical A.-C. potentials. Terminal 130 may 
be connected to cathode C I and terminal 131 to 
anode P2, of the tubes of the amplifier employing IS 
the transformer. The secondary winding 132 
may be arranged as in the embodiment of Figure 
4 of the drawings. 

It will be realized tha.t leakage inductance, in 
the case of the embodiment of my invention il- 10 
lustl'ated in Figure 5 will be greater than in the 
case of the embodiment of Figure 4. However, 
the transformer of Figure 5 may conceivably be 
more economically constructed than the trans
former of Figure 4, and may prove desirable for J.6 
that reason. 

In Figure 6 of the drawings is illustrated a 
further modification of the system of Figure 4, 
wherein the effect of a bi-filar coil is attained 
by winding the respecLive primary winding!> 20 
which are desired to be unity coupled, in suc
cessive layers, and joining the layers thereafter 
by means of suitable leads. Having particular 
reference to a transformer suitable for use in 
the amplifier system of Figure 2, for example, the 2.; 
winding 29 may comprise the winding layers 141, 
142, 143, 144, 145, 146, etc., and the winding 30 
the alternate layers 141, 148, 149, 150, 151 .. . . 
The terminal point of layer 41 may be connected 
to B- and its other end point joined by lead 150 :w 
to an adjacent end point of layer 142, the layers 
141 and 142 being wound in the same direction 
and current in each turn of both layers 141 and 
142 flowing in the same sense, to produce mutu
ally additive flux in the core. The process of 35 
layer interconnection is continued to the end of 
the winding, the winding layers 141, 142, 143 ... 
being thus connected in series. The alternate 
layers, 141, 148, 149 ... are likewise connected 
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are connected in series by leads 162 to provide 
the other winding. The initial points of the first 
and second layers may be connected respectively 
to the B+ and B- terminals of a voltage supply, 
and the two outermost windings (the eleventh 
and twelfth layers of a twelve layer winding, for 
example), connected to the cathode, C2, of one 
vacuum tube and the anode, PI, of a further vac
uum tube of a push-pull amplifier arranged in 
accordance with the invention. The latter two 
terminals may be connected across a conden!>er 
K to assure that the same A.-C. potential exist!> 
at these terminals, as in the transformer arrange
ments of Figures 5 and 6, inclusive. The uppp.r 
windings may be duplicated to provide two pairs 
of bi-filady wound equivalents. 

Tt will further be realized, while the transform-
ers illustrated in Figures 4, 6 and 7 approach 
relativel�r closely to the ideal, or bi-filarly wound 
transformer, that the embodiment of Figure 5 
is at best a very rough approximation, and, while 
operative, operates but imperfectly in circuits ar
ranged in accordance with the invention, and i!> 
not recommended except in cases where other 
considerations than excellence of performance 
a.re primary. 

It will further be realized that further variants 
of the transformers illustrated in Figures 4, 6 
and 7 may be resorted to without departing from 
the true scope and spirit of the invention, which 
requires the provision of unity coupled trans-
formers, for best performance, and which may 
employ any type of unity coupled transformers 
having the requisite windings, and which are 
known or which may become known to the art. 

While I have described various modifications 
of output transformers having bi-filarly wound 
primary windings, further modifications may be 
devised, and re-arrangements and modifications 
of the systems illustrated and described, resortE'd 
to, wit·hout departing from the true spirit and 
scope of the inventions, as defined in the ap
pended claims. 

in mutual series relation by leads 161, and a sec- (0 
ondary winding 163 may be superposed on the 
primary windings, in conventional fashion. The 
terminal points of the outermost pair of adjacent 
winding layers may then be brought out to anode What I claim and desire to secure by Letters 

,!:i Patent of the United states is: PI and cathode C2, respectively. 
A similar pair of primary windings 164 and 

165 may be provided on the core, adjacent to the 
primary windings 29 and 30, for connection to 
the anode P2 and the cathode Cl, and with the 
windings 29 and 30 associated a further second- ::,) 
ary winding 164, connected in series with sec
ondary winding IS3, it being understood that par
allel connection is equally feasible. 

It will be realized, since the windings are ad
jacent in alternate layers, and since the starting :,'j 
points of initial layers 141 and 141 are adja
cent and inter-connected by a path of low im
pedance provided by the voltage source B+ and 
B-, that the potentials of adjacent turns of 
each paIr of layers is ideally at identical A.-C. f:[l 
potential. To compensate for any departure!> 
from ideal conditions, brought about by winding 
irregularities and the like, I may inter-connect 
the ends of the windings by means of a large 
condenser K, which establishes the ends of the e:; 
windings at identical A.-C. potential. 

Figure 7 illustrates a winding sequence which 
approaches that of the sequence provided in the 
embodiment of Figure 6 of the drawings, the 
winding being laid in successive layers, Ill! which 70 
are left mutually unconnected when the coil is 
wound. The first, fourth, fifth, eighth, ninth, 
twelfth ... layers are connected in series by 
leads 161 to provide one winding; the second, 
third, sixth, seventh, tenth, eleventh ... layers 75 

1. A wide band aUdio transformer, comPl'is
ing, a first primary winding, a second primary 
winding, a third primary winding, a fourth pri
mary winding, a core of magnetic material, said 
first primary winding comprising a first strand 
of electrically conductive material wound on said 
core in a first winding sense, said second pri
mary winding comprising a strand of electrically 
conductive material wound on said core in said 
first winding sense and in continuous juxtaposi
tion to said first strand, said third primary wind
ing comprising a third strand of electrically con
ductive material wound on said core in a sense 
OPPOSite to said first winding sense, said fourth 
primary winding comprising a fourth strand of 
electrically conductive material wound on said 
core in continuous juxtaposition to said third 
strand, and at least one secondary winding 
wound on said core of magnetic material. 

2. An audio transformer for transferring a 
band of signals over the spectrum 20-20,000 
cycles with less than 1 % distortion, comprising, 
a core of magnetic material, a first pair of bi
filarly wound windings linking with said core 
about one portion thereof, and wound in one 
winding sense, a second pair of bi-filarly wound 
windings linking with said core about a further 
portion thereof, and wound in an opposite sense 
and a secondary winding linking said core. 

3. A wide band audio or video transformer, 
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camp'rising, a: magnetic core; a first center taPl?ed. mater.ial:. wound, on said. core. in'. a sense: opposite: 
Prima'l'y' windinghavinR oppositely wound· halves, to., said: first: winding sense; said. fourth. prlmar-v, 
BisecQnd·. center tapped, primary winding having, winding' comprising a� fOlrr..th. strand of eleetri,. 
oPPositely: wound halves and bi,..filarly related! to ca-lly' cond.uotiy.e matercial.. w.ound on said.. cor.e. in, 
said: first Winding, and. a, secondary winding 5 continuous juxtaposition, to· said third, strand,. 
cnupled simultaneously to all. said primary wind- saad third: and fom:th. strands· mutually insulated; 
ings. over,. their entire. lengths, and. wound. in. an. e.ven. 

4',. At.. wide. band' audio. or video transformer, plurality of superposed helices, and, at .. least. one. 
comprising" a first primary' coil having two series· secondary winding. w.ound, on, said. c.ore of: mag-
conne.cted fu�st primary windings, each· continu- 10 netiomaterial. 
QUsIy- wound in a. different winding sem;e, a sec- 6: '1lhe: combination. in· acoor.danoe with. claim; 
Qlld; primary coil: having' two. series connea.ted- 5· wherein the terminations. of. said. firstoand' sec:-
se.conct primarY windings each bi-filarly related omi: strands,. respectively, and. said third. and; 
00-. one of said; first primary windings, means for fourth: strands, r.espactively". tra:vel. paths.of. iden..-
CP.rulecting, a source· of D;-C. voltage between the 15 ticaLdiameter in each, of said plurality. of. helices-. 
junction of said first: primary windings and the 
junction of said· second primary windings. FRANK H. McINTQSH. 

5.'. A. wide band: audio· transformer, compris:
iOg;. a; first pr.imary winding, a second primary· 
winding,. a third primary winding; a fo.urth: gri:- 20 
mary· winding, a core of magnetic material, said 
first. primary winding· comprising a first strand 

RefeJ:enc.es Cited in the file. of. this. patent 
UNITED S�ATES, P.ATENTS: 

of elec.tlically conductive material wound, on: said 
c.ore: in, a first. winding sense, said second· pri
mar�t'winding c.omprising: a. strand of electricallY 25 
conductive material wound on said core· in said 
first. winding' sense: and in continuous juxtaposi
tion. to, said first strand; said juxtapositioned first 
and·. second strands mutually insulated over their 

Number 
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entire: lengths-, and wound in an· even plurality' 30· Ntlmber' 
of. superposed, helices, said; third winding com- 171,836 
p�ising: a: third· strand of electrically· conductive 
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1 
The present invention relates generally to im

proved wide band amplifiers, particularly for use 
in the audio and video frequency bands, and more 
particularly to improved audio and video elec
tronic amplifiers which introduce extremely slight G 
distortion over a wide band of frequencies, by 
utilizing unity coupled output devices, connected 
in novel relation to the electronic tubes of the 
amplifier. 

The amplifier of the present invention will 10 
probably find maximum application in class B 
operation, that is, the operation· in which the 
tubes of the amplifier are operated push-pull 
and biased approximately to cut-off. It is to be 
understood, however, that the invention is not 15 
limited to class B operation of push-pull ampli
fiers, but may apply equally to class A or class 
AB operation, or, in fact, to any mode of oper
ation wherein plate current fiows, in at least one 
of two push-pull tubes, at all times in response 20 
to input signal. 

The frequency limits of the conventional audio 

2 
leaving prim'ary and secondary windings, but this 
increases distributed capacity and so tends to neu
tralize the benefits obtained. 

As a further consideration, high permeability 
cores must be used, to increase primary winding 
inductance. Such cores are adversely affected, 
in respect to the. incremental inductance, by 
D.-C. magnetization. Hence, the latter must be 
avoided. 

The effect of leakage inductance on class B 
push-pull amplifiers, has been considered in the 
literature, and attention is directed particularly 
to an article by Sah in Proceedings in the Insti
tute of Radio Engineers for November 1936. Sah 
points out particularly the deleterious effects of 
leakage inductance between primary windings of 
the output transformer of such an amplifier, first, 
in causing a decreased output, as frequency in
creases, and second, in introducing time constants 
into the circuit, thus causing transients which 
distort the output wave 'as one of the tubes 
changes from a conducting condition to a block
ing condition, and vice-versa. The latter effect is 
the basis of greatest distortion at the higher audio 
frequencies, and the distortion which it is the 
primary object of the present invention to avoid. 

or video frequency amplifier, or other wide band 
amplifier, depend largely upon the design of the 
output transformer, loss in amplification at low 25 
frequencies resulting from the low incremental 
inductance of the transformer primary, and 
falling off of response at high frequencies re
sulting from leakage inductance and the v'ari
ous distributed capacities of the transformer. 

In order to obtain a good low frequency re
sponse the incremental primary inductance of 
the transformer must be high relative to the 
plate resistance of the tubes used. The primary 
winding of the transformer, then, should have 3;"> 
a large number of turns. At the same time the 
resonant frequency of the leakage inductance 
and secondary capacitance must be beyond the 
highest frequency desired to be amplified, so 
that low leakage inductance and shunt capacity ,10 
is essential, if the frequency response of the 
transformer is to be extended. 

It is a primary object of the present invention 
to provide improved push-pull amplifiers having 
negligible leakage reactance in their output trans-

30 formers, and hence, negligible transient effects 
during change over of each tube of the amplifier 
from conducting to non-conducting condition. 

The above requirements are mutually conflict
ing, in various respects. The size of the core of 
the transformer, i. e., the total iron utilized, is '1;) 
limited by consideration of cost, space and weight 
requirements. This in turn fixes the total num
ber of turns allotted to the primary and second
ary windings. Decreasing core size and increas
ing total turns on the primary winding to retain 50 
high primary incremental inductance increases 
leakage inductance and shunt capacity, which in 
turn, reduces resonant frequency, and hence the 
high frequency response of the transformer. In 
practice leakage inductance is decreased by inter- 55 

It is another object of the invention to pro
vide novel push-pull audio, video, or other wide 
band amplifiers, capable of employing transform
ers having bi-filarly wound primary windings. 

It is another object of the present invention to 
provide a push-pull amplifier utilizing an output 
transformer having tri-filarly wound primary 
windings, or unity coupled primary windings, the 
amplifier employing pentode, tetrode, or beam 
power electronic tubes, wherein is provided means 
for maintaining the screen grid of each of the 
tubes at a fixed but adjustable potential with 
respect to the 'associated cathode during oper
ation of the tubes in the amplifier. 

It is still another object of the invention to 
provide a push-pull amplifier arrangement capa
ble of effectively utilizing a transformer having 
substantially zero leakage inductance between 
its primary windings, and which requires but a 
single anode voltage source for all the tubes of the 
amplifier, and wherein the screen grids of the 
amplifier tubes may be maintained at a fixed po
tential with respect to the associated cathode dur-
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ing operation of the tubes in the amplifier, this 
fixed potential being different from the anode po
tential. 

It is a further object of the invention to provide 
a novel push-pull amplifier arrangement where- [l 
in the anode of each of the tubes is coupled re
spectively to the cathode of the other of the tubes, 
in unity coupled relation. 

It is still another object of the invention to pro
vide a novel push-pull amplifier for wide band 10 
distortionless operation, which utilizes cathode 
coupled and anode coupled resistances simultane
ously associated with each of the push-pull con
nected tubes, and wherein the cathode of one of 
the tubes is unity coupled to the anode of the 15 
other of the tubes, and the anode of the other of 
the tubes unity coupled to the cathode of the first 
mentioned tube. 

It is still another object of the present inven
tion to provide a novel push-pull wide band dis- 20 
tortionless amplifier, utilizing cathode loaded and 
anode loaded tubes, the loading being accom
plished by means of impedances of similar char
acter and similar value, and wherein the anode 
of each of the tubes is unity coupled to the cath- :25 
ode of the other of the tubes. 

. 

Briefly described, the various embodiments of 
.. the present invention hereinafter described in de

tail, and illustrated in the accompanying. draw
ings, attain the objects of the invention by em- 3D 
ploying unity coupled impedances in push-pun 

. amplifiers, which reduces to a negligible value the 
leakage impedance between the coupling imped
ances. The effect of substantially eliminating 
these leakage impedanceS is radically to reduce 3::; 
transients during current cross-over from one to 
another of the tubes of the push-pull amplifier, 
these transients being particularly severe in class 
B operation. In accordance with one embodiment 
of the present invention, a center tapped choke 40 
coil is connected with its centertap to the 
negative terminal of the anode voltage supply 
source and with its remaining terminals to the 

.. cathodes of a pair of push-pull driven ampli
fier tubes . .  SimilarlY, a center tapped choke -!:i 
is connected with its center tap to· the posi

·tive terminal of the source of anode supply 
voltage and with its remaining terminals to 
the anodes of the tubes. The

· 
anode of the first 

of the tubes is then coupled via a low impedance 50 
or by-pass condenser to the cathode of the sec
ondof the tubes and the anode of the second of 
the tubes· is connected via a similar condenser to 

. the cathode of the first of thetubes� The circuit 
described isaccordinglY,similar to that employed 55 
in my prior· application, Serial No. 66,741, for 
Amplifiers, filed December 22, 1948, now Patent 
No. 2,477,074 issued July 26, 1949, except in that, 
in certain embodiments of the present invention 
bifilar windings are not employed, nor are in- 60 
hereritly unity coupled windingsemployed, but 
on the contrary separate inductances are em
ployed, which are effectively unity coupled by 
means of condensers. The ·present invention ac
cordingly involves a modification of the system 65 
described in my prior application identified supra, 
which leads to certain economies of construction, 
by virtue of the fact that special transfOrmers are 
not employed. 

. 

As a further feature of the embodiment of my 70 
invention described immediately above, a further 
center tapped choke is provided which has its 
centertap connected to the positive terminal of a 
source of screen grid voltage, the remaining ter
minal of the source of screen grid voltage being 75 

4 
connected to the negative terminal of the source 
of anode voltage. The remaining terminals of 
the choke coil are then connected to the screen 
grids of the tubes of the amplifier, and coupled 
by means of low impedance condensers to the 
cathodes of the same amplifier tubes. Thereby, 
the screen grid voltage of each of the tubes may 
be maintained at a constant difference of poten
tiaJ from the cathode of the tube while the tube 
is being driven, and this voltage need not be the 
same voltage as is applied to the anodes of the 
tubes. Maintenance of the described voltage rela
tions results in greatly increased efficiency of op
eration of the tubes, and the connections de
scribed, which enable any suitable voltage to be 
applied and maintained at the screen grids, en
ables the optimum voltage to be so applied. This 
is in distinction to the structure employed in my 
prior application identified supra, wherein the 
screen grids were necessarily.maintained at the 
same voltage as the anodes of the tubes, a con
dition which, in general, is not optimum. 

A modification of the embodiment of my inven
tion above described may be resorted to, wherein, 
instead of employing center tapped chokes, sepa
rate chokes may be connected in the cathode and 
anode circuit and in the screen grid circuit of each 
of the triodes, the inter-connection of the chokes 
being otherwise identical, and the operation of 
the two embodiments being substantially in
distinguishable . 

As a further modification of the present in
vention, I may substitlite, for the chokes utilized 
in the second described embodiment, resistances 
to provide the necessary coupling impedance. 
While the use of resistances results in a consider
able drop in output power available from the am
plifier, in response to the same signals and ap
plied voltages, and further in a drop in efficien
cy, the use of resistances enables construction of 
a particularly economical and cheap amplifier, 
which on a price basis, is capable of competing 
with any amplifiers presently· on the market, 
while retaining that low or negligible distortion 
over a wide band of frequencies, which is char
acteristic of amplifiers connected in accordance 
with the inventions herein described and the in
ventions described in my prior application, Serial 
No. 66,741. 

In accordance with still another embodiment 
of the invention, I employ tri-filarly wound 
transformers in a manner precisely similar to 
that disclosed in connection with the embodi
ment illustrated in Figure 3 of my application, 
Serial No. 66,741, with the exception that in this 
embodiment Of my invention, I employ a tri-filar
ly wound transformer having three separate 
windings, each of which is center tapped. The 
additional winding, not provided in Figure 3 of 
my application, Serial No. 66,741, is employed in 
conjunction with a source of screen grid voltage 
which can be separate from the source of anode 
voltage employed for establishing the value of 
screen grid voltage with respect to the cathode 
in each of the tubes, and enables utilization of 
optimum screen grid voltages which are not 
limited to a value equal to the anode voltage, 
while maintaining all the other advantages of 
the system described in my prior application, and 
illustrated in Figure 3 thereof. 

Reference is now made to the accompanying 
drawings, which illustrate five embodiments of 
my invention which are described in detail here
inafter, and wherein: 

Figure 1 is a schematic circuit diagram of a 
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first embodiment of' my invention employing m1nallT, is : coupled via a·low· impedance'con'" 
three center tapped chokes; denser 22 to the cathode 13:; otherwise 'stated, 

Figure 2 is a modification of the system of Fig- the terminals 10·and '16.are· connected via' the· 
ure 1 wherein six separate chokes are employed; condenser·20,and the terminals 11 and 11 'via the' 

Figure 3 is a' circuit diagram of 'a modification Ci capacitance 22. 
of my invention which parallels that illustrated By' virtue' of the couplings established 'by the 
in Figure 2 except that resistances are substi- condensers 20aIid'22·the'anode,191s'maintained': 
tuted for the chokes employed' in the system at all times at the same A:-C. potential as the 
of Figure 2; cathode 12 and the anode 21 . is maintained at ·all : 

Figure 4 is still another' embodiment of my 10 times' at the same A':C. potential as the cathode 
invention. wherein unity coupled" windings are 13.> There is then substantially . no leakage · ini-' 
employed having three bi-filar windiogs, and, pedance as between thewindings 8 and 14/ and 
wherein the screen grid voltages of the ampli- the,conditions'.for distortionless operation'of.·the 
fier tubes may be maintained at any desired volt- amplifier system are' thereby established" dis- . 
age, independently of the 'anode voltage applied 15 tortIon· being' especially eliminated duririg' the 
to the tubes; and cross"'over'of operation from 'one 'of the tetrodes' 

Figure '5 is a modification of the system of to 'the other. 
Figure 1 which employs a single core. The system as so fat . described is suitable for 

The amplifier of Figure lis illustrated as em- operation with triodes. Nevertheless, in conven;., 
ploying a pair of tetrodes I , 2, as amplifying elec- 0 tional amplifier practice, it is usual to utilize 
tronic devices, it being understood, however, that tetrodes or pentodes' for highest efficiency. In 
the invention as disclosed in Figure 1 may be operating the system either with tetrode 'or pen";" 
applied to pentodes, or . beam 'power tubes, and" tode tubes, if 'the voltage of the screen grid :of·· 
by suitable modification, to triodes. the modifica- any one of the tubes is not maintained at a'con-
tion involved being the omission of the circuits stant :value with respect to the cathode of that· 
and voltage supplies necessary for supplying. tube, a considerable loss of efficiency occurs, as' 
screen grid voltages and couplings. The control well as distortion of the output signal. In my' 
electrodes 3 and 4 of the tetrodes I and 2 are application Serial No. 66,741, filed December'22, . 

biased by means of a bias source conventionally 1948,' and entitled "Amplifiers,'" maintenance:of· 
illustrated as a battery 5, and driven in push- :10 the necessary voltage relationship' between screen· 
pull relation by a source of wide band voltage grids and cathodes was accomplished and main-' 
illustrated as 6. The' bias source 5 may have tained by tying the screen grid of, each of the 
a magnitude such as to cause operation of the tubes to the anode of the other of. the tubes, 
tetrodes I and 2, class B, class A, class AB, or Thereby, however, the screen grids were main-
in any intermediate mode, so long as the opera- 35 tained at the D. -C. potential of the anodes. This 
tion is such that at least one of the tetrodes value of screen grid potential may not be an opti': 
I, 2 supplies anode current in response to any mum value, and in general, is not an optimum' 
applied signal. The significance of the classifi- value with some commercial tubes. In accord-' 
cation of the modes of operation of the ampli- ance with the present invention the necessary 
fiers are well understood in the art, and are de- 40 D.-C. and A.-C. voltages are applied to the screen 
fined by the Institute of Radio Engineers in its grids of the tetrodes I and 2 by means of a fur-
official definitions. ther center tapped inductance 24 having a cen-

While the circuits and structures of the pres- ter tap 25 and terminals 26 and 21. The center 
ent application have wide utility in amplifiers tap 25 may be connected to the positive terminal 
operating in accordance with any one of the 4,;) of. a source of screen grid voltage 28, the negative 
above-mentioned classifications, or in the. general terminal of which is connected to the terminal 
mode above described, the invention has.primary .. 9. The terminal 26 may then be connected to 
application to class B amplifiers and will be de- the screen grid electrode 29 of the tetrode I and 
scribed accordingly as utilized in amplifiers of the terminal 21 directly to the screen grid elec-
this class, without intending thereby to limit the 50 trode 30 of the tetrode 2. The D.-C. value of the 
scope of the invention. screen grid voltages is then established by the 

A source of anode voltage 1 is provided, con- voltage of the source 28. In order to maintain 
ventionally illustrated as a battery to simplify constant A.-C. potential between the screen grid 
the drawings. A center tapped inductance 8 hav- 29 and the cathode 12 of the tetrode I , the ter-
iog a center tap 9 and terminals 10 and 11 is 55 minal 26 is connected via a low impedance ca-
connected with its center tap 9 to the negative pacitance 31 to the terminal 16, or in the alter-
terminal of the anode voltage source 1, with its native directly to the cathode 12. Similarly the 
terminal 10 to the cathode 12 of the tetrode I terminal 21 may be coupled to the cathode 13 via 
and with its terminal 11 to the cathode 13 of the a condenser 32 having low impedance, one ter-
tetrode 2. The tetrodes I and 2, accordingly, 60minal of which may be connected to the terminal 
will be seen to be cathode loaded by the center 21 and the other terminal of which may be con-
tapped inductance B. A further center· tapped in- nected either to the terminal 11 or directly to 
ductance 14 is provided having a center tap 15 the cathode 13. There will, accordingly, be de'-
and terminals 16 and 11. The center tap 15 is veloped across the inductance 24 A.-C. voltages 
connected to the positive terminal·of the anode 6S:corresponding' precisely with those developed 
voltage supply 1, the terminal 16 is connected across the inductance B, which will be super-
directly by means of a lead 18 to the anode 19 imposed on the D.-C. voltage supplied by the 
of the tetrode 2, and the terminal 11 is con- source 28, maintaining the necessary voltage re-
nected directly by means of a lead 18' to the lations. 
anode 21 of the tetrode I .  70 ' In the embodiment of my invention illustrated 

In accordance with the present invention, the in Figure 2 almost precisely the same circuit as 
anode 19, or the terminal 16, which is at the same · that illustrated in Figure 1 is utilized with the one 
potential, is connected via a low impedance con- exception that the inductance 8 of Figure 1 is 
denser .20 to the .cathode 12" and.the anode 21, constructed as two separate inductances 8a and 
which is always; at ,the same:potentia1.at.the.ter."-75'�8b;:in that theiIiductancel4 of Figure 1 is' con;., 
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structed as two separate inductances 14a.· and· pedance coupling condensers. A full explana-
14b, and in that the single inductance �4 of tion of the operation and: mode of connection 

Figure 1 of the drawings is constructed�.s. two of the system of Figure 4 appears, accordingly, 
separate inductances 24a and 24b. The mode of to be unnecessary to a full understanding of the 
operation, the results obtainable,. and the gen- :J invention, it beipg understood that in place of 
eral theory of operation, remain the same in the the windings Ba, 8b , I t1a, I lib, 24a, 24b of Figure 
cases of Figures 1 and 2. Accordingly, no fur- 2 of the drawings, the terminals of which are 
ther explanation or description of the system ·of suitably inter-coupled by means of low imped-
Figure 2 appears to be required ance coupling condensers, I provide in the modi-

Reference is now made particularly to. Figure.]o fication of my invention illustrated in Figure 4 
3 of the drawings wherein is illustni.ted a system of the drawings windings 81, 811, 141, 1411,241,2411, 
paralleling that illustrated in Figure 2 with the all of which are tri-filarly wound with respect to 
exception that resistances ai:e substituted for one another on the same core 33. E.xcept in 
inductances. Specifically, for the inductance 8a, respects specified, the operation and mode of 
is substituted a resistance 8', and for the induct- 15 connection of the circuit illustrated in FIgure 4 
ance 8b a resistance 8", for the inductance 14a parallels closely that of the circuits illustrated 
a resistance 14', for the inductance 14b a re- in Figures 1, 2 and 3, and, accordingly, further 
sistance 14", for the inductance 24a, a resistance description of the inter-connecticn of the ele-

24' and for the inductance 24b a resistance 24". ments and mode of operation of the system of 
It will be realized that the system of Figure 3 20 Figure 4 is deemed unnecessary and redundant, 
operates precisely as does the system of Figures 1 and accordingly, is dispensed with. It should 
and 2 except in those respects which are oc- be realized, moreover, that other types of unity 
casioned by the substitution of resistances for coupled transformers are disclosed in my prior 
inductances. As is well known, the use of re- application, supra, and may be substituted for 
sistances causes D.-C. voltage drops, which are 2:; the tri-filarly wound tra�1SforrI1er of Figure 4 
minimized in amplifier circuits utilizing induct- of the accompanying drawings. It will further 
ances as load circuits for the tubes of the am- be clear that the windings of Figure 1 may be 
plifier. There is a consequent drop in available wound on a single core, instead of on separate 
output .A.-C. voltage, and further a drop in ef- cores, if desired, as illustrated in Figure 5 of the 
ficiency due to losses occurring in the coupling 3fl accompanying drawings. 
or output resistances. At the same time, where It should further be clear that windine;s Ilh, 
expense is a primary consideration, the u.se of 1411, may be provided with a greater number 
resistance coupled amplifiers may be resorted to, of turns than v.'indings 81, 811, respectively, if 
because resistances cost very much less than do dc�ired. 
chokes or inductances of the same impedance, :;:; It will fm:ther be clear that in each embodi-
and for some purposes economy is a primary con- n,errt of the invention illustrated the arran!5e-
sideration and total available output or efficiency ment and connections of the coupling condensers 
of operation, a secondary consideration. may be varied without departing from the es-

Reference is now made to Pigure 4 of the ac- sential concept of the invention, i. e., that of 
companying drawings, which pL'ovides an im- 4.0 capacitively coupling over a path of low imped-
provement on the system. illustrated in Figure ance, certain elements of the tubes utilized in 
3 of my application, Serial No. 66,741, filed De- the system. 
cember 22, 1948. In that application, and par- While I have described and illustrated various 
ticularly in Figure 3 of the drawings, thereof, specific embodiments of my invention, it will 
use is made of bi-filarly wound primary wind- 4;) be realized that variations and modifications of 
ings in output transformers for the amplifier the specific circuits illustrated and described may 
comprising the invention. The circuit of Figure be resorted to. without departing from the true 
3 employs pentode tubes for purposes of ampli- spirit and scope of my invention. 
fication of applied signals, and the screen grids What I claim and desire to secure by Letters 
of tliese pentode tubes are connected to appro- 50 Patent of the United States is: 
priate anodes of the tubes in order to maintain 1. A push-pull wide band amplifiel', compris-
constant the voltage between the screen grid ing, a first electronic amplifier tube having a 
and the cathode of each of the tubes, which in first anode, cathode and control electrode, a 
turn is required in order to maintain high con- second electronic amplifier tube having a sec-
version efficiency in the tubes. Nevertheless, 55 ond anode, cathode and control electrode, a neg-
the system disclosed requires that the D.-C. ative voltage terminal, a positive anode voltage 
voltages be equal to the anode D.-C. voltages in terminal, a first impedance directly connected 
each of the tubes. This choice of voltage, being between said negative terminal and said first 
imposed upon the circuit, may. nevertheless. not cathode, a second impedance directly connected 
prove to be an optimum value of screen grid 60 between said negative voltage terminal and said 
voltage. second cathode, said first and second imped-

Accordingly, I have devised a system which is ances being the sole elements between said 
illustrated in schematic diagram in FigUl'e 4 of negative voltage terminal and said cathodes, 
the accompanying drawings. wherein tri-filal' a third impedance directly connected between 
windings are provided, which are combined with 65 said positive anode terminal and said second 
a separate source of screen grid voltage, which anode, a fourth impedance directly connected is independent of anode voltage in the system, between said positive anode terminal and said 
and which may, accordingly, be selected to pro- first anode, a condenser of substantially zero 
vide optimum operating conditions for the am- impedance at the lowest frequency for which 
plifier. The system is. accordingly. similar to 70 said amplifier is designed directly coupling said 
that disclosed in Figures 1 and 2 of the accom- first cathode to said second anode, and a con-
panying drawings, with the exception that unity denser of substantially zero impedance at the 
coupling is accomplished by tri-filarly winding lowest frequency for which said amplifier is de-
the inductances involved, rather than by cou- signed directly coupling said first anode to said 
pling these inductances by means of low im- 715 second cathode,. means for applying input sig-
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nals in push-pull relation to said control elec
trodes, and means for biasing said control elec
trodes to provide anode current fiow in at least 
one of said tubes in response to any finite signal, 
said first, second, third and fourth impedances 
being equal to each other for all frequencies of 
said wide band. 

2. The combination in accordance with claim 
1 wherein said impedances are inductances. 

3. The combination in accordance with claim 
1 wherein said impedances are resistances. 

4. The combination in accordance with claim 
1 wherein said first and second impedances are 
inductances wound on a common core, and where
in said third and fourth impedances are in
ductances wound on a common core. 

5. A push-pull wide band amplifier, compris
ing, a first electronic amplifier tube having a 
first anode, cathode, control electrode and screen 
electrode, a second electronic amplifier tube ha .... -
ing a second anode, cathode, control electrode 
and screen electrode, a negative terminal, sepa
rate positive anode and screen grid terminals, 

10 
nal and said first cathode, a second impedance· 
connected between said negative terminal and 
said second cathode, a third impedance connected 
between said positive anode terminal and said 

5 second anode, a fourth impedance connected be
tween said positive anode terminal and said first 
anode, a fifth impedance connected between said 
positive screen terminal and said first screen elec
trode, a sixth impedance connected between said 

10 positive screen terminal and said second screen 
electrode, means for maintaining substantially 
identical voltage excursions at said first cathode, 
second anode and first screen electrode and 
means for maintaining substantially identical 

15 voltage excursions at said second cathod�, first 
anode, and second screen electrode, in response 
to said input signal. 

10. The combination in accordance with claim 
9 wherein said first, second and third impedances 

20 are unity coupled and wherein said fourth, fifth 
and sixth impedances are unity coupled. 

11. The combination in accordance with claim 
9 wherein said first, second and third impedances 
are tri-filarly related and wherein said fourth, 

25 fifth and sixth impedances are tri-filarly related 
inductances. 

12. The combination in accordance with claim 
9 wherein said impedances are resistances. 

13. The combination in accordance with claim 
30 9 wherein said impedances are inductances. 

14. The combination in accordance with claim 
9 wherein said means for maintaining substan
tially identical voltage excursions consist of ca
pacitive couplings among said first cathode, said 

35 second anode and said first screen electrode, and 
further capacitive couplings among said second 
cathode, first anode and second screen electrode. 

15. The combination in accordance with claim 
5 wherein all said impedances are inductances, 

40 and wherein all said inductances are wound on a 
common core. 

16. The combination in accordance with claim 
9 wherein said impedances are inductances and 
wherein said inductances are all wound on a com
mon core. 

a first impedance connected between said nega
tive terminal and said first cathode, a second 
impedance connected between said negative ter
minal and said second cathode, a third impedance 
connected between said positive anode terminal 
and said second anode, a fourth impedance con
nected between said positive anode terminal and 
said first anode, a fifth impedance connected be
tween said positive screen grid terminal and said 
first screen grid, a sixth impedance connected 
between said positive screen grid terminal and 
said second screen grid, capacitive means for cou
pling said first anode and said second cathode, 
capacitive means for coupling said second anode 
and said first cathode, capacitive means for cou
pling said first screen grid and said first cathode, 
capacitive means for coupling said second screen 
grid and said second cathode, means for applying 
input signals in push-pull relation to said con
trol electrodes. and means for biasing said con
trol electrodes to provide anode current fiow in at 
least one of said tubes in response to any finite 
signal. 45 17. The combination in accordance with claim 

9 wherein said impedances are inductances and 
wherein said inductances are all wound on a 
common core, and wherein said means for main
taining substantially identical voltage excursions 
are coupling condensers. 

6. The combination in accordance with claim 
1 wherein said impedances are inductances. 

7. The combination in accordance with claim 
6 wherein said impedances are resistances. 

8. The combination in accordance with claim GO 
5 wherein said 1st and 2nd impedances are in
ductances wound on a common core, wherein 
said 3rd and 4th impedances are inductances 
wound on a common core, wherein said 5th and 
6th impedances are inductances wound on a com- 55 
mon core. 

FRANK H. McINTOSH. 
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23 Claims. (CI.179 ...... 171) 

This application is a continuation-in-part of my 
United States Patent No. 2, 477,074, entitled "Wide Band 
Amplifier Coupling Circuits," issued July 26, 1949 , and 
of my application for a Uni�ed States patent, Serial' No. 
66,744, filed .December 22, 19 48 , and entitled "Wide 
Band Transformers," now U. S. Patent Number 2,654, -
058. 

The present invention relates generally to improved 
audio and video frequency amplifiers, and more par
ticularly to improved class B audio· and .video. frequency 
amplifiers, which introduce extremely slight distortion 
in ampIifying a wide band of Jrequencies, by utilizing 
output transformers of novel design, connected in novel 
relations of the electronic tubes of the amplifiers, the 
output circuit .of the amplifier being of. the single ended 
type: . 

The class B amplifier is a push-pull amplifier in which 
the tubes are biased approximately to cut-off. One of 
the tubes, in vhe normaL system, amplifies the positive 
half cycles of the signal voltage, while the other amplifies 
the negative half cycles, the. output transformer combin
ing the outputs of the two tubes, to reconstruct a replica 
of the signal voltage. 

1)le frequency limits of .the conventional class B audio 
or video amplifier depend largely upon the design of the 
output tnmsformer, loss in amplification at low fre
quencies resulting from the low' incremental inductance 
of the transformer primary, and falling off at high fre
quencies resulting from ' leakage inductance and the 
various distributed capacities of the transformer. 

In order to obtain a good low frequency. response the 
incremental primary inductance of the transformer must 

2 
Such cores are adversely affected, in respect to their 
incremental inductance, by D. C. magnetization. Hence 
the latter must be avoided. 

The effect of leakage inductance on class B push-pull 
5 amplifiers has been considered in the literature, and at

tention is directed particularly to an article. by A. Pen
Tung Sah in proceedings of the 1. R. E.for November, 
1936. Sah points out particularly frequently overlooked 
deleterious effects of leakage inductance betw�en pri-

10 mary windings of the output. transformer of sucham� 
plifiers, first in causing a decreased output,as frequency 
increases, and second, in introducing transients which 
distort the output wave as one of the tubes . .;hanges 
from a conducting position to a blocking condition, and 

15 Nice-versa. The latter effect is the basis of great distor
tion at the higher audio frequencies. 
. I have provided, in the patent and patent applications 
herein above referred, to, disclosures of inventions which 
overcome the difficulties of the prior art, above briefly 

20 explained, and which provide class B push-pull ampli
fier circuits capable of wide-band operation with ex
tremely slight distortion. At the same time the circuit� 
are so arranged that they are primarily utilizable for 
balanced output circuits, and not especially adapted for 

25 single ended output circuits. In addition, the 'circuits 
illustrated in my U .. S. patent herein above referred to, 
utilize arrangements which are half plate loaded and half 
cathode loaded, in Figures 2,3, 4, and 6 in particular, 
and which accordingly, introduce considera.ble degenera-

30 ,tion, which may be more or less than is desirable. 
It is frequently desirable to have a push-pull audio 

amplifier capa.ble of delivering output to a single ended 
circuit, i. e., to a circuit one end of which is grounded. 
This may be accomplished by the circuits of Figures 2, 

35 3,4, 6 0f my patent above referred to by utilizing a 
separate'secondary winding, one end of which is ground
ed, but in such case the capacity reflected into' the bal
anced primary winding will not be uniform over the 
winding, so that the primary windings will becomt! un-

'10 balanced. 
If the push-pull circuits of my prior application and 

patent, above referred to, are arranged to operate with 
. one cathode grounded, and without secondary winding, 

it then becomes possible to tap one of the windings to 
'13 provide single ended output, in a' very simple and eco

nomical fashion, since the necessity for a secondary 
'winding is completely eliminated. It is, however, then 
:necessary to develop ways of' driving the tubes of the 

be high relative to the plate resistances of the tubes. used. 
The primary winding of the transformer, then, should 
have a large number of turns .. At the same time the 
resonant frequency of the. leakage inductance and sec- 50 
ondary capacitance must be beyond the highest fre
quency desired to be amplified,so that low leakage in
ductance and shunt capacity is essential, if the high fre
quency response of the transformer is to be extended. 

circuits in balanced relation. 
It is, accordingly, a primary object of the present in-

vention to provide an improved push-pull class B audio 
and video amplifier circuit, of the general' character of 
.that disclosed in the above identified U. S; patent and 
application, the amplifier, however, having a single ended 55 output. The above requirements are .mutually confiicting, in 

various respects .. The size .of the core of a transformer, 
i. e. the total iron. utilized, is limited by considerations 

It is a further object of the· invention to provide a 
novel push-pull wide band amplifier circuit, having negli
gible leakage reactance in its output transformer, and 
having a single ended output circuit. 60 It is still another object of the invention to provide 
a novel push-pull amplifier circuit which is .fully anode 
loaded, or non-degenerative, the output transformer of 
which possesses negligible leakage. reactance. 

A further object. of the. invention resides in the pro-

of cost, space and· weight requirements. This in turn 
fixes the total .number of turns allotted to the primary 
and secondary windings. Decreasing core size and in
creasing totaLturns of the primary winding to retain high 
primary incremental il1ductance increases leakage induct
ance and shunt capacity, which in turn,reduces resonant 
frequency, . and hence the high frequency response of 
the transformer. In fact, leakage inductance is de
creased, in accordance with the prior art,' by interle'avirig 
primary and secondary windings, but this expedient in
creases distributed capacity and so tends to neutralize 
the benefits obtained. 70 

As a further consideration, high permeability cores 

65 vision of a novel .push-pull amplifier which is half-cathode 
and half-anode loaded, or 50% degenerative, which 
POSSesses a single ended output, deriving from an out
put transformer having negligible leakage reactance, and 
110 secondary winding. 

Another object of the invention resides in' the pro
vision of a push-pull amplifier of the cathode . .foIlower must be used, to increase primary wil1dil1g impeQance� 



2,860,192 

3 4 
type, having a singie ended output deriving from an trated and described, one of which is fully anode 
output transformer having negligible leakage reactance. loaded and utilizes a cathode follower driver, one is fully 

It is a further object of the invention to provide a novel cathode loaded, and one ,half-anode and half-cathode 
mode of driving a push-pull amplifier having a single loaded, the latter two employing plate loaded drivers. 
enEledor unbalanced output. 

. 5 The difference between these embodiments resides pri-
:Still another object o£ the ,invention resides in �the marily in the mode of driving the tubes, to accomplish 

provision of a push-pull electl'onic alI1plifier 'oirouit 'oper- no degeneration, full degeneration, or partial degenera-
atingClass B, 'or ;Class A class AB, AB2 etc. in ,which tion, as will become evicl�ntas .the description proceeds. 

the aifode ofe'atlh :of the push-pull tubes :of the circuit An additional modification emplqys a plate loaded or 
is maintained always :atthesame A. ;C.'potenth!l 'a§ 10 non-degenerative power'stag'e, and cathode follower 
the cathode of ,the other of:thetLibes, which 'proviaes drivers. 
a single ended'oiltput circuit, the amplifier being 'fully Reference is now made to the accompanying draw-
anode loaded, fully cathode loaded, or ,partially anode ings, wherein: 

, .  . ' 

loaded and ,partially :cathode ,loaded,i. e.being totally Figure 1 illustrates.schematicallya fully anode loaded 
non-degenerative, partially ,non-degenerative, :or :fully :de- 15 or non-degenerative push-puI1 amplifier arrangement, 

,generative. driven by a push-pull cathode follower driver stage, in 
By !proviQing�diffefenn:legfees ·of cathode 'and anode accordance with the invention; 

loading,:i. :e� 'by 'ptoviding different amounts of degener- Figure 2 illustrates schematic ally a push:-pull class B 
,atiOIdn the Circuits, a widetange of operating require- amplifier havinga ,single 'ended 'output, and 'which is 

ments may readily be-rnet,and ,-it· is found that the ad- 20 operated as a: cathode follower or fully degenerative cir-
varitages'of the circuits of:my patent and patent applica- cuit,driven'from 'a 'plate loaded ,driver stage; 

tion above refened {o are :retained despite reductionof ,Pigure3 :illustratesschematically a 'push-pull class B 
degeneration to zero. operated amplitier!having single ended-output, and which 

It will .further be realized: that eachcifthe' circuits· illus- is' driven so as :to <be 'half, cathode' and half plate loaded, 
,trated,:jn this .. application may be operated with separate 25 or to be partially degenerative, the driving stage being 

balanced or ;unbalanced secondary winding, .if desired, plate-Ioaded; and 
in which .. case the circuits ·of :the present invention pro- Figure 4 illustrates schematically a pui;h�pull class B 

videfurther'moditications of the circuits of the above operated ;amplifier"having single ,ended output which is 
referred to application and patent. fully ,plate noaded, ,Qf,non"degenerative,and in which a 

Briefly.described, the present invention comprises a 30 driver, circtiitis provided which ,operates cathode loaded, 
pair of 'push�pull amplifier tubes, # land #2, having a the cathodes of.the driver stage l being connected directly 

cathode -winding, in series between the cathodes ,of the to the 'control electrodes ,of the·power stage. 

tubes,and.an'aIiode.winding connected between the an- Referring now more ,'particularly ·to Figurel of the 
odes of the'tubes,'the two windings being bifilarlyrelated, accompanying drawings, the reference numeral 1 iden-
and adjacent ends of the bifilar ,windings being con- 35 tifies a tetrode vacuumtube,:reference'number 2,a second 
nected to the, cathode' of one of the tubes and the anode tetrode vacuum tube, the : tubes ,connected in a push-pull 
of the other of:the tubes. By reason ofthe biillar reJa- class lB . amplifier :arrangement. 'The amplifier tube 1 
tion of 'the wirtdings,which results in extremely close may be provided with ,an ,anode '3" a screen grid 4, a 
coupljng, the. cathode cif each of the tubes is maintained contro/, grid5"and .. a cathode ,:(i,;the :latter being heated 
always at the:same A. C. potential as the anode of the 40 in 'a 'mode :not illustrated. 'Similarly,the ,vacuum tube 
other of the tubes. 2 may comprise an anode 7, a screen :grid'.8,a control 

:The close coupling provided by the bifilarly related grid ,.,9, . and 'a ,cathode :10, heated.In some ,manner, con-
windings results in substantially zero leakage retctam:e, ventionaLper se in. the '.art. 
while the relation between the anodes and cathodes of Connected between, the, cathode '6 of-the, tube 1 and: the 
the tubes, in respect '. to A.C. :signals, eliminates the 45 cathode 10 of the tube ,2, is ,a winding, 11. Connected 
transient effects 'which ,occur in conventional amplifiers between the anode '30£; the. tube iLand : the anode 7 of 
at times ·or 'cross-over oi,current conduction from one the tube 2 'isa 'further winding :12. The windings 11 
of the tubes to the other. These, and the other advan- and 12 are bifilarly.related,: that is they are wound on 

Jages, specifi,cally pointed out in my prior application a core, together and in parallel,as if the'strand com-
and patent, above referred to, are accordingly retained 50 prising the. winding 11 and· the 'strand comprising the 
in the circuits ef the present invention, and wide band winding' 12 were a single strand 'of .wire: . The cathode 
response with substantially zero distortion becomes 10 of the.tube2 is, grounded, ',at '13. The anode 3, of 
attainable . the tube lis connected via a lead 14"directly to a terminal 
• In. Figur�s 2, 3, 4and.6 of my prior patent a. source 15, to which.is connected the: B+ dead ':16. of a' suitable 

of anode voItage is connected between the center point 55 power sl,Jpp.!y. ,The :.terminal ,17 "of '-the winding 12 is 
of the. cathode coils and the center'point of the anode connected,.directly'via 'a, lead 18'.to' the anode'7c)ithe 
coils. In accordance·withthe present:invention,a source tube·2. The terminaLof theiwinding:l1'which is direct-
of anode voItage connected with 'its ,positive terminal ly connected to the cathode::6:ofthe:tube ,1 may be' identi
to the anode of one of the tubes, say tube # 1, and: the tied, by the reference; numeral � 19 .while.' the 'terminal of 
negative terminal, of· the source, which maybe grounded, 60 the winding 11' which is: .connecteddirectly to' the cath-
is connected to the cathode of the, other of the tubes. ode 10 of the tube 2 may.:be ideritified:bythe reference 

An output tap may then be taken from the cathode wind- numeral 20. 
. 

ing, at a point providing,the desired output impedance, By'reason of the befilar'relation:between:the windings 
with respect to ground" amI a single ended output re- 11 and 12 the.A.·C . potentiaLat:the'terminal '19 and 

suIts. It will be noted that an analogous ,arrangement 65 the:A. C .• potential at "the:.terminal J17,are. at all times 
is employed in Figures 1 and 5 of my patent above. re- identical, dnresponse tocurrenLflow .at signal frequen-
fefred to. ciesin,either·ofthe windings,ll, .12 .. ' ' Similarly, the 

The problem remains'however of-symmetrically driv- terminals 15 and,20 remain always at the:sameA. C. 
ing'the tubesftom a pu'sh-pull driver stage, without un- potential in response to· current flow in·:either of the 

balancing the circUit, consideration being given to .the 70 windings )1, ,12. 
factthatone 'of the tubes has a grounded cathode, while It follows that, the, anode ,3 ,is.at the, same A. ,C. ,po-
the other tube dcies not,but rather, has a cathode float- tentiaL as is: the cathode 10,,,and •. thaLthe cathode 6 of 

iug with irespectto ground 'in accordance with input the tube 1 is at the same A. C. potentiaLas the .anode 7 
signal. 

. 
of the,tube,:�, while,the arnplitier,:is.being.driven, iure-

Three' embodimentsof'the'present invention areilIus- 75 sponseto currentJlow:.in ,: t, he tubes . ; S!nc�' lhe terminal 
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20 is grounded at 13, a tap, as 21; may be taken from the 
winding 11 at a point where the impedance is suitable for 
an intended use, and voltag(; may be derived between 
ground and the tap 21. Accordingly, the output of the 
device is single ended. 5 

. Clearly, if desired, a low impedance secondary wind-
ing may be coupled to the windings 12 and 13, in any 
desired fashion, and the secondary winding, which may 
be identified by t�e reference numeral 24, maybe con
neCted to a load conventionally illustrated as an imped- 10 
ance 25. However, the· secondary winding is not essen-
tial to the circuit, but represents a possible modification 
thereof, and it is a particular feature· of the preferred 
embodiment of the invention that the output may be 
taken from the tap 21.on the winding 11, the ouput 15 
then being single ended;· Itis desirable that the screen 
grid of each of the tubes 1 and2 be maintained at a fixed 
potential with respect to· the respective cathodes of the 
tubes 1 and 2, while the tubes are being driven. Since 
during driving of the tubes the cathode of tube 2 remains. 20 
fixed with respect to ground while the cathode of the 
tube 6 floats, a suitable arrangement for maintaining the 
desired voltage relation between the screen grids · and 

6 
grounded . and hence:connecteci to the cathoae to di� 
reetly. 

. 

It will be noted that the tubes 1 and 2 are operated 
plate loaded, that is with no degeneration, since the sig
nal voltage developed across the windings ·11, 12,· or any 
portion thereof, is not fed back to either of the control 
grids 5, 9. 

We may say then that the purpose of the winding 43 is 
to compens(l.te for the variations of potential of the 
cathode 6 with respect to ground, caused by ]low of sig
nal current, i. e. to introduce identical variations of the 
voltage applied to the control grid 5, superposed on the 
signal voltages supplied from the resistance 39, as ap
pears across the load due to tube current flow. 

Referring to· Figure 2 of the accompanying drawings, 
the circuit illustrated is that of a: push-pull classB ampli
fier having single ended output, as in the circuit of figure 
1, but in which complete degeneration occurs; so . that 
the amplifier may be termed a cathode follower ampli
fier. Interconnection of the cathodes and anodes of 
tubes 1 and 2, in the embodiment of iny invention.i llus-
trated in Figure 20f the accompanying drawings, as well 
as the mode of deriving signal therefrorri and .of applying 
B+ voltage thereto, is identical with that illustrated in the cathodes is required, which may be realized as fol

lows. 
The screen grid 4 of the tube 1" may be connected to 

the terminal 17, which has always the same A. C. po
tential as the cathode terminal 19. The screen grid 8 

25 Figure 1, and above fully explained. Accordingly; fur
ther description then;of is· dispensed with in the interest 

of the tube 2 may be connected to the terminalIS, which 
has always the same A. C. potential as the cathode 10 30 
of the tube 2� At the same time, the terminal IS and 
the terminal 17 are connected to the B+ lead 16 so 
that the screen grids 4 and 8 are maintained at suiiable 

of conciseness. 
. 

The driver stage in Figure 2 consists of the plate loaded 
push-pull amplifier comprising· triodes 50, 51, having a 
center tapped primary winding 52, interconnecting the 
anodes of the tubes, and having a source of lB+ voltage 
53, connected to the center·tap 54 of thewindillg 52. The 
tubes 50, 51 may be driven in push-pull relation, and may 
constitute, for example, a class A voltage amplifier stage, D . .  C. potentials, these being superposed on the A. C. 

voltage variations of the cathodes of the tube. 
In.order to drive the tubes 1 and 2 there is provided a 

driver stage, generally indicated by the . reference .nu
meral 30 arid comprising a trio de 31 and a triode 32. 
The triode 31 has an anode 33, a control grid 34, and 

35 if desired.· Associated with the· primary winding 52 is a 
secondary winding 53, one terminal 55 of which is con
nected directly with the control grid 5 of the tube 1, 
while the other terminal 56 is connected through the grid 

a cathode 35. The triode 32. similarly has ananode 36, 40 
a control grid 37, and a cathode 38. The triodes 31 
and 32 .. are operated as cathode followers, being provided 
respectively with load resistances 39 and 40 between 
the cathodes 35 and 38 and a balanced ground point 41. 
The control electrodes 34 and 37 are then driven push- 45 
pull by mea·ns ofa push-pull signal source 42. There 
are accordingly developed across the cathode resistors 
39, 40 equal push-pull voJtages, cathodes 35 and 38 be
ing always in opposite polarity except when they are 
at zero potential. The cathode 38 is connected direct- 50 
Iy with the control grid 9 of the. tube 2 while the cath
ode 350Lthe tube 31 is connected to the control grid 5 
of the tube 1 through a series winding 43, which is 
bifilarly wound with respect to the windings 11 and 12. 
It will be realized that the wire size of the coil 43 may 5J) 
be quite small since this.coil need not carry any appre
ciable current, but only enough to satisfy the grid re
quirements of the tubes 1 and 2. The bifilar relation 
between the coil 43 and the coir11, in particular, means 
that the terminal 44 of the coil 43 is maintained at the 60 
same potential as the terminal 19 of the coil 11 in re
sponse to current flow in the winding 11. Similarly the 
terminal 45 of the winding 43 is maintained at the same 
potential as the terminals 20, due to such current flow. 
Superposed on this zero difference of potential between 65 
the points 19, 44, due to current flow in the tube 1; is 
the voltage generated across the resistance 39, which 
is in series with the grid-cathode circuit of the tube 1. 
It. follows that the difference of potential between the 
control grid S and the cathode 6 will be only the voltage 70 
appearing across the resistance 39. Similarly, the volt
age. appearing between the control grid 9 and the cathode 
1� will be that appearing across the resistance 40, since 
grid 9 is connected to one terminal of the resistance 40 
and since the oth!'!J terminal of the resistance 40 is 75 

winding 43 to the control grid 9 of the tube 2. The cen
ter point of the secondary winding 53 is connected to 
ground via a low impedance coupling condenser 57, and 
may be assumed accordingly to remain at ground poten
tial for A. C. signals. It follows that the input poten
tial applied between the control grid 5 and the cathode 
6 of the tube 1 is equal to the total voltage appearing 
across the winding 53. If we assume that the terminal 
55 is driven positive, so that the tube 1 conducts and 
the tube 2 remains non-conducting, current flows in the 
winding 11 and the potential of the cathode ,6 rises with 
respect to. ground. This rise 'in potential is transferred 
to the winding 43, the potential of the point 44 of the 
winding 43 remaining the same as the potential of the 
cathode 6, for A. C. signals. Between tLe point 44 
and the control gridS is connected the winding 53, to 
which is applied the positive signal. Accordingly, the 
difference in potential between the cathoCle6 arid the 
control grid 5 is that of the .winding 53. However, the 
lower terminal 20 of the winding 11 is effectively con� 
nected with the center point of the winding 53, so that a 
series circuit exists from the cathode 6 to the terminal 
20 through the condenser 57 and to the grid 5, in which 
the voltage component supplied by the winding 11 is 
present. Accordingly, the full voltage appearing across 
the winding 11 is applied back in degenerative phase, to 
control electrode 5, and for that reason· the arrangement 
is spoken of as a cathode loaded or degenerative system. 
In similar manner when the tube 1 is cutoff and posi
tive signal applied to the terminal 56, so· that the tube 2 
conducts, the terminal 17 of the winding 12 is reduced 
in voltage due to current flow through the winding 12 
in series with the anode 7 of the· tube 2, so that there is 
applied back to the control grid 9 the full voltage ap
pearing across the winding 12. Otherwise stated, the 
point 44 of the grid winding 42 is always subject to the 
same potential as the point 17 of the winding 12 in se-
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ri�s with the anode of the tuhe 2, .and' superposed or. 
this feed-back voltage is the signal voltage deriving from 
the winding 53. , 

In consequence, cur.rentfiow in either tuhe 1 or tube 
2, whichever may .be conducting, is reduced in response 
t9 the total voltage appearing across either winding 11 
or winding 12, whichever may be carrying current.. 

In the system of· Figure 3 are employed two driver 
tubes 50, 51,having connected b�tween their anodes a 
primary winding winding 52, center tapped at 54, and 
connected at the center tap with a source of B+ poten
tiaL Secondary winding 53 is magnetically coupled with 
primary winding 52; and is provided with a center tap 
connected to ground via ,a .capacity57. One terminal 55 
of the winding 53 is conne.cted in series with a winding 
60 to the control electrode . 50£ the tube 1, and the 
other terminal 56 of the winding 53 is connected in 
series with a winding 61 to the control grid 9 of the tube 
2. The tubes 1 and 2 are provided with windings 11 and 
12, and supplied with anode voltage precisely as are the 
systems of Figures:l and 2,the cathode 10 of the tube 2 
being grounded. Accordingly, the power stage compris
ing the tubes 1 and.2 operates as in the systems illustrated 
in Figure 2 of the accompanying drawings, the sole dif
ference between Figure 3 and Figure 2 residing in the 
mode of driving the tubes 1 and 2. 

In the system of Figure 3, the windings 60 and 61 are 
each wound bifilarly with relation to the windings 11 

. and 12. However, half the number of turns is utilized 
in each of windings 60 and 61, so that the total voltage 
fed back to the control electrodes 5 and 9 of the tubes 
1 and 2, respectively, via the windings 60 and 61, is simi
larly halved. The winding 60 has induced therein a 
feed-back voltage while the tube 1 is conducting current 
and the winding 11 accordingly is active. Similarly, the 
winding 61 feeds back voltage to the control electrode 
9 of the tube 2 while the tube 2 is passing current, and 
accordingly while current flow exists in the winding 12. 
Since the total feed-back voltage is half of that which 
exists in the system of Figure 2, the system is denomi
nated a half-cathode, half-plate loaded system. The 
output circuit of the system of Figure 3 is, however, 
identical with that of Figures 1 and 2, i. e. is single ended 
and derived from the cathode winding 11. 

In the system of Figure 4 the power tubes 1 and 2 are 
supplied with voltage, and connected with the windings 
11 and 12, precisely as in the system of Figures 1-3, in
clusive, and a single ended output circuit is associated 
with windings 11 and 12 in the same way. The system of 
Figure 4 is driven by means of a cathode loaded or fully 
degenerative driver stage, but the power stage is fully 
plate loaded, or non-degenerative. 

It will be noted that a push-pull source 70 is provided, 
having its center point grounded, and thereby connected 
to the cathode 10 of tube 2. The cathode 35 of tube 31 
is connected directly to the ,control grid 5 of tube'l, and 
the cathode 38 of tube 32 is connected directly with the 
control grid 9 of tube 2. The control grids 34 and 37 
of driver tubes 31 and 32 are driven from the push-pull 
source 70, in push-pull relation with respect to ground, 
the winding 43 being connected in series between the 
source 70 and the grid 34. The impedance of the wind
ing 43 is so small relative to the input impedance of tube 
31 as to be insignificant. The anodes 33 and 36 of 
driver tubes 31 and 32 are connected to a B+ source, 
which may be common to the two tubes. 

The input circuit of tube 31 then proceeds from grid 34 
to cathode 35, to grid 5 of tube 1, to cathode 6 of tube 
1, through cathode load 11 to ground, and back to grid 
34 via one side of source 70 and grid winding 43. The 
winding 43 serves to maintain correspondence of voltage 
between the cathode 6 of tube l' and the control grid 34 
of tube 31, except for the voltage provided by source 70. 
The input impedance of tube 1 is then the major portion 
of the :cathodeloadof. tube 31, and effectively the entire 

8 
cathode load input. Tube 1 is operat�d without .de
generation, but tube 31 is operated as a cathode follower. 

Similarly, the tube 32 supplies input signal from source 
70 to grid 37,catho.de38; grid 9, cathode 10, to ground. 

5 The input circuit for 'tube 32 therefore includes the in
put .circuit oftub� 2, .as does also the load circuit of 
tube 32, and tube 32 i� operated as a cathode follower. 

While I have. described a,nd illustrated specific embodi
ments of the present invention, as required by the perti-

10 nent statutes., it will .b�clear that variations in detail and 
general arrangement may be resorted to without depart
ing from the true spirit and ,c;cope .of the invention as de" 
fioedin .the appended claims. 

What .I claim :aod desire to secure by Letters Patent of 
15 the United States is: 

1 . . In a class B push-pUil amplifier,a first vacuum tube 
having a first plate, control grid and cathode, a second. 
vacuum tube having a ,!'econd plate, control grid and 
cathode, a first. winding CQnnected between said first 

20 cathode.and said .second cathode, means connecting one 
of said.cathodes.directly to ground, a s�cond winding con
nected betwe.en said firstanode and said second anode, said 
windings bifilarly wound with respect to one another, and 
physically immediately adjacent terminals of said wind-

25 ings connected one to the 'cathode of one of said tubes 
and the .other to the anode of the other of said tubes, a 
pair of output terminals for said amplifier extending from 
said second cathode and from a point of said first wind
ing' separated from said second .cathode by a predeter-

30 mined finite impedance, an input circuit for said class B 
push-pull amplifier comprising a push-pull amp:ifier 
driver stage having a push-pull.output circuit, means main
taining ·said push-pull outpllt circuit balanced with re
spect to the instantaneous potentials of said second ·cath-

35 ode, and . means for connecting .said output circuit in 
balanced' relation to the control electrodes of said class B 
push-pull amplifier. 

2� The combination in accordance with claim 1 wher� 
in said last means ·comprises a first connection from one 

40 side of said push-pull output circuit to one of said grids, 
and a further connection from the other side of said push
pull output circuit to the other of said grids, said further 
connection comprising a winding in series with said first 
connection and bifilarly related to each of said first and 

45 second windings. 
3. The combination in accordance with claim 2 where

in said first connection from one side of said push-pull 
output circuit to one of said grids includes a winding in 
series with said one of said grids and bifilarly related to 

50 each of said first and second windings. 
4. The combination in accordance with claim 2 where

in said winding in series with· said first connection in
cludes the same number of winding turns as each of said 
first and second windings. 

55 5. The combination in accordance with claim 1 where-
in said amplifier driver stage comprises first and second 
vacuum tube drivers having respectively at least a cath
ode, anode and control electrode,and wherein said output 
circuit of said amplifier driver stage consists of balanced 

60 impedances connected between the cathodes of said first 
and second vacuum tube drivers and having a center point 
connected to said first mentioned second cathode. 

6. In a system of push-pull amplification, first and 
second amplifier tubes. having each an anode, a cathode 

65 and a control electrode; means for grounding one of said 
cathodes, a Winding . connected in series between said 
cathodes, and balanced means for relatively driving said 
cathodes and control electrodes comprising a push-pull 
input circuit interconnecting said control electrodes and 

70 balanced with respect to ground, and means for compen
sating for variations of voltage with respect to ground 
of the other of said cathodes comprising a winding bifilar
ly wound with respect to the first mentioned winding and 
connected in series in the grid circuit of the amplifier tube 

75 containing. the other of- said cathodes. 
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',7.:In combination, a push-pull amplifier comprising a 

first power vacuum tube having at least a first anode, 
cathode and' control grid, a second power vacuum tube 
having at least a second anode, cathode and control grid, 
a cathoOe winding connected between said cathodes, an 
anode winding' having th e same number of turns as said 
cathode winding an.d connected between said anodes, said 
cathode. and' anode windings bifilarly related to one 
another, said wlndings interconnecting said anodes' and 
cathodes so. as to maintain identkaLalternating potentia Is 
at said first anode . and second cathode, and identical 
alternating potentials atsaid second anode and first cath
ode, means - grounding said s'econd cathode, means for 
connecting a source 6fB+ voltage directly to said first 
anode; a signal output lead connected to one of said wind
ings . at a point having a predetermined impedance with 
respect- to ground,and means for driving said tubes in 
balanced push-pull relation. : 

8. The combination in accordance with claim 7 where
in said last means comprises a push-pull signal source 
balanced _with' respect to ground and. connected in push
pull relation to said first and second control grids, and 
means fo( introducing in series wit� said first control grid 
a varying- voltage -having at all times a magnitude and 
phase adequate for balancing out at said first control grid 
potential variations of said first cathode with respect to 
groiind." _ • 

9.' In a. class B push-pull amplifier, a first vacuum tube 
having, a first_anode, control grid and cathode,a second 
vacuum tube having - a second anode, control grid and 
cathode, a first winding connected between said first 
cathode and said second cathode, a second. winding con
nected between said first anode and said second anode, 
said windings bifilarly wound with respect to one another, 
and physically immediately adjacent terminals of said 
winctings connected respectively to the _cathode -of one of 
said tubes and to the anode of the other of said tubes, a 
pair of output terminals for said amplifier extending from 
said second cathode and from a point of said first wind
ing separated from said second cathode by a predeter
mined finite impedance, an input circuit for said class B 
push-pull amplifier comprising a push-pUll amplifier 
driver stage having a push-pull output circuit, said push
pull output circuit balanced with respect to said second 
cathode, and means· for connecting said output circuit in 
balanced relation to the control electrodes of said class 
B push-pUll amplifier, said last means comprising a first 
connection from one side of said push-pull output circuit 
to one of said grids, and a further connection from the 
other side of said push-pull output circuit to the other of 
said grids, said further connection comprising a winding 
in series with said connection and bifilarly related to each 
of said first and second windings. 

10. The combination in accordance with claim 9, where
in said first connection from one side of said push-pull 
output circuit to one of said grids includes a winding in 
series with said one of said grids and bifilarly related to 
each of said first and second windings. 

11. The combination in accordance with claim 9, 
wherein said winding in series with said first connection 
includes the same number of winding turns as each of 
said first and second windings. 

10 
and cathode, means connecting said second cathode di
rectly "to 'ground, a first output winding connected direct
ly between said first and second-cathodes, a second output 
winding-connected directly between said first and second 

5' anodes, said windings substantially unity coupled and 
havihg two pairs of terminals, the terminals of either pair 
being at substantially the same A. C. potential due to the 
substantially unity coup!ing, means for connecting .the 

" terminals oione of said pairs to said, first anode and 
10 second c,athode respectively, means for connecting the 

terminals of the other of said_ pairs to said second anode 
and first cathode respectively, an input circuit for driving 
saidfir�t and, second control electrodes of said amplifier, 
said iIlput circuit including a driver network balanced 

15 with respeCt to ground; means responsive to said driver 
network for driving said first and second control electrode 
to cathode circuits equally and in balanced relation with 
respect to ground. 

14.' The combination in accordance _ with claim · 13, 
20' 

wherein is iIlcluded means'Jor adding in series with said 
secondcOntrbl electrode to cathode circuit a voltage sub
sta'ntially equal and"cophasal with the voltage across said 
first output winding. ' ' 

15. The cOmbination in accordance with claim 13, 
25 wherein is included means for introducing in series with 

,atleast :one of said� control electrode to cathode circuits a 
voltage counter-balancing at least a portion of the volt
age 'developed across said first output winding. 

30 ;:I6.iAn-ari1plifier, comprising a first amp]ifier device 
haVing- a- first control electrode, a first output electrode 
and aflrsfcommon electrode, a second amplifier device 
having a 'second control electrode; a second output elec
trode and a second common electrode, a first output trans-

35 ' fornier 'primary winding connected between said com
mori -electrodes, a second _ output transformer primary 
wIhding: connected between said output electrodes, said 
first and . second· primary windings· being- closely coupled 
and relatively wound to maintain said first output elec-

40 trode and said second common electrode at substantially 
the same A. C. potential, and to maintain said second 
output electrode and said first common electrode at sub
stantially the same A. C. potential, a source of B + volt
age connected directIy to only the first said output elec-

45 trode, and circuits for driving said control electrodes in 
push-pull balanced' relation relative to the instantaneous 
potentials of said common electrodes. 

17. The combination according to claim 16, wherein is 
provided means for maintaining only the second of said 

50 common electrodes at fixed reference potential. 
18. The combination according to claim 17, wherein 

said last-mentioned circuits comprise a source of push
pull drive voltage balanced with respect to said fixed 
reference potential, a first connection between one side 

55 of said source of push-pull drive voltage and said second 
control electrode, a further connection between the other 
side of said source of push-pull drive voltage and said 
first control electrode, said further connection including a 
further winding in series therewith, said further winding 

60 being substantially unity coupled to said output primary 
windings and arranged to reduce A. C. voltage variations 
between said first control electrode and said first com
mon electrode. 

12. The combination in accordance with claim 9, 
wherein said amplifier driver stage comprises first and 65 
second vacuum tube drivers having respectively at least 

19. The combination according to claim 18, wherein 
said further winding includes substantially the same num
ber of turns as said first winding. 

a cathode, anode and control electrode, and wherein said 
output circuit of said amplifier driver stage consists of 
balanced impedances connected between the cathodes of 
said first and second vacuum tube drivers and having a 70 
center point connected to said first mentioned second 
cathode. 

13. In a push-pull amplifier, a first vacuum tube having 
a first anode, control electrode and cathode, a second 
vacuum tube having a second anode, control electrode 75 

20. The combination according to claim 17, wherein 
said last-mentioned circuits -comprise a source of push
pull drive voltage balanced with respect to said reference 
potential, a first connection between one side of said 
source of push-pUll drive voltage' and said first control 
electrode, a second connection between the other side 
of said source of push-pull drive voltage and said second 
control electrode, and a winding in at least one of said 
connections, said winding being closely coupled to said 



1 1  
first winding and poled to reduce voltage variations be� 
tweerr said first control electrode and said first , common-
electrode. , _ ' . ,  

2 1 .  The combination according to claim 20, wherein 
is included a winding in each of said - connections;, each 5 
of said windings being, closely coupled to said first wind
ing, and poled to reduce A. Co voltage va:r:iations between 
saici first control electrode and said first comm�)II. elec� 
trode, and between said second control electrode and , 
said second common electrode. 10 

22. In an amplifier, a push"puil stage of amplification, 
said push-pull stage of amplification induding a first am
plifjring device· and a second amplifying device, each hav
ing at least a signal output electrode, "a signal input elec
trode, , and a common electrode, a, first transformer pri- " 15 
mary winding connected directly between said common 
electrodes,. whereby said commo!} " electrodes: are subject 
to relative A. C. voltage variations following said signal, 
a pUSh-pull drive source for driving said: input electrodes 
in "push-puU relation, and means for reducing said 1\. G. 20 
voltage variations as seen between control electrode and 
common electrode of each of said amplifying devices to 
substantiaily zero, wherein is further provided , a second 
transformer primary winding connected ' directly between 
said output electrodes and so coupled to and poled: with 25 
respect to said first primary winding as; to maintain sub
stantial equality of A. C. voltage between the common 
electrode of said first amplifying device and the output , 
electrode of said, second amplifying device and between 30 
the common electrode of said second amplifying device ' 
and the Cl1tPUt electrode of said first amplifying device • .  

one only of said common electrodes being connected, to 
a point at reference potential. 

23. In an amplifier, a push-pull stage of amplifiCation, 35 
said push-pull stage of amplification including a p.rst am� 
plifying device and a second amplifying device,· each, 
having at least a signal output electrode, a s"ignal input 

12 
electrode, , and a '  common electrode, a 'first transformer 
primarY winding . connected din;ctly between said com
mOn electrodes. wherebY said , common electrodes arc, 
sjlbject to rf,llative A. C. voltage variations following said 
signal; a :push-pull drive source for driving said input 
electrodes in push-Pull relation, and mearts for reducing 
sa(cl A, C. yoltage variations as seen between cotJ.tro}-elec
tr<XIe and comrnon electrode of each of said amplifying " 
devices to ' s)Jbstantially zero, wherein is further provided 
a second tmnsformer primary winding connected directly 
between said output electrodes and so coupled to· and 
poled with respect to said first primary winding as to 
maintain substantial equality of A. C. voltage between the , 
comm:C>il' electrO<ie of said first amplifying device and the 
output electrode ' 'of , said second amplifying , device and 
between the common electrode of said second amplifying 
device !md the OlltpUt electrode of said first amplifying "' 
device, and one only of said output electrodes beiilg- coik 
nected to' a point at fixed D. C. voltage. 
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1 2 
a portion of the envelope being broken away to 
show the interiOr .construction; 

This invention relates to electron discharge 
devices and methods of making the same. More 
particularly, it relates to products adapted for 
assembly line production with a minimum of 
hand operations. 

Figure 2 is an exploded view showing the inte
rior' parts of the tube of Figure 1 prior to their 

5 assembly; 
In the manufacture of electron discharge tubes 

of the prior art, it has been customary to make 
up individual units of the tubes, such as the cath
ode with heater, the grid and the other elements, 
and then to assemble them on a base to which 10 
an envelope was subsequently applied, sealed off, 
and evacuated. As the art has developed, the 
size of the tubes for ordinary amplification and 
detection has steadily decreased until, at the 
present time, some of the tubes are so small that 15 
hand assembly is highly impractical. Where the 
spacing of electrodes is critical, and it becomes 
more so in these very small tubes, hand methods 
of assembly are not only expensive, but very 
wasteful and rejections sometimes run as high 20 
as ninety per cent. The whole tendency of de
velopment has, therefore, been to accentuate the 
production difficulties and expenses so character
istic of hand assembly. 

The present invention co�ists primarily in 25 
producing a structure in which the elements are 
all suitably arranged to permit automatic ma
chine or jig assembly. The electrodes may be 
made of sheet or wire stock and passed through 
the machine to be cut off after being placed in 30 
position. In this way, nothing except possibly 
the heaters for the cathodes will require indi
vidual assembly. It, therefore, becomes possible 
to make up tubes by machine on an assembly line 
basis, with their characteristics substantially 35 
fixed and unvarying. 'l:'he number of rejects will 
be enormously reduced, and the replacement of 
damaged parts very readily provided for. Among 
the objects of this invention may be mentioned 
the production of an electron discharge tube 40 
capable of machine assembly, possessing precis
ion fixed spacing of the elements, mechanical 
stability, long life, SUbstantial freedom from mi
crophonic noise, and ready adaptation to particu- 45 
lar specialized problems. An important feature 
of the process is that it permits changes and var
iatisms in the product by simple machine ad
justment, without change in the basic process 

Figure 3 is a modification in which the spacing 
elements of the tubes are arranged to provide an 
unobstructed path for the . electron emission; 

Figure 4 is a modification in which means is 
provided for increasing the leakage path between 
electrodes in the assembled tube; 

Figure 5 is' a view .showing a modified scheme 
for clamping the insulating and control elements 
together; 

, 

Figure 6 is a view showing another method of 
increasing the leakage path between tube ele
ments, and a method of effectively placing the 
control grid close to the cathode; 

Figure 7 is a perspective view of the interior 
structure of an electron discharge tube of modi
fied form, the envelope and base being removed; 

Figure 8 is a horizontal sectional view substan
tially on the line 8-8 of Figure 7; 

Figure 9 is a diagrammatic view of one form 
of apparatus suitable for carrying out methods 
embodying the present invention; 

Figure 10 is a detailed view of the mechanism 
for varying the spacing of the grid wires as they 
are fed to the machine of Figure 9; 

Figure 11 is a detail view of a base to which 
are attached both terminals and prongs, this base 
being suitable for hopper feeding in the appara
tus of Figure 9; and 

Figure 12 is a perspective view showing the 
structure of Figure 1 with' certain of the grid 
wires laid parallel to the axis of the cathode to 
minimize tube capacity. 

Referring first to Figure 1 of the drawings, ref
erence character 15 designates an envelope of 
conventional type, capa,ble of construction by any 
improved practice found in the art. 16 desig-
nates a base, to which the envelope 15 is sealed, 
the -base being of any suitable insulating mate
rial. Mounted within the envelope is an assembly 
composed of a plurality of frame elements 11, 
which may be of any suitable insulating mate-
rial, these elements being assembled as indicated, 
with electrodes and terminal leads placed be
tween them and secured in place by clamps lB. 

or mechanism for performing it. 
Other advantages will appear from the follow

ing description when read in conjunction with 
the accompanying drawings, in which-

50 This manner of clamping insures permanent and 
effective electrical contacts, and maintains the 
electrodes under sufficient tension to discourage 
sagging and other changes which might alter the 

Figure 1 is a perspective view of an electron 
discharge tube embodying the present invention, 55 

characteristics of the tube. 
The relation of the parts in the assembly of 
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3 
FigUre 1 will be clearly undel'Stood from reference 
to F'!gure 2, in which the exploded view indicates 
tne position of the various parts prior to their 
assembly in the unit. As here indicated, the 
frame elements 11 are square in cross section, I 
but it is obvious that in practice they may assume 
various forms. For example, they may be cir
cular in form. The unit may be embodied in any 
suitable type of structure without regard to the 
number of elements used. For example, it may 10 
be a triode. However, since the problem of clear
ances becomes increasingly acute as the number 

4 
that each of the frame elements 11 has the same 
cross sectional area. Inasmuch as the electron 
beam from the cathode tends to diverge as it trav-
els away from the cathode, FigUre 3 indicates a 
scheme whereby the effect of this divergence may 
be ut1l1zed to increase the emclency of the tube. 
In Figure 3, reference character 11 indicates a 
frame element similar to the frame element shown 
in Figures 1 and 2, the two first frame elements 
holding a cathode 21 with an emitting surface 
32. Interposed between a second frame element 
11 and a larger successive frame element 33 is 

the control grid 23, corresponding to that of Fig
ure 2. Here, the next frame element is desig-

of control elements is increased, and since the 
problem appears in an accentuated form in the 
pentode, a pentode has been here illustrated, 15 nated 34 and it cooperates with the frame ele

ment 33 in holding the screen grid 25. The next 
frame element 35, which is of still greater diame
ter than the element 34 cooperates with the frame 

In Figure 2, reference character 19 indicates 
the usual plate, which is disposed at the most 
remote position from the cathode 2 1  with its 
heater 22. Reference character 23 designates 
the control grid having a terminal connection 24. 20 
25 is the high voltage or screen. grid, having a 
terminal plate 26, and 21 is the cathode or sup
pressor grid having a terminal plate 28. As indi
cated, these parts shown in FigUre 2 are assem
bled in abutting relation and secured together by 25 
the clamps 18 (Fig. 1), thus holding the parts in 
properly spaced relation for emcient operation, 
the spacing being predetermined by the thickness 
of the various frame elements 11 .  When securely 
clamped together, these frame elements hold the 30 
parts in fixed position, with all of the electrodes 
under tension. This not only insures good elec
trical contact, but maintenance of proper con
tact and of proper tension in the various ele
ments throughout the life of the tube. Another 36 
advantage of this structure is that if· any of the 
elements should fail: if, for example, the heater 
22 should be burned out, it would be possible to 
dismantle the assembly, replace the burned-out 
heater element and reassemble the parts, with- 40 
out altering the characteristics of the tube and 
without wasting any of the parts which make up 
the assembly. It would be necessary merely to 
replace the. envelope, seal it and evacuate the 
tube in the case of a tube of the vacuum type. 45 
If the structure should be a tube of the gas-filled 
type, reassembly WOUld, of course, require a new 
filling of gas in order to make the structure oper
ative. 

After the clamps 18 are secured in position and 50 
the assembled unit placed on the base 16. the en
velope 15 may be placed, evacuated or filled with 
gas, and then sealed Off. 

In FigUre I, the various terminals carried by 
the base 16 are indicated generally by the refer- 55 
ence character 29. Each of these terminals is 
secured in the base 16 and has a lead 3' contacted 
with its respective connector place. and is held 
in position without soldering or welding, by the 
clamping together of the assembled unit made up 60 
of the various frame elements, together with the 
electrodes. Obviously welded or soldered con
tacts may be used if desired. Control electrodes 
fabricated in this manner are characterized by 
having a single point electrical contact between 65 
each wire and the terminal plate. Hence, the 
electrode wires are never short circuited and no 
paths are afforded for the fiow of circulating or 
eddy currents. It is possible in a structure of 
this type to utilize the plate 19 as an end closure 70 
for the unit. When so used this plate could func
tion readily to radiate heat and thus cool the 
tube. 

It is indicated in Figures 1 and 2 that the cross 
section of the tube is rectangular or square and 16 

element 34 to hold the plate 21. In this figUre. 
the structure illustrated is a screen grid triode. 
and the frame elements are held together in a 
manner similar to that indicated in Figure 1. It 
will be seen that the divergence of the electron 
flow path is such that the major portion of the 
electrons emitted from the emitting surface 32 
will strike the plate 21, whereas. if the frame ele-
ments 33, 34 and 35 were of the same diameter 
as the element n. substantial numbers of these 
electrons would strike the frame elements and 
be deflected or absorbed instead of striking the 
plate directly as in the case of the structure of 
Figure 3. This arrangement has the additional 
advantage of providing a convenient means for 
tying the electrodes together in a double tube 
structure when a complete set of electrodes is 
disposed on each side of the cathode. 

Figure 4 illustrates a further modified struc-
ture, in which the frame element 11 has the same 
structure as that indicated in Figures 1 and 2, 
but means is provided in the form of a n  insulated 
element 28a interposed between the plate 21 and 
the two frame elements Ila and llb, to increase 
the leakage path between the plate 21 and the 
screen grid 25. By the use of an insulating mem
ber of this character. which would necessarily 
assume a configUration similar to that of a frame 
element 11, it becomes possible to decrease the 
spacing between the various electrodes without 
decreasing the leakage path between them. Fig
ure 4 not only shows the element 28a, but it indi
cates how the various frame elements may be 
grooved as indicated at 39 to assist in holding the 
electrodes under tension when the frame elements 
are assembled and clamped together. Here the 
terminals 40 are round as indicated. 

Figure 5 is a partial sectional view similar to 
that of Figure 4. but showing a modified struc
ture whereby the clamping action between the 
variol1l3 frame elements is increased. Here the 
frame elements designated 4 1  have curved faces 
42 adjacent their points of contact with the vari-
ous electrodes. This arrangement may be advan
tageous when the electrode material is cut off by 
machine shears as in FigUre 9. 

Figure 6 is a view similar to Figure 5 of a still 
further modified construction which makes it 
posGible to space the electrodes closely, and par
ticularly the control grid with respect to the elec
tron emitting surface, without decreasing the 
leakage path between electrodes. Here, this re
sult is accomplished by substituting for one of 
the frame elements 11 a special frame element 
43, carrying a rib 44, which contacts with the 
electrode, in this instance the control grid 23. 

It is indicated above that the grid electrodes 



2,411S,S60 

5 6 
are all of tensioned wire. This may be true also Referring now to Figure 7, the reference char-
of the plate. The fact that the wires are assem- acters 5 I and 52 designate insulating plates which 
bled under tension and supported at both ends may be of mica or other similar material held 
makes it unnecessary to rely upon the stiffness in spaced relation by insulating or metal posts 
of the material for support. Consequently a wire 5 53, 54, 55 and 56. Since this figure represents 
of smaller gauge and, hence, of greater efficiency a double structure, the two mica sheets 5 I and 52 
may be used. While wire is the preferred mate- are secured together by eight pairs of these in-
rial it is obviou.sly practicable to use woven mesh, sulating posts, each terminating in the mica 
photo-etched or perforated sheet stock as elec- sheets 51 and 52. The two plates 19 are sup-
trode material, and such use is contemplated 10 ported by the posts 53. These posts when made 
when it is expedient. Where wires are used in of ceramic material, such as glass, may have the 
building up the grids, the wire spacing may be plates 'Secured together by a slight fusion of the 
varied as desired to produce tubes having vari- glass to form overhanging gripping lips. Simi-
able mu characteristics. The wire grid struc- larly, the suppresser or space charge grids 21 are 
ture also has a marked advantage over prior 15 supported by the posts 54. Posts 55 support the 

. art structures in that the wires are not short two high voltage or screen grids 25, and posts 
circuited, and hence do not cause circulating or 56 support externally the two control grids 23, 
eddy currents to flow. Where grid wires are and internally the cathode 2 I, with the en-
wound about conducting posts and welded at each closed heater 22. The cathode must be mounted 
point of contact, as in the usual practice, numer- 20 in an insulating sheet to insulate it from the posts 
OllS paths for the flow of undesirable eddy cur- 56 and thus prevent short circuit of the control 
rents are formed. grids. The relation of these parts is indicated 

In Figure 2 it is indicated that the electrode more clearly in the horizontal section of Figure 
wires in adjacent electrodel;> are parallel, but 8, and it will be seen that each of the emitting 
alternate lSets may be made parallel to the axis 25 surfaces of the cathode 2 I is directed against one 
of the cathode in order to cut down the tube of the two 'Sets of grids and plates. In such a 
capacity, especially at high frequencies. For ex- structure the two grids 23 will be electrically con-
ample, and as indicated in Figm'e 12, the wires nected. Similarly, the two grids 25 will be elec-
of grid 25 might extend parallel to the indicated trically connected and similarly for grids 21, 21 
position of contact strip 25. In this way no 30 and plates 19, 19. This arrangement then is con-
wires would contact an insulating frame directly nected as a single pentode. 
in line with similar wires of the next electrode When the posts 53, 54, 55 and 56 are of metal 
contacting their frame. The position of the the electrode wires may be welded to them. 
contact strip 26 would, of course, have to be ap- Welding surfaces can be inserted between the 
proximately changed to make it cross the wires. 35 paraliel electrodes and pressure applied dUring 
This structure is produced by placing the wires the welding. The wires and posts may then be 
alternately vertically and horizontally, observing cut off. The bottom plate 5 I may be attached to 
the relation of the wires of grid 25 to other con- a· conventional tube base and connections made 
ductors as indicated above. substantially as in Figure 1. This welded as-

The structure so far described involves a radi- 10 sembly may be made in a process similar to that 
cal departure from the usual practice in mak- shortly to be described. 
ing vacuum tubes. While the basic underlying The two mica spacer plates 5 I and 52 may be 
idea is that of making each of the electrodes uni- enclosed in the usual glass envelope having a 
planar and in placing all of the electrodes in the base carrying prongs which arc connected by 

assembled structm.:: under tenGion and in paral- 45 leads from the various electrodes and control 

lel spaced relation so as to permit continuous or elements of the tube structure. It is also pos-
jig assembly, this arrangement involves the use sible, by making the sheets 5 I and 52 of glass to 
of specially-constructed parts such as the frame complete the envelope by welding a glass strip 

elements. It ifS possible however, to make use of around the periphery of the assembly shown. 

stock materials of types which are available ac- 50 The structure may be readily shielded by the ad-
cording to present practice, and to assemble them dition of shielding plates as indicated at 50, or 
by machine, so as to accomplish many of the these may be omitted. 

advantages of the present invention and to elim- It will be seen that structurally the arrange-

inate the disadvantages of prior art structures. ment of Figure 7 is quite similar to that of Fig-

A completed tube unit, assembled in this way is 55. ures 1 and 2, in that an of the elements are uni-

indicated in perspective in Figure 7, Figure 8 planar, all of the planes are parallel in the fin-
being a horizontal section to indicate more clearly ished tube, and all grid wires are under tension 
how the various elements are placed. In the and supported at both ends. This eliminates all 

structures of Figures 1 and 2, it has been indi- grid wire winding operations and insures uni-

cated that the tube employs a single set of elec- 60 form spacing of the parts while making it pos-
trodes in combination with the cathode. It is, sible to adapt the arrangement to continuous as-
however, possible to duplicate the structure and sembly line construction or for assembly on a 

embody the functions of two tubes in one, suitable jig. Figures 7 and 8 show a structure 
using a single cathode having two emitting sur- in which raw sheet and wire stock may be uti-

faces on opposite faces. In other words, it is 65 lized and adapted to the scheme indicated in 
possible to duplicate in Figure 2, to the left of Figures 1 and 2. 
the cathode 2 I, a set of grids as indicated on the While devices of the present invention are 

right: and a plate, so that the tube will embody capable of fabrication in numerous ways, the 

a single cathode, six grids and two plates. Fig- particular advantage of these structures lies in 

ures 7 and 8 indicate how this double structure 70 the fact that they are suitable for assembly line 

can be carried out without radical departure from construction, especially where the control ele-

present Pia.;:;��:;e, h1 .• t "c'�-,;e;rjng substantial bene- ments of the tubes, such as the plates and the 

fits which are chara-:.:eristic of the improved various grids, are made up of continuous bar 

practice contemplated according to the present or strip material. It is possible to make up the 

invention. 75 cathodes from continuous strip material which 
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is punched at intervals to receive a heating ele
ment, and the heaters may be assembled In the 
strip so that the strip as a whole, carrying the 
heater elements, may be fed to the machine. This 
will be more clearly understood from a reference 5 
to Figure 9 of th\! drawings, in which reference 
character 61. designates a machine bed forming 

carry the leads already connected to the prongs 
as indicated in Figure 11. With the assembly 
thus completed as a. unit, a rotating cutting or 
shear, device indicated at 83 swings downwardly 
between units to sever the grid, plate and cath
ode strips, thus releasing a completed unit as in-
dicated. This assembly takes place continuous
ly so long as the hoppers are kept filled with ma
terial, and so long as ship material and bar stock 
is fed into the raceway. While the terminal 
members 18 are indicated as being fed in fin-

a race way between two sets of feeding belts, one 

ished form from the hopper 11, it will be· under
stood that they may be fed from continuous bar 
stock and cut off as soon as the assembly passes 

of them, designated 62, being driven from one of 
the pulleys 63. A similar belt is disposed at the ]0 
back of the machine, so that the two of them 
form a converging throat, terminating between 
two spaced parallel guide members U, secured to 
the base of the machine as indicated in the draw
ings. 15 the hopper 11. It is also to be understood that 

suitable mechanism will be utilized for actuating 
the parts disclosed, but since actuating mecha
nism of this type is . well known in the art, it is 
not illustrated in the drawings. When the units 

Mounted at the incoming end of the raceway 
are a plurality of combs 66, pivoted about hori
zontal pivots 61, on the machine base. The de
tails of this comb arrangement are shown in Fig
ure 10. where it is indicated that the perfora
tions 68. through which the grid wires pass, pro
vide for maximum spacing of these wires by ad
justing the position of these combs. A$ indi
catedin dotted lines in Figure 10, the spacing can 
be varied to suit requirements; that is, the spac
ing decreases as the comb approaches a horizon
tal position. Suitable clamping means with cali
brated spacing indicators may be provided to hold 
these combs in any adjusted position. For sim
plicity, these clamping means are omitted from 
the illustration . 

. This apparatus produces a double pentode 
structure of the type shown in Figures 1 and 2 

·.Jf the drawing S. except that the parts are dupli
cated as in Figures 7 and 8. Passing into the 
throat from suitable reels is a strip of cathode 
material 11 containing the heater elements as 
indicated more clearly in Figure 2 of the draw
ings. The line of separation between the indi
vidual cathodes is indicated, but the severance is 
not complete. Passing outwardly from this cen
tral cathode are sets of parallel moving grid 
wires 12 of the control grid, 13 of the screen grid, 
and 14 of the suppresser or space charge grid. 
The plate material appears at 15. 

The continuous strip material be it wire or 
sheet stock, may be de-gassed by heating in an 

inert atmosphere in accordance with known prac
tice before it enters the machine. 

20 are completed, they may be placed in an enve
lope ready for sealing off, and will then appear 
as in Figure 1. While the process has been de
scribed in connection with a double pentode hav
ing an internal structure corresponding to that 

25 shown in Figures 1 and 2, it will be obvious that 
it may be adapted to the manufacutre and as
sembly of various arrangEments indicated in the 
drawings including the form shown in Figures'"1 
and 8. The addition of the envelopes and the :;eal-

30 ing off may otlviously comprise steps in the proc
ess of Figure 9. 

It will be clear from the foregoing description, 
that the present invention offers numerous ad� 
vantages over prior art schemes. It makes it 

35 possible for the first time to assemble electron 
discharge devices by a continuous process which 
insures uniformity of product. espeCially as re
gards spacing of the elements with respect to 
each other. This is important, particularly in 

40 tubes of small sizes and 'those having five elec
trodes where the clearances are critical and 
highly important. It will also be understood that 
while the invention has been described as being 
carried out by a continuous method of assembly, 

45 it will be possible to assemble the elements by 
means of jigs, upon which the various operating 
parts are set up. Here, again, the advantage of 
using raw stock will be· apparent. The invention, 
therefore, not only offers the advantage of high 

50 speed production with improved efficiency and 
material reduction in labor costs, but it will also 
result in a material saving in the number of re
jects and, consequently, in a marked decrease in 

Disposed above the throat of the machine is a 
hopper 16, through which are fed sets of frame 
elements 11 sufficient in each layer to produce a 
double pentode as indicated. When a set of in
sulating elements is fed downwardly between the 
spaced strips of element material, the assembly 55 
passes forward continuously until it is disposed 
under a second hopper 11, from which are fed 
the sets of lead wires which are adapted to b\.. 
clamped into the assembly so as to insure good 
electrical contact between the leads and the con
trol elements of the units. After the assembly 
passes the hopper 11, the mechanism causes the 
side rail 64 to be swung inwardly sufficiently to 
compact the frame elements and to bring them 

the cost of production for both reasons. 
The invention has been described in the form 

of two embodiments of the electron discharge 
device and a single method of assembly. but it 
will be understood that the invention is not so 
limited, and it is intended that the following 

60 claims shall be construed broad enough to cover 
all equivalent structures so long a� they are clear 
of the prior art. It ·is to be understood that the 
concept of manufacturing tubes having their 
electrodes under tension is a broad concept which 

in close contact with the leads 18, whereupon 
clamping material 81 is fed across the guideway 
by any suitable means. The forming members 
19 operate by swinging upwardly to engage and 
bend the clamps about the frame elements, as in
dicated at 81. Similar forming members (not 
shown) will be used· above the frames to bend the 
top clamps down. At this time, bases 16, which 
may have the contact prongs already applied to 
them, are fed downwardly from a hopper 82 and 
dropped into position. Those bases may also 

65 when coupled with the machine assembly herein 
shown and described is not limited to the precise 
tube configuration disclosed. Consequently, the 
present disclosure is intended to be generic and to 
cover variations in the design when this tension 

70 arrangement Is present. 
What I claim is: 
1. The method of assemblying electron dis

charge tubes, which comprises passing a plurality 
of insulating elements in parallel spaced relation 

76 along a guideway. placing electrode elements be-
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tween adjacent insulating elements during tht'!ir 
travel through said guideway, placing contact ele
ments between each electrode and one of t�le ad
jacent insulating elements, clamping the insulat
ing elements together to place said electrodes un- (; 
der tension between them, and then cutting off 
the protruding portions of the electrode and con
tact elements, and sealing the assembly in an 
envelope. 

2. The method of continuously assembling 10 
electron discharge tubes which comprises pass
ing insulating elements along a passageway in 
spaced relation to one another and juxtaposed 
for subsequent assembly, feeding strip material 
along said passageway between said insulating 15 
elements, feeding contact material between each 
electrode and one of the adjacent insulating ele
ments, clamping the insulating elements and 
electrodes into closely engaging relation to bring 
the electrodes under permanent tension, cutting 20 
off the electrode material adjacent the face of 
the insulating elements, placing a base on the 
projecting contacts and cutting off the contacts, 
and then sealing the assembly in an envelope. 

3. The method of manufacturing electron dis- 25 
charge tubes which comprises feeding insulating 
spacing elements and electrodes in parallel rela
tion through a passageway, clamping said as
sembled elements together, cutting off the ex
cess material and then sealing the assembly in 30 
an envelope. 

4. The method of continuous assembly of elec
tron discharge tubes, which comprises feeding 
strip material for electrodes through a passage
way with interspersed ring-like insulating ele- 35 
ments, cutting off the electrode materials where 
they extend beyond the area subtended by the 
insulating elements, feeding terminal etements 
between each electrode and one of the insulating 
elements, clamping the insulating elements to- 40 
gether to place the electrodes in contact with 
their terminals and placing the electrodes under 
tension, cutting off the terminals, attaching a 
base to said terminals, and then sealing the as
sembly in an envelope. 41S 

5. The method of continuously assembling an 
electron discharge tube, which comprises, feed
ing into a passageway parallel, spaced, frame
like Insulating elements with interposed electrode 
material in continuous strips, clamping the ISO 
stacked assembly of electrodes and insulating 
elements together, and then cutting off the 
projecting ends of the electrode material. 

6. A method of continuous machine assembly 

10 
discharge tube electrode unit including a plural
ity of electron tube. control electrodes which com
prises continuously feeding a plurality of par-
allel groups of parallel spaced wires from a. con
tinuous source, feeding spaCing elements between 
adjacent groups of wires and caUSing them to 
advance with the wire groups, securing all of the 
wires of each group with interposed spacing ele
ments together at two longitudinally spaced 
points while said wires are maintained under 
tension, and then cutting off the wires so secured 
to sever them from the source and thus free a 
completed unit. 

8. 'l'he method of manufacturing an electron 
discharge tube electrode unit including a plural
ity of electron tube control electrodes simUl
taneously whiCh comprises feeding a plurality of 
groups of wires in parallel spaced relation from 
a continuous source, feeding spacing means be-
tween adjacent wire groups for maintaining each 
group in laterally spaced relation to each other 
group, advancing the spacing means with the 
wire groups, securing all of the wires of each 
group in the parallel spaced relation in which 
they are fed and at two longitudinally spaced 
pOints, and simultaneously securing all of the 
groups and spacing means together, and then 
severing the wires from the source to form a 
complete assembled unit. 

9. The method of manufacturing an electron 
discharge tube unit including a plurality of elec
tron tube control electrodes simultaneously which 
comprises feeding a plurality of groups of wires 
in parallel spaced relation from a continuous 
source, feeding spacing elements of insulation 
between adjacent wire groups for maintaining 
each wire group in laterally spaced relation to 
each other group, advancing the spaCing ele
ments with the wire groups, feeding conducting 
elements between the wire groups to form elec
trical connections between the wires of each 
group, clamping the wire groups, condUcting ele
ments and spacing elements together to form a 
unit, and then severing the wires from the source. 

FRANK H. McINTOSH. 

REFERENCES CITED 
The following references are of record in the 

file of this patent: 

Number 

UNITED STATES PATENTS 
Name Date 

lI5 1,430,634 of electron discharge devices' which comprises 
feeding continuous strip stock and a continuous 
partially prefabricated strip of cathode material, 
inserting a terminal connection adjacent each 
strip, clamping said. material and terminal con
nections together at spaced points by means of 60 
insulating clamps, severing said clamped sec
tions from the continuous stock, placing said 
clamped unit in an envelope with the terminal 
connections eXposed, sealing the envelope, and 
then evacuating the envelope and seallng it off. 05 

Flscher _____________ Oct. 3, 1922 

7. The method of manufactUrIng an electron 

1,456,506 
1,716,153 
2,141,655 
2,141,654 
2,145,727 
2,217,427 

. 1,934,097 

Number 
350,584 

Leveridge __________ May 29, 1923 
Rottgardt __________ June 4, 1929 
Kott __________ . ___ Dec. 27, 1938 

. Kott ______________ Dec. 27, 1938 
Lloyd _____________ Jan. 31, 1939 
Zinke _______________ Oct. 8, 1940 
Blmon ______________ Nov. 7, 1933 

FOREIGN PATENTS 
Country Date 

German __________ Oc�. 28, 1919 



Feb. 4, 1947. F. H. MclNTOSH 2,415,360 
METHOD OF MAKING ELECTRON DISCHARGE DEVICES 

Filed Oct. 22, 1943 4 Sheets-Sheet 1 



Feb. 4, 1947. F. H. MclNTOSH . 2,415,360 
METHOD OF MAKING ELECTRON DISCHARGE DEVICES 

FIled Oct. 22, 1943 4 Sheets-Sheet 2 

JJ&.2. 
,...-______________ ..A- __ -- --- --- --- ----� 

(' \ 

\ 

\ 

)17' ..:17 



Feb. 4, 1947.' F. H. MclNTOSH 2,415,360 
METHOD OF MAKING ELECTRON DISCHARGE DEVICES 

Filed Oct. 22, 1943 4 Sheets-Sheet 3 

�.8. 



Feb. 4, 1947. F. H. MclNTOSH 2,415,360 
METHOD OF MAKING ELECTRON DISCHARGE DEVICES 

F1led Oct. 22, 1943 4 Sheets-Sheet 4 

� . .9. 

18 



Verso Filler Page♦ ♦

http://en.wikipedia.org/wiki/Verso


United States Patent [19] 

McIntosh 

[54] DOME LOUDSPEAKER 

(76) Inventor: Frank H. McIntosh, 3720 Pheasant 
Lane, Endwell, N.Y. 13760 

(22) Filed: Jan. 17, 1975 

(21) Appl. No.: 542,030 

[52) U.S. Cl. ............... 179/115.5 R; 179/115.5 VC; 
179/180 

[511 Int. CI.2 ........ ... ............ H04R 9/04; H04R 9/06 
[58) Field of Search ............. 179/115.5 R, 115.5 SF, 

179/115.5 BS, 117, 119 R, 120, 180; 
335/231; 29/594 

[56) References Cited 

UNITED STATES PATENTS 

1,805,459 5/1931 Satcher.. ...................... 179/115.5 R 

[11] 3,956,599 
[45] May 11, 1976 

Primary Examiner-Kathleen H. Claffy 

Assistant Examiner-George G. Stellar 
Attorney, Agent, or Firm-Elliott I. Pollock 

[57] ABSTRACT 

A dome loudspeaker including a yoke assembly con
sisting of a flat plate having an opening and a U
shaped member having its arm ends secured to the flat 
plate, a cylindrical magnet being secured to the cross 
arm of the U-shaped member adhesively, the cavity 
formed by the U-shaped member being packed with 
tiberglass pads and sealed by end plates, a flexible 
dome being secured adhesively to a voice coil wound 
on an aluminum form and these being secured to a 
mounting plate, which is arranged to be precisely spa
tially related to the yoke assembly, with intervening 
padding of tiber-glass to provide damping, the dome 
being covered with a perforated cover separated from 
the dome by a tiber-glass pad. 

9 Claims, 7 Drawing Figures 

FIBER-GLAss-41 

41 
4'2 

I 

�Iillllllll I 
I' 
I 

I;· 
" 
I '  

i 

i I ! I I :. ' I 

42 



3,956,599 
1 

DOME LOUDSPEAKER 

BACKGROUND OF THE INVENTIO
'N 

2 
radiator 13,and a voice' coil J4, secured to the dome 
radiator 13. Located between the magnet assembly 10 
and the concave side of radiator 13 are two pads of 
fiber-glass 15 and 16. The mounting ring assembly has 

Dome loudspeakers are well known in the art. A 5 three small openings 17, which fit over nipples 18 on 
typical such speaker is that disclosed in the U.S. Pat. to the magnet assembly which serve jointly to precisely 
Hecht, No. 3,328,537, issued June 27, 1967,That pa- locate the mounting ring Ilwith respect to the magnet 
tent employs a spider Qf rubber.Jike material, which is assembly 10. A perforated cover plate 20, having a 
highly compressible and lies 011 top of a pole piece, and concave configuration is secured over the radi,ator 13, 
has legs extending downwardly along the pole piece. 10 and is separated from the radiator 13. by a fiber-glass 
The spider is embraced by a voice coil, which is at- pad 21, having a central aperture 2Ia, The magnet 
tached to a dome radiator, and the spider permits ex- assembly 10 has .dimensions of 3 inches . . X 4 inches, 
cursioris of the voice coil. The structure is esseritially overall. The radiator 13 is fabricated of resilient paper 
undamped and, therefore, has resonances, and because of appropriate stiffness or resilience, as is usual in the 
of the spider structure, the voice coil and dome are 15 art of loudspeakers generally. 
capable of only slight excursions. Further, in Hecht, a The mounting ring. 11 includes a tab. extension 22, 
voice coil is secured to a flange extending from the (FIGS. I, 6 and 7), to which are secured a pair of termi-
dome radiator, by cementing a few'turns of the voice nal pins 23. 
coil to the flange, but the voice coil is otherwise un- The dome radiator 13 and its voice coil 14 are iIIus-
mounted. The voice coil is therefore readily deform- 20 trated. in, detail in FIG. 5 of the accompanying draw-
able or detachable from its mounting flange, in re- ings. The radiator 13 includes an ann,Jlar skirt 24, to 
sponse to'large pulses. 

. 
which is connected a light nonmagnetic metallic cylin-

. 
In accordance with the present inventi6n; the coil is drical coil support 25. The voice coil 14 is wound on 

wound on a-metallic non-magnetic form which is ce- the support 25, well spaced from, the -skirt l4, and is 
mented over a large area joint directly to the dome, and 25 cemented. to the skirt. From the skirt 24 extends an 
no separate spider is employed. The voice coil itself is 
well spaced from the dome, and is, therefore, located in 
a maximum area of uniform magnetic flux, and greater 
excursions of the dome are achievable, with complete 
safety, than is possible in the case of the Hecht device. 
Further, the dome itself is fabricated of paper, having 
no interstices. The dome is damped both exteriorly and 
interiorly by fiber-glass packing, to avoid reasonances. 

annular corrugation 26 and a flat annular extension 27, 
the dome radiatorl3 and the corrugation 26 and exten
sion 27 being integral or of one piece design. Leads 28 
extend from the voice coil 14 to the terminal pins 23 

30 (FIGS. I and 7), the cover plate 20 being provided with 
a rise 29 ,(FIGS. I and 3) to accommodate the tops of 
the pins 23 and the tab 22. The apertured pad 21 then 
assures that sound will be radiated entirely via the per
forations 32 in the cover plate 20, and the configura-

SUMMARY OF THE INVENTION 35 tion of the cover plate assures that it will be correctly 
A dome loudspeaker having an enclosure formed by covered with respect to the mounting ring 11. 

a magnet and yoke assembly which is packed with The magnet assembly 10 is illustrated in detail in 
fiber-glass, and having a dome formed of paper and FIGS. 2 and 4 of the accompanying drawings, and in-
having a corrugated annular extension secured to a cludes a pole plate 35, to which is secured a keeper 36, 
solid mounting, to enable extensive motion of the dome 40 the plate 35 including a circular opening 37, through 
with respect to the yoke assembly, the voice coil of the which extends a cylindrical slug magnet 38 leaving 
speaker being wound on a metallic cylinder which in clearance for voice coil 14, and on the free end of slug 
turn is directly adhered to the dome, both the interior magnet 38 is secured a pole cap 39. As best shown in 
and the exterior of the dome being packed with fiber- FIG. 4, the innermost end of slug magnet 38 engages 
glass. 45 and is secured to the inner face of keeper 36, and the 

DESCRIPTION OF THE ORA WINGS 

FIG. I is an exploded view in side elevation of the 
several components which are assembled to form a 
loudspeaker according to the invention; 

FIG. 2 is an exploded view in perspective of a yoke 
and magnet assembly, used in the system of FIG. I; 

FIG. 3 is a plan view of a cover plate, included in 
FIG. I; 

FIG. 4 is a view in transverse section taken on the line 
4-4 of FIG. 2; 

FIG. 5 is a view in section of a dome radiator and coil 
assembly employed in the speaker of FIGS. 1-3; 

FIG. 6 is a disassembled view in side elevation of a 
dome and of its mounting plate, employed in the 
speaker of FIG. I; and 

FIG. 7 is a plan view of the structure of FIG. 6. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to FIG. I of the accompanying drawings, 
10 is a magnet assembly for a dome loudspeaker. Se

cured to the magnet assembly 10 is a mounting ring ll, 
having a central opening 12, in which is secured a dome 

pole cap 39 secured to the other end of magnet 38 is 
positioned within opening 37 in spaced coaxial relation 
to said opening 37 to provide an annular clearance for 
reception of voice coil 14, with the free surface of pole 

50 cap 39 extending parallel to the faces of pole plate 35. 
The keeper 36 is U-shaped and its arms are welded to 
pole plate 35. Through the open sides 40 of the keeper 
36 are inserted fiber-glass pads 41, which surround the 

slug 38. The open sides 40 are then sealed by end plates 
55 42, so that the entire cavity containing the slug 38 is 

sealed and heavily damped acoustically, removing cav
ity resonances. 

What I claim is: 
1. A dome loudspeaker, including a permanent mag-

60 net, a pole plate, a U-shaped keeper having arms 
welded to said pole plate and open sides formed by said 
arms, closure plates for said open sides, a dome, a voice 
coil secured to said dome, said voice coil extending 
between said permanent magnet and said pole plate, 

65 and means securing said dome at its edges to said pole 
plate. 

2. The structure of claim I including acoustic damp
ing material disposed about said permanent magnet 
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within the enclosure formed by said keeper, said pole 
plate, and said closure plates. 

3. The structure of claim 2 wherein said permanent 
magnet is of substantially cylindrical configuration, one 
end of said cylindrical magnet engaging said keeper 5 
and the other end of said cylindrical magnet being 
disposed closely adjacent said pole plate in spaced 
relation thereto. 

4. The structure of claim 1 wherein said voice coil 
extends around the peripheral edge of said dome. 10 

4 
U-shaped keeper having arms secured to said pole plate 
and open sides formed by said arms, said pole plate 
including a central circular opening, a cylindrical slug 
magnet coaxial with said opening, one end of said mag
net being in engagement with said V-shaped keeper, a 
pole cap secured to the other end of said slug magnet, 
said pole cap being disposed in coaxial spaced relation
ship with said opening and having a free surface paral
lel to said pole plate, end plates secured to the open 
sides of said keeper to form an enclosure for said slug 
magnet, acoustic damping material located within said 
enclosure around said slug magnet, a mounting ring on 
said pole plate, a pair of terminal pins on said mounting 

5. The structure of claim 4 wherein said voice coil is 
wound about a cylindrical coil support, said coil sup
port having substantially the same diameter as said 
dome and being secured to the peripheral edge of said 
dome. 

6. The structure of claim 1 wherein said means for 
securing said dome to said pole plate includes means 
for accurately locating said dome relative to said pole 
plate. 

15 ring, a dome radiator, said dome radiator having inte
gral therewith an annular flange, a coil support secured 
to said annular flange, a voiCe coil wound on said coil 
support and having leads extending to said pair of ter
minal pins, the periphery of said dome radiator further 

7. The structure of claim 6 whrein said securing 20 

means includes a ring-shaped mounting plate for at
taching said dome to said pole plate, said locating 
means comprising a plurality of spaced projections 
outstanding from one of said plates and a plurality of 
complementarily shaped and positioned apertures in 25 
the other of said plates. 

8. The structure of claim 1 including fiber-glass 
packed into both the interior of, and about the exterior 
of, said dome. 

including an integral annular corrugation and a flat 
annulus located outwardly of said annular corrugation, 
said flat annulus being secured to said mounting ring, 
said voice coil extending between said pole cap and 
said pole plate coaxially with said opening in said pole 
plate, a perforated cover plate for said dome radiator, 
acoustic damping material located interiorly of said 
dome radiator between said dome radiator and said 
pole cap, and acoustic damping material located exteri
orly of said dome radiator between said dome radiator 

9. A dome loudspeaker comprising a magnet assem
bly, said magnet assembly including a pole plate, a 

30 and said perforated cover plate. 
* * * * * 
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Realistic Audio Engineering 
Philosophy 

NORMAN H. 'CROWHURST* 

The author presents the why's and wherefore's of the Unity-Coupled circuit which is the basic differ
ence between Mclntosh and other amplifiers, and according to the author it exemplifies the progres-
sive approach to amplifier design. ' . 

T

HERE SEEll TO BE two basic appl'oa�'hE'S 
to the design of an amplifier, In one 

• 

a price is decided upon, according to 
the intt'nded

'
market, and then diiferent 

circuits � in,estigated, with ('3reful 
cost comparisons, to find out how go.:>J 
the anlpliJier can be made within the 
price alrudy fixed upon. This approa�h 
may lead to extremely competiti,e pri�
ing of awplitiers but it is not conducive 
to progre:;si\'e design. Instead design is 
tied to old-established readily-obtair.able 
component.;;, and research iuto new <'Olll
ponents is to be avoided, 

Progrt';;:"i,-e design can[!ot be re,trideJ 
by "what has always been done," The 
original unity-coupling patent broke 
away frow accepted circuitry, and re
quired on� special component to do it
the bifilar-wound output transformer. 
Pentodes (or tetrodes ) had become estab
lished as the- most efficient way to achie,e 
output powt'r. Operated in Class B. the 
efficiency is e:ttremely attractivE', But 
certain distortions were previou,ly "in
herent" to this kind of circuit, Lnitv 
coupling resulted bt'eau5e its in,,,nto

-
r 

did not 3.�pt their inherent naturl'. but 
found nn eotfecti\'e way to eliminate them. 

This aTride does not aim to tell you 
that the lldntosh line of nmplirlers is 
the best. The often-asked question :lbout 
which is the- "best" ampliul'r is incapable 
of an ·CI,�"ali.fied answer. The )IrIntosh 
approneh is one ,'ery good way to !!lake 
amplifiers whose perfor!l;ance rates high, 
and it ex.mplifil's the 1'ealistic en;IDet'r
ing philosophy. But before gettir.g into 
the real '�t," one minor. but co=on, 
source of ronfusion needs clarifying: 
the word$ "'unity coupling" are applied 
to more than one circuit. Beside the 
circuit disea.ssed here, a ,ariety of single
ended pwds-pull also has this name. 

The so-ailled single-ended push-pull 
method o.f operation uses two tubl'S in 
the output, connected in series ht'tween 
B+ and B-_ (Fig. 1). In the quil'Scent 
condition, with no signal passing. half 
of the total B-supply ,oltage is across 
the upper tube and half across the lower 
tube. Driring the grid of one tuht' posi-

·'16-18 4I)t" .dt'e., Bay$ide 61, Y.Y. 

,---+-,p.. 1. 

v.�. SUPPl.Y+-,,4- v. 

IaUIESClNT + 1�4T I. 

Fig. 1. Signal and supply current rela
tionships in the so-called single-ended 
push-pull circuit. This also has been 
called "unity coupled," but is not to be 
c:)Mfvsed with the circuit so named in 

this article, 

ti\'e and the other negative causes the 
�oltage distribution to change. Inter
posing a load ht'tween this center tap 

.- point and ground reference, which is at 
the ;.ame a.c. potential as either B + or 
B -, �auses a variation in current through 
the two tubl'S as well as a variation of 
voltage across them. In this way, by 
suitable matching, each tube works with 
a load line very similar to operation in 
llonnal push-pull. 

One major problem arises with this 
circuit because the reference point for 
the upper-tube grid is not ground while 
that for the lower one is. This means that 
the drive excursion provided for the 
lower tube has to be just thl! necessary 
grid drive, while that for the upper tube 
has to be the grid drive in addition to 
the audio output voltage. Thus an 1171-
balanced phase splitter is needed. This 
produces a circuit much more suscepti
ble to distortion than is the true push
pull arrangement, even when the correct 
load resistance is applied to the output. 
Practical operating conditions, of course, 
ne,er apply the true load resistor for 

which the amplifier is designed, but a 
loudspeaker, in which the load imped
ance de�iates with frequency and in
cludes reactive components. With this 
kind of a load, one tube producl'S all the 
output, while the other produces all the 
distortion. 

Some \'ariations of the single-ended 
push-pull circuit use a feedback com
pensating arrangement that readjusts 
the grid drive to the two tubes to balance 
out for this variation. Howe,er, even 
with such arrangements, the basic circuit 
introduces more distortion than the con
ventional push-pull arrangment. 

The redeeming feature in the claims 
made by the designers of the single
ended push-pull circuit is the large 
amount of feedback that can be applied, 
due to avoidance of the hitherto neces
sary output transformer. This design 
permits as much as 40 db of over-all 
feedback to be applied. Thus, even with 
distortion figurl.'s in the region of 40 per 
cent, it is possible to end up with a re
sultant distortion in the region of 0.4 
per cent, which looks quite an acceptable 
figure. But this figure o,erlooks two im
portant facts: (1) the nominal figure of 
0.4 per cent distortion is only obtainable 
1J.'orkirtg into a resistive load, such a 
circuit must inherently produce much 
more distortion when practical loads are 
applied; and (2) even the 0.4 per cent 
is relatively high distortion. 

The idea that avoidance of the output 
transformer has automatically freed us 
of many of the distortion problems that 
have come to be regarded as coincident 
with this component- is mere wishful 
thinking. Unity coupling, however, is 
built around a rather special kind of 
output transformer. 

Cia.... Operation 
For some time now it has ht'en realized 

that the most efficient output tube' to use 
is a pentode or ht'am tetrode, and fur
ther, the most efficient way of using a 
pair of output tubes is to work them in 
c:lasa B, or as near to this condition as 
possible, so that the quiescent current is 



Fig. 2. Effect of overbias of c1ass-B out
put tubes on waveform, showing cross

over distortion. 

a bigger output more effiriently than 
their earlier prederessors. The one fly in 
the ointment about using bt-alll t.ubes or 
pentodes in elass-B operation proves to 
Ix: the so-called '·notrh" di.,;tortion. Thill 
has ht't'n confused with crossover distor
tion hut it is not the saIDe thing. To 50me 
extent it is due to .• imilar rauses. Both 
distortions occur with tubes biased to 
operate in class-B. 

While notch distortion proves alm<>:!t 
impossible to avoid with pentode or beam 
tetrode output tubes, using normal trans
former construction methods, it is not 
limited to these tube types. The lower 

quite low and large plate current excur- plate resistance of the acti'l"e tube in a 
sions are only drawn when there is a push-pull triode circuit ran contributl' 
large audio signal. to the daUlping of the notch oscillation, 

One of the probll'llS of c1ass-B oper- which will not happen in the pentode 
ation is that incorrect bias can produce circuit. The notch is excited by the sud
a form of distortion known as crossover den transfer of plate current from one 
distortion: This is due to the fact that half of the primary winding to the other, 
transition from operation with one tube which triggers the resonance of the in
in one half cycle to the other tube during active winding, between its self-capaci
the other half eyele is not a smooth one. tance and the leakage inductance to other 
Crossover distortion shows up when the circuits. the secondary with its load. and 
tubes are o'l"er-biased so there is a short the other half primary· with its tube 
period during which neither tube con- plate resistance. 
ducts current. This produces the wave- The leakage inductance resonating 
form shown at Fig. 2. with primary capacitance is damped 

In the early days of class-B operation only hy the load resistance on the second
much was said about this form of dis- ary (usually in between the two pri
tortion, although it pro\·ed to be fairly maries) and by the plate resistance of 
easy to eliminate it by careful attention the tubes in shunt with the effecth·e 
to bias arrangment. Some of the early resonant circuit. (Fig. 3). Plate resist
elass-B amplifiers, using transmitting ance in a class-B circuit has a widely 
type triodes with higher-than-normal fluctuating value and in effect becomes 
plate-supply voltage, and extra high almost open circuit at the crossO'l"er 
grid bias to match, were extremely ef- point. which stimulates the resonant 
ficient amplifiers in the higher wattage circuit at the point where it is shock 
ratings. Howe'l"er, these amplifiers re- excited, especially when the exciting fre-. 
quil"ed e:ttremely carefully designed quency becomes higher so as to appr08('h 
dri'l"e as well as output transformers and more closely the resonant frequency. 
a 'l"ery well regulated plate supply . .And For this reason, with e'l"en a moder
the use of at least two transformers in ately well-designed output transformer 
the amplifier rendered them difficult for an amplifier employing pentodes or beam 
application of any degree of feedback, _ tetrodes in class-B push-pull would pro
although the distortion of well-designed duce notch distortion at frequencies from 
units was not more than that of well- 3000 cycles and up. It might be thought 
designed class-A amplifiers of the period. that o.er-all negative feedback would 

Impro,ed tube techniques led to the successfully eliminate the notch. But this 
use of pentodes and beam tetrodes more does not occur, because the resonant fre
extensi'l"ely as output tubes and ('ircuits quency of the notch itself is also at a 
employing these could certainly deliver point where the feedback stability char-

MAY lE ONE 01 T'NO NOTCHES AC
CORDING TO RELATIVE MAGNITUDE 

OF LEAKAGE COMI'ONENTS AND CA
'ACITANCE EFFECTS. 

LOAD 

RESISTANCE 
~ 

fig. 3_ Equivalent circuit of the quantities that cau.e "notch" distortion. 

[ 
Fig. ... How the l:iifilar.wound, unity
coupled circuit avoids the leakage flux 
transfer impul$e that causes notch dis
tortion. As plate current is equal to 
cathode current minus screen current, 
the effective current in both half-wind
ings (regarding the b ifi lar pair a. 0 

unit) is always equal. 

act er is tic approaches its marginal eondi
tion. This means that, at best, the feed
back will not impro\·e the notch distor
tion and, at worst, it may· considerably 
exaggerate it. 

Eliminating Notch Distortion 

How then can notch distortion be 
eliminated frow this kind of output 
('ircuit' Two ;teps can be taken towards 
this end: (a) to bring the resonant cir
cuit causing notch distortion nearer to 
critical damping; (b) to eliminate the 
excitation of the notch, due to the eiYec
ti'l"e transfer of current suddenly from 
one winding to another. 

l"sing straight pentode class-B oper
ation, it might be possible to reduce pri
mary capacitance by careful winding 
procedure. But this would merely push 
the notch fre:juency (i.e. its sharpness) 
out further. by raising the resonant fre
quency and correspondingly raising the 
point of marginal stability, where feed
back ceases to help. 

Reducing the leakage inductance, on 
the other hand. will increase the damp
ing provided by the load. While this 
might concei'l"ably eliminate notch dis
tortion into 11 resistance loaa, it might 
reappear when a reacti'l"e speaker load 
is used. 

Excitation of the notch occurs due to 
leakage indudance betu·een halves of 
the primary, so that transfer of current 
from one half to the other induces a 
'-oltage kick in this inductance. Part of 
the solution, then, rests in eliminating or 
minimizing the leakage inductance be
tween hal.es of the primary winding. 
Adequate �ults could probably be ob
tained by reducing the referred leakage 
inductance between primary halves tll a 
small fraction-in the region of 1/10-
of the leakage inductance between the 
primary and secondary. This method is 
necessary for a transformer intended for 
ultra-linear operation, if the ultra-linear 
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ing all output stage in itself rather than 
by oVl'r-all ft't'dback_ l'se of a tightly 
coupled arrangemt'nt, such as thi;;, mnkes 
the d('grt'e of linenri7.ation pra�tically 
ill(]ept'ntient of output loading. With 
normnl pl'ntodl' IIp .. ration, ('hanging the 
output loading ('811 change the feedback 
from its nOlllinal :!O ,Ih or so, up to o\"l�r 
40 dh-without taking into account pos
sible phn,;e (·ffeds. L"tilizing this method 
gets the dalllPing fat·tor above unity 
without any risk, and stabilizes the over· 
all fet'dbat·k to within a db or so (and 
phase to a few degrees). 

Fig. 5. How the bootstrap circuit works, by making the screen swing help produce 
the required gri? drive. Dashed portions of the small waveforms indicate the part 

during which the output tube shown is inactive and the other one takes over. 

The other advantage is that use of 
o;'-er-all feedback to linearize a distor· 
tion ba::;jrally produced hy the output 
stage deliberately distorta the �aveform 
handled by the relatirely linear part of 
the amplifier (hy as much as 40 per cent 
ill the example quoted earlier). By line
arizing the output stage as an entity, 

eounterpart of nott"h distortion (an even 
worse animal) is to be avoided. 

However, the approa�h adopted by 
Mclntosh is more oi the "brute force" 
type, by reducing the leakage inductance 
between primary hal\'es to vanishing 
point with the u..� of hifilar windings. 
At the same time the use of unity cou
pling makes a double step to pre,-ent 
any kind of load irom allowing e\"en a 
suspicion of notch distortion to return. 
(See Fig. 4). 

In the first place the significance of 
the term "primary half" is .. hanged. The 
primary winding is di,ided, not in two 
parts as in the normal push-pull, but 
into four parts. Tb. whole of the wind
ing connected in the cathode circuit is 
wound bifilar with tbe whole of the wind
ing connected in the plate and screen 
circuits. In this way an equal number of 
primary turns is interposed between 
cathode and ground as that between 
plate or screen and B plus. The cathode 
and screen of each tube are connected to
the same end of the bifilar pair while 
the plate is conneded to the opposite 
end. As the two windings are wonnd in 
such close proximity as to be virtually 
only one winding, this means that each 
of the tubes is eIfectively connected 
across the whole of the primary winding. 
When, during one peak of an audio 
signal, only one of the tubes is conduct
ing, the whole of the primary winding, 
in effect, is carrying the current of this 
tube, one half of one of the bifilar wind
ings carrying the plate current, while 
the other half of the other bifilar wind
ings is carrying the .. athode current (see 
Fig. 4). 
i This means the eJlective leakage in
ductance between the circuit that con
ducts during alternate half cycles, when 
transition takes pla� from one tube to 
the other, is so small as to be negligible. 
Leakage inductance between primary 
and secondary, of eourse, forms one of 
the parameters for the design of the 

o�er-all feedback network, but this does which is achieved by the use of a circuit 
not introduce any form of notch distor- such as. unity coupling, this problem does 
hon, becall.;e it is not interposed between not arise. Then the o,er-all feedback can 
these two) out.put tubes themselves. - - .. be used to reduce the residual low-order 

SO Per C.nt F.edback 

The �el'ond ad,antage of the unity 
coupling arrangmt'Dt is that it pro\-ides 
what lIlay be called 50 per I.'ent feedback. 
This means that the tJ of the plate circuit 
of the combined tubes is effedi,ely 0.5, 
and hl\lf the output voltage is developed 
betwl't'n cathode and ground and half 
bt'hvt't'o plate and B +. This reduct's 
fift!cti�e plate resistance "seen" by the 
c\�lllbint'd primary of the transformer to 
a point that constitutes more-than-criti
('al damping of the resonance primary 
capacitance and leakage inductance at all 
points on the waveform, and into all 
kinds of output load. 

As with other circuits of this type, a 
It'ry large grid swing is required to pro
-.ide the necessary grid-to-cathode dri�e 
,oltagt'. in addition to the cathode-to
ground half of the output voltage. This 
cathode degeneration also pro-.ides from 
12 to 15 db under nominal load, accord
ing to tube type and operating condi
tions chosen, of linearization. This re
sults in a damping factor between 4 and 
5 befort' any over-all feedback is applied 
(this will be slightly modified as we shall 
see latt'r, by the dri\'e arrangement). 

An intt'resting point to note here
not exclusive to this circuit-is that the 
damping factor of a pentode output 
stage, calculated on the usual basis of 
on-load gain, is approximately indepen
dent of the plate rt'Sistance of the tubes. 
..! gain reduction, onload, of 4: 1 (12 db) 
yields a damping factor of 4. The gain 
reduction of the c�uit without the load 
�ould be at least 20 db greater than the 
cl\lculated figure, �ause the gain of the 
tubes with open-circuit plate loading 
rises this much. 

There are two advantages to lineariz-

diStortion- present in the output circuit 
to an even lower percentage and to get 
an even higher damping factor. 

Grid-Drive Problems 

The next problem �ith this circuit is 
the high grid-drive ,oltage required be
cause of the cathode degeneration. The 
drive swing required is much more than 
that normally available at the plate of a 
preceding push-pull dri,er stage. The 
simplest way to overcome this problem 
(and by far the best) is to use the so
called boot-strap circuit. By coupling 
the top end of the dri,er plate resistors 
to the end of the primary winding of the 
transformer that SWill� positi,e when 
the grid dri"e requires to be positive, a 
form of positive feedback is achie,·ed. 
(Fig. 5). 

Assume the grid dri�e required, from 
grid to cathode, to be 30 ,oits and' the 
output voltage per tube 90 volts from 
cathode to ground and 90 volts from B + 
to plate or screen. This means the grid 
requires a total swing of 30 + 90 or 120 
volts. But by returning the plate-cou
pling resistor to the 90 ,olts ::;wing point, 
there is still only a 30-volt s�ing de
veloped across it. This means the effec
tive value of the resistor, from the view
point of the driver plate, is four times 
its actual value, because the audio cur
l'�nt flowing through the actual resistor 
is accompanied by an audio voltage at 
the plate four times the audio voltage 
developed across the resistor itself. 

From the d.c. point of view, the drop 
in the resistor is just that due to .  its 
actual value, because the d.c. voltage at 
each end of the plate and screen winding 
of the output transformer is sensibly the 
same as B +. Consequently this positive 
feedback effect enables a dynamic load 
line to be employed on the dri\"e tube of 
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Fig. 6. Operating 
conditions actually 
used in the 12BH7 
for the MC-30 am
plifier, showing 
how the boalstrap 
increases the avail
able swing the 
tube can handle, 
by a factor much 
more than it in-

creases its gain; 

need to have close tolerance to maintain 
uniform operating point.'!. 

�i J 
t-f---- MAXIMUM SWING . ___ --' .. i-l�l�� 

WITH 48 K DYNAMIC 

It has often been noted that r1ass-B 
output circuits often do not �u'" to gh·e 
so much output as circuits using nearer 
to class-A operation. using automatic or 
cl!thode-bias circuit.s. The reasvn for this 
is traced to what happens when overload 
hegins to occur. The automatic·bias cir
cuit self-corn pensates for o,erload by 
producing cathode degeneration of the 
overload component of the signal. With 
fixed-bias circuits, which have to be used 
for class-B operation, the cathode t?ircuit 
returns to ground. If the grids make any 
excursion positi,e at all, this will pro
duce a negative charge momentarily on 
the coupling capacitor from the driver 
plate. This will in,ariably overbias the 

tubes for a period of more than the 
average audio cycle and thU3 produce 
quite noticeable distortion ,ery quickly. four times the d.c. value, in this partic

ular example. In other cases it mav be 
more or less according to the dege�era
tion produced in the cathode circuit of 
the output stage. 

This impro,es the a,ailable swing in 
two steps. First it increases the operat
ing plate voltage and current by allow
ing a lower actual ':llue of resistor to be 
used. Then it increa;;es the a':lilable 
audio swing by raising the effectit·e nlue 
of thill coupling resist�r. This is illus
trated by means of dynamic load lines in 
Fig: 6. 

Another way of viewing this is that in 
a sense now the dri,er stage only has to 
pronde the grid-to-cathode swing in its 
plate circnit, instead of the complete 
grid swing. This being the case one 
would imagine at first sight that the 
positi,e feedback would undo some of 
the benefit?ial results of the negati,e feed
back. The reason this does not happen 
i� that the positi,e feedback is not effec
ti,ely 50 great as the negati,e feedback, 
al�hough at first sight it might appear 
thlS way, because of the change of the 
e�ecti,e value of resistance in the plat� 
C�CUlt of the dri,er tube . .Also the po�i
ti,e feedback is not materially dependent 
on output loading, as is the negati ve 
feedback. 

In this particular case the plate resist
ance of the dri,e tube is in the region 

Fig. 7. Kind of distortion often produced 
in a fixed-bias amplifier, due to grid 

current b iasing back . 

of 7.jOO to 8000 ohms and the plate cou
pling resistor is 12,000 ohms. This means 
the realizable gain of the tube without . . ' 
poslh,e feedback, would be approxi-
mately 3/5 of its amplification factor. 
So increasing the effectit·e resistance of 
the plate coupling resistor hy positive 
feedback ('an only increase the ""ain of 

• • 
0 

the dnve stage by a ma;t1mum of 5/3 
(assuming the effecth·e value is in
creased to infinity). 

Bootstrap Circuit 

While this bootstrap circuit only in
creases the a,ailable gain of the dri,e 
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alAS ON 12AX7 
GlID-S-

Usually the grid resistor has to be of 
fairly high value ro pren-nt loading 
down the drive stage. This is still true 
with unity coupling. Although a 12,000-
ohm resistor produCE'S an effecti\'e ,alue 
of 48,000-ohms due to the positi,e feed
back, the grid resistor has to be re
turned virtually to ground (actually to 
fixed bias negati\·e) �nd con:;equently its 
effective \-alue is the same as its adual 
value. If a large value resistor, in the 
region of 330k, which is usuall, recom
mended for this position, is �-ed, the 
biasing-back effect will last for at least 

aOOTSTlAP 
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�ECONDAlY 
� WlNDINGS 

Fig. B. Interposing a cathode follower (the 12AX7) between the bootSlrap drive 
(12BH7) and the oulput tube (1614) grids completely prevents the kind of distortion 

shown in Fig. 7. 

stage by approximately 50 per cent it a cycle of the audio wa\-efonll, conse
increases its availab le slcing to consider- quently the next excursion through cross
ably more than double, because it virtu- o\er will show eross()\"er disrortion, as 
ally extends the region of linear opera- illustrated at Fig. 7. 
tion by allowing a greater grid input 
swing to be effecti,e. The steeper slope 

This ('an be avoided by using a �apaci-

of the 12,000-ohm load line runs into 
tor ,alue such that the discharge time is 

cutoff much sooner than the shallower shorter than one period of the audio 

slope of the 48,000-ohm load line. waveform but this would mean ail ex-

The plate resistors for the bootstrap cessive low-frequency loss due to the 

drive circuit need to be of adequate combination of coupling-capa('itor and 

power rating, because the increased grid-resistor values. This may be offset 
efficiency of the circuit raises the avail- to sollle extent by the over-all negative 
able plate-circuit dissipation. They also fet'dback, but it increa�s the demand on 
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Fig. 9. Addition of another cathode follower (6BX7) to feed the screen of the output 
tube (os well os the bootstrap) enables unity coupling to be applied to tubes using 

pentode operation with different quiescent plate and screen voltages. 

the driver stage at the low-frequ�ncy 
end to an impossible degree. 

The only positive w-ay to eliminate 
this effect is to ha\"e the output tube 
direct coupl�d to the tube that imm�di
ately drives it. This is possible by using 
a cathode·follower stage interpo;:ed b�
tween the boot"trap drive stage and the 
output tube grid. The driver ;:tage ean 
then be resistance/capacitance conplt'd 
to the grid of the cathode followt'r ;:tage 
and e\-erything works quite happily. 

The cathode-follower stage is boot
strapped as well, which enables a low
current high-mu tube, such as a 12.lX 7, 
to be used to good advantage (Fig. S). 
Although the actual resistance, from 
cathode to the negative return point 
necessary to pro\"ide the correct opt'rat
ing condition for the tube, is of \"alue 
220k, the t'.tIecti,e a.c. resistance at this 
point is in the region of 600 to 1000 
ohms-the effective cathode n-;;istance 
of this tube operating as a cathode fol
lower. 

Direct bias for the output tube is con
trolled bv the !!rid bias of the cathone
follower 

·
stage. 

-
To achie\'e this the nt'ga· 

ti.e .oltage pro\'ided for the cathode 
return of the cathode follower is potted 
down bv two re5istors so that the ne�a· 
ti.e point for the grid circuit is j�st 
right for the output tubes. 

Just one more refinement to be neces· 
san-. Before the tube starts to ,'onduct, 
du;ing warm·up. the cathode of the 
12AX7 and the grids of the output tubes 
are at the maximum negati,e potential 
of this return point, because there is no 
current flowing through the cathode re
sistor of the 12.lX7. This mt'ans the 
cathodt'jheater potential of the 12AX 7 
can be excessive. To avoid this pos;;ibility 
a further resistor of 220 ohm is connectcd 
betwet'n cathode of the cathode fol· 
lower and cathode of the ontput tube, 
thus forming a .oltage divider to limit 

voltage during warm-up. In operation 
. this will onlv ha.e small audio .oltage 
al'ross it, a�d consequently represents 
nt'gligible audio loading. 

One more circuit has been developed 
for use with the unity-coupled output 
�tage to enable it to be applied to tubes 
th�lt can gi\'e considerably more output 
b. operating the plates at much higher 
p:,tential than the s(·reens. To achieve 
thi�. a further cathode follower tube is 
inserted in the screen feed to the output 
tuhE's. The grid for this cathode follower 
deri\'es its audio \"olt:lge from the 
cathode of the tube it feeds, while the 
d.c. potential is supplied through a 
separate control tube, half of a 12AX7, 
whio:h co m bines a safety function, mak
ing the screen ,oltage drop almost to 
ZE'ro in the event the grid-bias voltage 
should disappear for any reason. This 
action is illustrated in the partial s�he· 
matic of Fig. 9, 

The feedba ck arrangement of the 
unity.coupled amplifiers is pretty much 
in conformity with general feedback 
practice, utilizing a resi�tor with ph!l�e
correcting capacitor from the secondary 
of the output transformer back to the 
pre-phase.splitter catho<ie. 

The Output Transformer 

In some of the mOre modem unity-

Fig. 10. Different 
ways of picking 
off 600·ohm or 70· 
volt outputs, ac· 
cording to power 
and impedance of 
the output circuit. 
In some profes
sional types, these 
toppings or. sep· 
arated by trifilar 

winding. 

coupled amplint'rs, the output trans
fonner has �n elaborated somewhat 
from the simple bifilar arrangment origi
nally used for providing just loud
speaker impedanre tappings. For some 
appli('ati,llls a ,O-\'olt or 600�hm tap· 
ping is n'tluired.. One method of achiev. 
ing this was take tappings from the 
primary sidl', ntilizing the section con· 
nected to ground in the cathode circuit. 
A 70-vo lt output could be achieved by 
using the ground point and a suitable 
tapping. while the 600·ohm output re
quires two tappings, or in some instances 
a connection to the tube cathodes. (Fig. 
10) . 

A di;;ad\':llltag-e of this method fllr 
some s,;.tt'ms is that the 600·ohm or the 
7G.7-vdlt "irruit, as the case Ulay be, is 
perUlant-ntly att3ched to the amplifier 
ground. because it uses the actual cath. 
ode winding. To overcome this disad
vantage. ';0 lhat ground isolation can be 
achieved whE'n \le�'e,;sary. either for hum 
reductilln in the :>ystem or to conform 
with system rf'gulations, the output 
transformer is �tepped np from bifilar 
windings to ··tririlar" windings, In this 
way a sE'(·tion of the transformer, wound 
at the 5allle time as the I?MUlary. is used 
for the high.,olwge outputs. ,0 volts 
and 600 olun.s. while a �eparate winding, 
wound biillar with the secondary, is used 
for the fee<ibaek. This enables the sec· 
ondarv aL"O to be isolated. In some in· 
stance's parts of the secondary are also 
wound triftlar to enable other combina· 
tions of impedsn�e to be achie\'ed, not 
so readily po;;sible with just a single 
winding, 

There is one more important feature 
impro.ement in the unity-coupled cir. 
cuit from the original arrangment. This 
is a denre to improve the transient·han
dling cap!lc:ity of the amplifier. Because 
the amplirler uSt'S resistance smoothing, 
the imp3ct of a transient altt'rs the snp
ply \"oltages. Th...se voltage .:hanges can 
put an asyTUmetM�al transient throngh 
the system. be('au,;e theY.get referred to 
the single.ende<i part of the amplifier. 

To o\'errome this elIect. a "long.tailed" 
splitter is u5E'<l in which. the grid return 
for the �E'<'(Ind half of the inverter is not 
coupled directly to ground, but through 
a time·('onstant l'ireuit that produces an 
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identical effect with that present in the 
first half. ( Fig. 11 ) .  In th is way the 
.allYll1metri�al effect of the long-term 
time.,eonatant ehan� iD the B'Dpply 
cirewit are neutralized out so that no 
Cllaponent of this appean bt'Jond the 
phue iIIverier. This l?sults in .an am pli. 
fier that does !!Ot gf't shock excited into 
bounee effect when sudden transientJS hit 
it.  

There is one more nriation of the 
unity-eoupled circuit that this company 
hu produced, using triodes in cla.-B 
iutead of pentodes. In this eaae two 
transmitting type triodes, 8005'., are 
utilized for the output. The boot-strap 
n,ethod is uaed for the 4lri.e .tare in 
just the Ame way 1!Ii for the pentode 
circuit. But in this ease tetrodes are ueed 
for the drive function. ( Fig. 12) . This is 
l leeaUH � yhole proportions of the 
o.tput eireuit are changed . 

With pentode operation the cathode 
ciqeneration is responsible for reducing 
the effective plate-rirC1lit nsistanef or 
Bouree J"eIIista nee f (1f' the output stace 
from its original very high value to .a 
fraction of the toad resis1a.nee. Bence a 
relatively loy-ftSistallce triode is neeel
aary for � drive stage, in conjunction 
with the regeneration of the boot-strap 
cirC1lit, to prevBt �omplete loss of this 
improved oatput iBlpt-daMe Mid linear
ization. Uaing triode output tubes, the 
picture • practieally re\'ersec L 

The pI .... resistance of the tubes is not 
larger 'thaD' t1le 10aa resilllanee to begiD 
with. ID • elaSl-B circuit it il approxi
mately of the aame order. The athode 
degeneration due to unity coupting re
duces this to a lower figure and the re
generatioD of the boot-atra� ciftuit can 
be �Ued to bring it back approxi
mately to ita original region. What is 
DlO1'e DeeeeAry -with a triade �tput 
cireu.it ia • biger p"ing for tar output
tube pi" bf.eaUH of the 1� grid 
hue of ttae.e tabes _ eomparflli with 
eorrespoDCling pentodes. For thiI J"HlOn 
a pentode, operated -with a .... -nlue 
plate resi8tor and using regenlfttion to 
multiply the e1feetive value of the re-

i 
:J r-----t 

�------�----__ ----------------_+-- .· L .. 
( SIAJICT TO fLUCTUATION) 

Fig. 1 1 . The modified "Iong.ta iled pair" pha .... pl it Inverter, de.igned to compen

sate for 6+ l ine ftucNation. (due to tran.ient change. in .ignel level l  that other
wi.e con cou.e erratic ampl ifier behavior. 

;istor, �nah\es the mlleh bigger needed 
:wing to be obtained. 

Again, �thode followers are used to 
lrive the triode grid directly and avoid 
be e1f� previously mentioned and also 
o �nable the tubes to be driven into the 
>ositive grid region to get power dri\'e. 

A part from th.se slight di1fer�nces, 
he cirruitry of the 200-w.tt unity eau
,led amplifier, using two 8005 triodes 
'or the output, is T�ry limilar to the 

TO OTHfII 6AVS 
CIlTHOor-

alAS ADJUST '01 
OUTPUT T\afS 

other circuits we have already discussed. 
It will be noticed that the circuitry we 

hue discussed in this article is different 
from that employed by many amplliiers 
,in . that it has been engineered to serve 
the purpose intended, not just taken 
from current practice and reduced to a 
minimum for �conomie purposes. Hav
ing engineered a working circuit the 
MeIntosh people  have th�n worked on 
their production technique to obtain a 
satisfartory price. . 1£ 

Ig. 1 2. An "lnve,.ionH of the unity-c:oupled circuit u.e. a tran.m lHlng trlode In 
,. output, with a pentode bootltrap drive. With power d rive of the 8005'., thl_ 

circuit del ive,. 200 waH,. 
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By NORMAN H. CROWHURST 

TWIN

COUPLED 

AMPLIFIER 
--....... --T3 

C8--.... _ 

I 1,5 

S 
I NeE I have written so many 

articles showing why different 
amplifiers cause different kinds of 
distortion and getting straight the 

way in which different circuits func
tion. I have received a number of calls 
asking why don't I design a really 
good amplifier circuit using the best 
principles discussed. The I'eason is 
obvious-I have been too busy inves
tigating and writing'. However, it is 
time for the best principles to be put 
together into one amplifier, And-in 
response to popular demand-here it is, 

Based on some of the popular mis
conceptions I have been bUcking, some 
things this amplifier does will be de
cried by those who have been doing 
other things, So right here it will be 
well to explain just why the circuit 
is a rra nged the way it is: 

Investigating different ways of cou
pling output tubes shows that using 
push-pull triodes gives the best chance 
of getting high quality with low distor
tion. But the output is rather inefficient, 
unless we go to transmitting triodes 
and get an output in the region of 100 
to 200 watts by working in class B; 
in which case it is possible to achieve 
an efficiency comparable to, if not 
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V3 
PRIMARY 

LEADS FACE EACH 
OTHER 

In this new circuit rep1'oduction 
is ill/proved by using two output 
transformers-u'ithout pushing 
up th-e price 

Twin-cOUI)led 
high-fidelity 
amplifier deliv
ers 15 watts. 

higher than, that obtained at lower 
powers with pentodes, 

Using simple push-pull pentode oper
ation, the circuit is extremely critical 
of correct matching, which no practical 
loudspeaker achieves. The circuit. is 
much more efficient in that the tubes 
give a much bigger output for lower 
cost, but the stability tolerances of an 
overall feedback arrangement can be
come very critical, especially of prac
tical (speaker) loads. Many low-cost 
"high-fidelity" amplifiers do use push
pull pentodes with some degree of feed
back in the output. But they cause their 
designers numerous headaches in get
ting distortion down to a satisfactory 
figure (working into a resistance load) , 
juggling the circuit so it remains stable 
(if in fact it does) into the va riety of 
possible practical loudspeaker loads and 
also adjusting the circuit so it sounds 
reasonably good. 

The third alternative is Ultra-Linear. 
This splits the d ifference between 
triode and pentode operation and, in 
most tubes, also splits the difference in 
efficiency. As far as the tubes are 
concerned, it is often the best method 
of operation as regards linearity, but 
this is not the end of the story. You 

need a very good output transformer 
designed specifically for this purpose 
or othel' kinds of distol-tion will soow 
up that the patent specification didn't 
tell you about. 

Unity-coupled 
While Ultra-Linear operation makes 

pentode tubes much more tolerant of 
different loading, there is another fact 
about practical operat ion that allows us 
to use pentode operation, provided we 
do it the right way. This is the relation
ship between a speaker's impedance 
charactel'istic and power demand. 

At the low-frequency end, where 
resonance causes a speaker's impedance 
characteristic to rise, reso!lance im
proves its electromechanical efficiency. 
What is needed is virtually constant 
voltage drive, rather than constant 
l)owel' drive. Less power is required if 
the speaker is matched to the ampli:ler 
in the region where its impedance is 
substantially resistive (see Fig. 1-a). 
This means that, althoug'h pentodes 
normally produce more distortion wOO'k
ing into a higher load, we can utilize 
this impedance dl'ive to reduee dis
tortion by a greater ratio than the rise 
in impedance. The reduction in power 
demand from the output then results 
in a satisfactory distortion figure. 

Reactive components in a speaker's 
impedance characteristic at the high
frequency end have a similar factor 
to help them. A speaker works best 
when fed by a constant voltage or high
damping-factor amplifier and, in most 
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OUTPUT TUBE CURVES 

PlATE VOLTS 

program material, there is very little 
power at the extreme high frequencies. 
An amplifier using pentode output and 
a feedback arrangement that readjusts 
the tube operation to compensate for 
this (Fig. I-b) and that delivers full 
power into a nominal resistance load 
over the entire audio-frequency range, 
will perform at least as well as the 
Ultra-Linear. It will be more efficient 
because pentode operation is still more 
efficient than Ultra-Linear, especially 
with class-B operation. 

This is the philosophy behind two 
popular circuits, the unity-coupled by 
McIntosh and the Circlotron by Electro
Voice. The unity-coupled circuit uses 
a special output transformer, a vital 
feature of which is the bifilar winding 
of the primary. None of the trans
former manufacturers produces a trans
former for unity coupling, with a bifilar
wound primary. If they did, its cost 
would put unity coupling' off the map 
for most amplifier builders. McIntosh 
can produce a competitive amplifier 
w ith this circuit only because they make 
their own transformers on a production 
line, integral with the manufacture of 
the amplifier itself. 

The Circlotron is a circuit that is 
also specially adapted to production by 
a manufacturer who specializes in this 
type. The output transformer is not 
unusual (beyond having an unusual 
ratio) , but the power transformer has 
to be because the circuit requires two 
separate high-voltage supplies. 

Twin-coupled circuit 
In the circuit I use, which I propose 

to call the twin-coupled circuit, instead 
of using two separate high-voltage 
supplies, or a very special bifilar-wound 
output transformer, I use a conven
tional power supply with two conven
tionally wound output transformers of 
moderate cost. The cost of these out
put transformers is such that two of 
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Fig. I-a (above)-Speaker impedance varies 
with frequency. Fig. I-b (Ieft)-Properly all
plied "oItage feedback can improve perform
ance of pentodes into a speaker load wit hOllt 
losing advantage of better efficiency. 

them can be obtained fOI' less than the 
one found in more conventional high
quality amplifiers. 

This is made possible by the use of 
a circuit which does not require output 
transformers to respond to frequencies 
far beyond the actual audible frequency 
range required, mel'ely 10 Mlt-ist!1/ sfa/lil

ity criteria of the feedback circuit. It 
hilS always seemed to be a waste to 
require an output transformer that 
maintains response flat to somewhere 
between 100 kc and 1 mc to amplify 
satisfactorily frequencies that go up 
to only 20 kc. 

The next question is how big are we 
going to make this amplifier?' For the 
first model we decided to use a couple 
of EL84's to deliver a maximum output 
of 10-15 watts. This amplifier will 
deliver about 10 watts rl1ls continuous 
sine wave. In practical audio program 
material it delivers the equivalent of 
15 watt rms un distorted and 30 watts 
peak with slightly less than 1 volt in
put. This is because, when a continuous 
maximum output is passed, the B-plus 
voltage drops off a little and reduces 
the available power. So for performance 
comparison purposes this can be called 
a IS-watt amplifier. 

The reason so small an output proves 
satisfactory is that it does not run into 
sudden kinds of distortion when the 
output is exceeded on momentary peaks. 
Careful observation and tests with 
various amplifiers of different power 
ratings have shown some interesting 
facts. Many circuits designed to de
liver 50 watts or more probably deliver 
their rated output with very low distor
tion. But try to get 51 watts from a 
50-watt amplifier and you will suddenly 
find you are getting only about 35 
watts of distorted output. 

This explains a fact that many have 
already noticed: that some lower power
output rated amplifiers give apparently 
cleaner and better output than those 

with a bigger rating according to 
specification. Suppose we have an audio 
program run at an average level of. 
say, S watts, with peaks extending up 
to what should require 60 watts. 

Using' a IS-watt amplifiei' of good 
design, the average level will be pure 
and undistorted at 5 watts. The 60-
watt peak will be slightly distorted, 
but clipped down to about 20 watts 
instead of 60. The overall result does 
not sound too bad. 

Now the same apparent level from 
the 50-watt amplifier will sound con
siderably WOl·se. The average 5-watt 
output, by itself, would sound the same 
as from the IS-watt amplifier. But the 
60-watt peak drives the 50-watt ampli
fier into very severe distortion, so as 
to g'ive only about 35 watts extremely 
distorted output. Not only this, but the 
distortion hangs over into the 5-watt 
level that immediately follows the 60-
watt peak. Consequently even the aver
age 5-watt level is much more distortecl 
than it sounds in the well designed 
IS-watt amplifier. 

To make the 50-watt amplifier sound 
as clean as the IS-watt amplifier we 
have to turn the gain control down so 
the peaks stay well below 50 watts. 
which means we shall no longer have 
the averag'e operating level of 5 watts. 
Consequently the output will not sound 
as loud as it does from the IS-watt 
amplifier. 

Based on this experience, the twin
coupled amplifier eliminates the causes 
of sudden-overload distortion and, sur
prisingly enough, gives performance 
that compares with many 50-watt 
amplifiers very favorably, although it is 
capable of delivering only 30 watts 
pt'ak undistorted and 10 watts rms. 

Circuit details 
My circuit uses cathode bias. This is 

not an essential feature of the twin
coupled circuit but is thought best for 
this particular tube combination be
cause the EL84 is rated to give 17 
watts from a pair, either in class AB, 
with cathode bias or in class B with 
fixed grid bias. Use of the class-B 
arrang'ement would improve power 
supply economy and possibly allow a 
bigger reserve power against maximum 
measured power-if this is an advan
tage. The disadvantage is that c1ass-B 
operation with fixed bias runs us into 
that sudden-overload trouble. 

There are ways of overcoming this 
problem by using extra tubes in the 
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J2AX7 
PHASE INV 

R4 ISOK-S" 

R2 

RI-pot, 100,000 ohms, audio taper, with spst switch 
R2, 3-1,SOO ohms, 5% 
R4, 5-150,000 ohms, 5% 
R6-2,700 ohms, 5% 
R7, S-loo,OOO ohm. 
R'-220,000 ohms 
R I t>-6S,000 ohm. 
RII-I,SOO ohms 
R12, 14-47,000 ohms 
R13, 26-270,000 ohms 
R15, 16-39,000 ohms, 2 watts 
R 17, 18-330,000 ohms 
RI9-120 ohms, 2 watts 
R2t>-33,000 ohms, 2 watt. 

circuit, but, for the purpose of this 
amplifier, as class-AB operation gives 
the same output as class B, the simpler 
method (and the cheaper one) is to 
switch to cathode bias and use class 
AB. Fig. 2 is the amplifier schematic, 

The next point involves the choice of 
phase inversion. One idea considered 
was to use the 12AX7 with one half 
operating as a split-load phase inverter. 
This would enable single-ended feed
back to be used, which was one reason 
for abandoning it. As we shall see, 
ther'e are advantages to the use of 
entirely push-pull feedback in this cir
cuit. The other reason is that the split
load phase inverter comes immediately 
before the 12A U7 driver (V2), which 
has boot-strap coupling in the plate 
circuit to get enough swing to drive 
the output tubes. This means that the 
input grid swing to the 12A U7 on each 
half is just about the maximum possible 
by the time you reach maximum output 
from the EL84's. Under this condition 
a split-load phase inverter introduces 
a rather curious distortion and one 
which overall feedback tends to exag
gerate rather than minimize. 

When the gTid of the 12AU7 coupled 
to the cathode of the split-load phase 
inverter begins to conduct, as it will if 
peak output is even slightly exceeded, 
it clips the waveform, the same as with 
any other grid current in an R-C
coupled circuit. But, as well as clipping 
the waveform of the drive stage coupled 
to the cathode, it produces a very sharp 
peak in the waveform fed to the other 
half of the 12AU7. This is because the 
cathode half of the split load is virtual
ly bypassed by zero impedance as soon 
as grid current begins to flow in the 
tube it d rives. This means that the tube 
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12AU7 
DRIVER 

RI5 39K/2W 

t4 .05 

RI7 

20DV 
(KlOV) 

RI8 

tS .os 

39K/2W 

-:: 
3JOK 

EL84/SBQS (2) 
PWR AMPL 

VOLIIIGES IN PARENliIESES ARE he WITH IV INPUT SIGNAL 
·WITH NO SIGNAL INPUT 

R21-1,000 ohms, 10 watts, wirewound 
R22-pot, 50,000 ohms, linear tapes 
R23-47,000 ohm. 
R24, 25-100,000 ohm' All resistors 'I> woft, 10% unle .. noted CI-.001111 
C2, 3-0.5 Ill, 200 volts, paper tubular 
C4, 5-.05 Ill, 600 volts 
C6 7-0.5 Ill, 600 volts, paper tubular 
Ci-..40-SG-20 111, 450 volts, electrOlytic, can type 
F-Fuse, 3 amp 
JI, 2-phono jack, 
S-.pst .witch on RI 
II, 2-output translormers, 71/, watts, 4,000 ohms, 

plate to plate d: S-, 16·, 32-ohm secondary 
(Chicago Standard A-S�4, Ihordarson Meissner 
22S21, Merit A-2997, Iriad S-34X 

T3-power transformer: primary, 117 volts; secondary. 
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4�S 4nS 

HTRS 

Parts Li.t include. components for' alternate cir
cuits in Figs, 5 and 6. 

600 volts, ct, "75 ma; 5 volts, 2 amp; 6.3 
.
volh, 3 

amp. (Triad R'A, Chicago PV70A or eqUIvalent) 
VI-12AX7 
V2-12AU7 
V3, 4--Ampere. ELS4 
V5-5V4 
Chassi" , x 7 x 2 inche, 
Sockets, ,-pin shielded (2) 
Sockets, '-pin un,hielded (2) 
Socket, octal 
Fuse extractor post . 
Barrier strip, Cinch-Jone, 4.-141 or equ,valent 
Grommets, ¥a inch (4) 
Grommet, if .. inch 
Tie strip, Cinch Jone, 52A 
Tie strip, Cinch Jone, 53C (one mounting lug 

removed) 
Miscellaneous hardware 

Fig. 2-Circuit of the twin-coupled amplifier. 

beg'ins to operate into the plate half of 
the load as a full amplifier, instead of 
a splitcload inverter. Consequently a 
sudden, very sharp pointed peak, in a 
negative direction, appears in the plate 
circuit (Fig. 3). 

All of this begins to happen at about 
the same time other circuits reach over
load points. The effect of feedback is to 
exag'gerate this sharp peak. It takes a 
variety of forms at different fre
quencies. Some places appearing as a 

notch, at other places it begins to look 
like a damped parasitic oscillation on 
the waveform. This is shown by Fig_ 4. 

This defect can be avoided by using 
push-pull operation throughout, which 
is the circuit I finally adopted. A fur
ther advantage of using push-pull 
operation throughout is that it allows 
entirely push-pull feedback. This means 
the output transformers can be remoyed 
from the feedback loop. Some will 
immediately object that this means the 

'Underehassis view shows the relatively uncluttered wiring. 

41 



AUDIO-HIGH FIDELITY 

Fig. 3-Wneform distortion d-ue to 
split-load and other in\·erters. \\"hen op
erated to maximum s\\"ing of follo\\"ing 

stage. 
feedback does not cancel distortion 
"produced by" the output transformer. 
This is not true, as I ha\'e shown in 
previous articles. 

Output transformers cause distor
tion in two ways: by the direct effect 
of the magnetizing cUl'I'ent at low fre
quencies or due to their internal react
ance at very high frequencies. 

Usually the latter effect is produced, 
only due to the method of operating 
the tube or due to overall feedback. 
Consequently, removing the transform
ers from the overall feedback loop, 
rather than allowing them to pro
duce distortion at the high-frequency 
end, fn'es them from thc liability of 
doing so and also makcs it possible to 
use a transfOl'mer that does not have 
to respond up to 100 kc or higher to 
produce satisfactory performance up to 
20 kc. 

At the low-frequency end, feedback 
from the primary is as effcctive in 
rcducing distortion due to transformer 
magnetizing current as feedback from 
the secondary. So, by using overall 
feedback from the output tubes back to 
the input 12AX7, we avoid the need 
for tlllllecessa rilll high-quality output 
transformers and produce an amplifier 
which is inherently more stable than 
any kind of cir'('uit with output trans
formers in the feedback loop. 

In this circuit it is important to 
have close tolerance values for feed
back resistors R2 and R3 in thc cath
odes of the 12AX7 and R4 and R5 fr'om 
the cathodes of the EL84's. These 
resistol's should be 5% tolerance or 
better. 

The phase-inversion circuit is some· 
what new, although it looks like a 
straight paraphase. It is different be
cause the overall feedback operation is 
included in phllse inversion. If the 
inversion provided by resistors R!I and 
RIO is not exact, overall feedback will 
correct for this. 

The use of a paraphase inversion is 
still liable to produce an effect similar 
to that described with the split-load 
phase inverter. The presence of overall 
feedback in push-pull minimizes the 
effect, but it still can increase the dis
tortion a little before the clipping point 
is reached, due to the fact that 12A U7's 
do not start to conduct grid current 
suddenly. 
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The remedy for this is to insert 
resistors Rl2 and RI4 in series with the 
12A U7's grids. This prevents the slight 
grid current commencement at pin 7 
of the l2A Uj' from being reflected into 
the I2AX7 grid at pin 2 and producing 
an asymmetrical signal through the 
amplifier. Instead the signal fed to pin 
2 of the lZAX7 is a true inversion of 
that at the input, pin 7. The slight 
droop at Illaximulll signal, due to the 
very smltll commencement of grid cur
rent through Rl2 and Rl4, is symmet
rical and readily compensated for by 
the feedback al'l'ang'ement, until clip
ping occurs on the .output tubes. 

Checks with the indicated values for 
R9 and RIO, used for phase inversion, 
show that close tolerance is not critical. 
The closely controlled push-pull feed
back takes care of slig'ht fluctuations 
at this point. Serious deviation from 
the correct values, such as using -17,000 
or 100,000 ohms in place of 68,000 
ohms, will result in unbalance in the 
drive to the IZA U7 and consequent un-

Fig . .. -Two waveforms resulting from 
the eft'ed of Fig. 3 w orking in a feed

haek aml)lifier . . 

B+ -:-

1.8K 

RI4 
47K 

270 K 

Fig. a-Cireuit shows how to add a bal-
anee eontrol. 

balance in the drive to the EL8-1's. This 
will be approximately equalized in the 
output due to the tr'ansformer and 
cross-coupling action, so the fed-back 
signal gets almost equalized by the time 
it reaches the cathodes of the 12AX7. 
The degree of unbalance in the drive 
to the lZAU7 and EL84's will be less 
than the dt'g'l'ce of erTor in the phase
inver·ter values. Due to feedback action, 
the fed-back signal at Vl's cathode will 
be unequal to compensate for the in
equality the phase inversion tends to 
produce. 

But to produce maximum output and 
avoid a form of notch distortion, which 
may show up above 3,000 cycles, it is 
best to use the indicated values for R!l 
and RIO, as well as close-tolerance feed
back resistors. If you want to incor
porate a refinement to be sure of 
obtaining absolutely the best 'perform
ance from this amplifier (and some 
people always like to have a BALANCE 

control in a push-pull amplifiel') use a 
50,000-ohm potentiometer in conjunc
tion with a 47.000-ohm resistor in t.he 
phase-inverter circuit. This drcuit is 
shown in Fig. 5. Adjust the BALANCE 
control for equal voltages on the gTids 
of the 12AU7. at a 1,000-crele input 
signal. 

Another comparatively minol' a(h-an
tage of this amplifier circuit is that it 
readily lends itself to modification to 
push-pull input. This has some advan
tages if you wish to operate the ampli
ficl' with a compressor, expander' or
coded controls, using variable-g'ain 
stages ahead of it. These circuits work 
with much less distortion if the vari· 
able-gain tubes are used in push-pull 
so as to give a push-pull output. In 
using this amplifier, it is then possible 
to use push-pull coupling throughout. 
All that is necessary to make the change 
is to remove the phase-inversion compo
nents, put another 270,000-ohm unit in 
the grid circuit to pin 2 of the 12AX7 
and bring out another input lead. This 
is shown in Fig. 6. 

How it works 
Now come the points that e\'eryone 

wants to know-how this amplifier 
really works. It uses two output trans
formers, the primary of one being in 
the cathode circuit while the primary of 
the other is in the plate and screen cir
cuits, with these cross-coupled, The 
secondaries are connected in parallel, 
not only at the ends but at each tap. 
This means that whichcver secondary 
tap is used, half the output current will 
be delivered by each transformer. 

On the primary the same resultant 
current flows through both transformer 
windings beeause they are virtually in 
scl'ies. The high voltage goes in at the 
center tap of one, through the tubes and 
out through the center tap of the other 
from the cathodes. So half the audio 
voltage is developed on each output 
transformer's primary. 

For the extremely low fl'equencies, 
magnetic coupling from one primar'y 
to the other by the parallel-connected 
secondaries is sufficient to insure that 
screen voltage is always in phase with 
cathode voltage and that plate voltage 
is equal but in opposite phase on each 
tube. To take care of tht· middle and 
higher frequencies, where the leakage 
inductance of the transformer would 
loosen off this coupling, the simple 
expedient of placing a 0.5-J.lf capacitor 
between screen and cathode of each tube 
is used. This means that good coupling 
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Fig. 6-Circuit modification provides 

push-pull input. 
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in the tube is maintained out to a fre
quency far beyond that possible ·in an 
output circuit of this type where the 
·correct maintenance of voltag'e between 
screen and cathode depends on trans
former coupling. 

Here many wiII ask, "Why, if you 
al'e llsing a low-cost transformer of 
conventional construction, do you have 
to get one specially made?" This was 
something I hoped to avoid. But every
thing I could find listed had to be 
rejected for one of two l·easons. 

WATTS OUll'lIT (AVERAGE> 
100 .�� I 2.25 4 6.2� 9 12.25 16 

I 
e 

CONTINUOUS�9INGLE TONe � 
I 

�6 i 
SHOR,I+ . c 

�4 
i��� 

� , 
2 

. 10 WA+�J 1/ 
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i J.-- L 0 I� 0 

RMS VOl TS
I�UTPUT 

Fig. 7 -Distortion charaC'teristic: for 
(·ontinuous tone and short-term power 
demand. Harmonic C'onl!'nt below t he 
sharp upward turn is 1I1moo;;r entirely 
second, negligible third and higher order. 

Single-ratio transformers in this 
power rating (7.5 watts per trans
former, since each delivers half the 
total) do. not have. the right imped
ances. As we have explained, the pri
mary of each transfO l 'mer presents half 
the normal plate-to-plate load for these 
tubes. Also the nominal secondary 
impedance needs to be twice that of the 
speaker system to which the two are 
connected, as they supply the total 
power in parallel,. between them. 

. 

Some of the so-called "universal-out
put" transformers might include the 
correct impedance ratios. But these 
types are invariably intended for even 
poorel' frequency y:ange t.han we can 
tolerate. While complicated design, to 
get an unnecessary high end response, 
can be avoided, we still need iron to 
get the low end. Most of the universal 
type list a weight of less than 1 pound, 
which means they could never give 
power below 60 cycles-if they go that 
far. 

For this reason, I designed a suitable 
transformer for the job (although two 
transformers are used, they are iden
tical) ancl had them made up. Having 
proved that the amplifier works up to 
expectations, a number of well-known 
transformer manufacturers h�ve agreed 
to cooperate with readey·s of this maga
zine by making this type available and 
the suitable new type numbers are 
listed in the parts list. 

If you should have a couple of old 
transformers lying around that you 
would like to try in this circuit, remem
ber that the plate-to-plate load must 
be half the nOI'mal value for the tubes, 
and the secondary rating for imped
ance mllst be double the speaker imped
ance with which you will use it. 
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As feedback 'is taken directly from 
the cathode, which is only at a low 
voltage above ground, it is unnecessary 
to use blocking- capacitors in series 
with feedback resistors R4 and R5. 
This eliminates a potential cause of 
low-frequency instability. 

Cathode degeneration, due to half 
the power being taken from the cathode 
circuits of the EL84's, reduces the 
effective voltage gain of these tubes as 
output tubes by about 12 db, operating 
into cOlTectly matched load. (Operating 
open circuit, this would be a r.eduction 
of about 35 db.) This means damp
ing factor, before any overall feedback 
is appl ied at all, is equal to approxi
mately 3 01' 4. 

The boot-strap circuit has the effect 
of increasing the dynamic load line for 
V2 by a corresponding factor of 4 
times due to the 12-db deg'eneration in 
the output stage. This more than 
doubles the available swing from the 
12A U7, but it does not have the effect 
of degenerating the distortion-reducing 
effects of negative feedback by the 
same factor. . 

This is because V:?'s gain. is not 
boosted by the same amount as its 
available swing. \Vorking with the 39,
OOO-ohm plate resistor, V2's gain, with 
a plate resistance of about 7,000 ohms, 
comes out to 39/46 times the amplifica
tion factor of the tube. which is 17. 
This fig'mes to about 14.4. Using the 
dynamic load of 4 times 39,000 ohms, or 
approximately 160,000 ohms, the gain 
of the tube rises to 160/167 times the 
amplification factor of 17, or about 16.3. 
So the change in gain, due to the boot
strap effect, is from 14.4 to 16.3, which 
is little more than 1 (lb. 

Another comment on this circuit may 
refer to .the absence of cathode-bypass 
capacitors, on either the 12A U7 or 
EL84 bias resistors. In both instances, 
the use of a cathode-bypass capacitor 
not only increases the distortion pro
duced by the pair of tubes, but also 
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reduces the available swing as COlI1-
pared with the un bypassed condition. 
Thus leaving- out the bypass capacitors 
is not a matter of economy, it produces 
better performance. 

With the 12A U7 boot-strap drive cir
cuit, the damping factor of this ampli
fier is still in the reg'ion between 3 and 
4 (a little nearer to 3 than to 4) . The 
overall feedback provided by the 150,-
000- and 1,800-ohm resistors is around 
14 db, which boosts the basic damping 
factor of the amplifier by 5 times, Ito 
about 15. Winding losses in the output 
transformers reduce this, at the output 
terminals, to between 8 and 10, accord-. 
ing to the tap used. As the windip.g 
losses in the transformer are still only 
a small fraction of the speaker's voice 
coil resistance, this cannot be reg:arded 
as a serious deterioration in dampillg. 

From the feedback viewpoint, ine 
o�erall feedback loop contains three 
rolloffs at the low-frequency end of tine 
response. The reactances contributing 
to. this roll off are C2, C3, C4, C5 and 
the primary inductance. of the output 
transformers,_ the latter being the limit
ing factor. The - other values <1re optun
ized to minimize possible bounce effeCts 
with any practical load reactance possi
bilities. This produces level response 
down lo 20 cycles. 

At the high-frequency end, cath�de 
degeneration of the EL84's prevents 
either plate or cathode circuits from 
introducing any effective folloff up to a 
much higher limit than that produted 
in the other circuits. The effective 1',)11-
offs are due to the V2 grids as a capac
itance loadipg on the plate circuitslof 
VI with the .47,OOOcohm resistors' in 
series, and due to the EL84 grids -as 
a capacitance loading on the plate cir
cuit of the 12AU7. Without any com
pensation, the overall response of the 
amplifier is level up to well above 10 
kc, although there is a loss of about 
1 db between 15 and 20 kc. 
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· Use of resistor R6 and capacitor Cl 
between VI's cathodes levels off the 
response to 20 kc, working into a 
resistance load 01' open circuit. 

The circuit as shown will work well 
into any dynamic speaker combination. 
But for a system with an electrostatic 
tweeter it will produce from 6-S-db 
boost at about 20 kc. This can be re
ducE:d to about 2 db, which will sound 
quite smooth, by omitting R5 and Cl. 
Distortion characteristic and frequency 
response are shown in Figs. 7 and S. 
The 2 db can be eliminated by insert
ing a resistance about half the value 
of the nominal impedance (8 ohms on 
the I6-ohm output) in series with the 
tweeter feed. This will affect only the 
20-kc response. 

Construction kinks 
C6 and C7 should be arranged to get 

as direct a coupling as possible between 
cathode and screen. This is achieved 
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by spacing the tube sockets so the 
capacitors may be wired directly and 
snugly into this position. The output 
transformers are then oriented to keep. 
all primary leads short. These are the 
only precautions necessal'y in chassis 
layout to insure sUlbility. 

In this amplifier circuit, ground re
turns fire no problem at all as regards 
stability. But careless ground returns 
can result in slight hum induction. This 
conforms with the geneul pattern of 
precautions for power .amplifier wir
ing. C8 may have its case directly 
grounded to the chassis, in which case 
the input ground should be isolated 
from chassis and a return taken to the 
point where the supply goes to

· 
ground 

at the electrolytic capacitor. Alterna
tively the electrolytic capacitor may be 
isolated from ground by using the 
bakelite wafer that comes with it, in 
which case the input socket can be 
solidly grounded and a return taken 

froin the supply ground b!lck to the in
put. All other amplifier grounds should 
then be taken to the supply ground 
rather than the input ground, to avoid 
internal ripple coupling back to the 
input. These precautions are necessary 
only if you are aiming to get a hum 
level in the region of 90 db or even 
better. 

This is the first constructor am p lifiel' 
utilizing the new twin-coupled output 
circuit. The circuit is not, of course, 
restricted ·to application to EL84 tubes. 
For bigger outputs clllss-B operation 
could be utilized with suitable trans
formers for the purpose and a method 
of coupling between the drive and the 
output stage. that obviates the sudden 
overload characteristic of class-B unity
coupled operation. If interest in· a 
higher-output twin-coupled amplifier 
waITants it, we will pursue the matter 
and publish later a design for a further 
cil'cuit with bigger output. END 
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COVER 

By NORMAN H. CROWHURST 

M
ANY readers have asked, 

"How can we design a twin
coupled amplifiel' around the 
output tubes we like using?" 

This article answers that question by 
showing a high-power twin-coupled cir
cuit you can build and how to design 
one to suit your own tubes, ideas or 
requirements. 

The original twin-coupled circuit was 
designed to give high fidelity at low 
cost.· It used EL84's in its output, and 
inexpensive output transformers wound 
in the simplest possible manner to get 
adequate performance. This, unfortu
nately, resulted in unequal resistance 
for the primary halves. While the in· 
equality is not important in the plate
screen·coupled transfonner, it does re
sult in slightly different bias on each of 

• "High Fidelity .t Low Coot With Twln
Coul,Jed Amvlitier," November. lY57. "Uvtilltlng' 
the H-io; Twin-Coupled Amplifier," .June. 1�60. 

Fl •. I-A variation that equallze8 cath
ode circuit re�i8tance In the output 

tube�. 
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Design a twin-coupled amplifier for tubes you 
like to use or build this 35-watt unit using El34's 

8+1 

Fill. 2-0.sic circuit of II fIlore powerfultwin-coupled amplifier. 

the output tubes-because of the differ
ent dc drop across the cathode-con
nected primary. 

Some readers have rectified this 
difference and increased output 1 or 2 
watts, by inserting a 30·ohm equalizing 
resistance in series with the half pri· 
mary that measures only 70 ohms, to 
make its total resistance equal to the 
other half (Fig. 1). 

Tu design your own circuit, use the 
same cllnfiguraticn as the original, or 
the variation shown in Fig. 2. As far 
a:; possible, the same component num· 
bering is lIsed on both to avoid confu
sion. But don't look for R9 or RIO in 
Fig. 2, hecause they aren't there. W�ich
ever cil'cuit you use, keep the arrange
ment and wi ring of V2, V3, V 4, RI5, 
RI6, C4, C5, R17, RIS, C6 anc\ C7 
physically compact. They carry high 
audio voltages that sh:>uld be kept away 
from the input circuits. 

To go about the design, first dedde 
what output tubes (V3, V4) you want 
to use and the operating conditiuns. 

If you want to go to more than 20 watts, 
you should use the larger transformer 
-Chicago Standal'd A-S09S. It ha, 
balanced primary halves, more handling 
capacity and better mixing for hig-h· 
frequency response. Its primary imped
ance is 2,000 ohms center-tapped, 
intended for use with tubes having a 
normal plate-to-plate load requi I'ement 
of 4,000 ohms. 

With slight variations, almost allY 
output tubes can be used, with th., 
suitable output transfot'lnel'. To sho\\' 
how to figut'e circuit values, we will 
take EL34's as an example. The Mul· 
lard tube manual lists a cundition 
using 375 volts B-plus with cathode 
bias, to give 35 watts output. The plate· 
to-plate load is given as 3,;:'00 ohms for 
this condition. With a 4,OOO-ohm plate
to-plate load (using two A-S098 output 
transformers), these tubes should give 
better than 30 watts, assuming we get 
the same voltage swing with the higher 
loac\ value. 

To deduce the available output volt· 
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fi�. 3-Conllruetion mowinl operallon ola 12AU7 a. a driver. Fil. 4-12BH7·A Ih'el plenty of .winl ••• driver. 
S,,'in. dOe. not haye •• meienl mar,in. 

age swing in the plate circuit, from 
wltich we work out all the other swings, 
use the condition indicated in the Mul· 
lard tube manual tables: 85 watts out· 
put with a 8.500-ohm plate-to-plate 
load. This works out to 350 volts nns, 

using the fonnula V = V WR. We are 
interested in swing. Peak voltage ..... iII 
10.. 500, and peak·to-peak, which is 
swing, will be 1,000. Of this, 500 volts 
will appear across each primary, and 
2 .• 0 volts across each half primary. 

Don't forget, while we figure out 
operation in tenns of swing or peak· 
to-peak, a meter measures nns (on a 
�ine·wave test signal). So when you 
('heck operation, divide the swing value 
by 2.83 to get the reading you should 
expect on an audio voltmeter. 

To get the output swing we have just 
fi�ured, the tube manual says the grids 
I,ped an input of 40 volts nns, grid to 
grid. This ..... iIl be 20 volts nns per grid, 
01' 56 volts swing per grid. But this 
;·,Ii.volt swing is required from grid to 
cathode, and the cathode swings 250 
\'olts because of the output voltage. 
So each driver stage has to delivel' 
2;;0 + 56 = 306 volts swing to its out· 
put tube grid. 

The driver stage 
No ..... we look for a driver stage. First 

h·t's try a 12A U7. The only way is hy 
drawing the load line on the curves. 
Fil'�t �e put in the maximum voltage 
and dissipation (Fig. 8). 

If ..... e use 10,OOO-i>hm resistors in 
the plates (R15 and R16) and about 
12 volts bias, the operating point is 
about 290 volts, 8.5 rna (from the 375-

volt supply). 'For a 56-volt swing, 
measured gdd to cathode of the output 
-stage, the grid swings 306 volts. So 
this 10,OOO-i>hm resistor, has only 56 
volts (audio) acrols it, although the 
"late is delivering 806 volts audio. This 
means the effective value of the 10,000-
ohm resistor for plate coupling, in the 

306 
dynamic sense, is multiplied by 56- or 
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about 5.5, which makes it look like 
55,000 ohms. 

The grid resistors (R17, RI8), which 
should not be higher than 470,000 ohms 
to satisfy operating requirements of 
the output tubes, do not get multiplied 
in this way because they have to be 
returned to ground. So the effective ac 
plate load is 55,000 ohms in parallel 
with 470,000 ohms, or about 49,000 
ohms. 

Laying a 49,000-i>hm load line 
through the operating point and esti
mating a 24-volt swing (twice the bias 
voltage), plate swing is from 100 to 
440, or 340 volts. To use this dynamic 
operating point, one tube passes 12 rna 
(at 100 volts) while the other passes 
Ii rna (at 440 volts). The total current 
is 17 rna on dynamic swing, or 18 rna 
in quiescent condition, and we requi I'e 
12 volts bias. So the cathode resistor 
(unbypassed) must be 680 ohms. 

This is just enough, but it allows too 
little margin for comfort. To be sure 
of getting enough swing, let 's try a 
12BH7-A (Fig. 4). Again using a 
10,000·ohm plate resistor (R15, R16), 
this time with 15 volts dynamic bias, 
we get an operating point of 300 volts, 
7.5 rna, which is within the rating of 
the tube . 

With the same 49,OOO-i>hm dynamic 
plate load, the swing is now from 55 
volts, 12.5 ma to 495 volts, 3.5 rna. The 
voltage swing is much more adequate: 
495 - 55 == 440 volts. The cathode 
resistor (Rll) needs to give 15 volts 
bia'l with a total current of 12.5 + 
3.5 = 16 rna. Probably 1,000 ohms is 
close enough, in view of the reserve. 

This will give close to the same quies. 
cent operating point, because each tube 
passes 7.5 rna with 15 volts bias. 

For the EL34 bias, the Mullard tube 
manual lists 260 ohms per tube. Each 
half primary of the A-8098 trans· 
former measures 55 ohms, so an addi
tional 205 ohms per tube is needed. 
For two tubes, this value is halved. A 
100-i>hm resistor (R19) is close enough. 
Total maximum signal plate and screen 
current is 227 rna (2 x 94 + 2 x 
19.5) , which will give a 22.7-volt drop 
and dissipate 22.7 x 0.227 = 5.15 watts. 
A 10·watt resistor should be used. 

The driver plate resistors (R15 and 
R16) drop 75 volts with 7.5 rna, a 
dissipation of a little more than % 
watt, so at least l-watt resistors should 
be used here. A %.watt resistor is 
plenty for the driver bias (Rll) and 
other resistors in these stages. 

Phase splitter and voltage amplifier 
The driver stage will need 30 volts 

swing on each grid (twice the bias 
voltage). This a 12AX7 will do easily 
with either circuit (Fig. 5). Using the 
arrangement of Fig. 2, with 100,000 
ohms in both cathode and plate of the 
phase·splitter section (R4, R5), the 
load line is 200,000 ohms. Supplying 
300 volts B·plus to this point, the min· 
imum tube drop is about 60 volts. With 
the dynamic load line, due to paralleling 
the following·stage grid resistol'8 (R7, 

,R13), the minimum tube drop is some· 
what greater, so allow 75 volts. This 
will be the minimum bottom swing 
from the operating point, with 15 volts 
in each load. plate and cathode. So the 
tube operating voltage should be 105. 

'1INTED CIICUIT AYAILAILI 
RADIO·ELECTRONICS is pleased to ennOllnee thet the printed.eirellit boerd IIsed 

in the Twin,Colipled Amplifier un be pllrehased by the eonstrllC+or. By speeiel Ir· 
rengement, you een get e Twin.Coupled Amplifier circuit boerd for $2, postpeid. 
from RADIO.ELECTRONICS, 154 W. 14 St., New York II, N.Y., or EleC+ro.Technik 
Co., 19456 Meyers Rd., Detroit 35, Mich. Both sides of the bO.trd you will receive 
ere .hown in Fig. 9 of this ertiele. In future iuues. printed.circuit boerds for other 
construction projeeh will elso be mede e"eileble. 
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ECC83 voltace amplifier and pha.e inverter. 

Flc. 7-Charaeterlltlea or an EF86 abowlnc operation al 
a boot'trapped driver with a cain or about 500. 

Make it 110 volts to give a slight 
margin. This leaves a 190-volt drop to 
the dc load resistor, 96 volts in the 
cathode and 95 in the plate. 

Now the other halt of the tube has 
to provide a direct-coupled grid volt
age of 95 positive (strictly this should 
be less the bias of the second stage, 
which would make it 94.3 volts). Using 
a 220,OOO-ohm plate resistor (R3), this 
needs a bias of 0.6 volt with 0.9-ma 
plate current. So the input stage bias 
resistor (R2) must be about 680 ohms. 
This is also the bottom leg of the feed
back network. 

The phase splitter and voltage ampli
fier operate from a 300-volt source 
(B + 1) so a series resistor is needed 
to reduce the available voltage (B+ 2) 
to this level. A 39,OOO-ohm � -watt 
resistor passing 1.85 ma will develop 
the required 75-volt drop. 

The stage has a gain of about 70, so 
the 30-volt output swing needed for 
the phase-inverter input (the phase
inverter gain is very nearly unity from 
Input to each output) is obtained with 
about 0.43 volt input. If we use 14 db 
of feedback, the input has to be about 

5 times this, or 2.15 volts swing, which 
is 0.76 volt rms. To get this feedback, 
the voltage across R2 has to be about 
4 x 0.43, or 1.72 volts swing. The swing 
on V 4's cathode, from which this is 
derived, is 250 volts. So resistor R8 

250 
must be 680 x 1 .72 = 100,000. 

Coupling capacitor values follow the 
original circuit. Also R12, R14 and R13 
(with R7 made the same-270,OOO 

ohms). If a 400-0-400-volt power trans
former is used, total current is 227 rna 
for output tubes, 15 ma for the driver 
stage and almost 2 ma for the input 
stages: a total of 244 rna. A 5 U 4 with 
capacitor input filter will take care of 
power requirements. Using a 10-!'f in
put capacitor, the output voltage is 
about 470. So the smoothing resistor 
must drop about 95 volts at 244 ma, 
requiring 370 ohms at 23 watts. A 350-
ohm 25-watt resistor will serve. C8 
must be rated at 500 volts. 

Those are the calculations. But after 
building the amplifier, check the operat
ing voltages, both quiescent and with 
power. The plate voltage of the 12BH7 
should be 300 (assuming the B-supply 
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Fi •. &-Circuit usin. bootstrapped pentooe8 (or driver8. 

ends of R15 and R16 get 375 volts). 
The cathode and plate of the second 
half of the l2AX7 should be 95 and 
205 volts, respectively (again assuming 
the supply point is 300 volts). If not, 
the bias resistors (Rll or R2) need 
changing to get the voltages right. 
Don't forget, if you change R2, R8 
needs changing in the same ratio to 
maintain correct feedback. 

Network Cl-R6, from V-la's cathode 
to ground, levels off the response to 
around 20 kc when working into an 
open circuit or a resistive load. If the 
speaker system includes an electro
static tweeter, this R-C network pro
duces a 6- to 8-db boost at around 20 
kc. This boost can be minimized by 

- eliminating Cl and R6 when using an 
electrostatic tweeter. 

If you use the original first-stage 
circuit (See RADIO-ELECTRONICS, June, 
1960, for full schematic, or November, 
1957, for original article), adjust R9 
and RIO with signal passing and feed
back connected, until signal voltage on 
both driver grids is equal. This is more 
easily done ex perimentally than by 
calculation. 

Transformer input 
Another variation requested was a 

surprise to me-a circuit to use trans
former input. To do this effectively, 
much more gain is needed from the 
driver stage, so two stages (drive and 
output) are sufficient. This is done by 
using a pentode driver and taking the 
bootstrap feedback a little furthel', to 
include the output stage grid resistors. 
Fig. 6 shows the circuit. 

The output stage is the same as the 
one we have just worked through and 
requires a 306-volt swing per grid, of 
which 250 volts appears at the cathode. 
The driver uses two pentodes, which can 
be EF86's. Using a 100,OOO-ohm plate 
resistor (R15, R16), coupled to a 470,
OOO-ohm following grid resistor (R17, 
R18), and 3.3 volts bias, the gain is 
approximately 500 (using a dynamic 
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load line of 5.5 x 80,000, or 440,000 
ohms (Fig. 7). 

This means the grid input swing for 

306 
the EF86's must be about 

500 
= 0.6 

volt. Inserting 2.4 volts (4 x 0.6) in 
the return of the input transformer's 
grid windings gives 14·db feedback. 
The input swing per grid winding must 
be 3 volts, or about 1.06 volts rms. 
One of the stock line/plate to push
pull grid transformers, with a stepup 
ratio of 2.5 or 3 overall, will permit 
driving this amplifier from a cathode 
follower output delivering 1 volt rms. 

R5), to provide the 100·to-1 reduction 
from 250 volts to 2.4 (approximate). 
The only remaining details are the 
bias and screen voltage arrangements 
and the output-stage grid decoupling, 
to permit bootstrapping the grid resis
tors. 

The feedback resistors can be 1,000 
ohms ( Rl, R2) and 100,000 ohms (R4, 

The EF86's need 3.3 volts bias with 
a total plate current of 2 rna, plus 
about one-sixth of this as screen cur
rent. A 1,500-ohm resistor should be 
right for this. Screen voltage must be 
140, to use the operating point the 
curves were based on. Estimating screen 
current (two tubes) as 0.3 rna (one
sixth plate cUlTent) and swamping it 
five times with the potentiometer feed, 

0 
BROWN 

° 
I 

RADIO ELECTRONICS 0 
TWIN COUPLED AMPLIFIER 

o ° 
TI 

REO o 

0 
0 

C6 ° A7 
J 
° ���- C2 ------- 0 

OBAgw�'7_0 
y T2 . 

AI2 
! o _C4---0 y o-A3-0 

O_AIS_O 000 A5 0 00 
o o !  0 0 

TI O--- AI9 ---0 0'JUMP.oo;-V2 0 0 VI 0 o 
0 O-AIS-OO 0 c! 0 o O-AI8000 ' 0 ?OJUM PO 0 0 

0' 
V4 

o 
0 

o 0 Fil FIL 

o o--C5 ---- o 
BLUE 

o 12 �RI3-0 

Y RII WIPER 
RI4 IOJUMPO 
t 6 

O-------C3--�---0 
BLUE �, o ..;....-----,-C 7 ------- 0 

o 

B+ 
° 

o 

.'-po'. 100.000 ohm •. • udio t.,.... 

.�o�m. 
U-220.ooo ohm • 
••• 5. �IOO.oao ohm •• 5� 
"-2.700 ohm • 
• 7. 11-270.000 ohm. 
at. lO-not u.ed. _'t.d 
."-'.000 ohm • 
• '2. 14-47,000 ohm • 
• '5. I�IO,OOO ohm •. 2.att • 
• '7. 1f.-.-470.ooo ohm. 
ftl9-ICO ohm •. 10 .atts 
fl2a-nO ohm •• 20 .atts 
.21-75 ohm., 10 .att •. adju.tabl. 
ft72-n,OOO onm. 
All ro.llfors ';'·.otf 111'1. IInlou noted 
CI-,OOI pf. 600 vol". papar tubular 
C2. J-O.5 I'f. 200 volh. papa' tubul.r 
C4. �,OIi I'f. 600 volt •. p.p., tubul.r 
<:4. 7�,5 I'f. 600 volh. papar tubul.r 
C�)o. 10 I'f . •  I..:+rolylic. 500 volt. minimum 
C�. 40 Itf . •  I.ctrolytic, 500 vol" minimum 
F-fu ... J .mp. 
J-r>hono jack 
SOCI-.:onn.clor. f.m.I •• , prOll9 •• cabl. type 
SOC2-.:onn..:ior. fema' •• , pr0ll9'. ch ... i. type 
I"-.:onnector. ",.1., , ProtMJ'. �"' .. Ia typa 
I'2-':OIInKlor, m.'., , PfOII9', �b'. type 
S-apst 
T I. :!-output tr.nsf ....... ": ... text 
T).-po •• r tr.nsform.r: prima.., 117 vol"; 

_ondarl •• 100 vol". ct. 250 ma; , volt •. 4 .mp; 
',J vol". 5 a",p (Stancor I'Ct41l or oqui .. lont) 

VI-llAX7 or ECOO 
Y2-I2IH7·A 
YJ, 4-EU4/6CA7 
Y5-SU4-GTI 
Cha .. ii-l.o tod 
Sod.". (2) ,.pin .hiolded top.mountin9 typo for 

print.d circuih 
Socko". (2) top.mountin\l octal typo for 

printecl circuit. 
. 

Fu .. ortractor post 
I.r,i.r strip 4 termin.'. 
Ti. strip. ui. IU9'typa; J tormina" 
.rommeh. mile.lI.neous h.rdw.r. 

the top part (R6) has to drop 375 -
140 = 235 volts with 1.8 rna, requiring 
a resistance of 130,000 ohms, The 
bottom part ( R7) needs to drop 140 
volts with 1.5 rna, requiring 93,000 
ohms. PI'eferred values of 120,000 and 
either 91,000 or 82,000 ohms should 
serve. 

A large capacitor (Cl) is needed to 
decouple the screen because of the high 
stage gain, which means the screen will 
be susceptible to the amplification of 
any hum voltage fed to it. Try a 100·pf 
150-volt electrolytic. 

The output-stage grid decoupling reo 
quires full cathode swing voltage to 
be coupled to the bottom end of the 

grid resistors. There is a dc voltage 
across the capacitors used for this (C4, 
C5) equal to the bias of the output stage 
(22.7 volts). Sp a 50-volt electl'olytic 
can be used, say 100 pf. T,he resistors 

Fl •. 9-Top and bottom view. of the printed .. dreuit board. Drawln. and photo are almaet exaedy hall .Ize. B� u� 
meuure. 7 � x 5 � inche.. If you make your own, add aboat � Ineh alo ... eaeb .Ide to .lmpUfy mountin •• DrlU an 

additional mountin. hole in the eenter of eaeh Ion •• Ide to redaee f1exi .... 
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(RS, R!/) absorb a small portion of the 
output Ilowel' (as do feedback resistors 
R4 and R5, which at each cathode 
" see" a 1,000-ohm load resistance (one
fourth the total plate to plate), Making 
them 100,000 ohms means that only 
1 % of the pl'oportion of power coupled 
by the cathodes will be fed to these 
resistol's. The total grid-ci rcuit resist
ance is now about 600,000 ohms (470,-
000 + 100,000), 

In setting this c i l' cuit up, :J,S with 
the othel's, check all dc voltages and 
then see that the sig-nal voltages are 
also what they should be, 

A practical circuit 
Followin/!: the design procedures out

lined in this article, the statf of RADIO
ELECTRONICS developed the 35-watt 
twin-coupled amplifier show n  in Fig. S 

must be oriented carefully before mount
ing, Mount sockets for V3 and V 4 so 
the arrows on the mounting fall be
tween pins 1 and S. Mount VI and V2 
sockets so the al'l'OWS point to the space 
hetween pins 1 and 9, The al'l'OWS on the 
VI and V2 mounting locations point to 
extra holes used for ground leads for 
the tube shields, 

The prototYlle audio section of the 
amplifier was built on a 7 x 11 x 2-inch 
chassis, But, since B-plus voltage ap
peal'S on some points on the top of the 
pl'inted-cil'cuit boanl, we recommend 
that you build this section on an ampli
fier foundation kit (a chassis with a 
matching' \'entilated co\'er) such as the 
Bud CA-1751 or ICA 3966, 

The power supply, eonnected to the 
audio chassis thl'ough a five-wil'e cable, 
fits nicely 011 a 5 x 7 x 2-illch chassis. 

Top of Ihe lwin,coul.led aml.lifie,·, Prilllt:d-cil'cuit hoal'd makc; all 
pal'ls "cadily ac(·essiblc. 

and the photographs , The amplifier was 
constl'ucted as a two-chassis unit with 
pl'inted-cin:uit wiring in the audio sec
t ion, 

The sockets for VI, V2, V3 and V4 

Input filtel' ,'esistol' R21 has its adjust
able slider connected to the positive 
end of CS-a, The slider is adjusted fo,' 
375 \'o lts at the B-plus ends of R15 and 
RIG (blue and brown leads of T2), E:\,D 

Under·chassis view of tIlt' 35·wall twin.coupled amplifit·r. 
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AUDIO-HIGH FIDELITY 

updating the 

R-E twin-coupled 
Variatiolls of original twin-coupled ampli

fier eliminate instability, motorboating and 

give more gain and add tone controls 
amplifier 

By NORMAN H. CROWHURST 

S
INCE the twin-coupled circuit was 

first published in November, 1957, 
in RADIO-ELECTRONICS, scores of 
people have built it and added 

various adjustments or improvements 
to suit their own particular needs. A 
few had to make changes to overcome 
difficulties. Everyone reports that it 
works well in comparison with every
thing against which it is compared. 
Quite a few asked for a larger version 
-particularly to drive currently popu
lar inefficient loudspeakers with a 
hU'ger reserve. So here are some of the 
que"tions that have come up, with the 
answers: 

A very few asked for constructional 
details, such as those you might receive 
with a kit. But many more have written 
to comment how easy it was to follow 
the schematic (reproduced in Fig. 1), 
with the aid of the photos (also repro
duced with this article, for the benefit 
of readers who missed the original 
story). Several commented that this 
was the first pie.ce of equipment they 
had ever built, and they found it quite 
easy. I mention this as encouragement 
to any who feel they need more con
structional details. 

As I mentioned in the original article, 
the important th ing' is to keep the out
put tube wiring (from the transformers 
and the 0.5-ltf capacitors between 
cathodes and screens) compact, follow
ing the layout illustrated. This is be
cause this wiring carries a high audio 
voltag'e which must not be allowed to 
get neal' the earlier stages, 01' insta
bility will result. 

Apart from this, layout is simple. 
Just put the components on the chassis 
and mark where you want holes drilled 
and bigger holes made with a knockout 
punch, and the rest is easy. Alter
natively, if you don't want to buy 
Greenlee punches just for this job, drill 
holes inside a scribed circle (using com
passes), break out the middle part with 
wire cutters and file to a smooth round 
hole. It's harder work, but can make 
quite a presentable job. 

Trouble with motorboating 
Quite a few !'an into this trouble 

30 

C8---!��I. 

VS 

V2 

-_:111-- T3 

RI,S 

V3 
SECONDARY 

LEADS FACE EACH 
OTHER 

Top view of I5-walt amplifici' shows large-parts layout. 

when they coupled on a preamplifier, 
but usually only when the bass boost 
was turned well up. Sometimes just 
connecting the preamplifier to the main 
amplifier started it, regardless of any 
setting of controls. These differences 
depended on the type of preamplifier 
circuit used. 

The motorboating is due to insuffi
cient decoupling in the B-plus supply 
to the preamplifier. As a result, there 
is enough feedback from the power out
put stage to the preamplifier stages to 
cause low-frequency oscillation. Fig. 1 
shows the original circuit. The take off 
point for the preamplifier's B-plus 
(marked 240 v) has proved quite suc

cessful in many instances. But where 
instability has occurred, it has always 
been cured by adding a separate feed 
point for the preamplifier, as shown in 
Fig. 2. Using a separate feed permits 

better filtering, without causing loss of 
voltage to the first stage of the twin 
coupled amplifier. 

Use a resistance that will drop be
tween 50 and 100 volts. (Use Ohm's law 
to calculate the drop from the pre
amplifier tube currents.) Use enough 
electrolytic capacitance to get adequate 
decoupling (stop instability) or elimi
nate hum from the preamplifier stages. 

Loss of bass 
Two or three have found the twin

coupled produces a bass loss, in com
parison with some other amplifiers, 
although otherwise its performance is 
completely satisfactory. 

This is invariably due to poor match
ing, In two instances the reader was 
using the twin-coupled with a ceramic 
or crystal piekup, without any pream
plifiel', This will work, but the input 
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resistance of the amplifier as originally 
built is too low-causing this bass loss 
-as well as some loss of sensitivity. 

The remedy is simple. Just change 
the input control from 100,000 ohms to 
1 megohm or hig·her. 

Another case where the preamplifier 
had the tone controls in its output cir
cuit showed the same trouble. Here the 
bass boost works effectively only if the 
input to the main amplifier is at least 1 
megohm and preferably higher, Making 
the same change remedied matters here 
too. 

More gain needed 
Thi,; complaint also came from those 

who used ceramic pickups without a 
preamplifier. It is not too difficult to 
I·emedy. The gain can be increased by 
reducing the feedback. Besides increas
ing the value of the feedback resistors, 
the balance of the voltage fed to the 
second half of the 12AX7 needs read
justing. The table gives approximate 
alternative values. If you wish, you can 
use a potentiometer to make fine ad
justment, as shown in Fig. 3, the same 
as for the original circuit. 

A few found insufficient gain because 
the preamplifier they are using gives 
less than a volt output. Surprisingly, 
there are preamplifiers that give less 
than a volt output even when given 
more than a volt input. This is because 
the gain does not equal the losse� intro
duced by the tone control circuits. 

Tone controls 
Several people asked how treble and 

12AX1 
PHASE INV 

R4 I50K'5" 

C2 

bass controls can be added to the twin
coupled amplifier. It is feasible to do 
this only by adding another stage. Also, 
where full output is required for less 
than a volt input, an extra stage is the 
better way of remedying matters be
cause it avoids sacrificing feedback. 
Fig. 4 shows circuits using one half of 
a 12A U7. Other tubes with similar 
specifica tio ns can also be used. 

When an extra stage is added for USE 

with another preamplifier that has in
sufficient output, extra care is needed 
in decoupling the B-plus feed for the 
preamplifier. Fig. 2 shows the combined 
feed arrangement. Values will have to 
be determined by experiment. First see 
how much you can drop the B-plus 
voltage in resistor R without restrict
ing the preamplifier output or making 
it distort. The value of R will depend 
on the voltage drop you can stand anc 
the total current drain of the pream
plifier. Having found a suitable value 
of R by experiment, make the value of 
C large enough to prevent instability 
at all settings of the preamplifier tone 
controls, or to eliminate hUIll induced 
in these stages. 

Voice-coil feedback 
That voice-coil feedback experiment 

of mine, described in RADIO-ELEC
TRONICS in October, 1956, inspired some 
to want to combine it with the twin
coupled circuit. As described in that 
alticle, the feedback must be worked 
out individually according to speaker 
and amplifier characteristics. But Fig. 
5 is a good starting point, using the 

12AU1 
DRIVER 

RI5 39K/2W 

EL84/6BQS(2) 
PWR AMPL 

R1 lOOK .5/200Y RI2 R2 lOOK 
R I r---'V'rv---+---, 

R9 

RIO 

C3 .5 

OSEE TEXT 
DEPENDS ON 
TWEETER USED 

RI-pot, 100,000 ohms, audio taper, with spst switch 
R2, 3-1,800 ohms, 5% 
R4, 5-150,000 ohms, 5,),. 
R6-2,700 ohms, 5% 
R7, 8-100,000 ohms 
R9-220,000 ohms 
R10-6B,000 ohms 
RII-I.BOO ohms 
R12, 14--47,000 ohms 
R13, 26-270,000 ohms 
R15, 16-39,000 ohms, 2 watt. 
R 17, IB-330,OOO ohms 
R19-120 ohms, 2 watts 
R20-33,000 ohms, 2 watts 
R21-I,OOO ohms, 10 watls, wirewound 
R22-pot, 50,000 ohms, linear taper 
R23-47,000 ohms 

200V 

220K 

RII 

68K 

-IOV 

VOlTAGES IN PARENTHESES ARE At WITH IV INPUT SIGNAL 

... WITH NO SIGNAL INPUT 

R24, 25-100.000 ohms 
All resistori fl2 watt, 10% unless noted 
CI-.OOI I.d 
C2, 3---{).5 p.f, 200 volts, paper tubular 
C4, 5-.05 /If, 600 volts 
C6, 7---{).5 pf, 600 volts. paper tubular 
CB-40-B0-20 /If, 450 volls, eleelrolylic, can type 
F-Fuse, 1 amp 
JI, 2-Dhono jacks 
S-spsl swilch on R I 
TI, 2-oulput transformers, 7'/' walls, 4,000 ohms, 

plate to plale cl: B., 16-, 32-ohm secondary 
(Stanco< A-B094, Thordarson Meissner 22521, 
Merit A-2997, Triad S-l4X) 

TJ-power transformer: primary, 117 volts; secondary, 
600 volls, ct, 75 ma; 5 volls, 2 amp; 6.3 volls, 3 
amp. (Triad R9A, Chicago PV70A or equivalen!) 
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r---;=�B�+�T�O�OUTPUT STAGE 

I 

5V4-G 

Fig. 2-Power takeoff point A for 
additional stage. Additional decoupling 

provides power takeoff fOI' preamp. 

12AX7 
PHASE INV 

B+ 

R7-IOOK 

C2 

B+ 

1_6K 

RI4 

Fig. 3-Balancc control fOi' pha�e 
inYcrter. 

Revision of Values to Get More Gain 
Approx. R4, R9 R I O R23 

feedback R5 (Fig. 3) (KiI- (Fig. 3) 
(db) (Kil- (KiI- ohms) (Kil-

ohms) ohms) ohms) 
14 (original) 150 220 68 47 
12 220 220 51 33 
8 470 270 33 10 

... ,,,U I"""", ""'U'""II""""""""'HI,,,,,,,,'II,'U"""'''' "'"'III1'",UI"""""',,,,,,umUIl,,,,,,,,UI,.mm,mm,U"'lllcunm.,' 

VI-12AX7 
V2-12AU7 
V3. 4--EL84 
V5-5V4-G 
Ch.assis, 9 x 7 x 2 inches 
Sockels, 9-pin shielded (2) 
Sockels, 9-pin unshielded (2) 
Sockel, oelal 
Fu;�e extractor post 
Barrier striP. Cinch-Jones 4-141 or equivalent 
Grommels, % inch (4) 
Grommet, '/. inch 
Tie strip, Cinch-Jones 52A 
Tie slrip, Cinch-Jones 53C (one mounting lug 

removed) 
Mi'5cellaneous hardware 

Fig. I-Circuit of the basic twin-coupled amplifier. 
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original twin-coupled as a basis. 
Change R2, R3 to 2,700 ohms, 5 ,/,. The 
0.1-1'£ capacitor in Fig. 5 bypasses 
voice-coil feedback above 1,000 cycles. 
The .003-1'£ capacitors limit electrical 
feedback to frequencies above this 
point. R6 and C1 level off the high-fre
quency response of the amplifier. Their 
values may be varied for smoothest re
sponse when using voice-coil feedback. 
They are not necessary when using an 
electrostatic tweeter. 

It may be hard to get very much 
feedback this way, because there is not 
too much gain available. On the other 
hand, remember that feedback obtained 
this way is far more effective in reduc
ing ovc1'all distortion than amplifiel' 
feedback alone. 

I would not recommend tackling this 
project unless you have an audio oscil
lator so you can check frequency re
sponse and make the necessary circuit 
adjustments to get balanced perform
ance. 

A preamplifier 
This is something I still hope to get 

made up in due course, for publication 
in this magazine. Many readers have 
requested it. The problem is that 
scarcely any two readers want the same 

preamplifier. Some want the bare essen
tials: equalization but no tone controls, 
loudness compensation or filtering of 
any kind (rumble, scratch, etc.) ; others 
want "the works". Yet others would 
like this feature but not that, in various 
combinations. Finally stereo has thrown 
in a Whole lot of other ideas, including 
how to arrange for balance and com
bined control facilities. 

What I hope to do when time permits 
is develop a basic design with a number 
of circuit elements that can be com
bined in custom fashion to suit every
one's individual need. If you want the 
bare essential and think tone controls 
are superfluous to high fidelity, then 
build it that way. If you want any par
ticular feature, add it as required, in 
the appropriate circuit position. But 
this approach needs careful planning 
and circuit workout to make sure every
one really gets what he wants. 

More power 
A large percentage of readers have 

been asking for more power. Some have 
even built two amplifiel's and paralleled 
them. I am told this works quite well. 
But I am not in favor of it, for if 
either amplifier deteriorates, it will 
load down the other. This will give you 
even less power than one amplifier by 
itself. To me this doubles the oppor
tunity for failure. 

Several amplifier manufacturers use 
parallel operation (with the same 
theoretical disadvantage) and say they 
get no adverse complaints. This seems 
to mean equipment is so much more 
reliable these clays that even doubling 
the chance of failure does not make the 
total liability big enough to matter! 

Probably the main objection to 
parallel operation is that it doubles the 

32 

11212AU7 

VOLUME 

lOOK TO PIN? 
OF 12AX? 
( VI} 

B + TO POINT A ON F;q.2 
a 

INPUT 

Fig. 4--Extra stage gives (a) 
exlt'a gain, (b) tone controls. 

.002 
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IK 
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m P1N? 
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(VI} 

Fig. 5 - Second \"oice 
coil provides feedback. 

t 
FROM 
2 ND 
VOICE 
COIL 

(' 
FROM 

Undell'chassis view of 
tw in-coupled high
fidelity amplifier. 

work and cost. Some have gotten more 
power from the circuit merely by chang
ing tubes and making some correspond
ing cha:1ges in the power supply and 
circuit ..... alues. To a certain extent this 
works. How much more power you can 
get depends to some extent on whether 
you are prepared to sacrifice some 
maximum power at the extreme low 
end-20 to 30 cycles. 

Some manufacturers are using the 
circuit and have larger transformers 
made specifically for them. But this will 
not help readers, because such trans
formers are available only on quantity 
order. However, transformer manufac
turers have now made a larger-version 

V3, V4 
CATHODES 

->t-----J\w�I/IN'_'�V\r--J J-
IK 

twin-coupled output transformer avail
able as a catalog item, so that problem 
is now solved. 

In a later issue we will show how to 
go about setting up a larger version, 
tailored to your own requirements or 
choice of tubes. You may use either the 
original transformer or the new larger 
version. Another thing we propose to 
include is how to use a transformer 
input circuit. This has been asked for 
two or three times. It seems the one
time prejudice against audio transform
ers is fading. There are stock trans
formers that will serve for this use 
without the manufacturers having to 
invent a new catalog number! END 
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A HIGH EFFICIENCY - HIGH QUALITY AUDIO FHEQUENCY POV.ER AMPLlFIER* 

Alexander B. Bereskin 
The Baldwin Co. 

Cincinnati, Ohio 

The deve l opment of the p ower amp lifier discussed 
in this paper was undertaken with the obj ective of provid
ing a large am ount of good quality audio power in a smal l 
pack age at re l ative ly l ow cost.  The size of an amplifier 
package and its cost are depen dent large l y  on the effici
ency of operati on and the powe r  sensitivity of the output  
stage . Beam p ower t ubes satisfy these  two requireme n ts 
more readi ly  than tri ode s .  The qual ity of the aud io powe r 

. is improved- by the use of push-pul l  operati on an d large 
. amoun ts of fe e dback. The us e of a s uitabl e amount and 
type of feedba ck with beam power tube s e liminates th e 
advantage of inheren t l ow output impedance obtain ed 
with triodes. 

In Cl ass A or C la�s AB operation the dynami c  
charac teristics o f  the two tubes may b e  mat che d to obtain 
a reaso nabl y linear characteristic, and while feedback is 
desirable its use may s ometime s be avoided. In Class  B 
operati on it is not pos sible to matc h dynamic character
istics to ge t l inear operation, and therefore a l arge 
amo un t of feedback' mus t  always be ,use d. The proble ms 
encou ntered in C lass B operation are c onsiderabl y more 
severe than those occurrin g  in C l as s  A and Cl ass AB 
operation, and the question nat ural l y  arises as to whether 
this typ e  of operation is worth  the extra e ffort required.  
This que stion can be resolved r

'
ather conc lusivel y  by the 

fol l owing examp l e: 
Two 6L6 tubes operating C l as s  Al push-pul l with 

30% e ff iciency, and having an al lowable total  pl ate 
dissipation of 40 watts, would  be capable  of developin g  

30 
an output powe r of 

70 
x 40 =,17.1 watts .  

Th e s am e  two 6L6 tubes op erating C l ass B" pus h
pu l l  wi th  60% efficiency wou l d  be c apable of de ve lop ing 
60 40 x 40 = 60 watts .  The pos s i bility of gett ing 60 watts of 

output powe r  in Cl ass B operation for the same inves t
me nt in p owe r tubes  which produced on l y  17.1 watts in  
Class A operati on provides a real  incentive to solve the 
severe problems encountered in Class B operation. The 
advan tag e  of h igh eHicie n c y  operat ion also refl e c ts 
advantageous l y  on th e size of the powe r s u p p l y  ne ces
sary to operate the powe r amp lifier.  

Th e bas i c  power amplifier circuit sh own in Fig. 1 
is c apable  of empl oying l arge amounts of fe edback wit h  
good stability . •  .Th is circuit h as been operated with 36 db 
of fe e dback with out showing any trac e of ins tability . 
Howe ver, sinc e the dr iving vol tage required under these  

-Manuscript received February 2 ,  1954. Paper delivered at 
Cincinnali IRE S ection, November 17, 1953. 

INPUT 

Fig. 1 - Basic Beresldn power amplirier circuit. 

conditions is too gre at, the c ircuit  is norma l l y  used  with 
only  24 db of fee dbac k.  In th i s  circuit the 1 2AX7 tube is 
use d  as a phase inverter - amp lifier - driver stage . It is 
dire ct-c oupled to the beam powe r output tubes and the 
operation is esse ntial ly Class B 1 since the  high impe
dance driver stage is  in capable  of driving the power tube 
grids p ositive.  An added advantage of the dire ct-coupled 
driver is  that  it  e liminat es th e pos s ibi lity of  bl ocking due 
to excessive input signal. The two output-tube cathodes 
are returne d to groun d and therefore any combination of 
s creen and plate s upply  voltage may be use d. The values 
sho wn on the  diagram wil l kee p both the screen an d plate  
dissipation below t he rated values for ful l  signa l  Class 
Bl operation with  either the 1614 or th e 807 tube s .  The 
bias for the out put tubes is supplie d  by the dire ct
coupled  ph ase inverter - ampl ifier - driver an d is norma l
ly adjusted to produce a zero signal plate c urrent of 
about 15 ma per tube . The high val ue of cathode resist
an ce e m p l oyed makes the drive r c ircuit fundamental ly  
stable .  A test wi th 6 different 1614 tubes and 12 different  
1 2AX7 tubes,  of  differen t manufacturers and

" 
cho�en at 

random, produc ed a zero-signal plate current variation 
ranging from 10 to 25 ma per tube . Th e ful l signal  opera
tion was s ubstantia l l y  in dependent of the c h oice of 12AX7 
and beam powe r outp ut tubes .  The feedback winding used 
is e le c trostatic al ly  shielded from the secondary but very 
c l os e l y  coupled to it. The e l iminat i on of the el ectro
st atic s h ie l d  great ly redu ces the amount of feedbac k that 
can be used succe ssful l y .  
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One of the major problems associated with Class B 

operation is due to the energy stored in the leakage reo. 
actance between the two primary windings. A. P. Sah '  
showed how this stored energy gave rise to a conduction 
transEer notch which must be eliminated before Class B 
operation can be used successEully. Several diUerent 
winding schemes will reduce the leakage reactance below 
the critical value but the most successful one is that oE 
using a bifilar winding Eor the two primary sections. 

The use oE bililar windings introduces new prob
lems which were not previously important. One oE these . 
problems is that appreciable voltage may exist between 
the adjacent wires of a bifilar winding and suHicient in
sulation must be provided to withstand this voltage. 
Adequately insulated wires are now available commerci
ally so this problem is seldom a serious one. A second 
and more significant problem is that appreciable capaci
tance exists between the adjacent wires in a bililar 
winding and that charging current must be supplied to 
this capacitance beEore any voltage can be developed 
between the wires. This charging current must usually be 
supplied through th e output stage tubes and is on e of 
the major Eactors limiting the high Erequency power
delivering capacity of an amplilier. 

T his problem can be understood more readily by 
e xamining the circuit of Fig. 2A. In this circuit the bi
filar primary has been separated into.two sections and the 

OU'fVT 

-I 

fig. 2 - Primary interwinding voltage relations. 

secondary has been sandwiched between them to keep th e 
leaka�e reactan ce between the primaries and secondary 
at et !ow value. The four primary sections have been 
symn tt:lrically interconnected and there is negl igible de 
voltage between these windings . If a peak signal voltage 
of 250 v is assumed on each of the primary sections , as 

1 A. Pcn-Tung Sah. "Qua"i-transients in Class R audio-fre
quency push-pull amplifiers." Proc. I.R.E., vol. 24, no. 11, 
pp. 1522-1541; November. 1936. 

shown by the vertica l arrows, it is observed that this 
will give r ise to a peak s ignal voltage of 500 v between 
all adj acent points on the bifilar windi ng as show n by 
the horizonta l arrows. The undesirable feature here is 
that before this voltage CHn appear between the two 
primary windings the interwinding capacitance must be 
suitably chargell. and the charging current must flow 
through one of the two tubes. An experimental trans_ 
former of this type, wound with adjacent-wire layer bifilar 
wind ing , using :\(). 2R lIeavy Formvar wire, was found to 
have a capacitanl:e of 0.045 microfarads between the two 
primary windings. :\ peak charging current of 1.5 amperes 
is requ ired to charge this capacitance at 10KC with a 
sine wave voltage of 500 volts peak across the pri maries. 
An ordinary tube used in a circuit of this type would 
normally supply only about 0.30 amperes peak so that at 
2 Lkc the peak cUfrent capacity of the tube would be 
requ ired to furnish the chargi ng current for the inter. 
winding capacitance. The amplifier 's power-delivering 
capacity to a resistance load would therefore be down 
3 db at 2 Lkc. 

A natural step at th is point is to consider the 
possibility of using a diHerent interconnection of die 
primary sections to reduce the interwinding voltages, 
thereby reduc ing the charging current required for the 
interwinding capacitance. Fi g. 2B shows a different 
connection of the primary sections . The voltage between 
the lower section s of the bifilar winding has been re
duced to 250 v, but the voltage between the upper sec· 
tions has been correspondingly increased to 750 v. The 
total interwinding charging current is the same as before 
but the insulati on burden on the upper section is greater 
than it was before. As a matter of fact, further section
alization and reconnection of the primary does not 
reduce the charging current problem and will, in most 
cases, increase the burden on the insulat ion. 

A diHerent type of interconnection is shown in 
Fig. 3. ID this case half of the sectionalized bifilar 

Fig. 3 - Rasic McInlosh power amplifier. 
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One of the major problems associated with Class B 
operation is due to the energy stored in the leakage reo. 
actance between the two primary windings. A. P. Sah' 
showed how this stored energy gave rise to a conduction 
transfer notch which must be eliminated before Class B 
operation can be used successfully. Several different 
winding schemes will reduce the leakage reactance below 
the critical value but the most successful one is that of 
using a bifilar winding for the two primar y  sections. 

The use of biCilar windings introduces new prob
lems wh ich were not previously important. One of these. 
problems is that appreciable voltage may exist between 
the adjacent wires of a bifilar winding and sufficient in
sulation must be provided to withstand this voltage. 
Adequately insulated wires are now available commerci
ally so this problem is seldom a serious Ohe. A second 
and more significant problem is that appreciable capaci
tance exists between the adjacent wires in a biEilar 
winding and that charging current must be supplied to 
this capacitance before any voltage can be developed 
between the wires. This charging current must usually be 
supplied through the output stage tubes and is on e of 
the major factors limiting the high frequency power
delivering capacity of an amplifier. 

This problem can be understood more readily by 
examining the circuit of Fig. 2A. In this circuit the bi
filar primary has been separated into.two sections and the 

A B 

Fig. 2 - Primary interwindi ng voltage relations. 

secondary has been sandwiched between them to keep the 
leakage reactance between the primaries and secondary 

shown by the vertical arrows, it is observed that thie 
will give rise to a peak signal voltage of 500 v between 
all adjacent points on the LiCilar winding as show n b) 
the horizontal arrows. The undesirable feature here i! 
that before th is voltage can appear between the tW( 
primary windings the interwinding capacitance must be 
suitably charged, and the charging current must Clo\\ 
through one of the two tubes. An experimental trans
former of this type, wound with adjacent-wire layer bifilar 
wind ing, using No. 2H lIeavy Formvar wire, was found to 
have a capacitanl:e of 0.045 microfarads between the two 
primary winrlings. r\ pe ak charging current of 1.5 amperes 
is required to charge this capacitance at lOKC with a 
sine wave voltage of 500 volts peak across the primaries. 
An ordinary tube used in a circuit of this type would 
normally supply only about 0.30 amperes peak so that at 
2 Lkc the peak current capacity of the tube would be 
required to furnish the char ging current for the inte .... 
winding capacitance. The amplifier's power-delivering 
capacity to a resistance load would therefore be down 
3 db at 2 Lkc. 

A natural step at this point is to consider the 
possibility of using a diC£erent interconnection of the 
primary sect ion s to reduce the interwinding voltages, 
thereby reducing the charging current required for the 
interwinding capacitance. Fig. 2B shows a different 
connection oE the primary sections. The voltage between 
the lower sections oE the biEilar winding has been re
duced to 250 v, but the voltage between the upper sec
tions has been correspondingly increased to 750 v. The 
total interwinding charging current is the same as before 
but the insulation burden on the upper· section is greater 
than it was before. As a matter of fact, further section
al ization and recoimection of the primary does not 
reduce the charging current problem and will, in most 
cases, increase the burden on the insulation. 

A diC£erent type of interconnection is shown in 
Fig. 3. In this case half of the sectionalized bifilar' 

1\ v 

. at a low value. The four primary sections have been /\ 
symmetrically interconnected and there is negligible dc -..,..V .......... _
voltage between these windings. If a peak signal voltage 
of 250 v is assumed on each of the primary sections, as 

I A. Pen-Tung Sah. "Quasi-transients in Class R audio-fre
quency push-pull amplifiers." Proc. I.R.E •• vol. 24. no. 11, 
pp. 1522-154 1; November. 1936. 

D 

Fig. 3 - Basic Mclntosh power amplifier. 
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primary winding is connected in the plate circuit, as 
before, and the other half, with proper consideration for 
the signal polarities, is connected in the cathode circuit. 
Now points b, c, f, and g are all at zero ac signal po
tential. F or signal c onditions the same as those con
sidered before, when a is instantaneously positive by 
250 v with respect to b, e is positive by the same amoun t 
with respect to l. This means there will be zero ac 
signal voltage bet ween points e and a. The same is seen 
to be true for points h and d and f or all other adjacent 
points on the two bililar windings. We now require zero 
charging current f or the primary interwinding capacitance 
regardless of the val ue of this capacitance. Since point h 
is at the same ac signal potential as d, bu t at a much 
higher dc potential, it could be connected to the screen 
of the upper tube to supply a constant screen-cathode 
voltage f or this tube. In a like manner point e could be 
connected to the screen of the lo wer tube. The screen and 
plate supply v oltages in this circuit will be equal unless 
special circuitry is pr ovided to make them diHerent. This 
circuit also requires a grid drive voltage greater than 50% 
of the output transformer primary voltage. When this circuit 
is combined with a suitable driving circui t and feedback 
net w orks it bec omes t he Mclotosh P ower Amplifier' and is 
capable of delivering 50 w of high quality po wer over an 

exceptionally large frequency range. 
A different s oluti on to the pr oblem is provided by 

the basic Sinclair-Peterson' circuit shown in Fig. 4A and 
its transformer c oupled equivalent, using beam po wer 
tubes, in Fig. 4B. In the transformer coupled case both 

I 

Fig. 4 - Basic Si ,ncl air - Peterson power amplifier. 

p'
rimary sections of the transformer work at all times so 

they need not be bifilar wound. These circuits present an 
appreciable burden to the phase inverter-driver for, if a 
peak Primary or load voltage of 450 volts is assumed, it 
is seen that the phase inverte .... driver plate supply voltage 
fluctuates bet ween 1100 volts and 200 volts during the 

IF. H. Mclntosh & G. J. Gow , "Description af,d analysis of a 
new 50 wall amplifier circuit," Audio Ent.. , voJ. 33, no. 12, 
pp. 9-1 1 , 35-40; December, 1949. 

• A. Peterson and D. R. Sinclair, "A single ended push-pul l 
audio amplifier," Proc. I.R.E., vol. 40, no. I, pp . 7-)), 
January, 1952, 

c ourse of one cycle. Suitable p oints are �vaila ble in 
'
Fig. 

4B for supplying the screen v oltages of the beam p o wer 
tubes. A disadvantage of this c onnecti on is that t he plate 
and screen supply voltages are forced to be equal unless 
special additional circuitry is used. The basic Sinclair
Peterson circuit has been incorporated in tw o c omplete 
po wer amplifier circuits which have been described in 
the literature4 ••• In these circuits the screens are fed 
through suitable voltage dropping VR tubes to insure that 
the screen voltage will be less than the average plate 
supply voltage. The published data on these amplifiers 
indicate that their performance is substantially the same 
as that of the Mclntosh amplifier mentioned previously. 
Neither the Mclntosh nor the Sinclair-Peterson circuits 
use feedback around the output transf ormer. 

The design of the transf ormer used in the circuit of 
Fig. 1 represents another solution to the problem intro
duced by the primary inter windin g capacitance. In the 
general case of t wo isolated parallel circular wires an 
increase of the spacing between the surfaces from 10% to 
20% of the diameter of the wire will reduce the capaci
tance bet ween these wires by approximately 30%. An 
increase of this spacing from 10% to 100% o f  the diameter 
of the wire will reduce the capacitance by approximately 
70%. 

In the trans former winding even though we are not 
dealing with two isolated parallel wires but with many 
wires in a small space, the same general principles apply. 
Each wire will have capacitance to the two wires on each 
side of it in the same layer an d also to the wires in the 
layers above and belo w it. The capacitance bet ween 
wires in the same layer can be cut in hal f by transposing 
the t wo wires o f  the bifilar wire at every turn. The ca
pacitance bet ween wires in adjacent layers will not be 
modified by this process. In the non-transposed winding, 
assuming the same spacing between layer centers that 
exists between adjacent wire centers in a layer, and 
uniform dielectric material, the capacitance bet ween the 
wires in the layers accounts for approximately two thirds 
of the total capacitance, while the capacitance bet ween 
wires in adjacent layers accou nts for one third of the 
total capacitance. Since transposition o f  the wires can 
be expected to cut in hal f the capacitance between wires 
in a layer without disturbing the capacitance bet ween 
wires in adjacent layers, it should reduce the total 
capacitance to two thirds o f  its original value. The use 
o f  insulating materials such as cotton, varnish, and wax, 
and the accumulation o f  moisture will all tend to in
crease the capacitance. A mechanism has been devel
oped which automatically transposes the bifilar winding 
at every turn so that this type o f  winding is no more 

4A. P. Peterson, "A new push-pull amplifier circuit," 
The General Radio Experimenter," voJ. 26, no. 5, pp. 1-7; 
October, 1951. 

S H. W. Lameon, .. A hi�h power toroidal output transformer," 
The General Radio Experimenter, voJ. 26, no. 6, pp. 5-8; 
November, 1951. 
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difficult to make than any ordinary bifilar winding. 

An alternative to the transposed bifilar winding is 
a random wound biEilar winding. The random winding is 
not as consistent as the transposed winding but appears 
on an average to produce an increase in the capacitance 
oE approximately 15%. Other than this the two windings 
are equivalent. 

The intr�duction oE space between the adjacent 
primary wires will tend to increase the leakage reactance 
between the two primary sections. The saEety Eactor 
provided by the biEilar type oE winding has so Ear been 
sufEiciently large to avoid the appearance oE the con
duction transfer notch. 

17 MUB 
11.8" . 

12 MUB 116 " 

29 MUe 
Ill> " 

)00 tIWflPOSED BlrIlAII 
MUe or 128 IIF� 1fllII 

"'-4--'--_-C 
Fig. 5 is a schematic diagram oE the output trans

former used to make the tests discussed in the remainder 
oE this paper, and Fig. 6 shows the coil buildup that was 
used. Fig. 6 is drawn in proper vertical scale but the 
horizontal scale has been modified to show the relative 
positions oE the windin� without showing the true coil 
width. This transEormer winding was designed to be used 
with two grain-oriented lIipersil C Cores (Moloney ME-31 
lIipercores or equivalent). The nominal impedance 
levels were intended to be 4, 8, and 16 ohms but the opti
mum levels obtained with this transEormer were 4.63, Fig. 5 - Output transformer winding arrangement. 

COIL FO''''. TO FIT 2 MOLONEY ME-SI HI PE"COIUS (0" EQUIVALENT) (2 ", . X I.NO TO 

P"OVIOE INSULATI ON FOR 1000 VOLTS IIETWEEN COIL AND CORE 

�1�'---------------------------------------------- 2 1�18· ----------------------------------------------�.1 
PROPE" PROPORTIONS ON 

VERTICAL SCALE ONLY 

Fig. 6 - Output transformer coil buildup for Bereskin 50 watt 
1614 tube power amplifier. 
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9.25, and 18.5 ohms. An optimum value resistor was 
used on the 9.25 ohm tap in all of the succeeding tests. 

The transformer of Fig. 6 had a primary inter
winding capacitance of 0.010 microfarads when it was 
vacuum impregnated with GE Type 9700 clear baking 
varnish and baked for the prescribed amount of time. This 
transformer was potted and has maintained the same 
value of capacitanc<e since that time. Another trans
former winding differing from this one only in the fact it 
had an ordinary layer bifiler winding had a primary inter
winding capacitance of 0.015 mE. A third transformer 
winding in which No. 28 quadruple Formvar wire was used 
with the same spacing between wire centers and an 
ordinary layer bifilar winding had a primary interwinding 
capacitance of 0.012 microfarads. Additional paper was 
used between layers in this case to achieve the same 
spacing between wire centers in adjacent layers. This 
last winding has been found to have less tendenc y to 
pick up moisture from the atmosphere than the other 
two windings although potting eliminates this trouble in 
all cases. 

In order to obtain the sam e low frequency power 
delivering capacity with an ordinary non grain-oriented 
core it is necessary to increase both the core cross 
section and the number of turns by about 25%. The 
combined effect of these increases is that the primary 
interwinding capacitance increases by approxi mate Iy 
50%. 

The circu it or
" 

Fig. 1 was used with the transformer 
of Fig. 6 with, transformer coupled input. The input 
transformer had an electrostatic shield and this shield 
was connected to ground. All filaments were operated 
from a common filament supply, one end of which was 
connected to ground. \'ith well regulated screen and plate 
supply voltages, the residual hum in the output was 96 
db below 50 w. For this particular amplifier, without any 
special attempt to obtain good balance, a ripple voltage 
of 42 volts inserted in series with the plate supply, or 9 
v inserted in series with the screen supply, was neces
sary to bring the residual' hum leve I in the output to 
80 db below 50 w. 

The powe r delivering capacity of this amplifier was 
tested by setting the input' at the value necessary to 
produce 2% distortion in the output. Fig.' 7 shows the 
results of this test. In the range below 30 cs the output 
was limited hy the inability of the 1614 tubes to supply 
adequate magnetizing current to the transformer. Between 
30 and 3000 cs the output was limited by peak clipping 
due to the inability of the 12AX7 tubes to drive the 1614 
tube grids positive. Above 3000 cs the output was limited 
hy the inaLility of the 1614 tubes to supply ,the charging 
current required by the primary interwinding capacitance. 
At the low end the ampl ifier has a drop-off rate of 9db/ 
octave while at the high end it approaches a drop-off 
rate of 6 db/octave. 

Most of the power in speech, �ong, 8n,1 musIc is con
taine,1 in the fundamental tones with frequencies Lelow 

3000 cs. The power levels of the higher frequency funda
mental tones and of the harmoni cs of the lower frequency 
fundamentals drop off at A greater rate than the power
delivering capacity of this amplifier. It will be shown 
in the appendix that the power-delivering capacity of this 
amplifier is fully adequate for all audio frequency signals. 
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Fig. 7 - Two per cent distortion - pov,:er relations. 

The amplifier develops its full power output of 60 watts 
over most of the middle .frequency range with total plate 
circuit losses, including transformer losses, considerably 
lower than the rated CCS values. The screen dissipation 
excecds the rated CCS val uc by about 7%, but this is 
only hecausc the amplifier is being over driven to obtain 
the rC'juired 2% distortion. A reduction of 3 w in the out
,put power, over most of the range, brings the harmonic 
distortion below 1% and the' screen dissipation safely 
below the rated CCS value. The maximum plate circuit 
efficienl:Y o(;Curred in the SOO-1000 cs. range and was 
65.2%. This value includes the output transformer losses, 
and is ramarkahly close to the ideal value of 78.5% for 
Class B operation, which does not include the trans
former losses. 

Since transformer coupled input is not usually 
available for amplifiers of this type a circuit including a 
preamplifier and power supply was developed and is 
shown in Fig. 8. This circuit was designed to deliver 50 w 
of high quality power over most of the middle frequency 
range. Since the output stage is very insensitive to ripple 
in the screen and plate supply circuits, very simple power 
supply filter circuits were adequate. Filter chokes were 
not necessary in either the plate or screen supply cir
cuits. A single 5U4-G rectifier tube, operating within 
the manufacturer's ratings, was adequate to supply the 
power required by the plate circuits of the 1614 tuLes. 
Onp. 6X4. tube is used to supply the power required by the 
preamplifier and the screens of the 1614 tubes, while 
another 6X4 tube is used to supply the negative volta�e 
required by the 12AX7 tube. The two 6X4 tubes could be 
replaced b/a single rectifier tube with separate cathodes 
and plates, used as two single phase half-wave rectifiers, 
but the tubes availabl e cost more than the two 6X'1 tubes 
put together and, in adcfition, (ull-wave rectification in 
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Fig. 8 - Bereskin 50 watt 1614 tube power amplifier. 

the screen supply permits the use of a lower value of 
£ilter capacitance. The voltages indicated at various 
locations on the diagram are the measured no-load and 
full-load val ue s. 

The preamplifier consists of a two stage resist
ance-capacitance coupled Jmplifier with feedback be
tween the second plate and the first cathode. This feed
back provides good wave shape and low output impedance 
on the preamplifier. The preamplifier is co upled to the 
12AX7 grid with a 1. 25 J.1. f capacitor and a modified 
Thordarson T 20C51 choke. The modification consists in 
interleaving the laminations of this choke. A low dc 
resistance is necessary in this circuit because the 
12AX7 has appreciable grid current when the grid voltage 
becomes more positive than -1 volt and this grid_ current 
must not be allowed to change the bias re'rations o f the 
phase inverter. This co upling circuit has a low Q reso
nance between 10 and 15 cs. 

Feeclback fro'm the secondary of the transformer is 
incorporatecl in a manner similar to that used before, but 
additional overall feeclback has b een incorporated from 
the 4.63 o hm tap to the first c athode in the preampliEier. 
It was found trlat a complex nridged T n etwork produced 

th � best hig h freq uency square wave response but that 
the square wave response was perfectly adequate wh en e 
simple 15 J.1.J.1.f capacitor was substituted in the overall 
feedback circuit. This capacitor has no eHect OD the low 
frequency response but reduces the tendency of the 
amplifier to ring slightly with sharp rise time 'square 
wave inputs. The photographs of Fig. 9 show the manner 

5KC Square Wave 
Driving 10W into 80hms 

Cfb = OuuF 
Cfb = 10uuF 
Cfb=15uuF 

Fig. 9 - Leading ed� analysis of 5 KC 10 wall square _ve. 
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Input from 
Oscillator 

5KC 
- -

-

40W into n r 8 0hmsJ U 
10W into n r 

80hms J U 

500cps 50cps 

- -

- -

- -

- -
- -

Fig. lOA - Amplifier square wave response. 

in which the ringing, f oll o wing the leading edge of a 
10 w - 5 kc square wave, .is modified by varying the value 
o f  this capacitor. The rise time of the leading edge is 
approximately 7.5 J.L8 between the 10% and 90% p oints 
and the ringing frequency is appr oximately 100 kc. The 
complete square wave resp onse at SO, 500, and 5000 cs. 
and p o wer levels of 10 and 40 w is sh o wn on Fig. lOA 
together with the output of the square wave generator 
c onnected directly t o  the CRD. A greatly expanded view 
of  the 40 w - SOoo cs case is sh o wn on Fig. lOB. The 
gain c ontr ol setti

.
ngs were n ot changed during these 

tests. 
The results of tests made to determine the best 

balance bet ween the vari ous types of feedback are sh o wn 
in Fig. 11. In this figure curves 1 and 2 have inadequate 
feedback turns t o  correct for Class B operati on at l o w  
p o wer levels. The Bridged T overall feedback net w ork 
produced 6 db feedback at operating frequencies so that 
curve 1 is l ower than curve 2 at high p o wer levels. Curve 
3 has much less l o w  level dist orti on than curve 2 because 
of the additi onal feedback turns but it requires more 
drive from the preamplifier and therefore has higher 
dist orti on than curve 2 at high po wer levels. Curve 4 
uses approximately 6 db additi onal feedback in the pre
amplifier and its distorti on is quite satisfactory at both 
l ow and high p o wer levels. The 15 iJp.c overall feedback 
has n o  effect at these frequencies. The values of feed
back turns and preamplifier feedback resistance used here 
represent a practical c ompr omise bet ween l o w  input 
signal and l ow output dist orti on. Additi onal reducti on in 
dist orti on c ould be obtained by increasing the number of 
turns on

' 
the feedback winding and reducing the value of 

the feedback resistor in the preampliCier. Both of these 
changes would increase the input v oltage required to 
pr oduce full output p o wer. The c onditi ons specified f or 
curve 4 are the ones sh own in the circuit diagram of 
Fig. 8 and are the ones used in all succeeding tests. 
Fig. 12 sh o ws the curves of plate circuit l osses (in-

5KC Input from Oscillator 

40W, 80hm Output from Amplifier 

Fig. 10R - Enlarged view of amplifier response 
to a 40 watt 5 ltc square wave. 
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cluding transformer losses) and s creen dissipation as 
the output power is varied. The plate circuit losses are 
less than the ra ted CCS va lue s for all operat ing condi
tions. The screen dissipation becomes eq ual to the rated 
C C S  value at t he highest power lev els shown but is less 
than the rated value at lower levels . 

It can be s een from Fig. 11 that once the ampTifier 
starts over-loading , the dis tortion incr eas es very rapidly. 
For compariso n purposes a 2% distortion level was 
considered a s atis fact ory s tandard value for determining 
the power deliv ering capacity of the amplifier. 1% dis tor
tion would have been adequat e at 400 cs, where the 
oscillator dis tortion was only 0. 2%, but not at 20 and 
20,000 cs where the oscillator distort ion was 0.8% and 
0.6% 'res pect ively. Fig. 13 shows ty pical 2% distortion 

, wave shapes at 20, 500, and 10,000 cs, for this amplifier. 

2% Total Harmonic 
Distortion 

Fig. 13 - Two per cent distortion wave shapes. 

The 2r, dis tortion power handling capacity together 
with the corres pond ing plate circuit loss es and screen 
dissipation are shown in Fig. 14. The highest plate 

<0 ." , - wc. . � ror> � 
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Fig. 14 - Two per cent distortion - power relations. 

circuit efficicnc y, includinl! transformer losses', occurred 
at 1000 cs and was 69'0. The plate circuit l oss es are 
below the rat ed CCS value for the tubes alone and the 
screen diss ipation is equal to the rated CCS va lue over 
most of the range. It should be emphas ized that this 

curve represents the power delivering capacity of the 
amplifier and not the linearity of response with frequency 
variations. The frequency response characteristics, 
together with the power delivering capacity curve, plotted 
to a db scale, are shown in Fig. 15. It can be seen from 
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Fig. 15 - Frequency response characteristics. 

this diagram that _as long as the operating level is be low 
the 2% distortion curve the response is perfectly flat 
between 100 and 20,000 cs. Below 100 cs the response 
rises slightly due to the series resonance in the impe
dance coupled circuit. The amount of this rise can be 
controlled by modifying the values of the coupling 
capacitor and choke. At low levels the response a�ov e 
20,000 cs depends on the amount of feedback capacitance 
used. The curve for C Ib ., 0 is seen to rise to a maximum 
at about 85 kc, and then to drop off very rapidly. The 
curve for C Ib-

= 15 micromicrofarads is seen to be almos t  
perfectly Elat to 95 kc, after which i t  also drops off very 
rapidly. A curve for -Caussian response with a -3 db point 
at 75 kc has also been shown for comparison purposes. 
Gaussian response would produce minimum rise time 
consistent with zero overshoot. It is seen that the ringing 
frequency of approximately 100 kc corresponds closely 
to the region of maximum deviation of the actual response 
characteristic from the Gaussian response. This also 
shows why the use of CIf, = 15 micromicrofarads reduced 
the ringing amplitude obtained with a square wave input 
signal. 

Fig. 16 shows the results of an intermodulation 
distortion test using a 4: 1 combination of 60 and 1500 cs. 
As is customary, the resulting distortion is plotted as a 
per cent of the smaller of the two signals. The distortion 
values shown here should be divided by 5 if they are to 
be compared with the harmonic distortion values dis
cussed previously. The values shown are acceptable up 
to at least 112% peak-ta-peak equivalent input. An inter
modulation distortion test was also performed for a 4: 1 
combination of 60 and 15,000 cs. and the results are 

.� 
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sh own in Fig. 17.  The p urpose of this test  was to  fin d  
out i f  the h i gh freque n c y  rol l off of the power handlin g 
capacity had an y  appre ciabl e e ffe ct  on the intermodu la-
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F i g .  1 6  - Intermodu lation distortion character istics . 

t ion di stortion .  The val u e s  obtained in th is test were 
sl i ghtl y high er  than those  sh own in Fi g. 22 but the per
formanc e is a c c ep tabl e up to at l east 105% peak-ta-peak 
equival e nt input.  

Good tran sient response of  a loudspeak er requ ires 
a l ow o u tput impedanc e sourc e .  The manner in wh ich the 
ou tp u t  impedanc e o f  thi s ampl ifi er varies with  frequency 
i s  sh own i n  Fi g. 1 8. The output impedance remain s 
rel ati vel y c on stant w i th fre qu ency and is about 10% of the 
n om i nal  impe dance  of the tap . This output impedance 
w a s  re l ativel y independent  of the current used to  mak e 
th e t e s t. 

A short cir cuited s e c ondary test was performe d on 
th e amp l i fier to  de term i n e  its  s u s ceptibility to a c c i de n tal 
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F i g. 17 - I nter mod u l a t ion d is t ort ion  chara cter ist i cs .  

damage .  The res u l ts o f  th i s  test  are sh own i n  Fig. 19. 
The s creen dis s i pat ion of the tu be rea ch e s  4.5 w at 
re lat ive l y  low si gn al l eye l s  bu t remains bel ow 5 w eve n 
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F i g. 1 8  - O u tput i mpedance character is t ic . 

w i t h  1 20% of n ormal  fu l l  load  signa l .  With th e same signal  
the p late circuit input approa c h e s  120 w .  Th i s  is  con
s i derabl y greater than the rated val ue but the plate s truc
ture is quite ru gge d an d capabl e of  handlin g  th e s e  powers 
for sh ort periods of  t ime.  The s creen gri d of th e tube is 
quite fra gi l e  compared to th e pl ate s tructure so it is . 
fortun ate in this s i tuat ion that it only has to handl e 
about 7 0% of i ts  rated d i s s i pat ion . Th i s  ampl ifier was 
operate d for 10  m i nu tes at th e hi ghest sign a l  con d i tion 
shown on the graph .  At the end of the ten min u te perio d 
t h e  s h ort circuit was removed and the amp l i fi er operated 
normal l y .  No damage coul d  be detec ted i n  a n y  part of  
th e ampl i fi er or i ts  tube  comp l e m en t. 

Th e ampl ifi er can al so operate wi th full  s i gnal 
appl i e d  under open s e condary condit ions.  Th e only 
n oti ceabl e change is that the output vol tage rises by 
a bou t ten per c e n t  wh en �he  load is  d isconn ected.  Th i s  
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c ontrol  is  due to · the c l o se coupl i ng us e d  be tween the 
s e c o n dary and the fee dback win di n g. 

Th e res i dual h um i n  the c ompl ete amp l i fi er is  
s l i ghtly  gre ater than that measured in the basi c amp l ifier 
w i th transformer coupled input.  For the complete ampl i fi er 
t h e  residual 1 20  cyc le  h um is abou t 80 db be low 50 w. 
Th e residual 60 cycle  h u m  is about 66 db be low 50 w.  
Due to i ts lower frequency , the 60 cycle  hum i s  no more 
s er i ous than the 1 20 c y c le · hum and both have been fou nd 
to be completely  n e gl i gible  i n  most  cases . Th e 60 cycle  
h u m  i s  p i cked up inductive l y  by  the unsh i e l de d  modi fied 
T20C5 1 choke fro m  the pow er trans former. If  furth er re
du ction of the 60 cy c l e  hum is  desi rabl e and the ampl ifi er 
i s  operated remotely from other equ ipme nt ,  th is  ch oke 
can b e. oriented for mi nimum 60 cyc l e  p i ckup . Approxi
mately 20 db reduc tion has been obtai ne d by th is  mean s  
but a c lumsy mount ing  posi tion was required for the 
choke.  If the e qu ipment  is operated in  pro x i m i ty to oth e r  
e qu i pmen t wh os e r e l ati ve posi ti on m a y  chan ge from time 
to  time, a be tter sol ution would be to use a ful ly sh i e lded 
c h oke. It s hould  be emp h as i zed, however, that in  mo st 
c a s e s  furth e r  hum reduction is not  n e c essary . · 

Fi g. 22 i s  a photograph of a deve lopmen tal model 
o f  th e Be re s k i n  50 watt - 16 1 4  Tube Power Amp l ifier.  
Th e o u tp u t  tra n s former is  sh own mounted on the chassis 
i n  its n ormal posit ion but not  potted. 

APPEN DIX 

O n  the b as i s  of  th e characteristi cs s h own in  Fig. 
1 5 ,  the 2% d i s torti on power-de l i ver ing capa c i ty of th i s  
am p l i f i er is  down approxi mately  6 db at  20, 000 cycles 
wh i l e  th e l ow leve l response 'is  f lat  to  approximately 
1 00, 000 cyc l es . Th e oretical and experimental  i n v esti ga
tions on both a qual i tative and quan titative b as i s  were 
made to de termi n e  the adequacy of th i s  power-del i verin g  
capac i ty .  I t  is  th e purpose of th e appendix to disc uss 
th ese investigation s .  

, 
Sivian,  Oun n ,  and Wh i te' and others have shown 

that m os t  of  the p owe r in  s peech,  song,  and m u s i c  i s  
contai n ed i n  th e fundame ntal tones w i th fre qu e n c i e s  
b e low 3000 cs .  T h e  power l e ve l s  of  t h e  h i gh er fre quency 
fun damen tal ton e s  and of th e h armo n i cs o f  t h e  lower 
frequen c y  fundamental s  decrease rapidly as th e frequen
c i es become greater than 3000 cs.  Curve 0 i n  F i g. 20 is 
an adaptation of  data presented by Sivian,  Oun n ,  an d 
Wh i te w i th regards to a 75 pi e ce orch e s tra p layi ng 4 
d i ((eren t types of musical  sel ect ions . In the original data 
the audio frequ e n c i es were divided into s u i tabl e but not 
e qua l bands, and for each of these  ban ds the i nstan tane
ous peak power was recorded� Th i s  was done for e a c h  of 
the four m us i cal sele ctions and for many other source s 
of sou n d .  The adaptation of th i s  data cons i s te d  in tak ing 

' S ivi an, Dunn, and W hite, "Abs olute amp l i tud es and s pectra of 
certai n m us i cal instruments and orchestras, " Jour. A cous. Soc. 
A mer. , vo!. 1 1 ,  n o. 3,  pp. 330-37 1 ;  January, 1 9 3 1 . 

the peak i n s tantaneous powe r requi red in each of th e  
four musi cal s e l e ct ion s  an d ca l l ing  th i s  val ue 0 d b. Al l  
four mus i c al s e l e ct ions produced 0 db i n  the  250 - 500 c s  

band. The val ue plotted in any of the oth e r  ban ds was 

chose n from the musical s e l e ction in wh i c h  this band had 
the min imum devi ation from its ow n 0 db l eve l .  Th is  
curve i s  bel ieved to b e  a c l ose  appro x i mation t o  t h e  most 
s evere re qu ireme nts for an audio frequency powe r  sys tem 
and has there fore been c a l l e d  the " MA X IMUM S EVElUTY " 
c ompos i te .  Curve E h as been obtai ned by convert i n g  the  
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data represented by curve 0 to a cyc l e  l � ve l .  Sound i s  in  
general an integrated comp os i te of many fre que n c i e s  a n d  
these two c ur ve s  show t h e  relative c o n tr i but ions  to be 
expe � ted, under very severe condit ion s .  from variou s 
frequency ban ds and ran � s .  

The 5 0  Watt - 1 6 1 4  Tu be Power Ampl ifier l e n d s 
i tself  readi ly to the con trol of i ts power-del iver ing 
capa c i ty  w i thout appre c i ably a((e ctin g i ts l ow l e vel 
frequency response or i ts  m i ddle frequen c y  dis tortion 
characteristi c .  Curve At i n  F i g. 20 is th e 2% distort i on 
p ower-del ivering capac i ty o f  the amp l ifier. Curves Bt and  
Ct are experimen tal 2% distortion power-de l i ver ing  
capacity curves for this same amp l i fier when it  was 
l oaded with . 005 microfarad an d .01 5  m i c rofarad capa c i 
tors respe ctivel y between each o f  th e 1 6 1 4  tube p l a tes 
artd B+ . For curve A the total pri mary i n te rwi ndi n g  
capaci tan c e  i s  .010 mi crofarads.  for C urve B i t  i s  . 020 
m i crofarads, an d for C urve C it is  . 040 m i crofarads.  
C urves Aa . Ba > and Ca are th e correspondin g l ow leve l  
frequenc y  response charac ter istics  obta in ed wi th a 
c onstant input vol tage.  The 400 cs harmon i c  dis t orti on 
for al l three cases was i dent i cal ly the same as tha t of 
Curve 4 in  F i g. n. Th e l oading  capa c i tors were conn ect
e d  with a ro tary swi tch wh i ch made it pos s i bl e  to s w i t c h  
from any one condit ion t o  any other c ond it ion wi th ou t 
goin g throu gh  the rema i n i n g  condition.  

Several ful l  orchestra passa ges were re corded from 
LP records to tape wi th a Ma gnecord Tape Re corder 
operatin g at 1 5  inche s/second. The tapes were cut in to 
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four foot l e n gths wh i ch we r e  s p l i ce d  i n to ri n gs  so that 
th ey c ou l d  be p l a ye d  ove r a n d  over wi th a one se cond 
dead i n terval in be tween to perm i t  s w i t ch i n g of the 
amp l i f i er c apa c i tan c e  l oa d .  Th e �la gn e co rd o u tput  was 
used a s  a n  i np u t  to th e p o w e r  a mp l i f i e r  a n d wa s al so 
conne c te d  to the h or i zon tal  d e fl e c ti on syste m  of a 
cath od e -ray osc i l l os cop e .  Th e v e rt i c a l  de fl e c t i on sys te m  
o f  the c ro w a s  c o n n e c te d  to th e  power ampl i fi er output 
and th e  various  gai n c o n tro l s  we re adj us te d  for a 45 9 
trace on the fa c e  o f  th e c ro. D i s tort i o n l ess operat ion 
was c h ara c ter i z e d  by a s tra i gh t  d i a gonal  tra ce wi th 
s l i gh t t e n de n c y  towards an e l l i p s e  du e to th e h i gh e r  
aud i o fre qu e n c i e s . � l i d dl e fre q u e n c y  d i s tort ion  was 
character i z ed b y h or i z o n tal e x tens i on s at the t i ps of th e  
di agonal  l i n e s .  H i gh fre qu e n c y d i s torti on was c harac ter
i zed by smal l l o op s ,  s i m i l a r  to m u s i cal  h a l f  n o te marks , 
at the t ips  o f  th e d i a go n a l  l i n es .  

For ea c h  s e c t i on o f  tap e  the i n p u t  l e vel t o  th e 
power ampl i f ier  w as adj u s te d so tha t  th e  amp l i fi e r j us t  
fai l e d  to  c l ip pe aks a t  th e h i gh es t l e ve l  p a s s a ge o f th i s  
sec t i on wh en th e c on d i ti on o f  Curve A was use d .  Swi tch
i n g  th e ampl i f i e r  to th e co n d i t i on s o f  C u rves  D and C 
prod u ce d corre s p o n di n g l y  l ar ger i n d i c a t i on s  of h i gh 
frequ e n c y  d i s torti on . n e d u c t i o n s i n  i n p u t  l eve l  ran gin g  
betwee n  � an d 1 db were n e c e s s ary t o  e l i m i n a te  th e 
d istort ion for th e  c o n d i ti on of Curve B. n e du c t ion l!l in 
inpu t l e ve l  ran gi n g  be tw e e n  2 and 3 db were ne cessary to 

2. 5 KC S q uare Wave 

D i rect 

Fi g. 21 - E ffect of capa c i tance l oa d i ng on sq uare 
wave res ponse of a mp l i f ier .  

e l i m i na te th e d i s tort i o n  for th e c o n d i ti on o f  C u rve C .  In 
a l l  c a se s th e di s tort i on s h o w n  by th e cond i t ion  of Curve 
A was o f  the m i d d l e fre q u e n c y  peak c l i pp i n g  vari e ty .  
Listen i n g  tests m a de at  f u l l l e vel  for th e s e  con d i tion s 
s h owed i n  ge n eral  th a t a s l i gh t  di fferen c e  c ou l d  b e  
de te c t ed be tw e e n  th e c o n d i t i o n s  o f  Cu rve s A and C b u t  
there w a s  n o  c on c l u s i ve a gre eme n t  as t o  wh i c h repre
s en ted  the b e t t e r  o p e ra t i n g  c o nd i ti on . In th e re gi o n  of 
2500 c y c l es /s e c o n d  C u rve 1 I  is seen to he ap prox im ately 
1 d b bel ow C urv e  A a n d  f: urve C i s seen to be approxi -

mate l y  3 db bel ow C urve A. Th is same regi on i s  s e e n  to 
correspond to humps in both Curves D and E .  Th ese 
h umps are  probabl y exaggera te d by  the  man n er i n  wh i ch 
the " Maximum Seve ri ty" data was adapted from th e 
ori ginal  data bu t th e re i s  amp l e  evi dence  that  th e 2000 to 
2800 c y c le/second ban d mak es an appr e c i abl e con tri bu
tion to th e power con te n t  of  the compos i te s i gnal . Deyond 
th i s  ban d Curve s AI and DI safe l y  override th e  band l evel  
" Max i mum Seve ri ty "  composi te cu rves . Al l three of th e 
C urves AI O DI , and C l  are s ee n  to drop off  at a l owe r rate 
than the cy c l e  level  " Maximum Se veri ty "  composi te in 
the h i gh  frequen c y  ran ge. 

Fig.  2 2  

Th i s  ampl if ier  was used i n  l i stening tests with 
l!Ieveral combi nations o f  ful l  fre qu en c y  range e qu ipment  
and LP re c ords cont ai n i ng fu l l  orch e stra passages.  In  
l!Iome of these  tests the input l evel was adj usted  to  j ust  
fai l to  p rodu c e  p e ak cl i p p ing  d ur i n g  t h e  mos t  severe ful l  
orch e stra  p ass ages wi th t h e  co n di t ion of  Cu rve A .  In th e 
rem a i n d e r  of the tests  a h i gh l eve l  was mai ntai n ed but 
thi s l e ve l  was bel ow th e p e ak cl i p p ing regi o n .  The 
tran s i ti o n  betwe e n  condi tions A, B, and C was n o i s e l e s s  
ad in no c a s e  was t h e  au d i e n c e  a b l e  t o  d e t e c t  any 
differen c e  between the three condi t ions .  

Th e s p e ctrum of a 2500 cs square wave, h av i n g  a 
total power of 0 db, i s  shown up to th e 1 1 th h armo n i c  by 
tbe arrows mark e d  F i n  Fig. 20. Th e compone nts abov e  
27. 5  k c  h ave been  l e ft out t o  avo i d  confu s ion i n  th e 
diagram but  the ir e ffe ct  c an  be und erstood by recogn i z i n g  
that o n l y  odd h armo n i c s  ar e  present  and that t h e  s p e c trum 
l evel of a s qu ar e  wave drop s  off at a 6 db/octave rate .  
Several of the harmon i cs of th i s  wave  are in th e au d i b l e  
frequ e n c y  range and t h e  drop-off rate of th e h armon i cs 
does not  d i ffer too much from the  band l evel an d c y c l e  
l evel  "Maxi mum Sever i ty" c omposi te c h aracter i s t i c s .  
The beh aviour o f  th e  amp l i fier con d i t i ons to . a fu l l  l evel  
s qu are wave input  s i gn al cou l d  be used for c o m p ar i son 
purposes to i nterpret the h i gh fre qu en c y powe r d e l i ve ri ng 
c apaci ty o f  other power  amp l i fi e rs. 

Th e os ci l l ograms i n  Fig.  21 we re  obtai n ed by th e 
ap p l i cat ion  of a 2 . 5 k c  s qu ar e wave to th e  amp l i fi e rs 
c orres p on di ng to Curves A, D, an d C i n  Fig.  20. Th e 
input s i gn al  used i n  th e u p p e r  4 wave s was e qu al to th at  
r e qu i red to produ c e  50 w outp u t  at  250 cs. Th e pow er 
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p re sen t in the  outp ut w as sl igh t l y  l ess than 50 w b e c a u s e  
o f  th e s l o p i n g  s ides of  the  output  wave s.  The i n p u t  s i gnal 
u s e d  for the lowest wave w as 6 db be l o w  that u s e d  for 
the  other  c urves . Th e top curve i s  u s e d  for refere n c e  
a n d  repre sents  t h e  ap p l i c at i o n  o f  t h e  output  of  t h e  s quare 
wave ge ne rator di re c t l y  to  t h e  c ro wi t h  th e s ame ga i n  
c o n trol s e tti ngs that were u s e d  i n  al l o f  th e o t h e r  t e s t s. 

Th e r i s e  t imes be t we e n  the 10% and 90% points  
are  tabu l ated be low:  

S i gnal  R i s e  Ti me ( 10% to 90%) 
Cp _ p  L e vel ( mi cro s e c o n d s) .( % of p eriod)  

( m i c ro far ads)  
.0 l D  o d b  2 2  5. 5  
. 0 20 o db 44 1 1 . 0  
. 040 o db 92 23. 0 
. 040 -{j db 36 9 .0 

(d ire c t  fr om sq. wv. 
gen. to C RO) o db 2. 5 . 63 

Th e wave Cor c o n d i t i o n  (C p _ p  = .040 mfd) shows a 
rel at ive l y  l arge amo u n t  of r ise  ti me for ful l  s i gn al o p e ra
t ion  but t h i s  ri s e  t ime i s  redu c ed to l es s  than h a l f  i ts  
o r i gi n al  v al u e  wh e n  th e s i gn al l evel  is  redu ced by 6 db. 
All o f  the waves are c h aracteri z e d  by an e x trem e l y  sm al l  
amoun t of r i n g i n g  wh i c h  i s  an  i n di c at ion  o f  good l o w  
l evel  fre qu e n c y  res p o n se.  

I t  ap p e ars from the  tests di scussed previ ous l y  that  
the c o n d i t i on of  Curves D (C p _p = . 020 m fd) rep resen ts  

a transit i on r an ge wh ere  i t  i s  p o s s i b l e to d e t e c t  i n c i p i e n t 
l oss of h i gh fre qu e n c y  p ro gram mat eri al wi th i nstrumen t s 
b u t  the l os s  i nvol v e d  i s  sti l l  i n s u ffi c i e nt to be detected 
from l isten i ng tests.  Al though further i nvest igati on s  w i l l 
be made, i t  ap p e ars r e as o n ab l e  at th i s  p oi nt to as sum e 
that  an amp l i fi er wi l l  h ave ade qu ate h i gh fre qu e n c y  
p ower- de l i ver ing  c ap ac i ty i f  it  can reprodu c e  a 2. 5 k c  
s quare wave at fu l l  s i gn al l e vel  wi th  a r i s e  t i m e  o f  l e ss 
than 40 mi crose conds betwe e n  th e 10% and 90% p o ints  of  
the wave.  To avoid  t h e  p o s s i b i l i ty of  audi ble  i n t erm odul a
t ion  components due to th e c omb i nation of r ingi n g  and 
h i gh audio fre qu e n c i e s ,  the r i n gi ng amp l itude shou l d  b e 
rel at ive ly  sm al l an d  the r ingi ng fre qu en c y  s h o u l d  be  
rel ati vely h i gh .  

It  has been  sh own th at t h e  amp l i fi er d i s c u s s e d  i n  
t h i s  p aper has adequate h i gh fre que n c y  p o we r- de l i v er in g  
c ap ac i ty for a l l  normal l y  en c ountered audi o fre qu e n c y  
s i gn al s. Th e m i ddl e and l o w  fre qu e n cy p o we r-de l i veri n g  
c ap ac i ty and t h e  tran s i ent  response are a l l  exc el l e n t . 
The harmo n i c  an d i n termodu l at i on d i s t or t ion  are u n i
formly low an d  co u l d  be further redu c e d  at the exp e n s e  
o f  requiri ng ad d i t ional  i n p u t  s ignal.  Al l o f  t h e s e  p e r form
an c e  fe atures have b e e n  a c h i eved with  a stru c t ure  wh i c h  
i s  compact an d  re l at i ve l y  i n e xp e ns i v e  an d  c ap ab l e  o f  
w i ths tandi n g  u n u s u al ab normal c o n d i t i o n s ,  su ch as fu l l  
s i gn al  inp ut w i th sh ort c i rcu i ted l o ad,  without  damage to 
t h e  amp l i fi er i tsel f. 
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The first major change in years in amplifier coupling 
circuit principles is discussed, together with details of 

the components employed. 

FRANK H. MdNTOSH* 
and 

GORDON J. GOW* 

New 50 - Watt Amplifier Circuit 

A

UDIO A}I rJ.JFIJ'.JLS-being one of the 
oldest forms of equipment built 
using the three or more element 

tube--are now one of the most difficult 
de\'ices to improve, and perhaps n<> 
other field of electronic endeavor has 
been given more time or has been 
etudied by more People. One of the 
major reasons sound amplifiers are dif
ficult to de3ign is the requirement for 
'l"ery wide frequency range, highest to 
le-west running up to 20,000 to 1 in order 
to meet the e'l"er-increasing demand for 

-

Fig. I. Simplified output circuit of con· 
ventional push-puU amplifier. 

Jnvre faithful reproduction of the audio 
Tall�e of from 18 to 20,000 cps. This 
wide range is probably the most rigid 
nqui�ement for an\" electronie device 
rt:g'ardJess of its u�e. To satisfy the 
de;:ign requirements for an audio am
},Iifier, lOel'eral problems must be over
l"ume. At the low E'nd of the audio band 
the requirement for suffieient core ms
terial of prO)ler magnetic properties 
must be weighed against core loss, 
weight, site, and expense. These quan
tities bear an inverse relationship to 
the total numbR of turns, but the total 
turns bear an inverse relationship to 
the leakage inductance and the effective 
shunt capacitance. At frequencies of 

·Mcbuosh E�,,��ri"6 Labor41ory. Inc .• 

9JO Kin8 SI .. SilllCT Sprin8. Md. 

3,000 cps IInd higher the shunt capaci
tance across the primary circuit of out
put transformers becomes one of the 
major limiting factors, regardlese of the 
mode of operation of the output stage. 
When the output stage is operated 
Class AB or Class Bto improve the 
efficiency, then an additional problem 
growing out of the switching from one 
side of the circuit to the other in the 
output stage and thus producing a 
transient has been a barrier for over 
20 years and has made practically use
less such circuits except in applications 
where the harmonic content was not 
of great importance or where the range 
was limited over. which such circuits 
are operated. This transient appean .a 

Fig. 2. Oscilloscope trace showing 
notches in output wave when operating 

.t;,etween Class A and Class B. 
a notch in the signal wave form and 

. was first descr:bed in 19361 but for 
which no solutioll wa� suggested beyond 
that uf redul"ing the leakage inductance 
of the output transformer or of biasing 
the .amplifier stage back to Class A 
opera tion. 

The basic circuit which lfe are about 
to describe grew out of an attempt to 
meet many considerations and require
ments based upon tests and meaSUre
ments made concerning the ability of 
IA.P. Sah, Quasi.Traniientll in Class B 

Audio Frequency Push·pun Amplifier., 
Proc. IRE, Jliov. 1936. 
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the ear to detect distortion. the r811ge 
and power of sllef'oCh and musicQI in
struments, the .impulse characteristics 
of sound, the load impedance variations 
and effects of loudspellkers and other 
devices. A treatment of these basic re
quirements must be resen·ed for a 
later discussion. 

Output arcult 
Figure 1 illustrates the output cIr

cuit of the conventional pushpull om· 
plifier in simplified form. It "'ill be· 
seen that the plates are connected in 
the conventional way to the primaries 
of the output transformer and the r.· 
sistor forming the load ie shown con
nected to the secondary. The plate-to
plate impedance in thie circuit is 4000 
ohms. This is about right for a pair of 
61,6'e as used in the McIntosh 50\\'-1 
amplifier. Attention is called to the 
1000-ohm impedance wh ich corresponQs 
to the circuit from the plate to the 
center tap of the primary of. this out
put transformer. T h  e s e impedances 
should be born in mind &8 later refer
ence will be made to them al part of 

Fig. 3. Trace showing transfer charac. 
teristic of output tubes with discon-

tinuity due to notch of Fig. 2. 
the de3cription of the new circuit- In 
the discussion to follow it ie assumed 
that each of the tubes in the output 
circuit altemat.dy cenee to draw cur
rent during a portioll of. the audio 

9 



Fig 4. One method of minimizing le.k. 
age reactance by use of sectionalized 

primary winding. 

~ \ : 

V 
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Fig. 5. Simplified form of new coupling 
Irrangement for amplifier output stage. 

cycle and, therefore. are operated some
where between Class A and Clan B. 

Experience has shown that using the 
circuit of Fig. 1 and operating between 
Class A and Class B will result in a 
deformity, appearing as a "notch" .. 
shown in Fig. 2 for all frequencies above 
approximately 2,000 to 3,000 cpl. This 
waveform distortion' measures 2 to 10 
per cent or more depending upon the 
frequency and the leakage reactance 
existing between the two primary wind
ings. This "notch" occurs because there 
is a residual leakage inductance in the 
plate circuit of each of the output tubes 
which becomes a source of voltage in
dependent of that voltage driving the 
stage at the instance when one tube 
ceasee to draw current and the other 
tube draws more current. This residual 
inductance or leakage reactance acts 
like an inductance through which the 
current has suddenly been cut off, and it 
generatea a back e.m.!. which distorta 
the output wave. The value of this leak
ege reactance must be minutely small 110 
that the distortion of the wave form 
at the highest frequenq will not ex
ceed 1 per cent. Thia effect haa no panll
cea, 10 far aa we know. 

N egati .. feedback, the usual panacea, 

10 

does not impro.c:I the �ituution. 8S might 
be expected, but rather tends to make 
it worse. To cancel the notch in tht
waveform a current flow \t'ould be re
quired through the tube in the reverse 
direction to that which the electron 
flow permits, at the time the tube ceases 
to draw current du'ring the normal cycle 
of operation. Another way to describe 
what happens in the circuit is to con
sider Fig. 3. Here is shown an oscillo
graphic trace of the transfer character
istic of the, output tubes. The presence 
of leakage reactance bet\veen the two 
primary windings causes a discontinuity 
to exist in this characteristic. This is 
the barrier which has been the source 
of frustration of many engineers for 
yt-ars past and is perhaps the major rea
son that high efficiency and low distor
tion could not be made compatible. 

.edueln. Leaka ... eactance 

There are a number of approaches 
aimed at reducing the leakage reactance 
but the penalty has been so great that 
the value of the increased coupling be
tween primary windings has been offset 
sufficiently to make these approaches 
no solution Ilt all, or of little value. 
Figure " shows symbolically the sec
tionalizing of the two primary \vinding,; 
shown in Fig. 1. Here the primary is 
made up of many coils which are con
nected in such a fashion as to tend to 
make all the windings occupy the snmc 
space. This is an effective means of in
creasing the coupling between two coils 
and does increase the frequency at 
which the "notch" first appears. How
ever, this approach has the disadvantage. 
of increasing the shunting capacitance 
effects between the two plates of the 
circuit to such an extent that the high 
frequencies are by-passed. There doesn't 
!!eem to be any practical way to section
alize and interleave these windings to 
eliminate the leakage reactance efft'Ct 

�LOA" 

(A) 

A __ ------------�---�---� 

• ih 

c ...... 

O--------��--�� 

(B) 

[}LOAO 

Fig. 6. Steps in development of coup
ling circuit. 

and at the same time avoid the shunt 
capacitance effects. Another method 
which suggests itself as a result of the 
experience just described is to use a 
much larger core, permitting a reduc
tion in the number of turns required 
in the windings of the primary circuit. 
This approach requires a very large 
core in the order of 125 pounds to effect 
n sufficient reduction in leakage reac
tance. This compares very unfavorably 
with the ll-pound core required in this 
new unity coupled output circuit for 
the same performance. It may be well to 
mention here also that the use of a 
iarge core has se\'eral other disadvan
tages among which is higher distortion, 
particularly at lo\v output levels. This is 

, due to the non-linear characteristics of 
the magnetic material and the relative-' 

FEED 

[jLOAD 

��+----------------���= + 

Fig. 7. Fin.1 basic .rrangement employed to provide d.e:. voltage for screen grid. 
but at the same •. e:. patential as the correspanding cathode. 
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Iy lar,er total 10811 !n the larger core. It 
would be well to point out at this time 
that for 6L6 tubes operated in Claes AB 
or Class B, the ratio of inductive reac
tance of the primary of the output 
transformer to the· leakage reactance 
bet,,!,een the primaries must be 80,000 to 
one or ,reater to permit 1 per cent dis
tortion ot 20 kcs and full output to all 
low os 20 CJlII. 

From the abm'e diacuasion it seems 
impractical to reduce the leaka,e re
actance sufficiently to permit hi,h-effi
ciency operation and the only hope. 
therefore, is to go back to a conven
tional Claas A arrangement where a 
discontinuity in the current drawn by 
each of the tubes does not occur over 
the operating cycle. The solution for 
high efficiency operation requires an 
unconventional circuit which wil1 ef
fectively eliminate the leakage react
ance between the primary windings. 

Figure· 5 il1ustratea the approach 
made to circumvent the problems de
scribed above. The conventional output 
primary circuit is again ahown with the 
primary marked ! in dotted form. For 
simplicity the power supplies are elimi
nated and the midpoint" of this primary 
is shown connected to the a880ciated 
cathodes. The solid position of primary 
f is shown adjacent to primary 1 and 
this i11ustrates the first step in the de
"e1opment of the unity coupled ampli
fier. The3e two primaries are wound 

............. 
. · - • ... ... 
• · - · ... ,. . 
.. · - . ... 
.. · - . ... 

'00 , - • -

Fig. 8. Equivalent circuit simplified 
from Fig. 7. 

of 80,000 to 1. We now, thereiore, Lav, 
a .,.Item which appears to have promi .. 
by reason of finding a way to eliminatt. 
the leakage reactance between the pri· 
mary windin,. which in turn remov� 
the barrier which bu blocked for 8CI 

many years the use of high-eflieiency 
circuits in high quality audio amplifiers. 

It is obvious that other variationa of 

approach have been considered which 
tccomplish the desired purpose to 
some ex'tent at least, such as winding 
the two primaries on a common core 
not bifilarly and utilizin, a suitable 
capacitance for couping the ends of 
these windings 80 as to maintain the 
two windings at proper and identical 
a.c.. potentia Is. One advantage of the 
bifilar winding is, of eouree, a reduc
tion of the number of components re
quired. and it sidesteps some of the dif

together in a bifilar manner u if they ficulties which grow out of the use of 
were one winding and, therefore, there alternate approaches. It may also be 
is between them both a capacitance obvious here that since the two primary 
coupling turn by turn, and a magnetic windings are unity coupled there is no 

coupling due to the presence of the com- longer any need for lectionalizing the 
mon core. Since the wires occupy prac- primary as is common in high quality 

tically the same space, the coupling ill transformers today. This result/! in an 
exceedingly h i g h a nd measurem�ts economy in manufacture. 
show that it is practicable to wind coils Orcult Arran.emenl 
with a ratio of primary inductance to • 'To make Fig, 5 a practical circuit, 
leakage reactance much better than the cathodes are connected to one coil 
200,000 to 1. This, therefore, provides and the plates to tlle other coil without 
a way to el iminate the leakage reactance changing their position in the circuit 
which in conventional transformers far from an a,c. 

·standpoint but permitting 
exceeds the minimum ratio requirement 

"- ...( .... I 
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the application of the d.c. plate supply . 
between these coils. 

Figure 6 (A) illustrates a further 
step in the development of the final cir
cuit and ahows a cathode-loaded ar
rangement with a required plate IUPP)y 
isolation reactance. Here it will be Men 
that the cathode loading result. from 
the method of drive. For instance. tube. 
1 is driven from the control grid to the 
far side of its load which is, from an 
a.c. standPoint, at the same potential 
as its plate, and similarly tube I i'i 
driven in a like symmetrical manner. In 
order to drive the stage, it is necessary 
to do two things :  to provide an input 
transformer or similar device and to 
provide an ieolation reactor which hu 
sufficient impedance to keep the plate 
supply and the amplifier stage isolated 
from an a.c. standpoint. It will be IeeD 
here that the entire stage is fioating 
with respect to ground. At points A 
and B in Fig. 6(A) it will be noted 
that the full voltage developed acrosa 
the output stage appears to add to the 
difficult problem of designing· a driver 
transiprmer able to handle the large 
voltages needed to drive the output 
stage. These difficulties-as well as the 
requirement for wide frequency range, 
balanced couping, and high impedance 
primary-make this trsnsformer some
what impractical if not impossible. 

Deleting the isolation reactors from 
the circuit of Fig. 6(A) gives the cir
cuit of 6(B) in which the two cathodes 
remain at the signal potential difference 
of the output transformer primary, but 
one cathode has been returned to ground 
while the other is left fioating. Again 
the design of an input transformer is 
highly impractical. 

An attempt, therefore, was made to 
get away from the four-terminal input 
circuit required by Fig. 6(B) and go 
back to the conventional three-terminal 
input if at all possible. This was ac· 
complished by the circuit as illustrated 
in Fig. 7, which is similar to tho£le of 
Fig. 6 except that instead of driving 
the stage fully cathode loaded, the point 
A of Fig. SeA) was connected to the 
mid-point of the cathode winding which, 
of course, euggested that point B be 
connected to that same cathode mid
point. We now, therefore, have our 
three-terminal conventional drive cir
cuit. and furthermore we find that this 
mid-point ean be grounded, \\'hich im
mediately suggests that the plate supply 
can be similarly attached to the mid
point on the plate winding of the out
put transformer, and finally this elimi
plate supply at + upwards through the 
winding and to the plate of the lower 
tube, thence from its cathode through 
its winding to the center point and 

nates the need for the isolation reacton. 
Concentrating first on the 0 u t p ut 

transformer primary and taking for in
stance the Le. current path from the 

one cathode winding on opposite ball-ea 
of theee coils. Considering the Upper 
tube, we find a aimilar situation. It i. 
seen that balf of the output. winding 
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Fig. 10. Performance characteristics of SOW-I amplifier. 

therefore back to the power supply, we 
have utilized one plate winding and 
is in the cathode circuit and half is in 
the plate circuit for each tube, but since 
the two windings are coupled tightly 
from an a.c. standpoint, they become 
practically identical, and therefore we 
have an output stage which utilizes 
essentially the a&me primary windinp. 
Since thia ia 10, it i. obTious that there 
can be no leakage reactance between 
the output coila for the two tubes. In 
addition to the compatibility now poIIIi
ble between high efficiency and high 
quality, there are several other adTan
tages of this circuit arrangement which 
are described. 

Orcult Advantag •• 
It is con'\'enient with this circuit to 

use either pentodes or triodes. Figure 
., shows the screen grid connected in a 
suitable manner to make use of the in
herent efficiency in power conversion of 
pentodes or beam power tubes. The re
quirement that the screen be kept at 
a constant d.c. potential with reaped 
to the cathode is fully m�t by virtue 
of the fact that the two windings are 
coupled so tightly that no a�c. potential 
can develop between the cathode of 
either tube· a n d  i ta c orre spo ndin� 
screen. It is obvious also that a con
stant d.c. potential equal to the plate 
voltage. in this case, is provided for the 
screen. Figure 8 illu strates a simplified 
equivalent circuit of Fig. 7 that m� 
clarify the use of !he 'take turn' pri
mary idea. 

Referring back to Fig. 7, IOme of the 
additional advantages of these circuits 
will be described. The impedance be-

tween the tubes is now 1000 ohms in
stead of 4000 ohms shown for the con
ventional circuit in Fi{}. 1. The impe
dance between either side and ground 
is only 250 ohms instead of 1000 ohms. 
This 4-to-1 impedance reduction be
tween the tuhes reduces the effects of 
Itl'ay capacitances by a factor of 4, per
mits a wide exten sion of the audio pass 
band, and reduces the phase shift of the 
fundamental and the harmonics. Fur
thermore, since the two primary wind· 
ings now look like one winding to the 
secondary, the effective turns ratio has 
been reduced by a factor of 2 to 1 be
tween primary and secondary. This re
sults in a 4-to-l coupling advantage 
over the circuit shown in Fig. 1. Since 
both the shunting capacitance imped
ance adYantage of 4 and the coupling 
adnntage o f  4 occur simultaneously, 
there is inherently a 16·to-1 ad,\,antage 
in this circuit over the conventional cir
cuit. This adnntage obtains regardless 
of the class of operation ·of the tubes. 
Therefore, not only haS' the barrier been 
crossed to permit the use of high effi
ciency at low distortion. but at the same 
time a substantial impro'\'ement in cir· 
cuit characteristics has been found. 

Figure 7 also shows that some direct
coupled negative voltage feedback is 
uaed. It will be seen that since half of 
the load is in the cathode and half of 
the load is in the plate, as before men
tioned, almost the entire gabl j� dl� 



amplifier that is to be use<i anywhere 
but on a test bench and working into 
a resistance load, that it should be made 
as free as possible of the effects of load 
impedance in order that the design per
fonnance of the amplifier can be real
ized in actual practice. The 50W-1 am
plifier for all practical purposes isolats 
the effect of the load on the effective 
amplification of the output stage be
cause of this low value of generator 
impedance. Furthermore, the tendency 
of the load device to continue motion 
after the initiating signals have ceased 
is effectively damped. This means that 
nny back e.m.f. generated. by the load 
device sees such a low resistance looking 
back to the amplifier that the counter 
e.m.f. resulting from this low resistance 
dynamically brakes the load device and 
quickly damps out any free oscilla
tion. Theoretically there is no minimum 
limit to which this internal generator 
impedance can go to act as a benefit in 
both af the principles above mentioned. 
However, going from the damping fac
tor af ten to zero for the use in audio 
devicee produces only a minute im
provement in damping since the loan 
devices do not approach 100 per ceDt 
efficiency. For some applications the ill
ternal generator impedance hu beea 
made l/l00th of the nominal impe
dance. 

One of the apparently conventional 
features of the amplifier is the driver 
transformer for the output stage. Since 
the direct current drawn from the power 
supply by the Class B stage is propor
tional to the input signal level, and 
since the power supply internal resist
ance can not economically be made 
to approach - zero ohm.. there will be 
a change in plate voltage with a change 
in input level. At best, change in level 
of a single-frequency signal from zero 
to full output, the change in plate volt
age cannot be made less than 25 volts. 
If the driver plate voltage were to be 
derived from this varying source and 
the driver were resistance-capecitance 
coupled to the control grids of the Clau 
B amplifier tubes, the change in plate 
voltage would appear as a change in 
bias adding to the bias for an increu
ing signal and subtracting from it for 
a decreasing signal. A 15- to 30-volt 
increase in bias TOltage would ahift 
both output tubee toward Class C oper
ation and consequent current cutoff 
during both crossover periods for a 
length of time depending on the dura
tion of the change in level and the time 
constant of the resistance-capacitance 
coupling circuit. The increase in bias 
signal level change will appear as traZl&
ient distortion. To avoid this source of 
distortion either separate power supplies 
or transformer coupling is required be-

tween the driver and the output stage. 
The design of a high-impedance push
pull transformer' along conventional 
tins is another impractical problem. 
To keep waveform distortion and cur
rent consumption low in the driver 
stage. the primary impedance of the 
driver transformer must be kept above 
100,000 ohms from 20 cycles to 30,000 
cycles. The response of the transformer 
from primary to secondary should not 
show more than a 0.1 db variation from 
18 cps to 30 kca in order to function 
within a second feedback path in the 
amplifier. All of these requirements 
were met by resorting again to the 
bifilar construction where the input 
windings are wound together, giving 
practically 100 per cent coupling inde
pendent of frequency. 

Figure 9 shows the schematic dia
gram illustrating the 5eW-1 watt am
plifier including the phase in'Verter, 
'Volume control and preamplifier. It will 
be seen from this circuit that the driver 
outpnt stages are similar to those dia
gramed in Fig. 7. The output trans' 
former provides for 4, 8, 16, and 32 
ohms balanced or unbalaneed, as well 
&8 600 ohms balanced. It will be noted 
that the 600-ohm tap is taken off the 
prim ary winding  connected to tI,e 
cathodes of the output stage, and since 
this winding is grounded at its mid
point, neither of these taps (7 and 8) 
can be grounded. If required, a 600-
ohm winding can be supplied 13eparate 
from any of the other windings of this 
transformer. 

The amplifier is designed in a man
ner similar to that described for the 
poWf>r supply, namely, that the driver 
tX)i1 and output coil are potted in the 
box forming- the unit, that the top in
cludes a number of sockets which are 
interwired to pronde the proper cir
cuitry and the other elements plug into 
these sockets to provide the proper am
plifier arrangement. This permits easy 
"substitution method" serncing, fixes 
the relative position of components, 
pronding for better uniformity in man
ufacture and permits unusual arrange
ment features. For instance, the input 
level to the amplifier is approximately 
zero db when connected into the phase 
inverter. The plug-in "preamp" provides 
an additional 34 db gain, and a triple
shielded input transformer provides an 
additional 20 to 30 db depending on 
which input connection is used 30, 150, 
600 ohms or bridging input. A control 
console is a'V8ilable which includes tone 
control, additional preamps and neces
sary switching for microphone, phono
graph, and radio inputs. An equalizer
amplifier which follows the NAB re
cording CUT'Ve and with a gain of 20 
db 8t 1,000 cycle$ may be plugged into 
the unit. 

Figure 10 illustrates the a'Verage per
formance characteristics of the ampli
fier. The gain·frequency characteris
tics may seem abnormally wide, but 
since it was desired to provide a manu
factured product which could be guar
anteed to deliver 50 watts at any fre
quency from 20 to 20,000 cpe with less 
than 1 per cent harmonic or intermodu
lation distortion, this wide band was 
found necessary to keep the phose shift 
reasonably low so that the feedback of 
the higher fundamental frequencies and 
their harmonics would be in proper 
phase relationship to cancel out, and 
therefore improve the lineerity of the 
amplifier. If the phase shift at the per
tinent harmonics is 90 deg. or more, 
no benefit is obtained from feedback, 
and since the feedback varies invene� 
ft-om one at zero deg. phase shift to 
zero at 90 deg. approximately as the 
cosine of that angle, it is seen that quite 
large phase angles are 88!.'ociated even 
with relatively small loales or Taria
tions in the gain-frequency character
istic. For instance, a change in response 
from 0 db to 0.1 db ill inevitably &8110-
ciated with 10 deg. of phalle shift. A 
change from 0 db to 3 db is alwaya as
sociated with a 45 deg. phase shift. It is 
instantly obvious that if these varia
tions occur at the fundamental, they 
are substantially more at the harmonic 
frequencies and, therefore, the effect 
of feedback is reduced in proportion to 
the cosine of these phase shift angles. 
In some cases this may cause instability 
of the amplifier, pari'icularly where 
large amounts of feedback are used. 
Experience has !lhown that the phase 
shift begins to be measureable at nlues 
l/7th to l/lOth of the frequency at 
which the 2 db point shows up on a 
gain-frequency characteristic. There
fore, the designed bandwidth should be 
from 7 to 10 times the highest frequency 
for which it is desired to have distortion 
less than 1 pt-r cent. The figur'! show!' 
that the phase shift through the ampli
fier is substantially zero from 30 to 
30,()i)() cps. 

The circuit here described in part 
appears to open new fields of use or 
improvement in present fields permit
ing operation very near the theoretical 
maximum efficiency and yet provides 
a high degree of linearity with high 
stability for either impulse or steady 
state signals. 
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A Single-Ended Push-Pull Audio Amplifier· 
ARNOLD PETERSONt, SENIOR MEMBER, IRE AND DONALD B. SIN CLAIR t, FELLOW, IRE 

This paper was procured, and is here presented , through the co-operation of the IRE Profes

sional Group on Audio-The Editor 

SummarJr-An amplifier circuit for push-pull operation of two 
output tubes that provides a direct output to a grounded load is de
scribed. This circuit avoids any necessity for close magnetic couplinc 
between halves of a split primary of an output transformer; it does 
not use any interstage coupling transformerj and its simplifies the 
application of feedbadl: from the output stage to preceding single
t:nded stages. Methods for using this circuit with triode and beam
power output tubes are given, and the ultimate possibility of elim
inating the output transformer for driving a loudspeaker is discussed. 

• Decimal classification: R363.222. Original manuscript received 
by the Institute, July 30, 1951. A cond<.:Jlst·d version of this paper 
was_presen ted at the 1951 IRE �ationa l Convention, New York. 
N. Y., 1.larch 22, 1951, and was published and distributed to its 
members by the IRE Professional Group on Audio. 

t General Radio Co., Cambrid;;c, ;\la"; 

INTRODUCTION 

A MONG THE VARIOUS GOALS set out for the 
� communications engineer, surely one of the most 

eagerly sought since the discovery of electronic 
amplification has been faithful reproduction, after the 
amplification process, of the input signal. Electronic de
vices are notoriously non linear, and nonlinearity has 
been the constant enemy of faithful reproduction. The 
t\\'O most potent weapons so far developed to combat 
nonlinearity in po\\'�r amplifiers have been push-pull 
operation and negative feedback.l Push-pull operation, 

I H. S. Black, "Stabilized f�dback amplifiers,· Bdl Sys. Tech. 
Jour., vol. 13, pp. 1-18; January, 1<J34. 
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by making the input-output relation symmetrical about 
the operating point, eliminates harmonics and combina
tion frequencies produced by even-order distortion. 
Feedbac1.< improves faithfulness of reproduction by 
feeding a portion of the output wave back to the in
put in such a manner as to reduce the-effects of nonlin
earity. 

A combination of the two systems has been found, 
generally, to produce an amplifier of the highest per
formance. Various difficulties, however, have plagued 
designers, and over the years continuous development 
has been carried on to overcome them. One of the most 
serious problems has been the tendency of even the best 
amplifiers to develop increasing distortion at the highest 
frequencies. This increase in distortion has been caused, 
in many cases, by phase shift which reduces the ef
fectiveness of the negative feedback. General improve
ments in frequency characteristic and in pha.se-shift 
compensation have been found effective in reducing 
trouble from this source to manageable proportions. 

Another serious source of trouble in high-efficiency 
amplifiers has been emphasized recently. This trouble 
arises from imperfections of the output transformer nec
essary to couple the high-impedance balanced output of 
a push-pull amplifier to a low-impedance single-ended 
load. The most important imperfection has been found 
to be insufficient coupling between the two halves of 
the primary in the plate circuit of the push-pull tubes. 
At the higher audio frequencies, leakage reactance aris
ing from lack of complete coupling between these wind
ings introduces distortion' that may be thought of as 
switching transients, particularly in c1ass-B operation.' 
In order to eliminate these transients, considerable ef
fort has gone into methods of improving the coupling 
coefficient between the primary halves. 

An ingenious solution has been worked out by Mc
Intosh and Gow.· They use a bifilarIy wound primary 
and a circuit that overcomes the problem of capacitance 
between windings by combined excitation of the pri
mary halves from cathode and plate feed. Through the 
use of this specialized transformer, one can obtain ex
tremely high coupling coefficients .and concomitant low 
distortion at high frequencies. 

Another solution, outlined in this paper, consists of 
entirely eliminating primary-to-primary leakage react
ance by using the same primary for both tubes, there
by obtaining the equivalent of unity coupling. Other 
advantages accrue from the circuit to be described, not 
the least of which is the fact that no special components 
are required, the output transformer becoming basically 
a device for impedance matching and requiring no spe
cial characteristics other than adequate frequency char
acteristic and power handling capacity. 

• A. Pen-Tung Sah, "Quasi transients in class-B audio-frequency 
push-pull amplifiers," PROC. I.R.E., vo!. 24, pp. 1522-1541; Novem
ber,1936. 

I F. H. McIntosh and G. J. Gow, "Description and analysis of 
a new SO-watt amplifier circuit," Audio En,., vol. 33, pp. 9-11; De
cember,I949. 

THE OUTPUT SYSTEM 

The basic plan of the output system is shown in Fig. 1, 

where two triode-amplifier stages arc shown. The lower 

one is a simple amplifier supplying a resistance load 
in the plate circuit, and the upper one is similar except 

INP� 

Fig. I-Circuit to illustrate principle of operation of the push-pull 
output system. The lJ:rids are driven out of phase, and the ac 
load currents add \fhtle the dc load currents subtract. 

that the load and the de plate supply have been inter
changed. It is important- to notice that this amplifier is 

• not a cathode follower, since the ac grid voltage is ap. 
plied between the grid and cathode. If the two tubes are 
identical in characteristics and the supply voltages and 
loads are the same, the dc plate currents in the two 
loads will be identical. Then, if the connections shown 
by the dotted lines are made, the two currents will can
cel because they are in opposite directions. When equal 
ac signals are applied to the two circuits, the ac com
ponents in the loads are equal. These two components 
would also cancel, when the connections are made, if 
the grid driving voltages were in phase. But, with op
positely phased voltages on the grids, the ac plate cur
rents add in the load so that the tubes are in series for 
the de plate supply and in parallel for ac signals.· How
ever, this first circuit has the serious disadvantage of 
requiring a driving transformer with its associated ex
pense and difficulties in maintaining proper balance at 
high frequencies. 

PHASE-INvERTER DRIvER 

In order to avoid a driving transformer, it is necessary 
to devise a phase-inverter stage that wil! supply the 
voltages in the correct phase and at the proper elec
trodes. One such phase inverter is shown in Fig. 2: 
This driver stage receives its plate-supply voltage from 
the midpoint of the t\vo series-connected output stages. 
It has equal resistors in the plate and the cathode. Then 
a change in its plate current, produced by a signal on 
the grid, will result in equal voltages being develop'� 
across these resistors. The voltage in the cathode cir
cuit is developed between the cathode and grid of the 
lower tube, and an equal and oppositely phased voltage 
is developed between the cathode and grid of the upper 

• In connection with this circuit, we should like to note that when 
this paper was in preparat ion , our attention was called to the work o( 
R. E. Rawlins, presented before the Los Angeles section o( the IRE on 
December 19, 1944. 
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tube. It is important to notice that this upper grid is 
not driven with respect to ground. If it were, the upper 
tube would act as a cathode follower, and the balance 
of the two tubes would be destroyed. 

INPUT 

_-IN'JER'TOI I ouWuT $TOG( ORIYEA 
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I 
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Fig. 2-Method of driving output stage by a/hase inverter. Each 
of the output tubes is driven from gri to cathode. 

This driver is shown direct-coupled to the ouput 
stages. This direct coupling is frequently desirable, even 
though it is not essential except for a dc amplifier. The 
dc voltage drop across the resistor in the driver plate 
develops a negative bias for the upper output tube. The 
voltage drop in the lower resistor is in the wrong direc
tion for supplying negative bias. In the circuit shown, 
the proper bias is obtained by the voltage drop in the 
cathode resistor of the lower output tube, which sup
plies a voltage equal to twice the bias required for a 
single tube. 

DRIVING VOICE COIL DIRECTLY 

The amplifier circuit shown here uses no transformers 
at the output or between stages for class-A or class
AB operation of push-pull triodes. By using some of the 
newer low-impedance tubes. the optimum output load 
resistance can be made quite low because the tubes 
drive the load in paralleL As an extreme example, the 
use of the two halves of a single type 6AS7-G would 
lead to an optimum load impedance of about 280 ohms. 
While this value is still far from the usual 8- Or 16-ohm 
impedance of a loudspeaker voice coil. voice coils can 
be built with appreciably higher impedances so that 
they can be driven directly without a matching trans
former. To a first approximation. the voice-coil imped
ance can be increased without affecting the loudspeaker 
efficiency. As a practical matter, the limit of increase is 
determined by the smallest aluminum or copper wire 
that can be handled in a production set up and the 
maximum allowable mass for the voice coil. 

For example, one particular standard 12-inch dynamic 
loudspeaker uses number 33 wire for its 3.2-ohm voice 
coil. One of these has been rewound for 100 ohms with 
number 40 wire, and its efficiency is within 1/2 db of the 
standard one. Another of these has been rewound for 
500 ohms with number 44 wire.' While this latter wire 
is too small in diameter to be readily handled in produc
tion, the number 40 wire is entirely reasonable. 

I We arc ind(·lJtd lo Dr. Harry F. O��':m of the RCA L:.l:Clra10r:rs, 
Princeton, New jersey, lor the information on this standard, 12-
inch loudspeaker and the higher impedance veraions. 

The loudspeaker cited does not have an unusually 
heavy voice coil, and therefore it Sf'ems reasonable that' 
the voice coils of moderate-size to large loudspeakers 
can be wound to the level required in order to dispense 
with a matching transformer. Furthermore. it is entirely 
possible that a suitable ring-armature drivel for small 
speakers can be developed. Then there should be no 
difficulty in winding this type for an impedance of al
most any desired level. 

In' order to determine to what extent one should go 
to eliminate coupling transformers, it is useful to re
view some of their characteristics. Audio power trans
formers are generally expensive, heavy, and bulky. They 
usually limit the low-frequency capabilities of an ampli
fier by increasing the distortion and reducing the output 
at low frequencies. Furthermore, because the output 
transformers are only moderately efficient, they absorb 
an appreciable fraction of the available power. These 
disadvantages are sufficiently important that consider
able effort toward �liminating coupling transformers is 
justified. 

CIRCUIT LIMITATIONS AND REQUIREMENTS 

Two characteristics of the circuit of Fig. 2 limit its 
range of operation. One is the inherent negative feed
back, and the other is the effect of capacitance from the 
plate of the driver stage to ground. Since the plate volt
age of the driver tube is taken from the Otltput, the out
put voltage is fed back to this stage. This feedback is 
negative, and it can be considered useful for reducing 
distortion. However, when it is desired to avoid the 
associated loss in gain, the feedback can be minimized 
by using a pentode driver. 

The impedance level at the plate of the driver stage 
is, in effect, multiplied by the gain of the output stage. 
That is, the frequency characteristic of the drive for the 
upper tube is determined by the RC combination of the 
total capacitance from the plate to ground and the 
plate resistor multiplied in i .. alue by one more than the 
gain of the output stage. For the audio·frequency range, 
the resulting drop in output can be kept very small. Bu�, 
if an attempt is made to use an amplifier of this type 
over the video range, this effect will be serious. 

The load is shown in Fig. 2 connected in a balanced 
fashion to the output stages to make it easier to see the 
principle of operation. Actually, it is usually more use
ful to have one end of the load grounded to the negative 
side of the plate supply and to feed the other end from 
the midpoint through a series blocking capacitor. 

\Vhen the output tubes are to be operated over the 
wide ranges required for full output in class-ABlopera
tion, these circuits must be designed, just as any other, 
to meet the requirements of that operation. For exam
ple, the circuit should be arranged to provide constant 
bias for the output tubes even with large plate-current 
swings. Another recluirement is that adequate driving 
yolta;:e Ilill�t bc �,\'ajiaLIe from the phase im·cr:er. �n 

• E. E. Mott and R. C. Miner MThe ring annature telephone re
ceiver: BeJJ S,s. Tech. Jour., vol. 30, pp. 110-140; january, 1951. 
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the simple connection of Fig. 2, the plate voltage for the 
driver is only one-half the total plate voltage, and the 
resulting output from the phase inverter is usually in
adequate for c1ass-ABl operation. By using a resistance
capac itance coupling for the driver and by taking 
advantage of the bias supply as added plate voltage 
for the driver, this output can be increased. A pentode 
driver stage is also a suitable alternative in some cases. 
When an output matching transformer is used, the 
available plate swing from the driver can also be in
creased by a connection of a form shown later in Fig. 3. 

PHASE-INVERTER OUTPUT 
DRivER STAGE 

r---------��--�------��--� .+ 

D� 
INPUT 

8-
c+ 

c-

Fig. 3-Method of supplying proper screen voltages for beam· power 
tubes. The dc screen currents flow through the two windings in 
the opposite sense so that there is no net dc flux from the screen 
currents. 

There additional current is supplied to the phase-in
verter stage by the resistor connected from the one 
transformer primary to the plate of the phase inverter. 

One objection that might be raised to the basic series 
circuit is that the required plate voltage for the output 
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Fig 4-Method of using the load matching transformer to put the . 
output tubes in parallel for the dc supply. 

stage is twice normal. The developmen t of the high
voltage selenium rectifier, with voltage-doubler circuits, 
has made this point less objectionable at the present 
time. Another factor is the development of the low
impedance or high-perveance tubes for television use. 

Their use in this circuit permits the production of rela
tively high powers with moderate total plate voltage . 

If a transformer is to be used in the output as a match
ing device, it is possible to set up the single-ended out
put circuit with normal plate voltage in several ways. 
One method is shown in Fig . 4.. Here the plate currents 
of the two tubes flow through the two halves of the 
primary winding, and the two halves are connected in 
parallel for signal currents by the by-pass capacitors. It 
is important to notice here that the driving voltages for 
the two output tubes are again developed between cath-

ode and grid in each case. The capacitor in the cathode
to-plate connection must be large enough to avoid a 
degenerative effect in the cathode circuit. 

AMPLIFIERS USING BEAM-POWER TUBES 

These amplifiers show triodes in the output stages. 
But many designers of audio amplifiers are interested in 
using beam-power tubes with their possibilities of high 
gain and high efficiency. It is obvious that the proper 
connections for the screen voltages can readily be made 
in the circuit of Fig. 4, but the connections for the basic 
series circuit are not so simple. 

The main problem in using these beam tubes is in 
the method of supplying the proper voltage for the 
screen of the upper tube. The dc voltage of the screen is 
normally near that of the plate, and the screen should 
be at cathode potential for the signal voltage. If the 
screen of the upper tube is supplied through a dropping 
resistor from the plate supply, then the by-pass to the 
cathode puts the dropping resistor in parallel with the 
load, and some signal power is lost. In some cases this 
loss in power can be made small. In other applications, 
the voltage for the upper screen can be fed through the 
load so that no signal power is lost. 

Since loudspeakers with high-impedance voice. coils 
are not available at present, an output transformer is 
still needed for driving a speaker. How this transformer 
can be used for supplying the screen voltages is shown 
in Fig. 3. The primary is in two sections. One section is 
connected from the plate supply to the upper screen, 
which is by-passed to its cathode at the midpoint where 
the plate and cathode of the two output tubes are cOn
nected together. The other section is connected from 
the screen of the lower tube, \vhich is by-passed to 
ground, to the midpoint. The dc screen currents flow 
through the windings in the opposite sense, so that 
there is no net dc flux from the screen currents in the 
windings. 

By following the transformer connections, it can be 
seen that the two sections of the primary are connected 
in parallel, for signal voltages, by the by-pass capacitors. 
Because of this parallel connection, the two halves of a 
standard push-pull transformer can be used to obtain 
the required impedance level for this single-ended cir
cuit. Furthermore, . because these windings are con
nected in parallel by capacitors, the circuit does not 
depend on close magnetic coupling between the two 
sections of the primary. This point is important, since in 
class-AB operation the usual push-pull connection does 
have serious switching transients unless the coupling 
between the two halves of the primary is very good. 
In order to verify this point experi:nentally, the circuit 
shown was set up, using a type 6AK6 pentode to drive 
a pair of type 6L6 beam-power tubes. The operation 
was with fixed bias as shown, class AB1, and with no 
feedback. An output of 50 watts was obtained with a 
plate efficiency of 59 per cent. The output waveform was 
independent of the magnetic coupling between the 
halves of the primary . To illustrate this independence, 
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Fig. 5 shows a photograph of some pertinent waveforms. 
For this case, two separate chokes were used in place of 
the transformer so that the magnetic coupling was es
sentially zero. The operating frequency shown here is 20 
kc, and the power level is 50 watts. The upper trace is 
the output voltage and the lower trace is the cathode 
current in the lower tube. It is clear that current is 
flowing in each tube for only slightly longer than Qne
half cycle, and there is no sign of a switching transient. 
Thus the general behavior of the circuit is verified. 

This output of 50 watts was obtained within the plate 
dissipation ratings of the Type 6L6 of 38 watts for two 
tubes. But the screen ratings were exceeded to obtain 
this output with class-AB! operation. Howev�r, this 
output can be obtained within the ICAS ratings of the 
type 1614, the transmitting version of the. type 6L6. 
Using two type 1614's with two cascaded stages of 
type 6AK6's in this circuit and with negative feedback, 
we have obtained at 1 kc less than 0.1 per cent har
monic distortion for all output levels up to 50 watts. To 
obtain this low level of distortion, careful adjustment of 
operating conditions and feedback of 25 to 30 db are 
necessary, and the method of obtaining stable operation 
with this feedback will now be discussed. 

A r. 
; , 
I 

J J V 

I 

V 

Fig. S-Upper trace is the wave form of the output voltage for the 
circuit of Fig. 4, and the lower trace is the cathode current in the 
lower tube. Both traces were obtained at a 50'watt power level 
and at 20 kc. 

USE OF NEGATIVE FEEDBACK 

One method for applying negative feedback to an 
amplifier of this type is shown in Fig. 6. Since the out
put is single ended, the feedback can be made directly 
(rom the midpoint of the output stage to a preceding 
single-ended stage. In the three-stage amplifier shown ,  

the fe< ;back is applied to the cathode of the first stage. 
Because of the direct coupling of the phase-inverter 

driver, there is little danger of low-frequency motor
boating with feedback. Furthermore, since the feedback 
does not have to be taken from the secondary of the 
output transformer, there is less danger than usual of 

WIlT 

FIItST 
STAG[ 

"HAS[ -IIW£"T£A 
DRIV[R 

OUTPUT 
STaG( I. 
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Fig. 6-Circuit to illustrate one method of applying feedback. The 
feedback is taken from the junction of the two output tubes to 
the cathode of the first stage. 

high-frequency oscjllations. Or, expressed differently, 
greater amounts of negative feedback can be used, when 
applied as shown, with stable operation, than can be 
used with feedback from the secondary of the usual 
output transformer. . 

The usual feedback from the secondary tends to cor
rect for the drop in response at the high-frequency end 
by the feedback system. This feedback forces the out
put system to operate at higher levels than normal at 
high frequencies to produce the uniform output desired. 
Unless the transformer is very good, with feedback from 
the secondary, the result may be high distortion at high 
frequencies. This distortion is usually exhibited as inter
modulation of high-frequency signals, and serious dis
tortion of this type is more easily avoided with feedback 
from the primary as shown here. 

The feedback shown in this circuit puts the secondary 
of the transformer outside the feedback loop. Then cor
rective networks can be used, if necessary, at the 
secondary without introducing seriolls phase shift in 
the feedback loop. 

CONCLUSION 

The circuits shown here should be useful in many ap
plications. The series circuit using the phase-inverter 
driver has the advantage of requiring no coupling trans
formers for obtaining push-pull operation. The circuits 
have other advantages, principally for amplifiers that 
must ha've very low distortion. In addition, the develop
ments described should serve to show possible new lines 
of approach for improving audio reproduction. These 
further developments might include high-impedance 
loudspeakers, loudspeakers of different fundamental de
sign, low-impedance twin output tubes with 117-volt 
heaters, and the elimination or simplification of output 
transformers. 
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A NEW PUSH .. PULL AMPLIFIER CIRCUIT 
• AS ONE RESULT of a continuing development program on audio
frequency instruments, a new audio power-amplifier drcuit'· 31 that 
pl'omises to be widely useful has been devised. In addition to being suit
able for regula.r audio power amplifiers, this new circuit is particularly 
well adapted to amplifiers for constant-voltage audio distribution 
systems, to high-power modulators, to amplifiers for electronic musical 
instruments, and to audio a.mplifiers for industrial uses. 

This new circuit permits one to obtain the high efficiency of Class 
AB. operation without swit.ching transients, and this feature is ob
t.ained without, the use of special components. Thl� circuit also has 
important advantages for direct-coupled power amplifiers a.nd for 
amplifiers operated Class A when very low distortion is required. 

Because of the widespread interest already shown in this develop
ment., t.hree practical high-power amplifiers using this new cireuit with 
low-cost tubes will be described and component values will be given to 
aid t.he experimenter in making an initial setup. Before discussing these, 
however, the basic prindple of the new circuit will be outlined briefly. 

The basic circuit is shown in Figure 1. The output stage consists oC 
two tubes connected in series across the d-c plate supply, and the load 
connects from the midpoint. of this series connection to the plat.e supply. 
The output. tubes are driven in 
opposite phase by a phase-in
verter stage. The important 
feat.ure of this phase-inverter 
1 Arnold Petc:ninn n Dd Donuld B. Rint.:lair ••• A 
8illlCk .. Ended J'IJIlh-Pull Audiu Amplifier," 
1951 LR.E. N'ar.inunl COb\·f'ntiulI. New Ycrk. 
N. Y .• Mnroh :12. 19;jl. publitlbcd iD Ne"" 
fAlttor or I.R.E. ProreBltionnl Group on Audio. 
Sputcllt apl.Jied lor. 

Rgure 1. The basic single-ended puth-pull 
amplifier circuit, showing the ,erle. coMected 
output tubes supplying a common load and 
driven by a cathode-follower phase Inverter. 

,.. 
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::;tagc is that it drives each tube fl'om its 
own grit! to its own cathode, so that t.he 
tubes llre driven in a balanced fashion. 
In order t.u achieve this type of drive, it 
is fll't'essury to feed the plate impedance 
of the phase-inverter driver from t.he 
midpoint of the series-connected out.put 
t.ubes. If the plate load of thit� driver 
were ronne('teu directly to the pla.te 
supply, the upper t.ube would be driven 
wit h T("Sped t.o ground as a l"athode 
f ulluwer. and the bulance of the two 
tuhe!' would be destroyed. While the 
voltage driving the upper t.ube could 
he correspontlingly incn-.ased to achieve 
n O('l balance of current swing in the 
1.\\'0 tu hes , the operating condit.ioru; as 

r af ns di8tOl'tion is concerned would he 
markedly difTerent, and t.he push-pull 
(�ancdl:Lt.iun of distortion would not 
I·(>stilt. Thl" circuit shown maintains thp 
balance in th(' lwo tubes and preserves 
the clistortion-('ance1ling feature of push
pull operat.ion. 

In the usual push-pull circuit. the two 
output tubes are in parallel for t.he d-c 
plate supply and operate effectively in 
�erie8 for supplying the a-c load. In a 

limited sense this new circuit can be con-
8idered t.he dual of the usual cil'cuit since 
the out.put tubes are in series for the d-e 

2 

plate supply, and they supply t.he a-c 

load in parallel. Thus the normal opt.i
mum load impedance for the new circuit 
is one-fourth the normal plate-to-plate 
load impedance (or the URUa) push-pull 
connection. 

This simple relationship means that 
Rome standard push-pull transformers 
can be readily used for the new circuit.. 
If the two halves of the primary are 

separate, they can be connected in 
parallel, instead of in the series connec

tion ordinarily used, to obtain this four
to-one ratio_ 

Because of this parallel or single
ended connection of the primary I both 
tubes work into the same load, and there 
is no deleterious effect from leakage re

actance between halves of the primary_ 
In contrast, in the conventional push
pull circuit, each tube works individu
ally into half the primary, and leakage 
reactance between the windings can 
cause serious s\\;tching transients· when 
the tubes are opel'ated Class AB, These 
switching transients, which cannot be 
eradir,ated by negative feedback, are 0. 

prime cause of high-frequency distor
tion, notably intennodulution, in push-
lA. P�.n-TWlII Sah, "QIIU�T",lIiIiftnu iD CIflS8 B Audi .... 
FrequeDC!Y Push-Pull AmpU&f!.r.!t" p'1H:. I.R.E .. V'lt 2 .. . 
N. 11, November. 1936, pp. 1;);1",,-IMI. 

Figure 2. The dl'alit dlogram for 0 50-watt om�. wNch Includes f •• dback to on earlier amplifier Itoo-. 
�-------------------------r----------�------��---1._ . 

tOO.. 1.11' 
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pull amplifiers. They are often respon
sible for the objectionable harshness in 
so-caned high-fidelity systems. 

When Iw..am-powel' tubes are used in 
the out.put, the two halves of l.he pri
mary of the usual push-pull transformer 
pan serve a useful pw'pose in this single
(>nded l'ireuit by simplifying the problem 
of supplying the d-c screen-grid volt-ages 
to the two output tubes. How these can 

be used is shown in Figure 2. The output 
tubes are shown eonnected in series, as 

bef Ol'e, for the d-c supply. The screen-grid 
vultage fof' t.he upper tube is supplied 
through one primary winding from the 
plate supply_ This upper screen-grid is 
by-passed to its cathode at the midpoint 
where t.he plate and output tubes are 

ronnected together. The other screen
grid is supplied through the other pri
ma.ry winding from the midpoint, and 
t.his lower screen-grid is by-passed to 
ground. The d-c screen-grid current.s 
flow t.hrough the windings in the oppo
site sense, so that t.here is no net d-c 
flux from the s('.reen-grid currents in the 
",;ndings. 

The transfOlmel' conne('.t.ions show 
that the two primary windings are con
nect.ed in parallel for signal vol tages. 
The screen-grid by-pass capacitors and 
f.he plate supply output capacitor make 
t.his parallel connection. These capaci
tt'tl'8 must provide a low-impedance path 
at. tho lowest signal frequency. 

The ('ircuit of Figure 2 also includes a 

feedback connection from the output 
stage to the first stage. Since the output 
is single-ended, feedback to a single
ended earlier stage is relatively simple. 
In the circuit shown, a fraction of the 
output volta.ge is applied dire('.tly to the 
l�at.hode of the first stage as a voltage 
feedback. 

The circuit. of Figure 2 is arranged to 
operate t.he final stage Class AB,'. Be-

OCTOBER, 1951 

Cause t.his type of operation requires 
large driving voltages from the phase
inverter stage, the met.hod of connection 
of this stage is different from that of 
Figure 1 in certain details. The d-t' bias 
voltage for the upper out-put tube is ob
tained fl'om only part. of t.he phu.'m-in
verter plate loaci. The full signal voltage 
across the plate load, however. is ap
plied to the upper tube t.hrough the 
coupling capn.C'itol' between the plate 
of the phase invel't('l' and the grid of 
the upper tube. 

The a-c plato voltage from plate to 
cathode of the phase inverter stage of 
Figure 1 is t.he sum of the a-c output. 
voltage and the two a-c grid \roltages 
produced across its load resistnnces. For 
a 50-watt amplifier using Type 1614 
tubes. this a-c volt.age is of the order of 
500 volts peak. The d-c plate volt.age 
required across this tube.. then, must be 
greater than 500 volts in order to avoid 
serious non-linearity in the driver stage. 
If the experimenter has available a tube 
t.hat can rt'.adily handle these volt,ages, 
the basic cathode-follower phase inverter 
of Figure 1 is recommended. In the par
t.icular circuit of Figul'P 2, a standard 
recei ving type has been used wi thin i t.s 
rating of 500 volts by the circuit dodges 
shown. The resistance in the ('athode is 
lower than necessary for full drive of the 
lower st.age, so t.hat. the required voltage 
must be obtained from the prevlous 
amplifier stage. This lower resistance 
reduces the a-(' voltage appearing from 
plate to cathode and makes possible the 
use of a Type 684 Triode wit.hin its 
500-volt rating. 

The amplifier circuit of Figure 2 can 

be used with two Type 1614's in the out
put stage to yield 50 watts output. At 
tills level the distortion can readily be 
held to less t.han 1% (total harmonic) 
for frequencies in t.he middle auciio 
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range. By careful adjustment of balancC' 
and operating cunditions.. this dis1.or
l.ion can be reduced even further. 

The intermodulatjon results bv the 
CCIF test' shown in Figure 3 d�mon
strate that the ampJifier is operating 
correctly, with low distortion over t.he 
audio range. Measurements of inter
modulation by the SMPTE method also 
showed satisfactorily low distortion. 
Tests at an equivalent 50-watt power 
level, using a low-frequency tone of 40 
eps of four times the intensity of the 
high-frequency tone of 7000 cps. gave a 

total intermodulation of 1.6%. which is 
well below the 5% frequently used for 
rating high-quality systemfl. 

Beyond the 5O-watt limit. the output 
t"hes are dri\'en to the level where they 
lIraw grid current, which changes the 
operat.ing conditions for t.he tubes. This 
change \\;1I give the results shown in the 
graphs, which were measured under 
steady state conditions. For dynamic 
(�ollditions, such as Ol�cur with speech 

I 
I 

4 

figure 3. The uppe, curve dtows as a function of fr., 
q..-cy the r.la"". output at the secondary of the 
output transform.r. terminated In 0 reslttanc. lood, 
far constant Input YOItage to the amplifier of Fivure 2. 
The lower curves show "'te,modulation distortion ClI a 
function of frequ.ncy. Two tonea of equal amplitude 
dlff.rinV In frequency by .400 cyd .. 'Nere used. The 
peak.to·peak IwInO, at th. lood connected to the 
secondary, was equol to that obtained at a 50-watt 
slngle.frequency output le.,eI, and the distortion it 
ptatted as a funcHon of the frequency of the Iowe,. 

f,.q..-cy tone. 

and music signals, the distortion levels 
above 50 watts will he somewhat higher. 

This power level is obtained within 
the leAS ratings of the Type UH4 and 
is the power available at the primary of 
the transformer. Because of the losses 
in the transformer, the power availahle 
at the secondary is reduced sornewhnt. 
When the General Radio TypE 942-A 
Outpu� Transformer' is used as specified, 
the reduct·ion in available power is rela
tively smaD. The output t.ransformer 
also limits the maximum low-frequency 
power obtainable from the amplifier. 
The TYPE 942-A Output Transformer' 
has been designed to hancUe a particu
larly high level of power, for its size, at 

low frequencies. The curve of Figure .:I 
shows its perlormance with the amplifier 
of Figure 2. 

The element values given in Figure 2 
have been determined to be suitable for 
an amplifier using four Type 1614's in 

�c 
! 

� 
I l 

�?=Jl /J 

Flgur • .4. HarmoNe dlstorHon G. Q func· 
tlon of pow.r denvered 10 the load far 
the circuit of figure 2. All .... curves ••• 
cept the dashed ones were tak ... with a 
1500-ohm load CICI'OI$ ttt. primary. 
SInce th.,. WOI no -.dfal dlfferenc. 
In ,..,... at 1, 5. and '5 Ire. OIIIy one 
an. la shown b these line frequen
del. for fNquendes obov. 50 cpa. the 
ret4tl1I were aho practkolly Identical 
with the '·kc curv •• Th. da ...... curves 
Ihow the ,esuIts 'Nith the load an the �/� V Jjlkc. 

----
5kc. 

--- --- � 15kc. 
secondary of the transformer. 

� I 
10 20 30 40 50 60 

poWER OUTPUT IN �ns 
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figure 5. Harmonic dl.fortlon at 1 kc os a function of 
the power delivered to the load for the cJrcuft of 
Agure 2, but with two Type 161� ha", Power Tub .. 
In paraDel for the upper output tube and two In parol. 
1.1 for "'e lower tube. Tb. salid curv. wos obtained 
with an aOO·ohm load on the prl",ary. The val_ 
,lven by the triangles were obtained on the .econd· 
ary, using a load of about one-half the rat.d I",· 
pedance of .... transformer, and .... values given by 
the drd .. , using a load of about twke the rat.d Im· 
p.dance. In each caM the equivalent primary load 
was about 800 ohms. Tb... 10Her relUltI show the 
dlfferenc. In copper efficiency obtainable with the 
dl...,.". connections available on the Typ. 9�2·A 

/ �. j) 
Transformer.' 

the output stage. Two tubes are used in 
parollel where the upper tube is shown, 
and two are in parallel for the lower 
tube. This output combination will 
supply 100 watts of power at the pri
mary of the output transformer (see 
Figure 5), and the TYPE 942-A Output 
TransformerS is suitable for use at this 
power level over the audio range ahove 
40 cps. 

The previous circuit has the disadvan
tage of requiring a plate supply that 
operates at. twice nonnsl voltage. Of 
course the current taken by the output 
stage is correspondingly one-half that 
taken by the usual push-pull stage 80 

that the total input power is normal. The 

-
� -, • .,j �-- -

o 20 40 60 80 100 
POWER OJTPUT IN �TS 

high plate voltage is no longer 80 serious 
a disadvantage as it was some years ago, 
because of the recent development of the 
high-voltage selenium rectifiers. The 
circuit, however, is best adapted to 
moderate t.otal plate voltages if the 
newer, low-impedance tubes such as the 
Type 6CD6-G or Type 6BQ6-GT are 

used in the output stages. 
If it is desired to operate with normal 

plate voltages, the circuit can be modi
fied as shown in Figure 6. Here both 
plate currents flow through the trans
fonner primary windings so that there 
is more of 8 burden on the transformer, 
because of the d-c copper loss in the 
windings. More careful balancing of the 

Figvre 6. th. drcvft dlolra", for a ,so·waH omptlfter, u ..... parallel hed for the plate YOlto,eI of the two 
output tub .. . 

120 

.-..... --.......... --..... --.......... � ..... --.......... �� .................... ��----���� .. 

L..-__ ...... _________________________ ....... -QtJ· ,.w. 
alAS YOl.TAC;U . TY.I 1I1f. -H YOLTI; TYP& . . . .  -u VOLTS; TT"I .e ••• ' •• 1 'OLTS 

.OLTACiI .".VT '01 U WATT' OUT".�' U.' TOL,., 
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<.I-c plate currents is necessary here in 
order to avoid an unbalanced flux in the 
transformer. 

Beca.use of the way the sl'reen-grid 
'"oh.ages must be supplied, the voltage 
drop in the two primary halves appenrs 
in the SIIPI>ly for the screen-grid of the 
upper out-put tube. There is no com
pensating drop in voltage for the screeIl

grid of the lower tube. In the circuit. of 
Figure 6, the major part of this differ
eo,'.e i� taken care of by the use of differ
ent voltng(·-rt>gUlator tubes io the two 
S<.'reen-grid supplies. Othenvise. t.his cir
cuit is eMeotially the same as tbat of 
Figur(> 2, and the performance is com
parable as shown by Figure 7. 

The cir,'.uit can be appreciahly simpli
fied if t.he full 5()..watt power level is not 
required. A suitable circuit for an out
put power of 25 wa.tts is shown in 
Figure 8. 

Thp. feedback used in these circuits is 
about 14 dh. This amount is adequate 
to give 8 source impedance of about one

fifth the optimum load impedance, which 
is satisfactory for most applicat.ions. 
This source impedance can be reduced 
furtber hy increa.c;ing the feedback. With 
the type of feedback used here. how
ever. an inc�rease in feedback usualJy 
results in a small decrease in available 
power, t,e�ause of the power absorbed in 
the feedbark circuit.. 

If the distortion from this amplifier is 
to be kept low, good quality resistor::! 
must. bp. usoo in the feedback circuit. III 

J 
I 

J 
Ikc 

j 
� ...-

10 20 30 40 50 60 
POWER OUTPUT IN w.\TT5 
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particular, it is recommended tbat t.he 
resistor from the primary of the trans
former to the cathode of the first tube 
and the resistor to ground from the 
cathode of the first tube be wire-wound. 
Some composition resistors have an 

appreriable voJtagp coefficient, and, if 
t.hey are used for the feedback circuit, 
t.hey can contribute appreciable amounts 
of distortion. 

For best operation at high audio fre
quencies, it is important to keep stray 
circuit capacitances as small as possible. 
Particular attention should be paid to 
the capacitance to ground of the circuit 
from the plate of the driver stage to the 
grid of the upper output tube. This 
capacitance, which shunts the phase
inverter plate-load impedance, is effec
t.ively multiplied by the gain of the out
put stage. For the present circuit this 
factor is about ten. 

The circuits should be adjusted by 
observat.ions using a high-resistance d-c 
voltmeter. a sinusoidal signal source, 

and a cathode-ray oscillograph. The 
bias adjustments should be made first to 
givt' about t.he values shown in the fig
ures. Then a J -kc signal should be ap
plied and t.he signal balance adjustme.nt 
should be made. Proper adjUBtment of 
this balance can be observed on the c-r-o 

at levels above 50 wa.tts by noting the 
condit.ion for equal clipping of the upper 
and lower peaks. 

For best operation at low frequencies. 
the d-c currents in the two halves of the 
primary of the output transformer 
should be carefully balanced. This bal
ance can usually be obtained byadjust-
ing the grid biases. Occasionally some 
tube selection is desirable. 

Figure 7. HarmonIc dlatortion at , lie as a fvnction of . 
tM power deUv.red to a 1500-0hm load OCTOIS ttt. 
primary for eh. do( parall.I conMCtlon of output tubes 

as ,hown In Flgur. 6 • 
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If the [lmplifier is to bp used r or 

speech llnd music signals, it is recom
mended that the adjustmentsbetrimmcd 
to fu\'or very low dist.ortion at low 
level�. This trimming can hest be done 
by using a vel"y low distortion source llnd 
a wave analyzer or distortioIl meter. 

The output tubes of these circuits 
operate in the Class AB region, and the 
plate current for the la..'tt stage varies 
with operating level. The main power 
supply should, therefore� have good 
regulation t.o maintain proper operating 
conditions \\;th varying levels. The biM 
sUI>ply, 011 the otber hand, can be very 
simple, since only a few milliampCl'eS Bre 

needed and the load is constant. 
The basic dl'cuit can, of course, be 

used with other output tubes. If lower 
plate voltagcs are also used, the driver 
voltage problems are simplified, and the 
straightforward cathode-follower phase 
in verter can be used. In some cases the 
load can be matched directly to the out
put t.ubes 80 that the impedance-match
ing effect of the tra.nsf'ormer is not 
Decded, and the efficiency is correspond
ingly increased. 

oeTOUR, 1.�1 

The circuits shown here are intended 
only as a guide- for tht' eXIX?rienced px

perimenter. Numerous measurements 
and adjustments are llsually necessary 
in an initial set.up to mnke cprtain that. 
t.he circuit is operating properly. In 
making those tests, the experiment.er 
should remember that the voltages used 
here are dangerous, and, because of the 
unusual output circuit, particular caJ'e 

is necessary to avoid being misled by 
experience \Vi th standard ou tpu t systems. 

Tbe power levels quoted in this article 
are not conservative but actual values 
measured on an e.xperimental setup, so 

that the experiment.er should not exped 
to find any reserve ma.rgin of power be
yond the levels quoted. I t is important 
also to notice that the vacuum tubes :\fe 

not being used according to conservative 
instrument pract.ice, hut rather in the 
fashion of commercial equipment where 
high stability and long tube life are not 
important. Conservuth'c instrument 
practice would dictate lower voltages 
than used here, and the available powpr 
would be correspondingly reduced. 

- A. P. G, Pto:'rEltSOX 

Floure 8. The circuit diagram for a 25,watt pawe, amplifier, which USM lower supply voila; .. than the higher 
pawe, venJans and which dCHtl not operate 10 far Into the Clou AI. ,eglon. 
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A SOO-VOLT MEGOHMMETER FOR 

INSULATION TESTING 

Also 

IN THIS ISSUE 

A High-power Torodial 
Output Transformer 
Page . . . . . . . . . . . . . .  5 

• THE NEW General Radio Mcgohm

meter, T .... PE 1862-A, has been specifically 
designed for the rapid measurement of in
sulation resistance, as well us general re

sistance testing such as the measurement. 
of high-valued l'esistors. Consequently, it 
has a considerably wider field of applica
tion .. han its predecessor, the TYPE 18tH-A. 

Since insulating materials usually exhibit 
no marked voltage coefficient of resistance, it is ne(!essa.ry for purposes 
of standardization that measurement be made at one of the accepted 
standard voltage levels, and the level most commonly agreed upon by 
profcHsional and indus

trial groups is 500 volts.' 

The new megohmmeter 

applies a constant 500 
volts to the resistance 
under test and is well 

suit ed to testing the in
sulat.ion of rotating elec

tdcal machinery, trans

formers! rapncitors, ca

bles, and household ap
pliance� in pl"Oduction, in 

t.he repair shop, and in 
the field. 

I A.KT.:'>l. Stllll<hml" 011 Elcetrical 
Inslllllting Mutcrbl .. , D2;ii-49T. 

Figure 1. View of the megohmmeter wIth cover ,emoved 
to show ponel. 
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A HIGH·POWER 

TOROIDAL OUTPUT TRANSFORMER 

The advantages of the toroidal core 
t.ransformer' over one using a shell-type 
core are becoming more generally recog

nized. Chief among these are the high 
degl'ee of astaticism and the e�l,remely 
tight {'oupling which can be attained 
het ween windings extending around the 
complete circumference of the toroid. 
An impedance-matching toroidal trans
former, TYPE 941-A, was announced a 

year ago.s This article deserihes a high
power model, the TYPE 942-A Output 
Transfonner, designed primarily for 
coupling push-pull output tubes to a 
"oiee coil or other low-impedance load. 

Thjs transformer comhim:a,s excellent 
frequency response, low distort,ion, high 
power-handling capacity, and flexibility 
of impedance ratios in a. convenient, 
compact unit.. Leakage reactance be
tween primary sect.ions is very small, to 
give minimum distortion from switching 
tJ'ansients in conventional push-pull 
amplifier circuits, and connections to 
individual primalies are provided for 
use in the single-ended push-pull am
plifier descrihed in tbe October Experi-

a menter. 
The TYPE 94�A is wound on the same 

higb-quality toroidal core that. is used 
for the TYPE V-5 Variacs and is capable 
of handling peak powers up to 100 watts 
with a minimum of harmonic distortion. 
The core carries eight indi vidual wind
ings, four identical duplex (semi-circum
ferent.ial), banked, primary windings, 
and two pairs of duplex, single-layer, 
secondary windings. These \Vindings 
, Hr)/'1\lif) W l..otnMn, "Some Ad\'UDtngt'& 0' tbl' Tnroidal 

"'ruo:;rorrr.�·r in ComnlUlliMtion Enginl'l'riull:' Tt!.
TtcA. Ma),. 11)00, Reprintllllvnilnbl(' on rP.IIQllHt. 

2 HOl'lltio W. i.ftl1lJl()D, . . ... h(. TYPE DU-:\ Turoidal Trallli
fl)rmer," G('nerAllUuJio Er"...i".'fll,.,.. &-ptcmbc:r, IU;.,o . 

• A. P. G. Peter"un. "A N,'w PU!'h-PIIII Amplifier Cir
rwt," General Radio Erni",rnlt<r. Ol'lohl'r. Hlii\' 

terminate in four sets-of-4 terminals on 

the upper face of the housing. Each pair 
of duplex windings is precisely balanced 
to eliminate eirculating current losses 
when they are connected in parallel. The 
terminals are arranged to facilitate par
allel or series connections. 

Impedance Ratios 
The nominal impedance values speci

fied in the connection diagrams printed 
on the case of the transf orrner are based 
on a generator impedance of 6600 ohms 
for all four primary windings in series. 
This is the recommended value for a 

pair of 6L6's operat.ing push-pull class 
AB. If these primary windings are con

nected in series-parallel, or all in parallel, 

the con'esponding generator impedances 
should be 1650 and -1 13 ohms respec
tively. 

SerieB and parallel corn bination� of 
secondary windings can be connected 
for matching loads of 4, 8, 16, 23. 32. 
47, 59, and 93 ohms. 

Matching generator and load impt'd
ances arf' not limited to the values speei
fied above, provided that thf'Y have t.he 

Flgur. 1. View of the Type 942-A Output Transform.r. 
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Primary 1IIrindinp, can he tJet)arated M 
it req,olred by the &mplifte:t dc8c,ribtd m 
lut m.ODth�1!I E;r;peri� or UMd with 
a. center tap in, ronVeJ!ltiana. ]lltUlh.pul!l. 
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NOO'ML IMPEDANCE. 
figure 3. Showing I % and 2 % 30·,ycle dIstortion 
limits as oulpllt load is variecl. Talcen wIth lOurce 

impeclonce 0.38 X nominal primary impeclonce. 

mutely, the v()ltl�e rllting of tbe insulation. In 
speech or music higb levels ocew· intermittently 
So t.hat tbe beating effect is usually not im
portant, and the rating is determined cbiefly by 
the distortion introduced hy the non-linear 
ml!f.uetic characteristics of the core. 

1 he level at which serious distortic)1\ (lCcurs 
depend� both upon the core material used and 
the peak flux density, which varies inversely 
with t.he rrequency. At a specific frequency, au 
nrbitrary vaJue of permissihle distort.ion may 
be r.hosen to specify the rated level. 

Since transformer distortion rises abruptly 
ahove 8 c(>rtain voltnge level, only a smnll 
(�haflge in ruting C1CCUr9 for a collsidernble rlUlge 
of permi�ble vLLlues of distortion. Likewise, the 
ianpedSlloo of the source driviDg the transformer 
does not change tbe rating aJlpreci:.l.bly. Reduc
Ing the source impe-dance reduces the distort.ion 
values but makes little chlU'lge in t.he l(lve1 at. 
which the abrupt rise in distortion occurs. 

NOVEMBER, 1951 

The tiut.n lor Figur� 2 and 3, illustrating a 

typiclIl :\I)plication of the TYPE 042-A, were 
taken ut! t.he amplifier described lut montb.1 
A!J uJlticipl,ted, th(' low-frttlU61l.Cfl power rating 
vurieli. to a first approximation, inversely wit.h 
the resistlUlf'.e load applied to the secondary. At 
the nominal impedance, the transformer can be 
expected. as tlhown in Figure 2, to handle over 
40 watts at 20 (�PB \\;tb a distortion less than 
I %. This level illcrease8 88 the square of the 
frequency to 160 watts at 40 cps. When sup:
plying :.I. load wbi(lh is one-h:ill the nominru 
imped1l.nce, the transformer can handle 80 watts 
at 20 cps. Howover, the efficiency a.t higber 
audio frequencies is reduced by UBing less thAn 
the rnted load. 

At I&igMr /requenciu, above 50 cps, the power 
limit for contilluous operation is set by ropper 
loss, since eddy current losses in this tra.ns
former are generally negligible, and reduced 
flux density mmimizl"s hysteresis losses. 

The mn.ximum allowa.ble temperature is 
G5°C., which permits 8 watt@ internal dissi£u
tion with an nmbient temperature of 35 C. 
Since the over-all copper efficiency is of the 
mder of 92%. the continuous rating is specified 
08 90 watts at this smbiElnt. The rating will 
thell be proportional to the difference between 
65°C. nnd the actunl wnbient. When an appre
�iuble direct �urrent is in the windings, the d·t 
power diHsipated must Biso he included in de
termining the continuous rating (or n given 
applica.tion. 

A check of this transformer by the sttLudu.rd 
RTMA test· (ur speaker-matching tr!l.naformers 
indicnted n ratillg a.ppreciably in excess of 100 
watt:s. 

Adequate secondary windings have been pro
vided to make this output transformer suitable 
for supplying consta.nt.-voltoge audio distribu
tion sygtem.�.5 For pXBDlple, the standard 70-volt. 
opera.til\Jt level may be obtained from the 93-
ohm se(�olldary for 50 wa.tt@ or from the 47-ohm 
secondary for 100 watts. 

The lower voltuge systems or highP.r power 
le\'el'i, or hoth, W'e provided for by the lower 
impe(hLnI�e windings. 
a Loc:. l:.it. 
• RTl't'l.O\ StllI"l"nl SE-lOO. Souud fur:itell� • •  lull'V. 111019. 

Eurinoorln.; DeJlllrtllUlDt. Rsdio-T�leviAi(jb !\ lWufll('o 
t.w't'rr. AMQclation. Section V. 

I RTMA StllntilU'd SE·IOt. AmpJifil'n. Dc�bt!r. 1947. 
EJ\i:inePriolt Department. Rn.lio-Tcleviaion !\illoufllc.� 
turers A8IIO(!i6tion. Section In. Alat>. RT!\fA Stllb.lard 
8E-100. Sound Systems. July. 1949. F.ngineerinl( IX-
pllrtment. Radi�Tcleviaion Ml&ooIacturel'll .<\saoc!il&tioll. 
8Pction IL 

figure 4. Hlgh·frequency charocterlstics of the Type 
942·A Ovtpu. Transformer. 

Figure 5. Over·all frequllflcy cflaracteristfcs of 
the transformer. ... 
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Frequency Characteristic 
Tbe frequeucy chlU'tlCteristic uf an Iludio 

trllntd'ormer depends, in part, upon tbe source 
IWd load impedances tUld the turns ratio. The 
leaknge rel�ctlUlce between primary Md second
a.ry, and the winding capacitances, determines 
tbe high frequency cut..-off, while the low fre
quency characteristic is determined by the 
primary reactance which, in turll, h!I 11. function 
of both frequency and operating level. 

Tfllical high frequency characteristics for 
the TYPE 942·A, using matching turns ratios 
I.Uld tight,.-.(!oupled prima.ries, Ilre shown in 
Figure 4. A comparison of Curves A and B 
shows the effec-t of changing thl' nominal 00· 
pedanc� level of a transformer wbit!h is coupling 

• 

a given �ource and load, while 11 compll.risoll of 
curves B and C demofll!t.rl\� the effect uf 
chll.llging the impedances of both SQurce and 
load which Me coupled by 8. given trlLUsformer. 

Figure 5 gives the over-all frequeIH:Y chnrllc
tcrist.ic with a 1650-0hm lSOurOO and n 93-ohm 
load. The effect of the lower capacitullce of the 
LC pl'imaries 011 tbe upper ra.nge is indioated. 
and the low-frequency range iR depressed, due 
to B reduction in operating level and the carre
tlponding drop in effective primary iuduct.H.nce. 

A typicnl npplicl1tion of this trlLlU!former was 
discussed in the article entitled "A New Pusb
Pull Amplifier Circuit." a.ppearing ill thE' Odo
her, 1951, issue of the Experi�nter. 

-HOItATlO W. LAMWN 

SPECIFICATIONS 
hnpe4ance Raflos: See page 5. 
Frequ.ncy Ran •• : See Figures 4 and 5. 
DlatorHon: I % at nominal impedance and con

tinuous power rltting lLoove 30 cydes. See 
Figure 3. 
Pow� Rating: 00 wa.tts continuous for an am
hiE-llt (If 35DC., with no de in windings. With 
de in windings rating must be reduced ISO IL8 

1I0t to exceed Wlowable power loss. 
Allowablo Powe, Loss: 8 watts for 3ODC. rise over 
mnhient. 
Maxlmu", Tranlformer Tomp.rotv,.: 65°C. 

Ty� 
942-A I Output Tranlformer . 

Wlndln. Re,lltanc •• : 8t'e page 0. 
Leaka •• Inductllnc •• : See Table t. 
Primary Inductoncoz Primaries in seri('s, npprnx
imateiy 24 henries at initial permenhility. 
Inlulatlon: Tbe transformer is itumlated for 2000 
volts between individual windings and hetween 
(>t1.ch winding and the CIl8e. 
Dlmen,lons: (Height) 3% x (diameter) 5 !.� 
inches, oveNlll. 
Mounting: Above or below shelf, with siJlgle 
center bolt supplied. 
Net Wolght: 7 pounds. 

Code Word Priu 
. I TR .. \!liTOliDOU $55.DD 
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