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AUDIO-HIGH FIDELITY 

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 

NOVEMBER, 1957 

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. 
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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 

J I 

O·.� RI4 4n 
R8 lOOK 

FE BACK 
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/ 

f-- .u .-
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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Fig. 8-Frequency response at different le\'els: measured with continuous t.ne. 
Taken with R6-Cl connected. Operation into dynamic speaker or combination with 
dynamic tweeter comes out nearer to flat. than either high-end cuneo For electro­
static tweeter (without internal compensation of any kind) and R6-Cl remo1'ed, 
reSllonse is about ± 2 db at 20,000 cycles, accordin� to tweeter referred capacitaace. 
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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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