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2 Claims.

The vepro.biction of half-wave sound records
whirii ha :n recorded separately from each
other is effeciod br scanning the two traces with

- to-electric cells whereby half-wave

‘ ined that can be combined to a
curvelat. by means of a push-pull trans-
former. The combination may be effected either
2t the input or at the output of the amplifier, ex-

cepb that in the latter instance the amplifier used -

must be capable of transmitting half-wave sig-
nals without distortion.

Heretofore it has been thought that composi-
tion of half-wave signals into a whole wave sig-
nal free of distortion was impossible when using
a push-pull transformer because half-wave volt-
ages, when impressed upon the push-pull wind-
ings of transformer, produce the same effect as
alternate opening and closing of an inductance
circuit, thus inductive voltages are produced in the
corresponding push-pull windings of the push-
pull transformer which react through the trans-
former upon the ecircuit connected to the other
push-pull winding, thereby causing intolerable
distortions.

In accordance with the present invention, half~
wave signals are combined into a whole-wave sig-
nal, not by a push-pull transformer, but by a

novel coupling circuit that: possesses the advan-

tage over existing types of coupling .circuits in
that neither the photo-electric cells nor the cir-
cuits connected to the latter need be electrically
matched or balanced.

This is accomplished by directly applying the
half-wave signal derived from the one photo-
electric cell to the grid of an amplifier tube and
applying the half-wave signal derived from the
other photo-electric cell, by way of a phase re-
versal tube and a variable potentiometer ar-
ranged in its anode circuit to the grid of the am-
plifier tube. By this méans, adjustment of the
potentiometer permits transmittal of the whole-
wave signal to the grid of the amplifier tube.
This type of coupling permits easy control of
symmetry. . :

In the accompanying figures of drawings, num-
bered 1 through 4, several examples of the sub-
ject matter of this invention are illustrated by
circuit diagrams.

In Fig. 1, two push-pull connected photo-elec-
tric cells | and 2 are used to scan the traces
whereby half-wave voltages. are produced across
resistances 3 and.4. The half-wave voltage ap-
bearing across the resistance 3 is applied to the
grid of an amplifier tube 6 by a coupling con-
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denser 5. The half-wave voltage appearing across §5

(CL 179—100.3)

the resistance # is applied to the grid of a phase-
reversal tube 1 in the anode circuit of which an

adjustable potentiometer' 8 is provided. The

component voltage tapped at the potentiometer

8 also is applied to the grid of the amplifier tube

6 through a coupling condenser 3. If the volt-

age tapped at the potentiometer 8 has the same

amplitude as the voltage appearing across the

resistance 3, then the two voltages combine to a

single curve at the grid of the amplifier tube 6

because, due to the phase reversal tube 1, the two

half-wave voltages appearing across the resist-

ance 3 and at the potentiometer 8 have opposite

directions. To avoid phase defects, the anode re-

sistances 8 and 8 of the two tubes 7 and 6, as

well as their loadings, must be purely ohmic and -
the two coupling capacities 5 and 13 must be equal

to each other. The alternating voltage occurring

between the terminals Il and 12 then may be

supplied tc a power amplifier.

The exact symmetry of the half-wave voltages
essential for distortion-free reproduction cf half-
wave sound is obtained by adjustment of the po-
tentiometer 8. A current measuring instrument
19, included in the anode circuit of the ampli-
fier tube 6, facilitates this adjustment and the
control of symmetry. If symmetry is not pres-
ent, i. e,, if the amplitude of the one half-wave
signal is different from that of the other, the op-
erating signal depends upon the circuit charac-
teristics, thus the average anode current of the )
amplifier tube & fluctuates corresponding to the
amplitude of the voltages occurring at the resist-
ances 3 and 4, because excess of voltage of the
one half-wave relative to the other is proportional
to this amplitude. The measuring instrument 10,
indicating the average anode circuit, oscillates
when there is lack of symmetry, hence to obtain
exact symmetry it is only necessary to adjust the
potentiometer 8 until the measuring instrument
10 is completely at rest. ‘

The electrical circuit described above also is
adapted for reproduction of normal or whole
wave sound records. For this purpose, it is only
necessary to interrupt the connection between the
points A and B and to connect instead the points
A and C. .

Fig. 2 shows a further modification of the cir-
cuit according to this invention. In this instance,
the amplifier tube 14 is not constructed as a tri-
ode in which the two half-wave voltages act upon
the same control grid, but use is made of an am-
plifier tube having two control grids (for instance
a space charge grid, hexode etc.) in which each
half-wave. voltage acts upon one of the control
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grids. As contrasted to the electrical circuit
shown in Fig. 1, increased amplification is ob-
tained with the circuit shown in Fig. 2, or, more
particularly, the coupling condensers 5 and (3, re-
quired in the circuit shown in Fig. 1, are rendered
superfluous, thus phase defects may more easily

responds, as far as the operation is concerned, to
the circuit shown in Fig. 1. For reproducing nor-
mal whole wave sound records, the points A and
C are connected to each other and the potentiom-
eter 8 is adjusted to zero, i. e., the wiper is con-
nected to the point D.

In accordance with another modification of
the present invention, the composition of the
half-wave voltages into a pure full-wave alter-
nating voltage is effected by directly opposing
the two photo-electric’ cells of a conventional
push-pull scanning device so that the half-wave
signals reach the grid of one of the amplifier
tubes with exactly the opposite sign to that which
reaches the grid of the other amplifier tube.

In contradistinction to conventional scanning
circuits using photo-electric cells for reproduc-
tion of push-pull records, the opposite electrodes
of the photo-electric cells are applied to the grids
of the two amplifier tubes, connected in sequence
and operating in push-pull fashion. In this type
_ of cireuit a voltage source is required for each of
the photo-electric-cells. If this is undesirable,
a voltage source having a middle tap may be
used, the end terminals of which are connected
to opposite electrodes of the photo-electric cells
(not to the electrodes of the photo-electric cells
connected to the grids of the amplifier tubes)
and the middle tap of which is connected to the
common cathode connection of the amplifier
tubes. The center tap of the voltage source also

is connected to the wiper of the potentiometer,.

forming the leakage resistances of the photo-
electric cells. The two end terminals of the po-
tentiometer. are connected to the grids of the
_ amplifier tubes which are also connected to cor-
responding electrodes of the photo-electric cells.

If the two anodes of the amplifier tubes, con-
pected in sequence and operating in push-pull
fashion, are connected together and if the anode
voltages supplied to a common resistance, a com-

posite full wave alternating current may be
tapped at the ends of this resistance and applied
to a power amplifier. Symmetry can be indi-
cated in the circuit by minimum deflections of a
lag-free current meter, arranged in the anode
cireuit, which can be adjusted by regulating the
variable leakage potentiometer-type resistances
of the photo-electric cells.

Another modification of the present invention
is illustrated by the circuit shown in Fig. 3 where-
in photo-electric cells | and 2 are used for scan-
ning. two half-wave records. The anode of the
photo-electric cell {§ is connected to the grid of
‘an amplifier tube 15, and the cathode of the
photo-electric cell 2 is connected to the grid of
the amplifier tube i6. Between the cathode of
the photo-electric cell § and the anode of the
photo-electric cell 2, voltage sources i1 and 18,
eonnected in series, are arranged, the connecting
‘point of which is also connected to the wiper
of the potentiometer {9 and to ‘the negative pole
of the grid battery 20. The end terminals of
the potentiometer 19 are connected to the grids
of the amplifier tubes i3 and {6 which are con-
.nected in push-pull fashion at the input side.
By & grid bias 20, the operating conditions of the
amplifier tubes are maintained in the middle of

* be avoided. The circuit according to Fig. 2 cor- .
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the characteristic curve, as is the case in connec-
tion with the push-pull-class A amplifier.

The anodes of the amplifier tubes 15 and {6
are connected to each other and applied at the
one end of the anode resistance 21 which is com-
mon to both amplifier tubes. The other end of
the resistance is connected to the positive pole
of the anode voltage source 22. In that portion
of the anode circuit which is common to both

-amplifier tubes, a current measuring instrument

23 of high natural frequency is arranged for
facilitating control of the symmetry by indicat-
ing the average anode current of the amplifier
tubes 15 and 16.

If symmetry exists in the circuit, the half-
wave voltages at the control grids of the ampli-
fier tubes 15 and 16 will not affect the average

anode current flowing through the anode resist-

ance 21, hence the current measuring instrument
23 will remain at rest. . If, however, symmetry
does not exist, the average anode current fluctu-
ates, depending upon the amplifier tube wherein.
the half-wave voltage originates, thus the current
measuring instrument 23 oscillates at the fre-
quency of the half-wave voltages. To obtain the
desired adjustment of symmetry, it is only nec-
essary to adjust the potentiometer 19 until the
current measuring instrument 23 indicates mini-
mum fluctuation.

It is characteristic of the above described cir-
cuit that the scanning photo-electric cells pro-
vide voltage impulses of opposite sign which are
supplied to the two grids of the amplifier tubes
when a light impulse causes the cells to operate.
1f for instance a sinusoidal light impulse strikes
one of the photo-electric cells, the grid of the
corresponding amplifier tube receives a sinusoidal
voltage impulse of a definite sign and a corre-
sponding sinusoidal drop of voltage occurs at the
purely ohmic anode resistance of the tube. IIi,
after termination of the light impulse, a second
sinusoidal light impulse strikes the second photo-
electric cell, as occurs when scanning half-wave
records, then s sinusoidal voltage appears at the
grid of the second amplifier tube from the sec-
ond photo-electric cell; the sign of which is cppo-
site to that of the voltage impulse applied to the
grid of the first amplifier tube, and a sinusoidal
voltage drop also occurs at the anode resistance
of the second tube. This last voltage drop, how-

" ever, has opposite sign. . The two sinusoidal half-
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waves are composed to a full-wave sinusoidal
alternating voltage at the anode resistance as
above described. When combining half-wave
signals, the use of a pure ohmic anode resistance
is absolutely necessary if distortion is to be
avoided. )

if, however, the same light impulse simultane-
ously strikes both the photo-electric cells, as
occurs in the scanning of ordinary push-pull
records, the two corresponding anode voltages ,
neutralize each other at the anode resisiance, if
the connection is exactly balanced. The repro-
duction of ordinary records, therefore, is impos-
sible with this electrical eircuit.

In accordance with a further modification of
the present invention, the above described elec-
triesl circuit may be used both for the reproduc-

tion of hali-wave and of whole-wave or ordinary

sound records. In this instance, the reproduc-
tion of ordinary records is made pessible by alter-
ing the circuit in a manner such that the com-
mon anode resistance is short-circuited, and the
anode voltage is supplied to the anodes of the '
amplifier tubes through a center tap of the pri-
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of the anode voltage.  The amplified and com-
‘bined alternating full-wave voltage is tapped at

mary winding of the output transformer, the
two end terminals of which are directly con-
nected to the anodes.

In this modification of the present invention,
rapid change-over from one kind of reproduc-
tion to the other is simplified by arrangement
of the resistance common to the two anode cir-
cuits between the positive pole of the anode volt-
age source and the middle tapping of the output
transformer primary winding, the anodes of the
two amplifier tubes being connected to the two
end terminals of the primary windings. By use
of a two-position switch the middle tapping can
be short-circuited with the two ends of the pri-
mary winding for the purpose of reproducing
half-wave records, or, for the reproduction of
ordinary records, the middle tapping can be
short-circuited with the positive pole of the
anode voltage source,

A further simplification of the change-over
can be accomplished by the use of a three-way
switch, two switch members of which effect the
change-over above described, whereas the third
switch member simultaneously serves to connect
the output terminal of the electric connection,
either with the middle tapping of the primary
winding of the output transformer for the repro-
duction of half-wave records, or, for the repro-
duction of ordinary records, with the secondary
winding of the output transformer.

This modification is illustrated in Fig. 4 of the
drawings. Here also the two scanning photo-
electric cells are designated with | and 2. The
anode of the photo-electric cell 1 is connected
to the grid of the amplifier tube 24, and the
cathode of the photo-electric cell 2 is connected
to the grid of the amplifier tube 25. Between
the cathode of the photo-electric cell | and the
anode of the photo-electric cell 2, a voltage source
26 is connected and the middle tap of this source
is connected to the wiper of the potentiometer
21. Additionally, the potentiometer wiper is
connected to the common grounded cathodes of
the amplifier tubes 24 and 25. The ends of the
potentiometer 27 are connected to the grids of
the amplifier tubes 24 and 25.

Switch members 28, 29 and 30 constitute &
three-way switch used in effecting the change-
over from the reproduction of half-wave records
to the reproduction of full wave ordinary rec-
ords. In one position of the switch, the terminals
C’, C’’ and C’’* are connected to the terminals
B’, B” and B’’’ respectively, whereby the circuit
for reproduction of half-wave records is ob-
tained. In tals instance, the anodes of the am-
plifler tubes 24 and 25 are connected to one end
of the anode resistance 81, the other end of which
- is connected to the positive pole of the source 32
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the output terminal 33 which, through the switch
member 30, is connected to the end of the re-
sistance 31. The adjustment of symmetry is
effected as above described by the variable po-
tentiometer 21 and the high natural frequency
current measuring instrument 34 whereby, dur-
ing scanning, the potentiometer 21 is adjusted
until the current meter 34 indicates minimum
deflection. . : :

For the reproduction of ordinary or full-wave

" records, the switch members 28, 29 and 30 are
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50 connected that the terminals C’, ¢’* and C'"’
are connected to the terminals A’, A’’ and A’
respectively. In this manner, the anode resist-
ance 31 is short~circuited and half of the anode
current of the amplifier tubes 24 and 25 now can
flow through the primary winding of the output
transformer 35. As mentioned above, the simul-
taneous actuation of the two photo-electrical
cells by the same light impulse produces opposite
anode currents of the same magnitude in the
two amplifier tubes 24 and 25, hence the currents
flowing through the two halves of the primary
winding have the same direction of flow. The
electrical circuit now operates as an ordinary
push-pull-class A amplifier. The alternating
full-wave voltage here also is tapped between
ground and the output terminal 33, which by
the switch member 80 is connected with the one
end of the secondary winding, and the other
end of the secondary winding completes the cir-
cuit through ground.

I claim:

1. An electric connection for the reproduction
of sound records made in half-wave records in
which, before composition, the one half-wave

" voltage is reversed in phase and one of the oppo-
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site electrodes of two scanning photo-electric
cells is connected to one of the grids of two push-
pull amplifier tubes as well as to the two ends
of a potentiometer the wiper of which is con-
nected to the common cathode of the two ampli-
fler tubes and to a middle tapping of the source
of voltage to the ends of which the electrodes of
the photo-electric cell not connected to the grids
of the amplifier tubes are connected, whereas
the anode voltage is applied to the anodes of the
two amplifier tubes by way of a common resist-
ance at which the composed alternating voltage
is tapped. :

2. An electric connection as set forth in claim
1 in which a current measuring instrument is
arranged in the anode circuit of said amplifier
tube for the purpose of supervising symmetry.

CARLHEINZ BECKER.
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