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An A. C. Phonograrh Amplifier *

Constructional Details of a High-Quality Unit
Operating from House Current

By JAMES MILLEN

THE phonograph and the radio

set are companion entertainers,
and each renders a particular ser-
vice which cannot be performed by
the other. Audio amplifiers and
sound reproducers of similar design
may be used by both; and, with the
new electrically-made records, the
modern phonograph provides high-
quality reproduction, like the best
radio receivers.

This article describes the con-
struction of a high-quality A.F, am-
plifier, suited for use with either a
radio set or a phonograph;itis A.C.-
operated and provides ample volume
for all requirements, with practically
undistorted rendition. Properly in-
stalled, it will modernize old-type
radio sets and phonographs.

—EDITOR.

VEN with the present high devel-

opment of radio broadcasting, and

the excellent diversified programs al-

ways available, there are bound to
be times when one would prefer a program
of his own arrangement ; perhaps just a few
favorite selections. Or again, if there is an
electrical storm or if reception for some
one reason or other is not up to standard,
then a whole evening’s entertainment may be
desired. But who, after becoming accus-
tomed to the well-nigh perfect—as far as
the ear can tell—fidelity of reproduction of
which the modern radio is capable, is con-
tent with an old-time phonograph?

But while radio has been making rapid
strides toward that much-sought goal—"per-
fect tone quality”’—phonograph and acous-
tical engineers have not been asleep. They
have, themselves, investigated the new fields
of electrical magnification and reproduction
of sound opened up for them by radio inven-
tion. They have taken the best of radio
amplifiers and speakers, and developed

“pick-ups”, needle-scratch filters and other
necessary paraphernalia for converting the
minute vibrations, which the phonograph rec-
ord imparts to the needle, into pulsating elec-
trical currents, which can be fed into the
audio end of a conventional radio set.
Radio’'s contribution to the phonograph
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industry did not, however, end with the de-
velopment of an entirely new system of
sound reproduction.

BETTER RECORDING METHODS

In former times, the recording artist, or
group of artists, while making a phono-
graph record, had to huddle in a congested,
uncomfortable and unnatural fashion before
a large horn into which they played or
sang ; those in front, singing or playing un-
naturally low, and those behind them un-
naturally loud, in an attempt to produce an
even balance of volume on the finished rec-
ord. Large bands, choral groups and sym-
phony orchestras. were of necessity greatly
curtailed in order to get within an effective
range of the recording “funnel.”

Now, however, one can scarcely dis-
tinguish between a phonographic recording
salon and a radio broadcast studio. There
is no funnel; no crowding ; no unnaturalness
on the part of the artists. Insteed, they
perform in their most natural way, while
the microphones are placed to pick up each
voice or instrument in its proper relation
to the others.

In fact, the output of the electric phono-
graph, when one gets right down to the mat-
ter, is but a standard broadcast program
which, instead of being sent over the air, is
recorded and delivered to the consumer with-
out picking up static or other disturbances
en route.

The acoustical difference between the same
piece, played by the same orchestra over a
high-grade broadcast station on a quiet night
and played on an electric phonograph is nil;
assuming, of course, that the audio-fre-
quency amplifier and loud speaker used in
both instances are of similar quality.

EACH TO ITS PLACE

With these improvements, and one other—
the elimination of the record scratch—the

T1 and T2, power trans-
formers; CK1, choke; R6,
potentiometfer; R7, RS,
R9 and R12, fixed resis-
tors; C4 and C5, filter
condensers.

V1, AF. amplifier; V2 and
V3, power amplifiers in
push-pull; V4, voltage-regu-
lator; V5 and V6, rectifiers;
F, scratch-filter; R1 to RS5,
fixed resistors; and CK2,
plate-output impedance.
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The electrified phonograph in its cabinet,

The output may be connected to either the

balsa-wood speaker on the wall or the cone
in the cabinet.

modern phonograph becomes a highly de-
sirable companion to the modern radio re-
ceiver. Static and SOS signals no longer
need spoil an evening’s entertainment. Fay-
orite selections, beautifully rendered and
reproduced, are available at a moment’s
notice, when the radio program is not
tempting.

But do not understand this article to be an
argument in favor of the phonograph over
the radio. The phonograph can never take
the place of the radio. First, the radio
brings into the home news and entertain-
ment as it actually occurs: banguets,
speeches, sporting events and many others;
and secondly, radio supplies its own pro-
gram. Its repertoire is not limited by the
number of records in the album. But, asa
companion to modern radio, there is a dis-
tinct service to be performed by the elec
trically-operated phonograph.

Let us divide the electrical phonogragh

into its several component parts and con-
sider each by itself.

THE PICK-UP

The pick-up is the device which converts
the mechanical vibrations, imparted by the
record to the needle, into electrical vibrations.
There are at least four different types of
pick-ups.
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DETAIL SHOWING
CONTACT WITH

METAL BASE OF
TUBE V4

The wiring diagram of the A.C. Phonograph Amplifier, showing the leads connecting the instru-

ments located on the top of the panel.

Note detail of connection to base of the

voltage-regulator tube.

The electromagnetic and piezo-electric or
crystal types function by generating electrical
currents of their own; while the capacity
and the carbon-grain forms operate by varia-
tion in the impedance of a circuit in which
they arc placed. All of these four different

types have at one time or other made their
appearance in commercial form.

The preseut crystal types, while capable
of excellent quality, are expensive and fra-
gile. Those of the carbon type, when con-
structed to give really good quality, are also
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expensive; and, in addition they require a
small storage battery or several dry cells for
their operation. Even so, no commercial
models which have yet made their appear-
ance can equal, in tone quality, the perform-
ance of some of the better electromagnetic
devices.

Of the capacity type, much has been said
in recent issues of Rapio News. Such a
pick-up is capable of very excellent tone
quality and is less expensive than a really
good electromagnetic type, but has the
rather serious disadvantage of requiring a
pair of separate vacuum-tube oscillators,
with their attendant “A”, “B” and “C”
supplies.

There are, however, available on the mar-
ket at the present time, at quite reasonable
prices, several very excellent pick-ups of
the electromagnetic variety. This pick-up
consists, essentially, of a permanent magnet
of the horseshoe type, between the poles of
which are located the pair of double pole-
pieces, the balanced armature and the arma-
ture coil. Movement of the armature, at
one extremity of which is located the needle,
results in a variation in the flux passing
through the armature, and thus linking with
the turns of fine wire on the coil. This
variation in flux, in turn, induces a varying
or alternating voltage in the coil.

VOLUME CONTROL

As the output of the pick-up is alternating
current, any device which will provide a
ready method of controlling the magnitude
of this voltage without in any way distort-
ing its' wave form, or altering the load im-
pedance into which the pick-up works, will
prove satisiactory. Fortunately, a simple,
mexpensive device which meets these re-
quirements is the high-resistance type of
potentiometer used in many radio sets. Fig.
2 shows how the potentiometer is connected
in the circuit. Most commercial pick-ups
are supplied complete, including a volume-
control potentiometer having the proper load
impedance for the pick-up with which it is
to be used.
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NOTE: CABLE WIRES
WHEREVER POSSIBLE.

W.X.Y,Z ARE PQSTS TO
WHICH PANEL'D’ IS
FASTENED.

As may be seen in the view
of the under side of the
panel on the opposite page,
it is possible to cable a

great many of the connec-
tions. The symbols on the
components correspond with
those in all the other illus-
trations and the list of parts.
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The schematic diagram of the Phonograph Amplifier, which, as may be seen, is entirely operated from the A.C. power mains,

THE SCRATCH FILTER

Aside from tone quality, one of the out-
standing achievements in the new phono-
graphs is the elimination of surface noises
and needle “scratch.” The use of a new
material for the manufacture of records has
done much to mitigate this annoyance of
the past; but its final and complete elimina-
tion is accomplished by means of an elec-
trical filter circuit, so tuned as to suppress
scratch frequency. Such an electrical filter
is connected between the pick-up and the
amplifier. The filter is so located before,
rather than after the amplifier, in order to
prevent unnecessary overloading of the latter.

While the eonnection of a .006-mf. fixed
condenser across the output of the pick-up
(or input to the amplifier) will remove this
noise, such an arrangement will at the same

time remove many of the higher audio fre-
quencies and thus lower the quality of re-
production. For this reason an electrical
filter tuned to stop the passage of only those
currents in the neighborhood of the scratch
frequencies is used.

The difficulty in completely eliminating
the scratch lies in the fact that it is not of
any one frequency, but covers quite a wide
band. If, however, the filter circuit is tuned
to approximately 4500 cycles, the greater
part of the scratch noise is removed without
sacrifice of tone quality. The residual hiss
is practically unnoticeable when a scratch
filter is employed, and cannot be detected
except for the first few seconds or so before
the music starts.

Such a device may either be purchased as
a complete unit or may be home-constructed

.
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irom a choke coil and condenser, so selected
as to be most effective at about 4500 cycles.
This frequency peak should be somewhat
“broadened” by the use of a very small
quantity of iron in the construction of the
inductance unit.

While an electrical filter circuit of the type
indicated in the diagram will remove objec-
tionable scratch from the music issuing from
the loud speaker, it will not prevent one from
hearing the unamplified scratch noise directly
from the record. For this reason the lid
of the turntable compartment should be
kept closed while records are playing.

THE AMPLIFIER

Amplifiers of many different types are
suited for electrical phonograph use; the
audio end of almost any high grade radio
set is capable of quite excellent results. The
author has, however, designed primarily for
phonograph use the amplifier hereinafter
described, and has incorporated in the design
several features which particularly fit it for
such use.

NOTE: ALL SCREW HOLES 5 DIA -~

How the four panels are drilled for mounting

the various apparatus and the locations of

the holes through which the connecting leads
are run, is shown in the above drawings.
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Fig. 2
This diagram illustrates the electrical circuit
of the pick-up, the volume controi and
scratch filter,

SCRATCH
FILTER

VOLUME
CONTROL

First, it is all A.C. operated, no batteries
of any kind being necessary. Second, by the
use of two of the 210-type power-amplifier
tubes in a push-pull amplification circuit, an
unusually high undistorted watt-output is
obtainable. This is essential for natural re-
production of the lower tones and musical
notes at full volume. Furthermore, the use
of a push-pull circuit reduces to an entirely
negligible value the slight A.C. hum that
would otherwise result from the heating of
the power-tube filament by means of raw
alternating current.

A standard high-quality audio transformer
(AF) has been adapted to the push-pull
circuit by the use of two 500,000-ohm resis-
tors (R1 and R2) across the transformer
secondary to establish the electrical equiva-
lent of a center-tap.

In the input stage is employed an A.C.
tube (V1), which overcomes much of the
trouble experienced with former amplifiers
employing the fragile and highly-micro-
phonic 199-type tube for such a purpose.
Current for the filament of this tube is ob-
tained from the five-volt secondary winding
of transformer. T1, and a short length of
resistance wire (R12), removed from an old
rheostat, is connected in the circuit to re-
duce the voltage. The correct amount of
wire needed for this purpose is determined
by experiment.

The power supply section of the amplifier
also boasts of several innovations. One is
the use of two full-wave 300-volt gaseous-
conduction rectifier tubes (V5 and V6) con-
nected with their outputs in series; the
necessary 600 volts is thus supplied by the
full-wave filamentless rectification method,
with but two inexpensive and long-lived
tubes. Another innovation is the use of the
3-element voltage regulator (V4), described
by the author in detail in the October issue
of Rapro NEws. Aside from stabilizing the
operation of the amplifier and maintaining
the “B” and “C” voltages at their proper
values regardless of line-voltage fluctuations,
the regulator tube also contributes largely to
the lack of hum and to the good tone quality,
due largely to its action as the equivalent of
a 50 to 60 microfarad condenser across the
high voltage plate supply.

FEATURES OF THE DESIGN

The somewhat unusual layout and assem-
bly employed in the amplifier are also the
result of an attempt to improve its per-
formance and otherwise better adapt it for
phonograph use.

First of all, the power supply is located
below the heavy steel base plate (panel A);
while the audio channel is located above, in
order to reduce the amount of stray mag-
netic flux from the power transformer and
first filter choke, which might otherwise be
picked up by the audio transformer or the
grid circuits of the amplifier tubes.

Secondly, all unprotected high-voltage
leads are below the base plate. In {fact,
everything has been removed from in front
of the row of tubes in order to facilitate
their replacement, when necessary, without
any attendant danger of shock.

Incidentally, placing the hot tubes above
and the filter condensers, with their impreg-
nation of low-melting-point paraffin, below,
overcomes one of the most troublesome and

common faults of a great many amplifiers in
which the rectifier or power tubes are placed
quite close to the filter condensers. This
results in an exceedingly short life for, not
only the condensers, but generally much
other apparatus in addition. A shorted filter-
condenser will in many cases wreck the
power transformer and rectifier tube at the
same time.

Still another rather important point that
has been given due consideration is physical
size. The amplifier is sufficiently compact
to fit readily into the average phonograph
console in place of the old horn below the
motor, avoiding the sacrifice of record stor-
age space to house the electrical equipment.

THE LOUD SPEAKER

As the final component in the line-up of
apparatus employed for the electrical repro-
duction of phonograph records, we have the
loud speaker.

Anyone of several of the better types of
loud speakers now available may be employed
with most satisfactory results, where the
device is not to be built directly into the
cabinet. In the case of the console illus-
trated, two distinct types of built-in loud
speakers are employed, with suitable switches
for using either or both, as desired. One
consists of a baffle-board type of electro-
dynamic cone, with its field coil connected
in series with the second filter inductor of
the amplifier’s power supply. This baffle
and cone are mounted in the opening in the
front of the console, which results when the
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VC is the volume control, EP, the pick-up,
and SW, the switch, which are placed in
the turn-table compartment.

old wooden horn is removed to provide space
for the amplifier. The rear of this com-
partment should be provided with a rather
large opening, in order to prevent excessive
“air clamping” of the cone. The baffle is a
piece of ¥4 inch white pine, fastened in
place with glue and long, thin wood screws.

The other speaker is of the balsa-wood
type, shown from one of the kits now avail-
able on the market, hanging from the wall,
where it presents a decorative effect, similar
to a picture. The frame of an undecorated
speaker of similar type may be readily sus-
pended from and parallel to the bottom of
the cabinet, thus being hidden from view.

After the above changes have been made,
we will have an instrument truly modern as
far as performance is concerned; the only

(Continued on page 830)
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Y% THE FIGURES IN THE FIRST COLUMN OF MANUFACTURERS INDICATE THE MAKERS OF THE PARTS
USED IN THE ORIGINAL EQUIPMENT DESCRIBED HERE.

If you use alternate parts instend of those listed in the first colomn of manufacturers, be careful to allow for any possible differance in size from thoss
originally used in laying out and drilling the panel and sub-base.
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é SYMBOL | Quntity NAME OF PART REMARKS MANUFACTURER % Z

Z _T1,T2 3 Power transformers 300-volt gscondary with center tap 1 {11,32,23,14,15,16,17,32 %

/ Ck 1 1 Filter choke Two colls in one unit 1 [12,32,13,14,15,16 %

/ . 17,32 /

% Ck_2 1 Plate choke Two coila in one unit 1_ 21,16 é

Z ¥ 1 | Seratch filter 1 %

% AF 1 Audio traneformer Second stags type 2 111,32,313,14,315,)6,17,18,34 %

/ c1,c2 2 Filter di 1 mf,, 450-volt rating 3 5,17,19,20,2 /

% . ,17,19,20,21,22,23 %

/// €3 1 Filter condenser 4 wf., 1,000-volt rating 3 _15,19,20,21,22,23 %

% C4,05 2 Filter condensers 2 mf,, 1,000-vblt rating 3 _15,19,20,21,22,23 Z

Z 6,09 2 Buffer econd, units Two ,) mf, #_in each unit 3_|5,17,19,20,21,22,23,34 %

% R1,R2 2 Fixed resistors +5 mogohm, grid.lesk type 4 3,17,22,23,24,25,26,36 %

é R3,R4 2 Fixed resistors »1 megohm, grid.leak type 4 3,17,22,23,24,25,26,36 %

% RS 1 Fixed resistor 1,000 chma, cartridge type 4 3,5,17,22,23,24,25 26,36 Z

/ Ré 1 | Potentiometer 30 ohms 5 __114,22,32, 7

32,35 7

% 22, /

% R1 1 Fixed resistor 7% ohma, wirs wound, 10 watts 4 5,22,23,24,25,26,28 %

% R8 1 Fixed resistor 10,000 ohms, 20 watts, wire wound 4_15,17,22,23,24,25,26,20,34 . %

Z R9 1 Fixzod resistor 12,000 ohms, 20 watts, wire wound 4 _15,22,23,24,25,26,28 %

% R10,R11 | 2 Fixed resistors 40,000 ohme, 20 watts, wire wound 4 _[5,22,23,24,25,26,28 %

% V1 1 Amplifier tude 226 type 6 _125,29,30 Z

7, va,va | 3 | Power tudes 210 type 6 |25,29,30 7

7 229, 7

é v4 1 | Voltage regulator Threa.element type 7 Z

7 8,6 2 __| Reotifier tubes Full-wave type 716,31 Z

. : .

7 6 | Tube socets UX_type 8_|32,24,17,26,32,33,34,35,37,45 7

% 4 Binding posts 8__126,32,34, ~ /
26,32,34,38 7

Z 2 Resistor mounts Double 4._]17,22,23,24,25 ,26,28,34 é

% 1__| Restator mount Single 4 117 22,23,24,25,26,28,34 é

é Hookup wire Ingulated 10 20,40 . %

% xP 1 | Phonograrh plokevp | Msgmetic type 9__J25,32,39,41 Z

% R12 Resistor wire (Ses text for description) %

/ ve 1 Volume_control Potentiometer type 9 [39,41 /

72 Z

é S¥ 1 Switch Standard 110-volt enap switch /

7 A 1 | Stes2 chasais 138 x 12 x 1/8 inches

Z B 1 | Panel 1} x 4 inches 42 43,44

é e 1 | rane1 1} x 3 inches 42_j43,44

% D 1 Panel 3x inches 42 143,44

7 54 tach

7 mxxz | 4 |Brass posts 2% x 4 inch tubing
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A Phonograrh Ampelifier
(Continued from page 779)

“antique” device in the system is the spring
motor of the phonograph. Though the pre-
ferred arrangement, for an A.C. operated
phonograph, includes the use of an induction
motor to operate the turntable, such motors
of the proper size are rather difficult to ob-
tain. - Most phonograph dealers, however,
stock excellent motors of the universal type,
which, as they are run only when the radio
receiver is not in operation and will there-
fore cause no intereference, are entirely
satisfactory. Such motors cost from $15.00
to $30.00, depending upon the type. Gen-
erally an allowance is made for the old
spring motor if it is turned in at the same
time.

If the spring motor is retained in the
phonograph, then the amplifier should be so
placed that the rectifier and power tubes,
which become quite warm in operation, are
at one side and not directly under the motor;
for such placement might result in the melt-
ing of the graphite in which the spring is
packed.

If the spring motor is replaced by an
electric drive, then, of course, no thought
need be given to the location of the amplifier.

CONSTRUCTING THE AMPLIFIER

If the builder will carefully study the
several accompanying pictures, diagrams and
drawings of the complete amplifier little
difficulty should be encountered in its
construction.

The soft-steel base plate may be either
prepared at home or constructed by a local
machine shop. The name “steel” seems to
scare many home constructors who think
nothing of drilling their own bakelite and
even brass panels. They have a surprise in
store for them when they find out just how
easy it is to drill, file, and saw a piece of
soft steel.

The plate may be finished with enamel,
crystal lacquer, or just polished and var-
nished. It should be given some kind of
protective finish, however, to prevent it from
rusting. After the finish has dried, the dif-
ferent holes should be retapped, so that the
mounting screws will automatically ground
the cases of the various component parts.

The wiring should be neatly done with a
flexible tinned wire having a high-voltage
insulation. When the wiring has been com-
pleted, it should be bound together with 2
waxed thread into cable form. Extreme
care should be used, when passing wires
through holes in the base plate.

THE GROUND CONNECTION

A ground connection to the negative side
of the filter circuit is highly desirable. In
most instances this may be obtained through

a 2-mi. condenser to one side of the 110-volt
line. The 110-volt line connections may have
to be reversed to sce which way is best.
This is readily accomplished by merely plug-
ging into the lamp socket, or base outlet, first
one way and then the other.

It is also desirable in some instances to
ground the case and supporting arm of the
pick-up; also to try reversing the leads from
the pick-up to the amplifier.



