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With this ingenious circuit, stereophonic phono systems may be reduced 
in number of tubes required and consequent cost while maintaining low 
distortion and simple amplifier design for medium-power installations.

Not the least of the problems o f 
stereophonic reproduction is that 
of space and cost. The necessity of 

providing two separate reproducing 
channels doubles everything with the 
exception of the pickup stylus. It is 
evident that if  stereophony is to be en­
joyed by a wide segment o f population, 
new engineering approaches must be 
found for minimizing the bulk and cost 
of stereophonic equipment without sac­
rificing quality. The amplifier descrihed 
in this article helps to solve this problem.

The new amplifier is called a “ two-way 
amplifier” because it uses a single push- 
pull stage to amplify two independent 
signals. Its total power output is equiva­
lent to that of a single push-pull ampli­
fier using the same tube compliment. 
The separation between the two channels 
on the average is better than 25 db. 
The cost is only a little more than that 
of a single push-pull amplifier and con­
siderably less than that o f two separate 
push-pull amplifiers o f similar total per­
formance.

To understand the principles upon 
which the new amplifier is based, refer­
ence is made to Fig. 1, which illustrates
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a push-pull output stage operating in 
class A or AB. This stage differs from a 
conventional transformer-coupled push- 
pull stage in having two instead o f one 
input and output transformers. A  signal 
applied to the winding M  only will drive 
the two grids in opposition, so that the 
stage will perform in a conventional 
push-pull fashion, i.e. an output signal 
will appear at the winding M,,  and 
since the incremental plate currents will 
be oppositely directed there will he no 
output at N,. A signal applied to the 
winding N only will drive both grids 
equally and the incremental plate cur­
rent will be in the same direction result­
ing in parallel operation, i.e. there will 
be output at N, but not at M t. Such a 
push-pull stage will amplify two inde­
pendent signals with little interaction, 
and it could conceivably he used to am­

plify the left (L ) and the right (R ) 
stereophonic signals independently of 
each other. Its operation, however, would 
not be entirely satisfactory. One of the 
obvious faults, for example, is that the 
two channels are not identical. The 
push-pull channel will have a greater 
power handling capacity than the paral­
lel channel for given frequency response 
and distortion, and in stereophonic work 
it is best to provide channels of equal 
capacity for both signals.

Improved Circuit Arrangement
An improved circuit can be provided 

by considering an additional principle. 
In Fig. 2 is shown a stereophonic groove 
in cross-sectional view. Let us assume 
that in the process of modulation the 
apex o f the groove is driven from the 
point P to the point Q. This comes about 
because of two stereophonic 45/45-deg. 
signals L and R. We notice at this point 
that precisely the same result would have 
been accomplished by a horizontal mod­
ulation H  = .707(L + R) ,  and a vertical 
modulation F = .707( L - R ) .  Therefore, 
except for the factor .707, a 45/45 mod­
ulation is equal to a horizontal-vertical 
modulation in which the sum signal 
S = L + R is recorded horizontally and
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Fig . 4 . The use of the Tw o-W ay a m p lif ie r  
w ith  a 4 5 / 4 5  p ickup .

the difference signal D = L  — B is re­
corded vertically. This is an important 
identity which should be kept in mind : 
The two systems are really one and the 
same but are merely expressed by a d if­
ferent set of equations. It has been ob­
served that the sum signal S is apt to 
carry the bulk of the power while the 
difference signal D principally conveys 
the stereophonic information.

Let us now consider one way o f com­
bining these principles to achieve the 
reproduction of a 45/45 record with the 
single push-pull stage. The record may 
be reproduced with a horizontal-vertical 
pickup connected as shown in Fig. 3.

The horizontal section reproduces the 
sum signal S = L + B  and its output is 
applied to the input winding M which 
will actuate the stage in accordance 
with its maximum power handling capa­
bility. The vertical section reproduces 
the difference signal D = L -  B and its 
output is connected to the winding N. 
The windiug M1 is now center-tapped 
and provided with sufficient turns to 
generate two signals + S and -  S. One 
side of Nj is connected to this center 
tap. The voltages between the other side 
of Nj and the two free ends of M, now 
may be calculated as follows:

A =  D + S = (L ~ B)  +■ (L + B) - 2 L
B = TJ -  S = ( L ~ B )  -  {L + B) - - Z B

Thus we see that a horizontal-vertical 
pickup combined with the special push- 
pull stage and matrixing output trans­
formers will produce two independent 
L and B  signals from a 45/45 disc. These 
two signals may be applied to the stereo­
phonic loudspeakers in the usual man­
ner; noting however that the phase o f 
one of them is reversed, but this can be 
readily corrected by reversing' one pair 
of leads. The performance of this unit 
will be indistinguishable from that of 
two independent amplifiers and loud­
speakers driven with a 45/45 pickup.

Use with 45/45 Pickup
The final question now can be an­

swered : How to use this stage with a

45/45 pickup1? Consider the potentials 
at the grids of the tubes. Referring again 
to Fig. 3, the upper grid has a potential 
(L -  B)  + {L + B) = 2L and the lower 
grid has the potential ( L - B )  -  {L + B)  
= -2 B .  Therefore, the potentials at the 
two grids are equal and opposite to 
those supplied by a conventional 45/45 
pickup. Some stereophonic pickups have 
four terminals and they will be directly 
usable with the two-way amplifier by 
suitable connection. Other pickups are 
purposely provided with terminals of 
opposite polarity. Such an arrangement 
is shown in Fig. 4.

It should be noted that by reversing 
the phase of one of the stereophonic 
signals, the single stage will continue to 
handle a virtual sum signal in push-pull 
and a virtual difference signal in paral­
lel, and this will utilize its capabilities 
most effectively. One of the loudspeakers 
is also reversed in phase as previously 
mentioned to preserve the proper phas­
ing of the sound from both channels.

A d va n ta g e s

The two-way amplifier has several 
advantages over two equivalent single- 
ended amplifiers. A good single-ended 
stage is difficult to design because o f the 
saturation of the output transformer 
iron. In the two-way amplifier the push- 
pull transformer is not subject to satura­
tion. This transformer carries the sum

{Continued on page 92)

Fig . 5 . C om plete schem atic of a p ractica l a m p lif ie r  using the Tw o -W ay p rinc ip le  to p ro v id e  a total of 10 w a tts  of p o w er a t
less than  1 per cent harm onic d isto rtion .



signal which determines the main qual­
ity and power of both stereophonic 
channels. Distortion is kept low because 
of the push-pull action. The parallel 
transformer handles the difference sig­
nal, and here saturation is unimportant, 
because the difference signal may be 
attenuated at low frequencies without 
appreciable loss in stereophonic localiza­
tion. A  loss of separation will occur at 
the extreme low frequency which is 
actually advantageous in that it dimin­
ishes the problems of rumble and me­
chanical feed back. Furthermore, the 
L and R channels are now identical and 
the symmetry of the system is preserved.

A practical circuit for the amplifier is 
shown in Fig. 5. A ceramic pickup may 
be used, with suitable connection to pro­
duce the (L ) and ( -  R)  signals. The 
two inverse feedback loops are provided 
from the output stage to the cathodes 
o f the input stage, with the usual bene­
fit of the inverse feedback, plus an 
added improvement in channel separa­
tion. The power handling capacity of 
this amplifier is 10 watts average or 20 
watts peak at 0.8 per cent total harmonic 
distortion for both channels and about 
half that amount for each of the two 
channels used singly.

The authors appreciate the many 
valuable contributions made by Mr. 
William S. Bachman in applying this 
circuit to the Columbia line of stereo­
phonic phonographs.

The two-way amplifier will be avail­
able in the near future as a kit from 
the Heath Company. JE


