An A. C. Receiver and Power Amplifier

Design and Assembly of a New High Quality Amplifier Operating from Alternating
Current Together with a High-Efficiency Four-Tube Receiver with an A. C. Plate Supply

T HAS been suggested by a number of
radio authorities that one of the essen-
tials for good audio quality is high
plate voltage. The most practical way

in which to obtain this high plate voltage
is from a current-tap operated from the a.
c. electric light socket.  Such a system also
permits hghting the filament of the last
tube with a. c., so that the use of a s-watt
power tube for this purpose is made pos-
sible,

Untit now, the construction of a quality
audio amplifier which would operate from
the a. c. line has been almost impossible
as many of the essential parts were un-
obtainable in the open market.

Realizing the advantages of an amplifier
which would require neither A, B, or C
batteries, and which at the same time would
give amplification with an unusually high
quality, Rapro Broapcast has done much
experimental work in order to determine
the best design for the parts required.

Regardiess of how fine an amplifier one
has, if the loud speaker is poor, the received
signal will probably sound no better, if as
good, as from a poor amplifier connected to
the same poor speaker. A number of good
speakers are now obtainable on the radio
market. Of particular merit are the cones.

In order to obtain quality output with a
quality speaker, it is necessary that all
the apparatus along the line be of high
quality. The broadcasting station must
preduce high quality signals, the receiver
ust supply the power amplifier with high
quakity input and so on to the speaker.

In this paper will be described the con-

By JAMES MILLEN

struction of a complete receiver operated
mainly from the lamp socket. The re-
ceiver employs one stage of radio fre-
quency amplification with a regenerative
detector, and an audio-frequency amplifier
embodying all the requirements for high
quality.

The requirements are: 1. Use proper
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ADIO constructors are walching  with

eagle eye to see what the fall season brings
out in new design.  The receiver and powcer
amplifier described here so completely by Mr.
Millen combines ideas far in the forefront of
radio progress. The audio amplifier is a
particularly inleresting bil of design. Mr.
Crom's article in Rabio Broancast for
Oclober, 1925, laid down some thearies of the
audio amplifier and Mr. Millew's design puts
bis suggestion into definite form.  And—per-
baps most important of all—the plate supply of
the entire receiver is drawn from allernating cur-
rent; and in addition, the fllament of the
power amplifier is beated by AC.  The quality
of the received signal, using this sel-up with
a cone fype loud speaker, is almost beyond

reproach.—THe EpiTor.
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value of C battery for the signal voltage
at the grid of each tube. 2. Use plate
voltage which corresponds to this C volt-
age. 3. Use transformers with proper
primary inductances. 4. Use a. f. by-pass
condensers. 5. Cable filament and plate
leads. 6. Burn tubes so as to secure
proper electron emission. 7. Employ an
output device to keep the d. ¢. component

—

of the space current on the last tube from
flowing through the loud speaker.

Since many of the readers of Raplo
Broapcast already have receivers of
various kinds which they do not care to
change, the construction of a power ampli-
fier and power supply unit which will en-
able them to improve their present outfit
will also be described.

The quality of cutput that will be ob-
tained from the power amplifier does not
materially differ from that obtained from a
good resistance-coupled amplifier with a
low impedance tube (so as better to match
impedance of the cone type speakers) in
the last stage. The main difference is
that one power stage will do what three
resistance stages will, and at the same
time eliminate the batteries.

As the two tubes in a push pull ampli-
fier are operated 180° out of phase, distor-
tion due to insufficient C and B voltage
cancels out, and good quality is thus ob-
tained with low voltage.

THE CONSTRUCTION OF A KNOCKOUT SET
WITH QUALITY POWER AUDIO AMPLIFICATION

HE set proper employs the standard

Roberts Knockout circuit. The writer
made a number of experimental models and
in some, reflexed the first audio through the
radio tube. The sets shown in Figs. 1, 2,
and 3 are not reflexed, and, though the
elimination of the reflex requires an addi-
tional tube, such a set will give more volume
without danger of overloading the first
audio tube, which may happen with the
reflex model on loud signals.

Rarto Broancast Photographs

Fig. |
Stub-base) Note the ou

{Top of stub-base views), The receiving set with power amplifier.
tput transformer, which serves the double purpose

FIGS. | AND 2

The a. ¢. power supply unit is contained in a separate cabinet. Fig. 2 (Under
of keeping the d.c. component of the plate current out of the loud speaker and
making possible the use of a low impedance speaker
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FIG. 3

An experimental receiver with a high quality audic amplifier.

Audio frequency

by-pass condensers, an output transformer, and high C and B voltages are employed.

The power supply unit is contained in a

separate cabinet, but in order to reduce the

number of leads between the power unit and the set, the voltage dividing resistors
are mounted in the set as shown

The only batteries required with this set
are one small 43-volt C battery and three
dry cells.

The first three tubes may be three,
one and a half-, or five-volt. Although the
amplification obtained with the smaller
tubes is somewhat less than that obtainable
with storage battery tubes, there are several
advantages to be gained by the use of the

small tubes. First, the maximum output
obtained from the small tubes will not be
great enough to overload the power tube
and thus cause it to distort. In other
words, in order not to overload the power
tube, the maximum signal voltage apphed
to the grid of this tube must not be greater
than the C battery voltage. [n this am-
plitier, therefore, a signal voltage In excess

Y ofNo260.5 C.on 1" dia. tube
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of about 22 to 24 volts {with a uv-202 ¢
27-28 volts with ux-210) will very likely
cause distortion. As most of the inpy
transformers, which are recommended for
use with the last stage in this amplifier,
have a ratio of 2:1, the output signaj
voltage from the first audio stage should
not exceed 12 volts. Measurements made
in the Rapio BroapcasT Laboratory
showed that output peak signal voltages
{measured with a vacuum tube voltmeter)
obtained from the first audio tube using »
uv-1gy were never likely to exceed the 12
volt himit.

Should overloading take place in your
amplifier, it will readily be detected by the
plate circuit milliameter needle movement
as described by Mr. Crom in his article
in the October Rapio BroancasT. In
order to remedy the trouble, connect 2
variable resistance, such as Bradlevohm
No. tn, a Clarostat, Rovalty No. B, or simi-
far resistance across the secondary of the
first audio transformer and adjust it until
the distortion is climinated.  The effect of
this resistance is 1o reduce the signal volt-
age which will be applied to the grid of the
Jast tube and incidentally that which will be
applied to the grid of the first tube. f this
resistance were connected across the secon-
dary of the second transformer, it would ac-
complish the same results, as far as the
power tube is concerned, but it would not
have eased the load on the first audio fre.
quency tube, and, as this amplifier has been
designed so that overloading (when three
volt tubes are used) will start in the first
stage slightly before {if at all} it will in the

,NOTE @ limaybenecessary with some translormers and layouts
i te1nsert an R £ choke here. Such a choke consists of 200 tuens®

— [
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FIG. 4
The circuit diagram of the complete receiver
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age, the proper way is to reduce
pe load on all tubes by means of a resist-
e across [he first transformer secon-
dary Such a variable resistance also
:l\"c.s as an excellent volume control.
Stanstcad of the vartable tickler to control
the regencrative detector, frequently in a
receiver employing a circuit of this sort
a fixed tickler and varlal?le by_—pass con-
denser are emploved. With this arrange-
ment, the tuning of the detector condenser
is not affected by the regeneration control.

Amother satisfactory method of Fontrol_l-
ing regeneration when a ﬁxec! tlckler_ 1$
employed, is by means ofa.varlable‘remsb
ance connected across the tickler c_oxl.

The coils may be the standard coils made
for the Roberts circuit, such as the Super-
coils, Sickles diamond weave, etc., or they
may be home made: The two tuning con-
densers have a2 maximum capacity of .0005
mfd., and with the coils described above
cover a frequency range of from 1363 to 545
kilocycles {220-530 meters). A rheostat is
provided for the detector and another for
the two amplifier (r. f. and a. f.} tubes.

if three-volt tubes are to be used (and
their use is highly recommended) it will be
better to use them in sockets designed for
them rather than using adapters in large
sockets, as shown in the photographs.

Ali filament and plate leads are “cabled.”
Furthermore, large by-pass condensers
are provided in ali the amplifier circuits.

As the construction, neutralization, and

wer St
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Ravio Broavcast Photograph

FIG. §

A power supply unit employing an S tube as a rectifier.

The transformer

and the chokes are contained i separate iron boxes with bakelite panels

operation of sets with neutralized r. f. am-
plifiers and regenerative detectors has been
dealt with so many times in previous issues
of Rapio BroapcasT, the subject will not be
further discussed here. Those who are not
already familiar with circuitsof this type are
referred to the article by Mr. Keith Henney
in the April,

THE POWER AMPLIFIER

THE necessary companents of the power
amplifier are input transformer, power
tube, by-pass condensers, and output trans-
former.

The input transformers may be any high-

1925, Rabpio
B ROADCAST
or to any of
the articles
by Mr. ]J. B.
Brennan.

Interior of the power supply unit shown in Fig. 7 is in the insert at the upper right.

FIGS. 6 AND 7

Ramo Broapcast Photograph

The large photograph shows an experimental layout with the high-

Quality amplifier and powee supply unit connected to 2 two-tube Knockout receiver. An impedance-capacity output device is employed in the amplifier
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grade lov ratio audio transformer. Those
successfully tried out by the writer in his
amplifier were Rauland Lyric, Amertran
{33:1), and General Radio No.285A. They
should have a turn ratio of from z to 3%
to 1, not higher.

The power tube may be a uv-202 or a
UxX-210.

The ux-2t0 and the vuv-202 operate
from the transformers without rheostats.
The uv-z02 is most easily obtained by
writing direct to Amateur Sales Division
Radio Corporation of America, 233 Broad-
way, New York. Tt sells for $3.50. The
ux-210 lists at $9.00 and is obtained from
any Radio Corporation or Cunningham
dealer.

Several of the independent tube manu-
facturers are now making power tubes
with s-volt filaments. Double rheostats,
as shown in Fig. 13, will have to be used
with them. .

The grid return condenser may be any
of the paper condensers.  About one mfd.
is a satisfactory size, The plate by-pass
condenser, however, must be capable of
continuously withstanding the full plate
voltage {about 400 volts). Most of the
small paper condensers, such as the No,
765 Dubilier, will not stand up when put
to this use. The Dubilier No. 769, W. E,,
Tobe, Acme No. 750 volt, or four of the
lower voltage condensers connected in a
series-parallel arrangement will be neces-
sary.

The output device serves two purposes.
The first is that it keeps the direct current
from going through the speaker, and,
second, it “matches” impedances. Thus,
if a transformer is used the primary must
have the proper impedance to work with
the power tube and the secondary must be
designed to fit the speaker. The plate
impedance of the power tubes available
for use in the set is the same. The im-
pedances of some of the high-grade loud
speakers, however, are quite different, and
they may be grouped into two classes,
high and low impedance. The Western
Electric cone is a low impedance speaker,
whereas the Farrand-Godley has a high

"$'Tube

\ § )
- —— 2Mfd.
Center ' Ce
tap notused
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impedance. Therefore, in purchasing an
output transformer, the type of speaker
that it is to be used with must be kept in
mind.

Some constructors may have a pair of
push-pull transformers on hand. An out-
put push-pull transformer can be used as
an output transformer for the amplifier,
The mid tap on the primary should be dis-
regarded and the plate of the power tube
connected to one of the terminals marked
P {or plate) and the plus B to the other
terminal marked P (or plate). The loud
speaker (which, for mest push-pull trans-
formers, excepting the Western Electric,
should be of fairly high impedance) is con-
nected to the “output’” or "speaker™ posts.

There is another method of connecting
the loud speaker which does not require a
transformer. [t is illustrated in Fig. 12,
and employved in the amplifier shown in
Fig. 6. The ““Amerchoke’ and the Thor-
darson Autoformer make ideal impedances
for this use.

When these parts have been wired up
as shown in Figs. i1 and 12 the receiver
itself is complete, There then remains the
construction of the power unit for operating
it from the house current.

CONSTRUCTION OF POWER UNIT

HE power unit is merely an “‘over-

grown” B-substitute with an addi-
ticnal transformer winding. The rectify-
ing device should be either a thermionic
or an S tube. Both have been very suc-
cessfully employed. The parts required for
the construction of the power unit are
transformer, tube and socket, chokes, con-
densers, and resistance units.

Transformers suitable for this purpose
are the General Radio, Amertran, Acme,
Dongan, and Jefferson, A suitable trans-
former must have at least one 7.5-volt
secondary {with mid tap), and at least one
450~ to 500-volt winding.

The transformer must also have a 110~
volt primary, or better yet, have taps to
take care of variations in line voltage from
105 to 120. [f a thermionic tube (Kenotron,
UV-202, UX-210, UX-2108) is to be employed

— RGO
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as a rectifier, then two 7.5-volt windings
will be required.  An S tube has no filament
and, consequently, requires no filameng
heating winding.

Either double- or single-wave rectifica.
tion may be employed. Both give excel
lent results, but the double-wave rectifier
has the advantage of not requiring quite
as elaborate a filter system as the single
wave. However, for double wave rectifi-
cation two rectifying tubes are required and
two high-voltage transformer secondaries,

The power supply units described in this
paper are of the single-wave rectification
type, Tequiting but one rectifier tube and
one high-voltage transformer secondary.
The transformer should be rated at about
50 watts,

If a power tube (uv-z02, UX-210, etc)
is employed as the rectifier, it is highly im-
portant that the grid and plate be con-
nected together., The Kenotron, uv-216,
which is the same as a uv-202 but de-
signed only for rectifyirg and, therefore,
having no grid, may be obtained from the
Amateur Sales Division, Radio Corpora-
tion of America, 233 Broadway, New York.
The ux-216 B, which is the rectifier pat-
terned after the ux-210, is carried by ali
R. C. A. and Cunningham dealers.

Two chokes of about so henries each
are required for the filter system. They
must be designed for a total current of
about 30 milliamperes ahd have as low a
d. c. resistance as is economically practical.
Such chokes may be obtained from Amer-
tran, Jefferson, Dongan, Molliformer, Apco,
or General Radio Companies, or they may
be made at home as described by the writer
in the June and October issues of Ranto
BroapcasT.

The filter condensers must be capable of
continuously withstanding the high voltage.
There is generally quite a difference be-
tween “flash” voltage and *'Maximum
working” d. c. voltage. [t is this last rat-
ing that is important and it must be af
least 500 and preferably 750 volts in order
to be satisfactory for use in the filter
Condensers which meet this requirement
are manufactured by BDubilier (No. 768

—0 350

12,000 w

110V — 4 Mfd.
€7

_43

Fil.
Rs uv 202

R3 or
Ux 210

& s}

FIG. 8

The circuit diagram of the power supply unit shown in Fig. 5
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T2 T3

Filament Winding
on Transformer

FIG. 9
The C bias is obtained by means of the

the detector, 1. f. tube, and first a. f. tube
as well as the negative C voltage for the
grid of the power tube. The values and
connections for these units are indicated
in Figs. 4 and 8. They may be of Ward-
Leonard, Crescent, or Allen-Bradley make.

In place of the fixed 1250-0hm unit
employed for obtaining the proper nega-
tive bias on the power tube, a C battery of
about 221 volts (for uv-202 or 28 volts for
ux-210) may be employed. The voltage
should in that case be adjusted for best
results as indicated by the milliammeter
tests outlined by Mr. Crom in Rapio

voltage drop across the resistance R,

Broapcast for October.

Another way of varying the negative

but not No. 765), Acme, Tobe Dutschmann
and Western Electric. W. E. condensers
may be obtained from C. E. Jacobs, 2802
N. Kedzie Ave., Chicago.

Several resistance units are required in
order to secure the proper B voltages for

COST OF MATERIAL

or Electrad Roval.

bias to the power tube which does not re-
quire a separate C battery, is the use of a
variable resistance such as the Clarostat
We believe this to be
the best method, as the proper C bias may
be obtained by varying the resistance while

observing the
plate mulliam-

meter.
Used in the Complete Receiver The power
The Receiver MAXIMUM PRICE supply unit is
girs‘ec IBoard generally most
3 General Radio, Silver, Hammarlund, or other good condensers, conveniently
max. cap. 500 mmifd. . . $i5.00 located under
;é)ialéb ol g the tabie on
tset RobertColls . . . . o . o 0 L, Ke.t) ; H
1 A. F. Transformer T, (1 General Radio, No. 285, $6; 1 Amertran WIhICh Eihe SEEIEhIS
No AF 6, $7). ptaced. e
i Neutralizing Condenser C, several leads
3 f{ol{:kets R, and R from the power
2 eostats R, an z 1
I Volume Control Rs (Clarostat, $2.25; Bradleyobm No. ro, $2.00; U‘Elt t0| C:he Eet
Royalty (Electrad) No, B, $1.50) KS‘ ou . €
1 Grid Condenser and Leak Cs bundled” to-
%_: mid. By-pass Condensers C, 5.00 gether into a
be Power Amplifier .
Input Transformer T. (General Radio, No. 285-4, $6; Amertran, Cﬁble' Onj OJ
No. A F 7, $7). the standar
Output Device battery cables
General Radio Transformer No. 367, T; {for W, E. Cone) 7.00 such as the
Output push-pull transformer (for high Impedance Speakers) Jones or Belden
or
Impedance-Output {for either high or low Impedance Speakers), may be used for
Thordarson Auto-former 1, $5; Amer-choke No. rsq, 1, B6; the purpose.
. I~¢4 mfd, condenser (or total of 4 mfd., §3). The 110-volt
Sacket . a. c cord is
I Mfd. By-pass Condenser (s {Tobe Deutschmann, $r.25; fai
Dubilier No. 678, $1.75). thus kept a fair
Power Supply Unit distance away
Power “Transformer Ti (Ameriran No. PF 45, Br2: General from the set
Radio No. 365 {for S tube), $12; General Radio No. 273M roper. This is
(Additional filament winding for rectifier tube,) $12). proper.
Chokes 1, (2 Amer-chokes No. 854 at $6, §12: 2 Molliformers af Pf slightly more
36, $12; 2 apco chokes at 86, $r2; 1 General Radio double importance in
. choke No. 366, B12). reflexed sets,
Filter Condensers (s00 volt) Cs, C-, {4 Dubilier No. 764, $3.50,
fiaaT A If the power
t4; 4 Tobe Dewlschmann No. yog 2 mfd., $1.75, $7; 4 W E. 2 . .
. mfd, $s 65, $6.60). anit is placed in
Sucket a cabinet, such
Milliammeter (0,25 m.a.), (Jewel, Weston, $8.) as the one in
Jones Cable (or Beldeny .~ . ., . . .. . . . .. 1.00 Fi it is e
Resistance Units (Bradley Units, 2 12,000 0hms; 1 10,000 ohms; 1 g 7
25,000 obms, §.75 each; Ward Leonard H S Unils; Crescend, portant to pro-
2 12,000 obms; I g.000 obms; 1 24,000 ohms, $2.50 each (Al vide proper
. speddal) $10). ventilation so
Grid Bias Resistance R, (Ward Leanard (fixed) (L 8 1250), $.85, that the heat
Clarostai, $2.25; Royalty, $i.50).
Tubes ostat, §3.25; Royalty, $1.50) generated by
ux zio .00 the rectifier
‘;i 202 3.50 tube will be dis-
“NOTRON 3.00 e N
RECTRON 2168 7-50 sipated. . _.th
Speaker plate milliam-
Switches, Screws, Lamp Cord and Plug, Box or Base Board for meter (0-50
Power Supply Unit, . ) m. a.) may also
he completed receiver, including tubes but not speaker, will 2
cost approximately $100, be conven.:ently
located if de-
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FIG. 10
A C battery may be employed with the power

amplifier, if desired, instead of obtaining the
grid bias from the power supply unit

sired, on the panel of the power supply
unit, This is also a good place for the 110-
volt switch.

OPERATEONR OF THE SET

AS THE operation and neutralization of

receivers employing this circuit have been
covered in a number of previous articles in
Rapto Broapcast, they will not be taken up
again.

The adjustment of the power amplifier, how-
ever, will no doubt present some new problems
to many of the readers. The filaments of both
the power amplifier and the rectifier tubes must
be operated at exactly the right voltage. This
is particularly true of the uv-zo2 when used as
an amplifier.  If the filament voltage is too low,
it will cause a great deal of distortion. On the
other hand, if it is too high, the life of the tube
will be materially shortened. The filament
voltage of the 210 is not as critical as the zo0z2.
Ordinarily the only way to adjust the filament
voltage properly is with an a. c. voltmeter, but
the use of such an instrument will not be neces-
sary with the transformers recommended in this
article, as the voltage supplied is just right,
providing sufficiently heavy wire, such as No.
16 or No. 18 flexible lamp cord or the equivalent
solid wire is employed in connecting the tube
socket to the filament winding on the traps-
former. Furthermore, the length of the fila-
ment line should preferably not exceed three
feet. Itis also highly important, especially with
the uv-202, that the tube makes very good con-
tact in the socket.

When a 6-volt tube is to be used, or if the
Acme 75-watt ¢ w. transformer (which has a
10 instead of 7.5 volt filament winding) is used
with either 2 6- or 73-volt tube, it is necessary
to employ two rheostats, one in each filament
iead; they must both be adjusted simultane-
ously in order that the resistance in each fila-
ment lead will be about the same. See Fig. 130.

When theostats are employed to adjust the

Ta
‘ Speaker
Cc
+400
-B AC,
-F

FIG. 11

The circuit diagram of the power
amplifier using an output transformer

T2

Input
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Input Speaker.

FIG. 12

The circuit diagram of the power amplifier
using an impedance-capacity output device

filament voltage, it is strongly rtecommended
that a good a. c. voltmeter be used as an aid to
securing the proper adjustment. To dispense
with the use of such an instrument is not
economy. The life of a tube is very materially
reduced when operated at higher than rated volt-
ages.

Rheostats for this use must be capable of
carrying about 2} amperes.  The resistance may
be one or two ohms. Such rheostats are manu-
factured by Amsco, Acme, Fada, Pacent, and
General Radio. [f a variable resistance is em-
ployed for obtaining the grid bias, it should be
adjusted so that the milliammeter in the plate
circuit of the power tube remains reason-
ably still when receiving signals of varying
intensity.

The plate current drawn by the power tube
shouid not exceed about 20 mils. Seventeen or
eighteen ts about correct for most 202’s and
about zo for the 210's.

If an Acme c. w. transformer is employed, it

RADIO BROADCAST

will be necessary to use an S tube as the rectifier;
there being no rectifier filament winding provided
on this transformer (the S tube has no filament).
The No. 5000 5 tube is best suited for this pur-
pose, although the No. 4000 may be employed
if desired. The No. 5000 only costs $6.50,
whereas the other costs $10.00. 5 tubes are
best obtained direct from the factory.

The voltage of one half of the split high
valtage secondary on the Acme transformer is
too fow and the entire voltage is too high.
I'herefore, it is necessary to use the entire

FIG. 13

The way in which rheo-
stats must be connected
when a 6-volt tube is
to be operated from a
higher voltage trans-
former winding

secondary and connect a resistance of from 5000
to 6000 ohms in series with the plus lead as shown
in Fig. 14. The drop in voltage across this
resistance results in the proper output voltage.

A POWER AMPLIFIER FOR YOUR
RECEIVER

FIGURES 7. 11, 12, show the power
ampiifier, similar to the one uvsed in
the complete set, mounted on a small board
by itself. The same power unit as is em-
ployed to operate the complete set {Figs.
1, 2, 3) is used to operate this amplifier as
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110%
AC.

FIG. 14
Circuit diagram showing proper connections for
employing a standard Acme ¢, w. transformer

well as supply the B voltages to the small
outfit 1o which it is connected. Such a
combination possesses most of the advan-
tages of the complete set (for it is practi-
cally the same thing) and at the same time
makes it unnecessary to discard the small
set.

In most cases it will be necessary to
connect a variable resistance such as a
Bradleyobm No. 10, Rovalty B, or Claro-
stat across the secondary of the reflex trans-
former. It 1s also nccessary to keep the
a. ¢. lincs as far as possible from the reflex
amplifier in order that a. ¢. “hum” will not
be picked by induction, and, most impor-
tant of all, ground the negative B.

Such a combination as shown in Fig. 6
results in a considerable ““gain” in volume
without the loss of any of the high quality
for which the Roberts Knockout receiver is
so well known.

TYPE 273-M
OENERAL RADIO GO

£RuNR P2 WAL

TRANSTORNER

ey uﬁtg
DOMGAN SLECTRIC MG GO,

GETRONT vt

Rapto Broancast Phatographs

There

FIG. 15

are a number of excellent transformers and chokes now cobtainable in the radin market. Seme

which have been successfully used, but which are not shown in the other photogtaphs, are grouped here



