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— Design and Testing of
Plate Supply Devices
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[Editor’s Note : The following is t)u second
uf two urticles on plate supply devices, ilie
first of which appeared in the December num-
ber of the Experimenter. Although each
article is complete in itself, this second one
will be clearer if it is read after re cading the
first article, and with a copy of the first arti-
cle at hand for reference. |

II. Testing

The first of these two articles, in
last month’s Experimenter, complet-
ed a discussion of the design features
of power units. One of the figures
used to illustrate that article is re-
peated for reference in this issue, as
is also the diagram used in the article
in that issue by Mr. Lamson on
“Biasing the Power Amplifier Tube
from a Plate Supply Unit."" This
latter diagram, Figure 3, will serve,
in conjunction with Figure 2, to illus-
trate the circuits used in our power
amplifiers, which supply, in addition
to B voltages for the receiver, a
power audio stage operated entirely

without batteries. Reference to Fig-
ures Za and 3 will clarity the discus-
sion of testing methods which is to
follow. The only point not covered
in those two drawings is the use of
buffer condensers across the supply
transformer secondaries in the con-
ventional Raytheon rectifier circuit,
but it is thought that this matter is
sufficiently familiar to readers to
permit its omission here.

During assembly in actual produc-
tion and after the Units are com-
pleted, it is essential that very com-
prehensive tests be applied. Natur-
ally, the finished units must be known
to be correct in all respects before
being shipped out. In addition, it
is found to be the best procedure to
test quite completely the units at
each stage of the assembly, in order
to catch defects before the wax has
been poured over the various parts
and correction made thereby more
difficult. Figure | at the beginning

of this article shows a typical testing
scene 1 our Plate supply Unit De-
partment. The man at the left is
testing work in process, the man on
the right finished product. A de-
tailed explanation of each man's ap-
paratus and test methods will shortly
be given.

Figure 4 shows, side by side, two
Type 400 Power Amplifier and
Plate Supply Units, one complete
(except for cover) and the other
complete except for the wax which
seals the front compartments. A
little study of this cut will make
clearer some of the subsequent de-
scription. The reader will also please
bear in mind in the discussion to
follow that the Type 400 Unit is
both a Power Amplifier and a Plate
Supply Unit, using a 213 rectifier
and a 171 amplifier tube, and that
the Type 405 is a Plate Supply Unit
on]}))l, using a Raytheon BH Rectifier

ube.

By P. K. McELROY, Engineering Dept.
Part II—Testing
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Figure 5 gives a better view of the
apparatus used in testing partly
completed units. It consists of

A.—Tube rectifier set for supply-
ing high-voltage D. C. for testing
condenser and transformer coil insu-
lations.

B.—Transformer test box, con-
taining switches for making various
tests on transformers without alter-
ing connections of coil to test box.

C.—Box containing A. C. volt-
meters used with transformer test
box to measure high and low sec-
ondary voltages of transformers.

D.—Capacity meter, for measur-
ing the capacity of each condenser in
the unit.

E.—High-range ohmmeter for
quick checking of large resistances.

F.—Low-range ohmmeter for
quick checking of small resistances.

G.—Hum test board, holding cir-
cuit of 4MF condenser in series with
headphones, for cutting out D.C. but
listening to A. C. hum across output
terminals. A short-circuiting switch
is placed across the phones to pro-
tect the ears from the click due to
charging current at the instant the
circuit is closed.

FIGURE 2

H.—A D. C. voltmeter for meas-
uring the output at the 45-volt tap.

J.—Two ammeters to be inserted
in one side of supply line to test
primary current. (Same as [tem A,
Figure 6, in description below).

U.—Unit under test.

This equipment is made use of for
the following tests with only the two
front compartments, later to be
waxed, now assembled.

With 110-volt A. C. supplied to
the primary of the transformer (in
the small compartment) the second-
ary voltages are checked, and then,
with no A. C. input, insulation be-
tween separate windings and be-
tween windings and case (core) is
tested by high D. C. voltage. Split
secondaries must have the center
taps in the center, giving the same
voltage for each half of the coil. On
the Type 400, the biasing resistance
value is checked by an ohmmeter.
On the Type 405, the small buffer
condensers across the high-voltage
secondaries are checked by the ca-
pacity meter.

By means of the capacity meter,
eachcondenserin the unit is checked.
No insulation test is given the con-

F = D

densers at this point, as this is taken
care of upon receipt of the conden-
ser from the manufacturer, before
the condensers are put in our stock
of materials. The capacity is prefer-
ably checked not across the terminals
of the condensers, but across the
far ends of the wires leading from
those terminals, thereby checking the
wiring.

The showing of the correct resist-
ance on the scale of the ohmmeter in
checking the resistance between filter
condensers both checks the wiring
and shows that the chokes are not
shorted or open. In a similar man-
ner the choke of the speaker filter is
tested in the Type 400

A hot wire ammeter in series with
the line, protected by a short-ciicuii-
ing switch, is used to detect abnor-
mal primary currents, caused by
chorted turns in the transformer or
short circuits of other kinds not

FIGURE 4

otherwise detected. This test also
discloses the presence of insufficient
or inferior iron in the core of the
power transformer.

When these tests have been ap-
plied, the units are returned to the

‘assemblers to have the assembly and

wiring completed, after which the
tubes are inserted, the unit connect-
ed to the 110-volt lines, the main
switch turned off and on several

FIGURE 5
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FIGURE 6

times to subject the condensers to
the high momentary voltage surges
encountered when the circuit is brok-
en and the magnetic fields collapse
rapidly, and these tests applied:

The voltmeter, placed across the
plus 45 and B— terminal posts,
should read a certain value if every-
thing is correct. In the Type 400,
the output terminals are shorted. If
this lowers the voltmeter reading
(except momentarily for charging
current) it indicates a shorted con-
denser in the speaker filter.

The hum tester is placed across
B— and each of the B plus voltages
in turn. Abnormal amounts of hum,
as learned by experience, indicate
trouble. The hum tester is also ap-
plied across the speaker posts in the
Type 400. While listening there,
the input posts are short circuited.
This should decrease the output hum
considerably, since the grid is no
longer floating after the transformer
primary (input) has been shorted.

The value of the biasing resistance
and the proper location of the center
tap of the resistance unit across the
amplifier filament secondary are
checked by means of the ohmmeters.

A unit that has passed all of the
above tests is ready to be poured
with wax. fter the wax has set
and cooled, the unit is ready for
final test using the apparatus shown
in Figure 6:

A.—Series A. C. line ammeters,
for showing primary current con-
sumption. A high range meter is pro-
vided to protect the low range meter
(large meter is always read first) and
each is protected by a short-circuit-
ing switch which is opened momen-
tarily to take a reading.

B.—Line voltmeter to enable op-
erator to decide whether voltage
outputs are correct (see below, un-
der D).

C.—Test clip, which slides quick-
Iy over binding posts and connects

unit under test to remaining appa-
ratus.

D.—Box for measuring voltage
under load. A multi-point switch
connects any desired B plus tap
across the load resistance, a 20,000
ohm wire-wound rheostat with an off
position to enable measurement of
voltage at no external load. A 25
M. A. meter in series with this rheo-
stat measures the load. A shunt ex-
tends the range to 50 M.A. when
desired. The voltmeter is a 1.5 M.
A. meter in series with 100,000 ochms
for 150-volt range, andwith 200,000
ohms for 300-volt range. In the box
is also a condenser-telephone circuit,
similar to that of the hum test board
(Fig. 4, G) which is connected at
will across the terminals where the

Jload is applied by closing a small

switch in the circuit.

E.—Audio oscillator, for testing
Type 400 Power Amplifier circuit.
This is a vacuum tube oscillator, the
tuned circuit of which consists of an
iron-core inductance and a capacity
made up of several paper conden-
sers successively cut into the circuit
by a switch. The oscillator produces
five frequencies, ranging from a high
to a low pitch.

F.—This case contains a vacuum
tube voltmeter, indications of which
are read from galvanometer or mi-
croammeter G. The vacuum tube
voltmeter measures the amplitude of
the audio output voltage, across loud
speaker H, supplied from the audio
amplifier of the Type 400 (D. C.
component has been removed by
speaker filter incorporated in Type
400 Unit). This is compared by
means of the readings of G to the
output from a standard Type 400
Power Amplifier, J, which is a per-
manent part of this test equipment.
Aural comparisons of the two Type
400’s are made simultaneously by
listening to the output of the loud
speaker H. Either test Unit U or

standard Unit J is introduced as the
audio amplifier when a switch in this
cabinet, F, is thrown one way or the
other.

Finished Units undergo the fol-
lowing tests on the apparatus last
described:

The primary current is checked on
A, to see that it is not excessive.
Each voltage tap is tested on D un-
der three certain loads, and the volt-
ages must come up to certain stand-
ards set by average performance of
a great number of units. The switch
introducing the phone circuit is
closed and the hum observed on
each tap under heavy load to see
that it is not excessive.

For the Type 400, the load is re-
moved, the phone switch
opened, and each audio frequency
from E is in turn impressed first
across U, then across J. For any fre-
quency the microammeter readings
will be very nearly alike for a
correct Unit, although the readings
from one frequency to another will
vary, mainly because the oscillator
delivers to the grid less energy at the
low frequencies, and because of vari-
ation in the relative amounts of ener-
gy absorbed by the loud speaker at
the different pitches. Listening to the
loudspeaker with no input will check
undue output hum. Shorting the
input terminals should reduce this
hum. A visual inspection follows to
see that the unit is clean, that the
switch Off-On plate and name plate
are mounted correctly, and that the
binding posts on the output panel
are correct. After careful wrapping
and packing in a carton, the unit is
ready for shipment.

Encased parts intended for use in
our Power Amplifier and Plate Sup-
ply Kits undergo similar tests which
accomplish results the same as those
obtained by the tests outlined above,
except that, obviously, since the
parts are not wired up together, no
wiring external to the parts can be
checked, nor can D. C. voltage out-
put or audio output be checked.

Occasionally troubles will arise in
service. Although condensers may
break down, audio transformer
windings open up, or other defects
occur, it is quite certain that no unit
leaves the factory defective or with-
out test, since it is a rule that units
do not reach the shipping room un-
less they have tags showing they
have been tested. If, as is bound
to happen, units become defective, it
is fairly safe to say that such defects
will have appeared only after some
service.

Different defects show up differ-
ently in the behavior of the units.
(See service table on next page.)

circuit
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Service Table for Types 400 and 405 Units

The following table will cover most cases where failure of the Types 400 and 405 units
to function properly is encountered. This table does not take completely into consideration
defective tubes or conditions which lie beyond the units themselves.

 CAUSE
EFFECT —
TYPE 400 |

'PE 405

NO B VOLTAGE

Open output r tance unit.

Buifer or tilter condenser
shorted.

Open filter choke.

Open output resistance unit.
Filter condenser shorted.
Open filter choke.

Rectifier tube defective.

LOW B VOLTAGE One buffer condenser shorted.

One half of high-voltage
secondary open.

Defective ground from center
of high-voltage secondary.

Speaker filter condenser shorted.

Amplifier grid eircuit open.

Biasing condenser or resistance
shorted.

No bias on grid.

One half of high-voltage sec-
ondary open.

Defective ground from center of
high-voltage secondary.

Shorted ﬂlw;clwke.
Amplifier plate circuit open
(biasing resistance).

HIGH B VOLTAGE Shorted filter choke.

INCORRECT B VOTT “4 hy.nass condenser

GES One mf. hy-pass condenser
AGES

shorted.
Output resistance unit
shorted or open.

Outputireslsmnce unit shorted
or open.

Excessive load drawn from ¥
output.
Shorted filter condenser.

(TVERHI-JATING OF Excessive load drawn from out-
POWER TRANS- put.
FORMER Defective rectifier tube.

Shorted filter condenser.

Shorted filter choke.
Open filter condenser.

Shorted filter choke.
Open filter condenser.

TOO MUCH HUM

One side of amplifier filament
center tap resistance open.
Defective ground connection to

Defective ground connection
to common side of
condensers.

T common side of condensers.
BUZZING NOISE FROM | |
B SUPPLY (FRE- [
QUENCY VARIES ‘
WITH LOAD)

NO AUDIO OUTPUT

Defective Raytheon tube.

Defective audio transformer.

Filter condenser shorted.

Amplifier grid or plate eireuit
open.

Defective amplifier tube.

| Filter condenser shorted.
Speaker filter condenser shorted.
| Grid eireuit open on ground side
| of audio transformer (unilater- |
al connection to grid). |
Biasing resistance shorted. |

LOW DISTORTED
AUDIO OUTPUT

The Vitaphone Fader

A Device Manufactured by the General
Radio Co. for Use in Conjunction
with Vitaphone Mation Picture
Reproduction

In addition to the continuous im-
provement of radio parts and acces-
sories the engineering staff of the
General Radio Company has fre-
quent occasion to design and de-
velop a wide variety of electrical
instruments, both for research work
and for commercial use. A recent
example of their efforts along these
lines is an instrument known as the
Fader, which is shown in the illus-

tures. The method may be briefly
described as follows:
A large and especially fine talking

trations and which forms a part of
the equipment of the Vitaphone.
The Vitaphone is a new process
recently perfected by the Bell Tele-
phone Laboratories, in conjunction
with the Warner Brothers Motion
Picture Producers, for the electrical
reproduction of speech and music as
an accompaniment to motion pic-

machine record is made, say, of or-
chestration to accompany a picture.
This record, which turns much more
slowly than the records of the ordi-
nary talking machine, is made large
enough to play throughout a stand-
ard motion picture reel. It is placed
upon a rotating table which is driven
by the same motor that drives the

film. Before starting, the needle is
adjusted to a given index point on
the record and a corresponding
point is located on the beginning of
the film. Hence, once started in
step, a perfect synchronism between
the picture and the Vitaphone is
automatically maintained through-
out the reel.

The needle running on the record
drives a magnetophone pick-up de-
vice, consisting of an armature mov-
ing in the field of an electromagnet,
whereby the vibrations which the
needle receives from the record are
reproduced electrically. The corre-
sponding current impulses are then

passed into a series of power ampli-
fiers, similar in general principle to
the public address systems, where
they become greatly magnified be-
fore entering a series of large loud-
speaker horns concealed in the or-
chestra pit, and also above the
screen. The reproduction is exceed-
ingly realistic and the whole art of-
fers wide possibilities.

The Fader consists of a series of
adjustable resistances or attenuation
networks, as they are called, through
which the electrical currents from the
magnetophone must pass before en-
tering the amplifiers. The object of
the Fader is to afford a means where-
by a change from one record to an-
other may be made in such a man-
ner as to be quite imperceptible to
the audience. It serves, likewise, as
a control device whereby changes in
the intensity of the reproduced
sound may be made as occasion re-
quires.

On the illustration showing the
front view of the Fader will be seen
the hand wheel for adjusting the at-
tenuation networks, together with
the scale for indicating the relative
intensity. An interior view showing
the networks mounted on the con-
trol switch is given in the other illus-
tration.

Printed in U.S.A.
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When the amateur
builds a short wave
receiver or wave-
meter, he demands
the lowest loss coil
that it is possible to
make. ere are
many good coils now
available, with vari-
ous details of con-
struction, but most of them fall in
the classification of an “‘air wound"
coil which is nearly self-supporting.
There is no question but that this is
a good type, when properly propor-

____tioned but it has the disadvantage

of being more fragile than a form
wound coil and is less adaptable to
that very convenient p]ug-in system
of changing from one wave band to
another. This brings the experi-
menter to the question of which he
shall choose—lowest loss, or merely
low loss, and good mechanical con-
struction. The following measure-
ments at 40 meters indicate some of
the causes of losses in coils, and show
that their source is frequently other
than is supposed.

The diagram in Fig. | shows the
method of measurement used in
these tests. This is the General
Radio type 353 Radio Frequency
Measuring Set.

The pickup coil consists of only a
few turns of wire to absorb energy
from the source and feed the balance
of the circuit. The coil “D" is a
drop coil to by-pass the radio fre-
quency around the high impedance

FEBRUARY,

1927

A Study of
Coil Resistances at 40 Meters

By L. B. ROOT, Engineering Dept.

of the crystal detector and galvano-
meter circuit, and provide a volt-
age drop to operate the galvano-

meter.

_ o

TYPE
384

PICKUP

FIG1  Tveeissra=

In operation the circuit is tuned to
resonance with the resistance box set
at zero, carefully noting the maxi-
mum galvanometer reading. Then
the test coil is short-circuited and the
circuit reset to resonance by increas-
ing the capacitance of the standard
condenser. The galvanometer de-
flection is then much greater than be-
fore, because the resistance of the
test coil has been removed. There-
fore, resistance is added to the cir-
cuit until the deflection at resonance
is the same as before. This resist-
ance is equal to that of the coil at the
frequency of measurement.

The assumption of this method is
that the resistance of the standard

condenser does not
change with setting.
Obviously, this is not
true, for it is known
to decrease as the
capacitance is in-
creased. The con-
denser used is espe-
cially designed for
this work, with the
smallest possible amount of insula-
tion, and that is placed in a weak
electrostatic field. The conduction
losses are very low. The circuit is
sensitive enough to detect a change
of 1/50 of an ohm, hnt when twa of
these condensers are connected in
parallel, no change of resistance can
be noted. It is, therefore, safe to
neglect the resistance of the con-
denser, and assume that there is no
change with setting.

In order to determine the proper
size of wire to use for 40 meter coils,
a single Type 277 moulded bakelite
form was wound with various sizes of
wire from No. 8 to No. 26. Each
winding consisted of ten turns, and,
as the length and diameter were
constant, they were of essentially
the same inductance. Length of
coil, 174”; diameter, 234”. This
was chosen as a typical coil, for it
had an inductance of about 7 micro-
henries, and required about 50 mmf
to tune to 40 meters, a very usual
condition in a receiver.

Measurements of this series of
coils gave the curve shown in Fig. 2.

It is evident from this curve that
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there is an optimum size of wire
which is not critical, but should be
approached for minimum resistance.
Curves taken similarly at other
frequencies indicate that there is an
optimum size for each wavelength
band, and that the lower the fre-
quency, the smaller the wire.

The use of collodion, shellac, or
other good binders had no appreci-
able effect.

In order to test the effect of coil
form a coil form was wound in the
usual manner, and a strip of bond
paper cemented to the circumference
of the wire with collodion. When
dry, it was possible to slip out the
form without disturbing the wire.
Measurements on this coil gave the
following:

Resistance of coil with form .8 ohms
Resistance of coil without form

Gain

Inductance

But it is efficiency in which we are
interested, and a reduction of resist-
ance is not indicative of the true
gain. [t is power factor which is to
be considered.

Reactance — 2T fL — 6.28 x 7.5
x 10°x 7.5 x 107°=353 ohms.

R .8
Power factor = — = —— =
X 353
.23% with form.
i ower facior e 17%
353

without form.

From this it is evident that the
power factors differ by about .06%
—a very doubtful gain when elimina-
tion of the form means a less rugged
coil, more difficult to construct. The
change of distributed capacity was
too small to measure.

Some rather surprising results
were obtained by placing metal in
the field of the coil. The same coil
was used in all the tests, having a
resistance of .7 ohms, and an induct-
ance of 7.5 microhenries. P.F. was

%.

A strip of .010” x 114” copper
4” long was placed along the axis
and inside of the coil. Power factor
rose to .23%, an increase of .03%.

A sheet of 14” aluminum placed

successively nearer the side of the
T I

actually touched the insulation,
when the power factor became
.219. When placed flat against
the end of the coil, the change was
very slight.

A strip of .010” x 114” copper
was placed around the circumference
of the coil, with about 14" air space.
When the loop was not closed to
make a short-circuited turn, the
power factor was .229, but when
closed it became .26%.

As an extreme case, a copper can
was made to enclose the coil entirely,
leaving about !4” air space all
around. The power factor went up
to .279% in this case.

Power factor is mentioned in all
of these tests rather than resistance,
as a true indication of the change.
In most instances, the inductance of
the coil was reduced somewhat,
accompanied by an increase of radio
frequency resistance.

Six different coils were wound to
practically the same inductance, on

POWER FACTOR %

z £ i
FORM FACTOR i

the same diameter form, but with
different winding lengths, and conse-
quently some variations in the num-
ber of turns. Inductances averaged
7 microhenries. The curve of Fig. 3
shows the results.

The object of these experiments
was not to prove that bad coils are
good, nor to discourage the con-
struction of really low loss coils, but
to find the causes of inefficiency, and
what practical means could be taken
to avoid them.

It is very evident that most of the
losses come from the conductor it-
self, and while form and nearby
metal objects do contribute, their
effect is relatively small, and if

(Continued on page 3)

Mass Wavemeter Calibration

We are continually hearing of the
use of modern efficiency methods in
the production of everything from
fans to flivvers. Above is illustrated
an example of their application to the
laboratory. Since each Type 358

avemeter has an individual calibra-
tion chart, the calibration of these
units becomes somewhat of a prob-
lem due to large numbers manufac-
tured as a consequence of the popu-
larity of this wavemeter. Much time
is saved by the method shown above.
A number of wavemeters are set up
in a long row. A radio frequency
oscillator and a standard wavemeter
are placed on a truck somewhat re-
sembling a tea wagon, and the oscil-
lator set to the proper frequency for
the first calibration point, this being

checked by the standard wavemeter.
o P O L I e

that the oscillator is coupled to the
first wavemeter in line and the wave-
meter condenser rotated until reso-
nance is indicated. The dial reading
for this frequency is marked down,
and the truck wheeled down the line,
repeating the process for each wave-
meter. The oscillator is kept exactly
at the proper frequency by constant
reference to the standard wavemeter.
The oscillator is set to another fre-
quency, and each of the wavemeters
in turn adjusted to resonance. In this
manner the data for a number of
calibration charts is gathered with a
minimum of manipulation of appara-
tus. When data has been obtained
in this manner for points on each
coil, it is plotted and the charts
mounted and boxed with the meters
for shipment.
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A New Capacity Bridge
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PORTABLE CAPACITY BRIDGE (g (£
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GENERAL RADIO CO.

CAMBRIDGE MASS.

The measurement of small capaci-
ties is of great importance in several
branches of radio work. The inter-
electrode (grid-filament, plate-fila-
ment, and grid-plate) capacities of
vacuum tubes are of particular im-
portance in the design of delicately
adjusted receivers. For this reason,
the measurement of these guantities
is of great importance both to tube
and to receiver manufacturers. The
very small quantities involved (about
5 micromicrofarads) render the usual
type of bridge measurement not very
satisfactory for this use. Among the
recently developed laboratory in-
struments of the General Radio
Company is the Type 383 Portable
Capacity Bridge, particularly de-
signed for this type of work.

A conventional type of bridge
circuit is used, consisting of two
resistance and two capacity arms.
It is actuated by a self-contained
microphone hummer supplied from
a 4145-volt dry battery. The out-
put from the hummer, of about 800
cycles frequency, is fed through
a transformer to the bridge circuit.
The transformer has shielding be-
tween its primary and secondary,
and is in addition wound in two sec-
tions so as to reduce capacity effects.
The phones are supplied from an-
other transformer, its primary con-
nected across the bridge, the second-
ary brought to the lower terminals
in the photograph. Three adjust-
ments appear on the bridge panel,
marked LOSS AD]J., ZERO AD].,
and CAPACITY. These correspond
to the condensers labelled LOSS
AD]J., VER., and CAP., respectively
in the diagram. The LOSS AD].
condenser, shunted across the resist-
ance arms of the bridge, compen-

sates for the variation from zero of
the power factor of the unknown ca-
pacity. This adjustment is not cali-
brated as it is not intended for use
as a means of measuring power fac-
tor. It is intended merely to com-
pensate for loss current in the con-
denser arm which might otherwise
render a balance of the bridge im-
possible. The zero adjust condenser
is included across the balancing con-
denser and the unknown in order to
balance out stray capacities of leads,
sockets, etc. As the ratio arms and
standard condenser are fixed, the
total capacity in the fourth arm .of
the bridge, which includes the un-
known with its leads, the zero ad-
justing and the measuring condenser
must be constant for balance. In
making measurements the leads,
sockets, or other apparatus associ-
ated are connected to the terminals
and the capacity of the ZERO AD].
condenser reduced sufficiently to bal-
ance the bridge with the CAPACITY
condenser set at maximum capacity.
The dial on this condenser is set to
read 180 degrees out of phase with
the capacity, i.e., the dial is set at 0
for maximum capacity.

The unknown capacity is then
connected and the condenser marked
CAPACITY rotated (reducing its
capacity) until the bridge is again
balanced. The LOSS AD]J. conden-
ser is adjusted as required in each
case. The capacity of the unknown
condenser is obtained by multiply-
ing the reading of the measuring
condenser by a factor appearing on
the dial.

A very convenient accessory in
making measurements on the inter-
electrode capacities of vacuum tubes
is the socket shown in the fore-

ground. This socket is equipped
with three plugs so spaced as to fit
the binding posts of the bridge, and
connected to grid, plate, and fila-
ment. In measuring the tube capa-
cities, this socket is plugged in and
the bridge balanced for zero. The
tube is then placed in the socket and
its capacities measured directly.

Readings can be made to about
one-half division on a one hundred-
division scale with ear-phones, or
somewhat more accurately if an am-
plifier and vacuum tube voltmeter
are used.

The new Capacity Bridge is made
in two models. One, with a range ex-
tending to thirty micromicrofarads,
is designed for the measurement of
small capacities. Another model, its
range extending to 600 micromicro-
farads, is particularly useful in
matching condenser units for use in
single control setups. The accuracy
of the instrument makes it very use-
ful for this purpose, as it will show
up smaller differences between such
units than are permissible in the re-
ceiver. Its simplicity in comparison
with the quartz-controlled oscillators
and other expedients resorted to for
condenser matching recommends it
strongly.

A very useful adjunct to the capa-
city bridge is a two-stage amplifier.
A vacuum tube voltmeter can then
be used to detect balance and a
somewhat greater accuracy attained
than is possible with earphones. An-
other advantage of the voltmeter is
that it permits tolerance limits to be
marked on the dial of the voltmeter,
a useful practice in factory inspection
work.

Coil Resistance at 40 Meters
(Continued from page 2)
something else must be sacrificed,

the gain may not be worth while.

Finally, it may be summed up
that in designing a coil of a given in-
ductance for the forty meter band,
it is well to

1. Use about No. 12 to No. 14
wire.

(diam.)

2. Keep the form factor ———

(length)

around | to 2.5.

3. Use a form if desired.

4. Use plugs and jacks if desired.

5. Use any good ‘“‘dope” as a
binder.

6. Use any reasonable amount of
shielding where advantageous.

For all practical purposes the coil
will be of low losses, mechanically
strong, convenient to use, and, if
wound on a good form, will retain
its calibration indefinitely. And
these advantages are obtained with
but slight and immaterial sacrifice of
efficiency.
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Vacuum Tube Data Table

Correct to February 1, 1927
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$2.00
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617 G-P 1l |l_} ‘_J{
90 |-G | 2.4 |8800 | 890 | 2.9 40 [150 lpres| ' T
135/-9 | & |5000 |le4n B2 120 | 550
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425|-35] 20 | 5000154077 1900 17500 |
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For those who are keeping a continuous file of the various issues of the ‘‘ Experimenter "’ and who would like a copy of the Tube Data
Table to mount on a piece of stiff cardboard for handy reference, we have extra copies which we will be glad to send on request.
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A Discussion of —

Condenser Plate Shapes

By C. T. BURKE, Engineering Department

Variable air condensers are made
with three general types of plate
shapes, although there are many
modifications of each type.

The first rotary variable conden-
sers were made with “‘straight line
capacity” plates. These plates were
semi-circular in shape and are called
straight line capacity because the
.curve of capacity plotted against
_dial divisions (angle of rotation) is
a straight line. The relation between
capacity, wavelength, and frequency
are such that this plate shape tends
to result in crowding of stations at
the lower end of the capacity range.
That is, there are more transmitting
channels for each dial division at the
lower end of the scale than the up--
per. This objectionable feature has
led to-a wi dwee of other
plate shapes.

The straight line capacity plates
have, however, one distinct advan-
tage when used in single-control set-
ups. Where it is desired to tune sev-
eral circuits with one control, some
form of capacity adjustment is near-
ly always necessary to compensate
{or different zero capacitances in the
ssveral circuits. If semi-circular,
(straight line capacity) units are
used, this adjustment can be made
by slightly advancing one or more
of the units. If this be done with
condensers having other plate
shapes, the capacities will become
unbalanced as the control dial is ad-
vanced. This is due to the fact that
if the plate shape is not ‘“straight
line capacity,” the capacity variation
per dial division increases as the con-
denser is turned toward maximum
capacity, and the unit which was ad-
vanced gains capacity more rapidly

Straight Lme Wavelength

Fig.3
Straight Line Frequency

than the others. This feature has
caused at least one important manu-
facturer of uni-control receivers to

return to the semi-circular plate
shape.

It may be noted that the effect of
“straight line wavelength” and

“straight line frequency” condensers
is strictly a slow motion action, hav-

ing a variable reduction, gradually
lessening as the condenser is ad-
vanced. The same result can be
and, in fact, has been accomplished
by a slow motion dial so constructed
as to automatically vary its reduc-
tion ratio to give the effect of a
“‘straight line frequency’” plate when
used with a “straight line capacity’"
condenser.

The disadvantage of the semi-
circular plate shape was first realized
in connection with the construction
of wavemeters. This was long be-
fore there were enough broadcast
stations for the problem of station
separation to be serious. As the re-
lation between capacity and wave-
length is not a direct proportion, a
dial cahbrated in wavelengths will
not have eyual divisions over iis
scale if a semi-circular plate shape
is used. This not only makes the
instrument more difficult to read,
particularly as to the estimation of
readings which fall between divi-
sions, but involves difficulty in cali-
bration, as the space between two
points ten meters apart for instance,
could not be divided into ten equal
one-meter divisions. A plate shape
which would give equal divisions for
equal wave-lengths, i.e., ‘‘straight
line wavelengths,”” was highly desir-
able, and a condenser with such a
plate shape was first used commer-
cially in the General Radio 124
wavemeter, introduced in 1916.
When the multiplication of broad-
cast stations began, the straight line
wavelength plate was introduced for
condensers used in receivers, and be-
came very popular, due to the better
separation of stations resulting from
its use.
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The above chart shows the calibration curves for the
three distinct types of General Radio condensers,
the maximum capacity of each type being
500 MMF

Broadcast stations continued to
multiply, however, until all channels
in the wavelength range allotted to
broadcasting were filled. The trans-
mission channels were assigned on
the basis of uniform frequency rather
than uniform wavelength separation,
and, as they all became occupied,
the difficulty of crowding a great
many more than half the stations
into the lower half of the dial again
rose. The obvious step was, of
course, the ‘'straight line frequency
plate’” shaped to give equal frequen-
cy divisions over the dial. This plate
shape not only improves the distri-
bution of stations over the dial, but
is the only type of condenser which
can be used in a single-control super-
heterodyne, where there is a con-
stant difference of frequency be-
tween the two circuits being tuned.

Certain objections, however, have
prevented this type of condenser
from achieving the wide popular-
ity which was promised for it. In
order to obtain a ‘‘straight line fre-
quency’’ variation, an extremely low
minimum capacity is required. The
stray or ‘‘zero capacity of most
receivers is so large as to defeat this
requirement and to prevent the reali-
zation of a true straight line fre-
quency variation. Another objection
was the large physical dimensions of
most of the straight line frequency
condensers, due to the fact that this
plate shape is very inefficient in its
use of space. Then, too, there is
the fact that in the conventional type
of condenser, there is a rotation of
but 180° in which all stations must
be included. Spreading out stations
on the lower portion of the dial
necessarily results in crowding them
closer together on the upper. It so
happened that the policy of the gov-
ernment in assigning channels was to

give the high powered stations chan-
nels in the upper portion of the wave
band, and the crowding together of

these stations, generally having the
better programs, proved disadvan-
tageous.

Voltage Regulation of

Plate Supply Units

One of the most bothersome prob-
lems in connection with the design of
power supply equipment is that of
voltage regulation. This problem
does not arise in connection with
“B" batteries as their internal resist-
ance is quite low and a relatively
large current may be drawn without
appreciable drop in terminal volt-
age. The resistance of the rectifier
tube and filter circuit, however, is
sufficient to cause an appreciable
drop in voltage. This is further com-
plicated by the fact that resistances
must be used to get intermediate
voltages, which cause further drops
at these terminals.

At first, variable resistances were
universally resorted to in order to
set the voltage at each terminal to
the desired value. This arrange-
ment proved open to several objec-
tions. In the first place, it added
several controls to those already on
the receiver, a distinct disadvantage
at a time when the trend is toward
simplification and elimination of ad-
justments. A further objection was
that very few users of the power
units had a suitable voltmeter for
adjusting the voltage. A very high
resistance voltmeter is required for
this purpose, as the ordinary volt-
meter used for checking "B’ battery
voltages, draws sufficient current to
change the voltage of the plate sup-
ply greatly. As a result, the voltage
of these instruments having adjust-
ments was in most cases set at the
wrong value. This is not so serious
of itself, as present day tubes do not
usually require a particularly critical
adjustment of plate current.. There
was a strong temptation, however, to

make excessive use of the voltage
control in an effort to clear up trou-
ble having its source elsewhere. It
proved, unfortunately, that many of
the variable resistances offered for
this work were not equal to the strain
of almost continual adjustment, and
trouble developed due to the noisy
action of these devices.

These considerations made the
elimination of the variable resistance
highly desirable. While this arrange-
ment does not permit an exact ad-
justment of voltage, if the resistances
are properly proportioned, it is pos-
sible to hold the voltage at any ter-
minal within fairly narrow limits over
the range of current likely to be
drawn from it.

In a plate supply designed for this
purpose, the resistance across the
output circuit is relatively low, so
that a considerable current is drawn
from the rectifier when no tubes are
connected. When tubes are con-
nected to the plate supply, the series-
parallel circuit resulting, consisting
of tubes and the output resistance of
the filter, is very complicated.
Briefly, however, as tubes are in-
serted into the circuit the “‘bleed”
current through the low tap resist-
ance decreases, and part of it flows
through the tubes. Thus the drain
on the rectifier and its output volt-
ages does not change as much as it
would were the variable high re-
sistance system used. The result is
greatly improved regulation. In fact,
it is possible to have a lower voltage
drop per mil at the lowest tap than
occurs in the overall voltage, despite
the greater resistance of the circuit
from which it is drawn.

A plate supply designed along this
line will fit the needs of a great num-
ber of cases without adjustments of
any kind. In the few cases which it
does not fit, the adjustable factor
may easily be added.

Another advantage of the low
output resistance is that it limits the
rise in voltage when the load is
turned off, lessening the possibility of
damage to filter condensers. This
design, combined with a judicious
choice of condensers, has practically
eliminated the problem of condenser
puncture.
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The Type 415
Laboratory Amplifier

The sensitivity of a great many
laboratory measurements can be in-
creased by the use of a properly
designed amplifier. An amplifier
also makes possible the substitution
of a visual for an auditory balance of
bridge circuits operating at 800 to
1,000 cycles. This feature is of ad-
vantage, for example, in connection
with the 383 capacity bridge. When
this instrument is set up for factory
test work, a vacuum tube voltmeter
may be used as an indicator, which
greatly simplifies the setting of tol-
erances. An amplifier is necessary
also in making observation by means
of an oscillograph such as the Gen-
eral Radio Type 338, where the cir-
cuit conditions must not be disturbed
by the measuring equipment.

In the Type 415 amplifier, the
necessary equipment and batteries
are contained in a single cabinet of
stout construction. The audio coup-
ling units are mounted on our Type
274 plugs so that any type of coup-
ling unit desired may be used. This
feature makes possible a quick de-
termination of the relative merits of
different types of amplifying systems.
The output of the second tube may
be connected directly to the output
terminals or by means of a plug base
to any form of output coupling de-
vice desired. Four-plug plates may
be obtained which may be used for
mounting various types of coupling
units.

The battery space is sufficient for
four 22-volt “B" batteries, one 4.5-
volt “'C"" battery and three 1.5-volt
“A" cells. The amplifier is designed
for use with WX-12 or UX-199 (C
X-12 or CX-299) tubes. A volt-
meter in the panel provides for
proper adjustment of the filament
voltages.

The price of the Type 415 Labo-

ratory Amplifier, exclusive of tubes,
batteries and transformers, is $40.

How Good Is “GOOD™?

How good is “'good””? What are
the requirements of a good ampli-
fier?

It will be readily conceded by all
that a perfect amplifier is one which
will cause a reproducer to set up in a
room exactly the same combination
of sound waves as existed in the
room where the transmitter micro-
phone was placed. The reproduced
sounds depend on a great many fac-
tors beside the amplifier, and the
original sound may be changed
either before it enters or after it
leaves the amplifier. Before reaching
the receiving audio amplifier, the
sound passes through a microphone,
several amplifiers, often several hun-
dred miles of telephone line, a few
or hundreds of miles of space, the
radio frequency amplifier and de-
tector. Each successive element of
the system has an opportunity to
alter the characteristic of the original
sound, and most of them take ad-
vantage of it to a greater or less
degree. The composite effect of
these elements in the system includes
both addition and subtraction.

In considering the amplifier, we
are then confronted by the fact that
the product delivered at the amplifier
input terminals is no longer capable
of reproducing the sound waves ex-
isting at the microphone. Even a
“perfect” amplifier per se, then, can
not deliver a perfect output. The
amplifier cannot replace that which
has been lost. Possibly, however, it
can partially remove the sounds
which have been added, without re-
moving any of the original sound.
Many of the noises added to the
signal as it traverses the transmitting
and receiving systems occur at rela-
tively high frequencies, above 5,000
cycles. The experiments of Dr. Har-
vey Fletcher of the Bell Telephone
Laboratories have demonstrated the
fact that frequencies above 4,000 or
5,000 cycles may be eliminated from
speech and music without noticeable
effect. It seems then desirable that
the amplifier be so designed as to
cut off at about 5,000 cycles, and
that such an amplifier would give
more nearly perfect results than a
“perfect’” amplifier.

Under present conditions, the sig-
nal probably suffers more between
the time it leaves the amplifier and
the time it strikes the ear than it does
before reaching the amplifier. That is
to say, the loudspeaker is probably
a greater source of frequency distor-
tion than all the rest of the system.

The loss of the lower frequencies
is due principally to the inability of
many loudspeakers to reproduce
frequencies much lower than 200
cycles. It does not seem to be
generally realized how high this

actually is, in many cases around
200 cycles. The sensitivity at low
frequencies of two of the best types
of present day speakers was checked
at 60 cycles, by means of an oscill-
ograph. The oscillograph was first
connected to the input and the in-
put signal adjusted for an exactly
sinusoidal wave form. The oscillo-
graph was then switched to a pickup
and the sound wave in the room was
seen to be of 120 cycles frequency.
A stiff connection was made between
the speaker and the pickup, and a
60 cycle wave appeared, showing
that while the speaker was vibrating
at 60 cycles, no measurable energy
was being radiated at that frequency.
Another test with a different type of
speaker showed that the full cutput
of a UX-210 tube was required to
get an audible sound at 60 cycles.
Someone has made the suggestion
that since reproducers are more or
less peaked at the middle or upper
frequencies, transformers should be
designed to have a corresponding
hollow. This is upsetting the perfect
amplifier with a vengeance. It would
seem more logical, however, for the
loudspeaker manufacturer to equip
his instrument with a filter to cut off
the peaks of the curve in somewhat
the same manner as telephone lines
are “‘equalized.” If the amplifier
were made to match the speaker, it
would be necessary to discard the
entire amplifier every time an im-
provement was made in reproducers.
To the manufacturer of coupling
units, the problem of “how good is
good’’ presents itself in a very prac-
tical manner. How far down in the
low frequency region is it reasonable
to go? How much of this band,
which does not now exist in the input
to the amplifier, and could not be
reproduced if delivered to the
speaker, should the amplifier be cap-
able of passing? It boils down to:
“Is the public willing, and justifiably
so, to pay more for a transformer
that will amplify as low as 30 cycles
than for a transformer capable of
amplifying frequencies of the order
of 100 cycles, when no actual gain
in quality of reproduction results
from the higher cost?™
Fortunately, the low frequencies
that our present reproducers will not
radiate are not lost. These frequen-
cies are reproduced in the ear from
their harmonics and the fundamental
pitch of the note is not ]ost although
if the cut-off of the ampllfymg and
reproducmg systems is too high, it
loses “‘naturalness.” It is to the de-
tector action of the ear that most of
the bass notes we hear are due, and
they come from no farther out the
‘vasty’’ ether than the ear of the
listener.
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New Tube‘s’ for Old

By HORATIO W. LAMSON, Engineering Department

An old Arabian legend tells
how Aladdin, seeking to recover
his magic but unpretentious-
appearing lamp which had been
unwittingly discarded by a serv-
ant, went to the market place,
where he astonished the pop-
ulace by offering to give away
new lamps for old. In a like
manner a modern Aladdin
might offer to give new lamps
(vacuum tubes) in exchange
for old without deserving much
credit as a philanthropist. All
of which introduces us to the
subject of the reactivation of
vacuum tubes by the simple
process of rejuvenating their
filaments.

A large-past of the vacuum tubes
used in radio reception today have
the so-called thoriated filaments.
Chief among these are the Radio-
trons: UV and UX-199, UX-120,
UX-200-A, UX-201-A, UX-171,
UX-210, UX-213 and UX-216-B;
the Cunningham tubes: C and CX-
299, CX-120, CX-300-A, CX-301-
A, CX-371, CX-310, CX-313 and
CX-316-B; and corresponding tubes
from other manufacturers.

The electronic emission of these
tubes, that is, their plate current, de-
pends upon the presence of a layer
of thorium atoms on the outer sur-
face of the filament. The filament
is not thorium-coated, however, after
the manner of the oxide-coated fila-
ments, but is, rather, permeated
throughout its whole substance with
this rare element, thorium. During
the normal operation of these tubes
the thorium on the outer surface of

TYPE 388
VACUUM TUBE REACTIVATOR

An instrument for testing and restoring
thoriated vacuum tubes

the filament gradually evaporates.
This would correspondingly reduce
the emission current and render the
tube very short-lived were it not for
the fact that the thorium is continu-
ously replenished from the interior
of the filament. As long as the fila-

Figure 1

ment voltage in normal use is
not raised over ten percent
above the rated value this evap-
oration and replenishing contin-
ues at an equilibrium rate, so
that a constant layer of thorium
is maintained on the surface.

When subjected to an over-
voltage on the filament, how-
ever, the evaporation becomes
excessive so that the thorium
surface layer is partially or com-
pletely diminished, and the tube
accordingly more or less para-
lyzed. Operating these tubes
at subnormal voltages is also
liable to paralyze them slowly,
as the filament temperature is
then so low that the process of
boiling out the thorium from the
interior of the filament becomes ab-
normally retarded. Hence, it is im-
portant that the thoriated filament
tubes be run at their rated filament
voltages. It may be noted here that
the maximum life of the “‘dry cell”
tubes is attained when they are
operated with a voltage of 3.3 across
the filament.

While the great majority of thori-
ated tubes after a long and useful
life gradually die a natural death,
others are not infrequently executed
by excessive voltages. In either case,
if the filament is not actually burnt
out, the chances are very good that
the tube may be restored to life and
vigor by the simple process of re-
activation.

Before the cure we must diagnose
the disease, and so before reactiva-
tion we should test the emission of
the tube to ascertain if it is actually
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OVo199  UX-199

C-299  CX-299 33 50 e
UX-120 CX-220 3.3 50 T
UX-201A CX-301A| 5.0 50 TR
UX-200A  CX-300A 5.0 50 ol
UX-171 CX-371 5.0 BN P T
UX-210  CX-310 60 | 100 | 100ma
UX-213  CX-313 4.0 100 | 50peranode
UX-216B  CX-316B 6.0 s 100

below normal. To do this the circuit
shown in Figure 1 is used. The grid
and plate are tied directly together
and then joined to the plus terminal
of the B battery through a milliam-
meter. The negative B battery ter-
minal is joined to the negative end
of the filament and a key switch,
normally open, is included in the
plate circuit. The voltage across the
filament, read on *V,” should first
be adjusted to the values specified
in the table, which give also the
proper values of B battery to use
with the different tubes. These val-
ues should not be exceeded. Now
depress the key just long enough to
obtain a reading of the emission cur-
rent on MA. (Disregard the change
in voltmeter reading caused by the
emission current.) If the emission
current obtained under these condi-
tions is zero, or any value less than
the minimum specified in the table,
the tube can doubtless be improved
by reactivation. These values and
the recommended voltages were
taken from literature furnished by
E. T. Cunningham, Incorporated.

Reactivation can advantageously
be accomplished in two steps: the
first known as “‘flashing” and the
second as ‘‘cooking.” In both of
these processes the grid and plate of
the tube should be completely dis-
connected from any external circuits.

For flashing three-volt tubes, a
voltage of twelve is applied to the
filament for a period of about one
second. This will completely para-
lyze the tube as the surface layer of
thorium is wholly evaporated, but
the “boiling-out”” process within the
filament is expedited by the flashing
to such a degree that, if the tube is
now cooked with a voltage of four
across the filament, the surface layer
will be rapidly replaced, so that, in a
few moments, the emission of the
filament will come back to normal
and the rejuvenated tube is ready for
another long lease of life. A constant
“cooking voltage” of four is permis-
sible in this case because there is no

emission current to expedite surface
evaporation.

If a subsequent emission test shows
that the filament failed to respond
to this reactivation process it is evi-
dent that the tube has served its
normal life or else has been so heav-
ily overloaded that the vacuum has
been impaired.

The five-volt tubes should be
flashed for the same interval at
eighteen volts on the filament and
cooked at seven volts. Flashing is
not recommended for the power am-
plifiers UX-210 or CX-310, or the
rectifier tubes UX-213, CX-313,
UX-216-B and CX-316-B. These
tubes may, however, be reactivated
merely by cooking them for longer
intervals. The UX-213 or CX-313
at six volts and the others at nine
volts on the filament.
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Curve A in Figure 2 shows the
customary normal recovery of a
UX-201-A tube while cooking at
seven volts, after being flashed at
eighteen volts. This recovery is
slow at first, then increases rapidly,

and finally slows down again as a
saturation value is reached. When
the tube was flashed at eighteen
volts and then cooked at its rated
filament voltage (five volts), the
same saturation current was finally
attained, but only after thirty-five
minutes of cooking. Likewise re-
covery to the same saturation cur-
rent, when cooked with four volts
on the filament, required a period of
two and one-half hours. On the
other hand, cooking at nine volts on
the filament caused a prompt recov-
ery, but the saturation current was
subsequently reduced, as shown in
curve B, since, in this case, evapora-
tion from the surface (even with no
emission current) exceeded the boil-
ing-out of thorium from the interior.

Curve C shows the recovery of the
201-A tube flashed at twelve volts
and cooked at seven volts. The rate
of recovery and final saturation val-
ues are seen to be slightly less than
curve B, where the same tube was
flashed at eighteen volts. It should
be stated that the data for curve C
were actually taken before the data
for curve B, so that the results can-
not be explained by a deterioration
of the tube. Thus it is apparent that
the recommended voltages for flash-
ing and cooking should be used to
secure best results.

It was found that tubes could, on
the average, be flashed and recov-
ered six or eight times before show-
ing any decrease in the saturation
current, which would indicate a de-
terioration of the filament. This
deterioration, however, was not
rapid, a dozen flashings serving to
reduce the saturation current by only
8 or 10 percent. This does not mean,
however, that the total life of a
thoriated filament properly used may
be increased tenfold by reactivation.
Reactivation might be expected,
perhaps, to triple the useful life of
the tube.

Realizing the value to the experi-
menter and the dealer of a simple
device for testing and reactivating
tubes, the General Radio Company
has developed the Type 388 Tube
Reactivator which operates from
110-volt, 60-cycle A. C. No bat-
teries or other equipment are neces-
sary to the operation of this instru-
ment. Sockets are provided whereby
the correct voltage for testing, flash-
ing, and ‘‘cooking’’ are automatically
obtained without any adjustments
whatever. The operation is, accord-
ingly, extremely simple and the re-
sults quite satisfactory. The emis-
sion of the various oxide-coated fila-
ments can likewise be tested on the
Type 388 Tube Reactivator, but
these tubes can not, of course, be
reactivated.
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The Type 413
Beat- Frequency Oscillator

In'measuring loudspeakers and au-
dio frequency systems, it is often de-
sirable to move through the entire
frequency range quickly. The con-
ventional type of vacuum tube oscil-
lator although it may be so. designed
asto be continuously variable, requires
the adjustment of a number of con-
trols in varying the frequency through
the entire audio range. As the change
in frequency involved is large, about
five hundred to one, it cannot be ob-
tained by the rotation of a single in-
strument of practicable construction.
If the measuring frequency is obtained

Z by beating two oscillators together, a
2 small percentage change in frequency
= of one of the oscillators will cause a
% relatively large change in the beat
% frequency.
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Supplementing its oscillators of con-
ventional type, the General Radio
Company is manufacturing a beat
frequency oscillator for the audio fre-
quency range. The Type 413 Beat-
Frequency Oscillator consists of two
oscillators, a detector, and an ampli-
fier tube. The frequency of one of
the oscillators is fixed at about 60
kilocycles, while that of the other is
variable from approximately 50 to 60
K. C. Both oscillators are coupled
to the grid circuit of the detector tube.
The oscillators are so constructed and
shielded as to maintain a constant
frequency over long periods without
adjustment. The system of coupling
the oscillators to the detector, supply-
ing it with a low voltage from each
oscillator is such that tendency of the

two oscillators to pull into synchro-
nism as zero beat is approached is
eliminated. The detector output is
fed through a Type 373 impedance
coupler giving nearly constant ampli-
fication over the wide range of fre-
quencies used, to an amplifier tube.
The output of the oscillator is taken
off across a 10,000 ohm resistor used
as a voltage divider, permitting the
adjustment of the output voltage with-
out changes in the oscillator circuit
proper which might affect wave-form
or frequency.

Three variable capacities will be
seen in the diagram. One of these
is a small compensating condenser
mounted inside the instrument. The
purpose of this condenser is to correct
for any slight inaccuracy in the fixed
condenser in this circuit. The fre-
quency is changed by means of two
other variable condensers, the main
tuning unit of 500 MMF maximum
capacity, and a micro - condenser
shunted across it for fine adjustment.

The Beat-Frequency Oscillator is
designed for use with either WX-12
or UX-199 tubes, space being pro-
vided in the cabinet for three one
and one-half volt dry cells and three
twenty-two volt “B” batteries. UX-
201A tubes may be used with an ex-
ternal battery if desired. A five-volt
Weston meter on the panel, and a
rheostat inside the cabinet permit the
adjustment of the filament voltage to
the rated value. The Type 413 os-
cillator has an output of about two
and one-half volts. The variation in
output voltage over the frequency
range is slightly less than 10%. The
wave-form is satisfactory for most pur-
poses, the total of harmonics being at
a maximum less than 4% of the wave
in voltage.

The Type 413 oscillator is useful in
the measurement of all devices in-
tended for operation in the audio
frequency range. It is particularly
helpful in the study of loudspeaker
response curves, as the complete fre-
quency range at practically constant
intensity is available by one half revo-
lution of the main dial so that peaks
or hollows in the response of the
speaker are immediately evident.
Any tendency to blast at particular
frequencies is quickly revealed.

The instrument is licensed under
Patent No. 1,113,149 by the Radio
Corporation of America for experi-
mental laboratory use only where no
commercial features are involved.

The price of the Type 413 Beat-
Frequency Oscillator, without tubes

and batteries is $210.
Matching Impedances

When two elements in an elec-
trical system are connected together,
the efficiency of the system depends
to a large degree on the relations
existing between the impedances of
the units coupled together, and some
form of “adjusting’” transformer is
required. Questions asked in recent
correspondence would seem to indi-
cate that there is some confusion as
to the principle of such devices.

The design of the coupling device
depends on whether it is desired to
transfer the maximum of voltage,
current, or power, to the receiving
unit. In the conventional vacuum
tube amplifier, the object is to obtain
as high a voltage as possible in the
grid of the succeeding tube. The
load on the coupling device is prac-
tically an open circuit. In this case,
the object is to obtain as high an in-
put impedance in the coupling device
as possible. As the transformer
operates with its secondary prac-
tically open circuited, the primary
impedance with secondary open cir-
cuited is a true indication of whether
or not the device is suited for a
given use.

There are many cases where it is
required to get a maximum transfer
of power occurs when the impedance
of the receiving circuit equals that of
the source. It is frequently neces-
sary to use a transformer to obtain
this optimum transfer in places where
the source and load are of widely
differing impedances. There seems
to be a widespread misunderstanding
of the function of transformer in
this case. Frequently orders are re-
ceived for a transformer to have

10,000 ohms primary 1mpedance.
5,000 ohms secondary impedance.”’
What is wanted is a transformer suit-
able for use between impedances of
10,000 and 5,000 ohms. A trans-
former having open circuit impe-
dances as specified would be entirely
unsuited to this use. The transformer
is not “‘matched’” to the load impe-
dances, its function is to match the
load impedances to each other. The
object is not to get the maximum
power into the transformer, but to
get it into the load. For this purpose
the impedance ratio, not the actual
impedance is the important factor.
The actual open circuit impedance is
of importance, since it forms a load
in parallel with the useful load. If a
transformer with a 10,000 ohm pri-
mary were supplied for working out
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of a 10,000 ohm source, half of the
available power would be lost in the
transformer. The open circuit im-
pedance must be several times the
impedance of the loads being
coupled together for an efficient
transfer. A transformer, for example,
for coupling a 10,000 ohm tube
impedance to a reproducer should
have 50,000 ohms or more, open
circuit primary impedance.

What Speaker?

Frequently we are asked the ques-
tion: ‘“What speaker do you recom-
mend for me to use?’’ or “‘Should I
buy the speaker?” This is one
of those questions like: “Have you
stopped beating your wife?"" which
cannot be answered directly without
embarrassment. Leaving out of the
question the fact that tastes differ to
the extent that a speaker, which is
shown by every test to be an acous-
tical atrocity, will have its enthusi-
astic admirers, while a high quality
reproduction is condemned as
“boxy’’ or “muffled,” the answer is
not simple, because the behavior of
a speaker depends to a great extent
on the amplifier with which it is used.
It might be thought that the effect of
the speaker and amplifier are directly
additive, that a good speaker will
sound better even on a poor ampli-
fier than an inferior speaker. Such
does not prove to be the case. Some
speakers are, of course, so bad that
they are terrible with any amplifier.
Between a great many speakers,
however, the amplifier will determine
the choice. A perfect amplifier
would, of course, sound best with a
perfect speaker, and, as a rule, the
better the amplifier, the better the
speaker which will give best results.
This can be very readily observed by
means of an interesting experiment
which does not require a great deal
of apparatus. A simple filter is con-
nected between the output of a high
quality amplifier and a quick throw
switch by means of which the speak-
ers are to be compared. The induct-
ance coil of the filter should be so
constructed that it is possible to
move the iron core in and out chang-
ing the cut-off frequency of the filter.
With the filter removed, tune in a
station having a high quality output
and classify the speakers under test
in order. If the amplifier and broad-
cast are of good quality, this test will
probably give results indicative of
the actual merit of the speakers per
se. This is not always the case, as
the type of music received also af-
fects the result. As the iron in the
filter is moved in and out, cutting out
different parts of the frequency
range, it will be found that first one

and then another of the speakers will

be selected as giving the most pleas--

ing effect. .

If you live in a large city, where
there are a number of broadcast sta-
tions, the filter will be unnecessary,

simply turn to stations of varying
degrees of perfect or imperfect
output.

Beauty, it is said, is in the eye of
the beholder, so quality lies in the
ear of the auditor—and lies and lies.

An Instruméiit for Mdkihg Graphic Record
of Signal Strength Variation

Among the many scientific instru-
ments made by the General Radio
Company is the Type 289 Fading
Recorder, which was developed for
use in a study of radio transmission
phenomena begun by Mr. 4
Pickard several years ago. A de-
tailed account of the earlier part of
the work was published by Mr. Pick-
ard in the Proceedings of the Insti-
tute of Radio Engineers, Vol. 12,
No. 2, but it may be of interest here
to give a brief description of the
instrument and how it is used.

The function of the Fading Re-
corder is to make an accurate
graphic record of carrier waves from
more or less distant broadcasting
stations. This record shows very
clearly the variation in signal inten-
sity (or fading as it is more usually
called). Almost any type of radio
receiver which is sufficiently sensi-
tive may be used and a D. C. gal-
vanometer which gives a full-scale
deflection of only a few millionths
of an ampere is so connected that
the carrier, which is rectified by the
detector tube in the receiver, or by
an additional rectifier (tube or crys-
tal), may be read directly on the
galvanometer. The latter, which is
clearly shown in the photograph, is
mounted in such a way that a pointer
may be moved back and forth over
it, by hand, to follow the galvano-
meter needle as it fluctuates under
the influence of fading. The pointer
is connected through a system of
levers to a fountain pen, which traces
a curve on a paper tape, the curve
shown in the picture being more or
less typical of reception from a dis-

tant broadcasting station. The drum
over which the paper passes is ro-
tated once in twenty minutes by a
small synchronous spring motor as
illustrated, which is intended for use
where alternating current is not
available. The small electric lamp
shown not only illuminates the gal-
vanometer dial but by casting a
shadow of the pointer and of the gal-
vanometer needle makes it easy to
keep the two in coincidence, thus
avoiding any effect of parallax.

Although this type of recorder
was designed for records of rather
short duration, it has been found
that it may be used for an hour or
more without undue fatigue, al-
though for such records one of the
fully automatic types of recorders is
preferable if the higher cost is not
an obstacle.

It may be mentioned that it ordi-
narily makes no difference whether
or not the carrier-wave is modulat-
ed, because the variations due to
modulation take place, of course, at
audio frequencies, that is, at tens or
hundreds of cycles per second, and
the galvanometer is much too slow
to follow these, so that they are aver-
aged out. In the present-day opera-
tion of most broadcasting stations,
the antenna current remains practi-
cally constant, irrespective of modu-
lation, and it is only rarely that a
slight change may be noticed from
that cause. Telegraph signals, bro-
ken up into dots and dashes, are of
course not suitable for recording in
fading investigations, but the broad-
casting stations are an ideal source
for this purpose.

During the past month our attention has been called to several errors in our mailing list. We are anxious to keep our list as nearly perfect as possible. We would, thornfula,-\
appreclate your co-operating with us to the extent of notifying us if there is any error in your name or address on the envelope in which this issue of the Experimenter was mailed.
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A Revlew of

Coupllng Methods

. T. BURKE, Engineering Department

While methods of coupling be~
tween vacuum tubes at audio fre-
quencies may be broadly divided
into but three classes; resistance, im-
pedance, and transformer coupling,
these methods contain many sub-
divisions which raise the total num-
ber of possible methods of coupling
to a surprising figure.

Fie. A.

o f o
P 1l G
R; Ra
B+ E

Figure A is the usual resistance
coupled amplifier. R, which deter-
mines the input resistance of the de-
vice should be several times the plate
resistance of the tube out of which
the coupling device is working. The
size of the coupling condenser and of
Rg may vary over a considerable
range, depending upon the character-
istic desired. For an efficient voltage
transfer, Re¢ should be large com-
pared with the input impedance of
the tube. The capacity of the con-
denser will depend on the frequency
range it is desired to cover, and on
the value of Rg. It may be one-half
to one microfarad where the fre-
quency range extends well below one
hundred cycles. A large condenser
is sometimes viewed with disfavor
on the ground that it causes ‘‘block-
ing” in the amplifier. Blocking will
not occur, however, unless the grid
of the amplifier tube is allowed to
become positive. Proper biasing

will prevent this. The principal ad-
vantage of resistance coupling is well
known. It is the method of coupling
by means of which a good frequency
characteristic may be obtained with
least first cost. It has, however, the
rather serious objection that the high
input resistance causes a large drop
in voltage between the source of
plate power and the plate of the
tube. Unless a rather high volt-
age is used at the source, the tube
is not operated at the best part of its
characteristic, and harmonics may be
introduced. In all types of coupling
devices where a condenser is used in
the grid, care should be taken to
keep the capacity of the condenser to
ground at a low value.

Fie.B
o If —0
P 1

The arrangement shown in Figure
B is derived from that of Figure A by
substituting an impedance for a re-
sistance as the input device. This
has the advantage of a compara-
tively low voltage drop, and with
proper design, can be made to cover
any desired frequency range. The
impedance of the choke should be
several times the plate impedance of
the preceding tube at the lowest fre-
quency which it is to amplify.

The methods of Figure A and B
can be modified as shown in Figure

= st

MAY, 19
Fie.C Il

5 I ™

B+ F

C. In these circuits, an impedance
is used in place of a resistance in
the output circuit. This arrange-
ment is recommended where there
is danger of grid current flowing
momentarily, as on occasional loud
signals, particularly in the last ampli-
fier stage.

FiG.
O— P O
P G
B+ F
O O

In the circuit of Figure C, the plate
and grid coils are generally on differ-
ent cores and are not magnetically
coupled to each other. In Figure D,
both coils have been put on the same
core to form a 1:1 transformer, but
the condenser has been retained and
provides sufficient capacitative coup-
ling at high frequencies to reduce
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any tendency toward resonance at
high frequency due to magnetic
leakage.

Fic.E

P
B+
G
P
B+ E

In the circuit of Figure E, advan-
tage is taken of the step-up in voltage
obtained by the auto-transformer
connection. This feature increases
the volume per stage, and may be
combined with any of the systems of

Figures A to D.

—lE

Figure F is the usual form of
transformer. Proper design calls for
an input impedance which is high in
comparison with the source out of
which it is working. The great ad-
vantage of this type of coupling is,
its superior efficiency in consequence
of the gain in voltage in passing
through the transformer. In the
transformer illustrated in the lower
part of Figure F, the primary is inter-
leaved with the secondary. This in-
creases the coupling between primary
and secondary, and reduces any
tendency to resonance due to leakage
flux.

Figure G, represents an adapta-
tion of the principle of Figure D to a
transformer of other than unity ratio.
The condenser is connected to the
secondary at the point where the sec-
ondary induced voltage is equal to
the primary impressed voltage. The
presence of the condenser reduces

AVAv

F

any tendency toward a resonant
peak at the higher frequencies. This
connection may, of course, also be
used in conjunction with an inter-
leaved primary.

Fie.H 5 5
D
>

G
P
8+ -
& 5

In the circuit of Figure H, the por-
tion of the transformer secondary be-
tween the condenser tap and the fila-
ment has been replaced by a resist-
ance. If the grid leak is connected
across the entire secondary, i. e,
from grid to filament, there is some
sacrifice of volume, but resonant
peaks are suppressed. The coupling
condenser may be placed near the
grid and the winding made with a
tap, instead of in two sections. There

is some advantage in placing the
coupling condenser as shown in Fig-
ure H, as capacity to ground from the
large (physically) coupling conden-

ser is reduced.
l G
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The circuits of Figure I are con-
ventional for amplifying direct volt-
ages.

Resonant peaks may be sup-
pressed by means of any of the

methods illustrated in Figure K.
Fie.K (i)
e
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e
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Resistances may be connected across
either the primary or the secondary,
although they are generally more
effective across the secondary. A re-
sistance of 200,000 ohms across the
secondary will make even a rather
poor transformer perform satisfac-
torily. - i i ill, of course,
be greatly reduced. Resonant peaks
will also be reduced by the short-
circuited third winding.

For some purposes, it is not de-
sirable to pass a wide band of
frequencies. In such cases, tuned
coupling devices as shown in Figure
L should be used. The push-pull
amplifier shown in Figure J has sev-
eral advantages. One is greater un-

s
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distorted output than is possible with
two tubes in parallel or a single
tube. Even harmonics are elimin-
ated. As most of the harmonics
introduced by tube overloading are
even, this permits operation of the
tubes at heavier loads than is pos-
sible with the usual system. Another
advantage is the elimination of D. C.
magnetization of the output trans-
former core, as the direct current
flows in opposite directions from the
two tubes. Auto-transformers may,
of course, be used in the push-pull
amplifier.

For a more complete discussion of
these methods of coupling, the
reader is referred to the following:
Telephone Systems and Audio Fre-

quency Apparatus.  Cohen, Ald-

ridge and West. Proc. Wireless

Sec.—Inst. of E. E. Sept., 1926.
The Performance and Properties of

Telephone Frequency Intervalve

Transformers. D. W. Dye—Ex-

perimental Wireless. Vol. 1, Page

691. 1924,

Vacuum Tube Amplification. S. E.
Anderson. Proc. Radio Club of
America. December, 1922.

Transformer Coupled Audio Ampli-

fiers—A. . Saunders, Proc.
Radio Club of America. Sept.,
1926.
Telephone Transformers—W. L.

Casper—Proc. A. L. E. E. Page
196, Vol. 43. 1924.

Low Frequency Intervalve Trans-
formers—P. W. Williams, Proc.
of Wireless Section, Inst. of E. E.
September. 1926.

The Type 411
Synchronous Motor

In checking a source of constant
frequency current, great accuracy
may be attained by using the
source to drive a synchronous motor,
and counting the motor revolutions
over a long period. Synchronous
motors may be built which will
operate properly at audio frequen-
cies. Higher frequencies may be
checked by means of stepping down
the frequency by means of a series
of oscillators, with harmonics of the
lower frequency oscillators adjusted
to synchronism with the funda-
mentals of those of higher fre-
quencies.

The Type 411 Synchronous
Motor is designed for use in calibrat-
ing frequency standards by this
method. The motor drives a clock
movement and when supplied with
two-tenths of a° volt-ampere at
1000 cycles will keep correct
time. The motor will run from any
source of 500 to 1800 cycles pro-
viding two-tenths of a volt-ampere.

The motor is not self-starting, but
must be brought up to correct speed
gradually. This is easily done by
spinning the corrugated portion of
the shaft with the finger. The
motor will not synchronize if it is run
too fast and then is permitted to
slow down by its own friction, as the
pole pieces do not have a sufficiently
strong magnetic effect to overcome
the drag thus produced. A Neon
tube, operated through a trans-
former from the source, is placed
beneath the periphery of the rotor.
Looking through the rotor teeth at
the Neon tube, the teeth will appear
to be stationary when the motor is in
synchronism. The two grooves in

the rotor should be about half filled
with mercury to prevent hunting
which is otherwise likely to occur
with this type of motor.

The poles are not magnetized and
it is therefore necessary to have
about ten or fifteen milliamperes
direct current also flowing through
the winding. A satisfactory arrange-
ment is to modulate a UX 171 tube
from the source it is desired to
measure and to connect the tube out-
put directly to the motor (not
through a speaker filter or trans-
former) and the normal plate cur-
rent of about twelve milliamperes
magnetizes the poles very satisfac-
torily.

In case the motor should get out
of adjustment the location of the
four pole-pieces should be checked
to see that they are all opposite their
respective rotor projections. The
upper and lower bearings are of
sapphire in which the steel pivots
run, and should be given a drop of
clock oil about once in six months.
The worm gears and other bearings
should also be oiled at the same
time. The rotor should run quite
freely but without appreciable play
in the bearings. This adjustment
may be changed readily by loosen-
ing the lock-nut at the top and turn-
ing the screw in or out. The jewels
are mounted in small plungers
backed by a spring to prevent
damage.

Specifications of the Type 411
Synchronous motor are as follows:
Dimensions 8”x7”x5"”, weight 7
pounds. Price $130. Code Word:
“SEDOY".
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Correlated Acoustic Chart

This chart represents the relation between the musical scale and piano key-board, giving the frequencies of each
note in terms of complete vibrations per second according to the two principal scales and pitches used in musical and
scientific work, vizz The INTERNATIONAL equally tempered scale based on A =435 complete vibrations
per second, which is generally used by musicians—the SCIENTIFIC or PHOLOSOPHICAL scale — generally
used by physicists—based on MIDDLE C=256 complete vibrations per second. It also shows the correlated
range of the various instruments within the orchestral range and the different voices which constitute the vocal range.
The shaded keys are not included on a standard piano key board. The extreme organ range not shown on the

chart is from 16 cycles to 16, 384 cycles, PHYSICAL pitch.
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This issue of the ‘* Experimenter’
Number.

of the ‘* Experimenter '’ were desired.

than double what it was in June 1926.

is the First Anniversary
Just a year ago Volume I, Number 1 was published
and a copy sent to every name on our mailing list.

With the first issue of the ‘‘ Experimenter’
post card to be returned to us properly filled out if future copies
So many cards were re-
turned and new names added that today our mailing list is more

IMPORTANT NOTICE

year.

we inclosed a 1

We are about to make up our new mailing list for another
THIS LIST WILL BE MADE UP FROM RE-
TURNED POST CARDS ONLY.
mentary subscription for the ‘* Experimenter '’ to continue, please

If you wish your compli-

return the i

a month after issue.

d post card p
have already sent us a card or written us previously.

Owing to such a large list, only a few extra copies are
available and it will be impossible to obtain back copies later than

ptly, regardless of whether you

The Design and Use of the
Radio Frequency Choke

By HORATIO W. LAMSON, Engineering Department

The amount of radio frequency
amplification which can be employed
successfully in the design of a broad-
cast receiver is very largely limited
by the regenerative or “feed-back”
tendency of such an amplifier. If
the arrangement of the circuits is
such that there exists even a small
amount of inductive, capacitive, or
resistance coupling between the first
and succeeding stages a certain por-
tion of the energy from the last tube
may be fed back onto the grids of
the previous tubes, giving rise to the
phenomenon of regeneration. A
limited amount of regeneration is
beneficial as it effectively reduces the
resistance losses of the inter-tube
coupling elements. It is well known,
however, that an excess of regenera-
tion will cause the whole amplifier
system to go into a state of sustained
oscillation, which is fatal to its proper
operation.

This tendency towards self-oscilla-
tion may be combated in a number
of ways, one of the most important
being the so-called process of “‘neu-
tralization,” whereby a certain
amount of energy is fed backward

TYPE 379
Radio Frequency Choke

through the amplifier but with a re-
versal of phase so that it tends to
oppose the natural regeneration of
the circuits. This is the principle
employed in the popular neutro-
dyne receivers.

Excessive regeneration may also be
prevented to a certain extent by
shielding the individual stages, by
controlling the grid bias of the ampli-
fier tubes, or by the deliberate in-
sertion of resistance into the individ-
ual tube circuits.

Another method of accomplishing
the same result consists of more
effectively separating the radio fre-
quency circuits of the tubes from
each other. The plate circuits of
these tubes are almost invariably fed
from the same B battery. This bat-
tery has necessarily a certain amount
of resistance, depending upon its
form and condition, which, being
common to the plate circuits of the
tubes, affords a source of resistance
coupling between them if the radio
frequency currents are allowed to
pass through this battery. When,
however, the individual plate cir-
cuits are supplied with radio fre-
quency chokes, which prohibit the
radio frequency currents from tra-
versing the common B battery, this
resistance coupling with its regenera-
tive tendencies can be reduced con-
siderably.

Some of the methods for ac-
complishing these results are shown
on the following pages. The radio
frequency choke marked 379" con-
sists merely of a small inductance coil
which has a very large impedance at
radio frequencies so that it effectively
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blocks the passage of radio fre-

quency currents. At the same time,
its resistance to the steady emission
current of the tube is low, so that but
little B battery voltage is wasted
across it, while its impedance at
audio frequencies is sufficiently small
to offer no appreciable hindrance to
voice frequency currents.

.0001

379
L5000 —— B+

H
Fig. 1

Figure 1 shows the use of such
a choke in the plate circuit of a radio
frequency amplifier tube. On account
of the choke the high frequency
currents in the plate circuit are
forced to pass through the primary
of the transformer and thence
through the condenser directly back
to the filament of the tube, while
the emission current of the tube
passes through the choke to the B
battery. The condenser, which offers
no great impedance to the radio fre-
quency is, of course, necessary to
prevent the B battery from short cir-
cuiting to the filament. Figure 2

.0001

373
B+
H
Fig. 2

shows essentially the same circuit
except that here the emission current
passes through the primary of the
transformer.

379
5 285-D
T e
7;
B+
Fig. 3

Figure 3 illustrates how the choke
may be placed in the circuit of a
regenerative detector to keep the
radio frequency currents out of the
audio amplifier and the B battery.
The emission current of the tube,

-~

together with the rectified audio fre-
quency currents, pass readily through
the choke to the primary of the audio
frequency transformer. Regenera-
tion of the detector is, in this case,
controlled by the variable by-pass
condenser in the plate circuit.

379

Fig. 4

Figure 4, likewise, shows the use
of the choke in the plate circuit of a
detector of the familiar tickler coil
type.

Many other uses of a radio fre-
quency chokes will suggest them-
selves to the experimenter.

The construction of a successful
radio frequency choke consists of
more than merely winding a coil to
a sufficient inductance so that it will
offer an effective barrier to radio fre-
quency currents. The coil must also
be wound in such a manner that its
distributed capacity will be very low,
else the capacity between the two
end portions of the windings may be
sufficient to pass the radio frequency
currents around the inductive im-
pedance and defeat the whole pur-
pose of the choke.

The General Radio laboratories
have recently developed a radio fre-
quency choke which, in order to re-
duce this capacity to a negligible
amount, is wound in three sections on
a small wooden bobbin shown in the
illustration below which is approxi-
mately natural size. This bobbin is

then sealed into a moulded bakelite
case and the coil extremities brought
out to two terminal posts as shown
in the illustration on the front page.
The winding sections are respectively
%5, V& and % inches in width. The
end of the winding in the smallest
section is brought to the terminal
marked H, and this terminal should
be connected to the “high potential”
or radio frequency side of the cir-
cuits as indicated on the diagrams.

In order to find the best relation
between inductance and distributed
capacity a number of identical bob-
bins were wound with different sizes
of wire and tested for distributed
capacity in the following manner:
An oscillator circuit of the Hartley
type was set up as shown in Figure

Ca
~
I

Fig. 5

5. A small calibrated micro-con-
denser C2 of 8 MMF capacity was
connected between the grid and fila-
ment. This had a slight effect upon
the tuning of the oscillator circuit.
The oscillator was first accurately
tuned to a given wavelength with the
condenser C1 by adjusting for zero
Leterodyne beats against a separate
crystal-controlled oscillator not
shown. The choke under test was
then connected between the grid and
filament in parallel with C2.
the choke coil had an effective posi-
tive capacity at the frequency in
question it would, of course, raise the
wavelength of the oscillator slightly.
The oscillator would then be re-
tuned to the original wavelength by
reducing the variable condenser C2
by an amount equal to the effective
capacity of the radio frequency
choke. From the calibration of C2
the capacity of the choke could thus
be measured directly. On' certain
occasions it was found that the cir-
cuit could be retuned only by increas-
ing the value of C2 after the choke
was added, indicating that the choke
had a negative capacity effect.

The results of these tests at various
wavelengths are shown in the follow-
ing table which lists the effective ca-
pacity in micro-microfarads of sever-
al samples at different wavelengths.

If now
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Diagrams sometimes show a high

Wavelength | No. 1 | No. 2 | No. 3 | No. 4 | No. 5 | No. 6 | No. 7 ‘ No. 8 &.79— variab%e e e o= lougd-
20 NG 3.5 NG NG 3.2 1.9 2.4 NG NG speaker terminals, or across the pri-

40 31| 34 | 17 | 18 | 31 | 23 | 25 | 42 | 25 mary or secondary of the trans-

i e =5 - £ > s 5 form.ers. ‘The use of a volux_ne con-

3 3 =) - P ; 4 trol in this portion of the circuit is

160 19 | 39-| 66 | 60 | 40 | 10 | 16 | 42 | 37 Open] todt_he o?jf}fti?;ln that it pc:!rmits

! overloading o e detector and one

320 5 8.4 .6 29 = 7o (G M SL 3.7 4.0 & 3.6 o7 both Ofgtl‘le ampliﬁerr takea ThE
640 23 | 24 08 120 35 | 22 29 32 | 32  proper position for a volume control
L=M.H 145 | 152 7.8 79 | 153 | 153 64 92 | 243 is before the detector. With a con-
o i%00T K?OT 1075T | 1075T | 4800T | 1800T  3000T ;rol ]so placled, thebvolur;le e(\iren on
=" 0. 0. 0. 0. 0. o. o. ocal signals can be reduced to a
Winding | 365CC | 36 En |345CC|34SCC| 36 En |36SCC | 34 En point where the detector and ampli-

A winding identical with No. 7
has been chosen as the General
Radio R. F. choke Type 379. This
has an approximate inductance of
sixty millihenrys and, as seen from
the table, is an effective choke for all
wavelengths from twenty meters to
considerably above the upper limit
of the broadcast band. It may, there-
fore, be used to advantage in short
wave receivers as well as broadcast
receivers. The resistance of this
instrument is about 140 ohms and
its current rating 90 milliamperes,
corresponding to a DC power rating
of 114 watts. This current rating is
for continuous use. For intermittent
use, however, as for instance in a
transmitter which is being keyed, the
rating may be doubled with safety.
The choke may, therefore, be used
with success in the construction of
low power amateur transmitting sets

.where the above ratings are not ex-

ceeded.

Realizing the demand for a radio
frequency choke of higher current
rating for use in amateur short wave
transmitters, a lower resistance coil
has been developed, wound on the
same bobbin and incased in the same
moulded form. The experimental
data, obtained in a manner identical
to that described above, are given
in the following table:

fier are not overloaded.

The Type 458 5-Meter Wavemeter

The recent developments in
transmission at 5 meters (60,000
k c.) have made it desirable to have
an accurate wavemeter covering that
wavelength. Even when schedules
were arranged, it was often the case
that the transmitter and receiver
were so far out of tune that results
were impossible.

The Type 458 wavemeter is

sented some difficulty, for like other
General Radio wavemeters, each has
its individual calibration chart. It
is impracticable to build a wave-
meter of our precision type for this
range because the large zero capaci-

tance of the condenser would leave
little room for a reasonable amount
of inductance. Yet it was desired to
obtain a better degree of accuracy
than would be possible if another
Type 458 wavemeter were used as a
standard. This difficulty was over-
come by first roughly calibrating a
458 by the usual harmonic and extra-
polation method. Then an oscillator
was carefully set with a Precision
Wavemeter to 20 meters, which is
well within the precision range. An-

Waz‘:)e R N"’;o Ng:].ll Noéle supplied unmounted, having only other o.scillator was then adjusted to
40 1 2.9 2.2 brackets to support the condenser in approximately 5 meters by the
80 0.5 0.8 3.0 an upright position. The condenser roughly calibrated 458. When the
e o 2 ae is of the usual soldered plate, metal second oscillator was shifted slightly,
Inductance 2.5 52 . end-plate type, having a maximum a beat note was found, and zero
MH 950 T 130T 1307  capacitance of 50 MMF. The im- beats gave an accurate setting of 5

Winding ~ No. 28 SCC No.32SCC No.30SCC portance of soldered plates at this meters by the roughly calibrated

The winding No. 11, which further
careful study showed to have no
“‘dead spots’”’ between 15 and 200
meters, was chosen as the standard
Type 379-T choke. This type has
an inductance of 8 millihenrys, a re-
sistance of 34 ohms, a continuous
current rating of 200 milliamperes,
corresponding to a power rating of
1.4 watts.

Either type of choke has a list
price of $2.00.

high frequency can hardly be over-
emphasized. The coil consists of a
single turn of 14” copper tubing, and
is connected to the condenser by
means of the convenient General
Radio plugs. The coil is silver
plated. A four-inch dial and indi-
cator completes the wavemeter. It
is found that the metal end-plates so
completely shield the condenser that
hand capacity is not troublesome.
The calibration of this meter pre-

458. Several points taken by this
method gave an accurate calibration
curve. All Type 458 Wavemeters
are now calibrated against a Pre-
cision Standard.

The Type ‘458 5-meter wave-
meter is obtainable from the General
Radio factory only. It will be de-
livered post paid and insured any-
where in the United States upon re-
ceipt of $8.00, or to any foreign
country upon receipt of $9.00.
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The science of radio has reached its present day development only by careful
study of the fundamental principles underlying radio and audio frequency phenomena.
In this study laboratory instruments of extreme precision have been necessary.

Forover a decade the General Radio Company has been manufacturing radio and
electrical laboratory instruments — the outstanding feature of which is PRECISION.

These instruments have been supplied in ever increasing quantities to such well
known laboratories as those of the General Electric Company, Bell Telephone System,
Bureau of Standards, United States Navy, United States Signal Corps, and many
of the leading engineering colleges throughout the world.

Information and quotations on special apparatus will be sent on request

SEND FOR LABORATORY CATALOG “‘X’’

CENERAL RADIO CO

MANUFACTURERS OF

RADIO anp ELECTRICAL LABORATORY APPARATUS
30 STATE STREET : : CAMBRIDGE, MASS.
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Complete A.C. Operation
a Practical Reality

By C. T. BURKE, Engineering Department

difficulty. Larger
currents are re-
quired for fila-
ment than for plate supply, and this
means greatly increased expense in
too, many of the plans proposed
for batteryless filament lighting re-
quired rewiring of the tubes in series.
EXPERIMENTER readers may re-
call that an analysis of the filament
supply problem appearing in this
publication last October concluded
with the suggestion that the problem
of batteryless filament operation
seemed to rest upon the manufac-
turers of tubes rather than upon the
manufacturers of accessories.

The development forecast in that
article has come to pass with the re-
cent announcement of tubes for al-
ternating current filament supply by
several manufacturers. Many of
these tubes will be available in the
next few months, and the batteryless
receiver will probably be the out-
standing develop t of the

The above diagram shows the filament wiring for A. C. operation

of popular four tube type of receiver

receivers. The new tubes will have
plate characteristics similar to those
now in use, - the present types of
tubes will continue to be supplied.
The trend will, however, undoubt-
edly be toward the A. C. filament
tubes.

Two types of A. C. filament tubes
are to be supplied, representing dif-
ferent methods of attack on the
problem of A. C. filament operation.

In the conventional type of tube
supplied for direct current operation,
the filament forms a part of two cir-
cuits. The battery circuit through
the filament is for the purpose of
heating the filament to produce elec-
tron emission. This circuit is aux-
iliary to the main function of the
tube, but the filament also forms one
side of both input and output cir-
cuits of the tube.

If alternating current is supplied
to the fil ts of ordinary tubes, a

radlo season. Thls does not unply
di b of present

liate ol

hum will result. Several sources
contribute to the hum. As the cur-

ux 226 vy 222 uxzze uxim
- T 75V BE e sie DET "¥327  IstAwe 550 2woAvowo (0
5 The principal rent through the
g radio trepd of the e ex ﬁlax.nent changes
2 season just past or Powes Are during the alter-
i has been toward i nating current
= the elfmination of = asv orle- cycle, varying
2 batteries.  Many i 4 v from zero to max-
§ satisfactqry plate T | = = o J imum, the tem-
2 supplies have 2v VLS o, 3 B- perature of the
been developed, filament, which
but the problem depends on the
of filament supply ) current through it
has offered more b is also changing.

The change in fila-
ment temperature
results in a cyclic
change in the tube characteristics
which in turn produces a hum at
twice the frequency of the supply.
A certain amount of hum is due to
capacity effect between the tube
elements and to voltage drop
along the filament. Another appre-
ciable source of hum is the grid
effect of one side of the filament
on the other. The filament of most
tubes (except the 199 tube) is tri-
angular in shape (less the base).
When direct current is applied to the
filament, conditions are stable, and
the grid effect of one end of the fila-
ment on the other introduces no dis-
turbance. When alternating cur-
rent is applied to the filament, the
grid effect is variable. As the cur-
rent increases through the filament
one end of the filament is increasing-
ly negative with respect to the other,
and the emission from that end of
the filament is reduced, since the
other end is more positive and at-
tracts a portion of its emission cur-
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fent. A half cycle later the two
ends of the filament are reversed,
and the effect repeats. A hum at
twice the supply frequency results.
In one type of alternating current
filament tube, the design is similar
to the direct current type except for
the construction of the filament
which is short and heavy, taking ma-
terially more current than the mod-
ern direct current tubes and operat-
ing at low voltage. An advantage
of the heavy filament is that it re-
tains heat longer than the present
type, i.e., there is less heating and
cooling as the current goes through
its cycle, the heat carrying over
from one cycle to another. In
fact, sufficient heat remains to pro-
duce audible signals for a few sec-
onds after shutting off the current.
It might be expected that such a fila-
ment would take longer to reach its
operating temperature. This proves
to be the case, and there is an appre-
ciable wait between the turning on
of the current and the appearance of
the signals. It may be noted in
passing that some of the direct cur-
rent tubes have the characteristics of
slow heating and cooling of the fila-
ment. The WX 12 type can in fact
be used with fair results, with low
A. C. on the filament in radio fre-
quency stages, provided care is used.
It is also interesting to note that the
199 type of tube, with a straight
filament, shows little grid effect.

The filament of the A. C. tubes is
short and straight, which greatly re-
duces the grid effect. The low volt-
age across the filament also tends to
reduce the hum due to grid effect.

In order to eliminate hum due to
the voltage drop through the fila-
ment the grid and plate returns must
be connected at the average poten-
tial of the filament, i.e., the potential
of the center point. Unless this is
done a pronounced hum having the
same frequency as the source of cur-
rent will be produced by a periodic
fluctuation of both the grid bias and
plate voltage. The most satisfac-
tory means of obtaining this con-
nection is by means of a center-
tapped resistance across the filament
terminals of the tube. The center
of the resistance is necessarily at the
same potential as the center of the
filament.

Tubes of the heavy filament type
are generally made to fit the stand-
ard UX type of socket. This type
of tube is suitable for either radio
or audio frequency amplifier work.
Some manufacturers do not, how-
ever, recommend tubes of this type
for use as a detector.

In another type of tube for alter-
nating current operation the two cir-
cuits which use the filament of the
direct current tubes are separated.

The cathode is heated from a sepa-
rate heating element inside the cylin-
drical electrode, while an additional
terminal is provided for the C+4- and
B— connection and the tube has
therefore a five-prong base, requir-
ing a special socket. This type of
tube also requires a center-tapped
resistance across the heating ele-
ment. The center point of the re-
sistance may be grounded in this
case. When the mid point of the
potentiometer is grounded, the set-
ting is rather critical for best results.
Another less critical method is to
connect a 4.5 volt battery between
the center tap and the cathode ter-
minal. The negative of the battery
is joined to the center tap. This
type of tube is particularly recom-
mended for use as a detector.

No power-tubes are listed among
the new alternating current filament
tubes, due to the fact that raw A. C.
can be used with perfect satisfaction
on the filaments of present last stage
tubes. The output tube should al-
ways be the 112, 171, or 210 type.
These tubes are connected in the
same manner as the A. C. tubes
which use the standard UX base,
i. e. with a center-tapped resistance
across the filament. Due to the
heavy currents drawn by the alter-
nating current types of tube, it may
prove necessary to replace the fila-
ment wiring in some multi-tube sets
with heavier wire. Number 18 wire,
for example, should not be required
to carry more than three amperes.
Portions of the filament bus through
which greater current than this
would flow should be replaced if
Number 18 had been used in the
original wiring. As some of the
new tubes draw two amperes each,
quite large currents may flow in
parts of the filament wiring carrying
current for several tubes.

Another change which is neces-
sary in all cases where a set is al-
tered to accommodate the new tubes
is the shifting of the plate and grid
return connections. In the direct
current types of tube the C4 and
B— connections are made to one
side of the filament. When using
the five-prong type of A. C. tube,
the C4 and B— connections are
made to the fifth prong. In the
other type of tube, using the UX
base, the center of the resistance
across the filament is used for the
C+ and B— connections.

All the new tubes operate on low
voltage and a transformer is re-
quired between the line and the
tube. The transformer should be
designed to provide a higher voltage
than the tube requires, to allow for
voltage drops in the wiring. Rheo-
stats will be required, but once set
no further adjustment will be neces-

sary, so that rheostats may be placed
behind the panel.

While variations may be neces-
sary to meet the requirements of in-
dividual receivers, the diagram of
filament wiring for a typical four-
tube receiver as shown on the front
page will be found a useful guide in
changing over a receiver for the new
tubes. No changes will be required
except in the circuits shown.

Current Carrying Capacity of Wire
(Rubber Covered)
This data will be found helpful in

determining the size of wire to use
in rewiring filament circuits for A. C.

operation:
Size Diameter (Mils) * Current
12 80 20 amperes
14 64 filisi ot
16 51 (P
18 40 3
20 32 1.5 =

#Mil=0.001 inch.
Data on New A. C. Tubes

The following are characteristics and
specifications of the new A. C. tubes.

UY-227 or C-327 Detector Tube

(Separate Heater Type)

Heater voltage 2.5 vols A.C.
Heater Current 1.75 amperes
Plate voltage

as detector 45 volts

asr. f&a.f. ampllﬁer 90-135 volts
Maximum voltage permissible 180 volts
Grid Bias

at 180 volts 13.5 volts negative

ST 9 - 3

E00 er 4t0 6.5 &
Anmplification Factor 8.2
Plate Impedance

at 180 volts 9,400 ohms

155 % 10,000 *

“ 90 “(-6v.C) 11,300 *
Mutual Conductance

at 180 volts 870 micromhos

i g 820 o

#1190 *(6v. C) 725 ¥
Plate current

at 180 volts 6 mils

St B .

“ 9 “(-6v.C) g &
Maximum Undistorted Output

at 180 volts 0.140 watt

S 3 0.055

* 00 0.020 *

Base —Special five-prong type
Mechanical dimension
Maximum overall length

4-%
diameter
UX- 226 or CX-326 Amphfler Tube
A. C. Filament Type)
Filament vollage 1.5 volts A.C.

Filament current 1.05 amperes
Plate voltage—recommended 90-135 volts

inches

maximum 180 volts
Grid Bias
at 180 volts 13.5 vclts negative
b oot AR i
“ gy 6 « «“
Amplication Factor 8.2
Plate Impedance
at 180 volts 7,000 ohms
S35 (9 v, C) o 1 A00
43090 ;.o 9,400
Mutual Conductance
at 180 volts 1,170 micromhos
B (E) 1,100 2
“w gy 875 «
Plate current
at 180 volts 7.5 mils
LI 5D s 6 to 3 mils
R0 3.7 mils

Continued on page 4, column |
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What Governs the Power Handling

Capaczty of an Amplifier

by AL

As the novelty of radio has grad-
ually disappeared, and more interest
is taken in it purely as an instrument
to reproduce with fidelity both music
and speech, the listener and engineer
have given more and more thought
to the tonal qualities of the broadcast
receiver. The vast radio audience
today is first of all concerned in how
well it can hear. How far is a sec-
ondary consideration.

It would seem to the average
listener inexperienced in radio ex-
perimentation that all that is neces-
sary- to increase volume-is-the addi-
tion of a stage or two of audio fre-
quency amplification to his existing
equipment. This is true to a certain
extent, but as we are interested only
in QUALITY VOLUME, the design
of the apparatus used in the ‘‘stage
or two'’ of audio frequency amplifi-
cation is of great importance.

A speaker, which does the actual
reproducing of sound, is an energy
operated device and as the energy
is derived from the last audio tube
alone, the undistorted volume ob-
tainable from a speaker is wholly
dependent upon the energy output
of this tube and no other. The
energy is measured in milliwatts and
the following table gives the power
output of the tubes now in common
use, with the plate voltage necessary
to obtain full output:

Undistorted Plate

Tubes Output Voltage
UXx 120 110 135
UX 226 160 180
UX 112 195 157
UX 171 700 180
UXx 216 — 1500 425

In order to secure the maximum
power output that a tube is capable
of delivering, it is necessary that a
sufficiently large voltage be placed on
the grid of the tube to operate at its
maximum output. At the same time
certain conditions, however, must be
satisfied to prevent distortion in the
tube itself. First, the grid must not
be allowed to become sufficiently
positive to draw any appreciable
amount of grid current, and second,
the plate current must at no portion
of the cycle be allowed to fall so low
that distortion be caused by curva-
ture of the plate current curve.
The input voltage which may be ap-
plied safely to a tube without causing
grid distortion is fairly well indicated
by the grid bias voltage. Actually
the effective grid swing permissible
in volts R. M. S. is V2 or .707
times the grid bias. =

R. WILSON, Engineering Department

The solution of the problem of
QUALITY VOLUME is threefold,
embracing tubes, transformers and
speakers wherein distortion of vari-
ous sorts and causes tends to de-
velop. It may be well to state here
that there are two apparent forms of
distortion to guard against in any
audio amplifier: frequency distortion
and waveform distortion. Frequency
distortion, which really is not dis-
tortion at all, but the relative differ-
ences in the amplification of dif-
ferent frequencies is caused by one
of two-things, either a coupling de-
vice that is not capable of even per-
formance over the audio range, or
the improper matching of impe-
dancesof thedifferentcircuits. It isex-
tremely important from a frequency
viewpoint that the impedances
of the various circuits bear a definite
relation to each other. To secure a
maximum transfer of voltage from
one circuit to another (and we are
interested in this respect only in
voltage and not in energy), the im-
pedance of the transformer primary
should be at least two or three times
that of the tube circuit at the lowest
frequency which we wish to amplify.
Waveform distortion in the amplifier
itself is caused by either an over-
loaded tube or saturation of the core
of the audio transformers. With the
present-day standards of transform-
ers, however, the latter from a
practical standpoint may be entirely
disregarded. Obviously the remedy
for an overloaded tube is the reduc-
tion of the input signal or the in-
crease of grid bias and plate volt-
age, thus permitting the tube to be
worked on the straight portion of
its grid voltage plate current curve.

Assuming one to have an audio
amplifier and tubes of the standards
of two or three years ago, the most
radical improvement in quality
would be brought about by the re-
placement of the last audio tube by
one of the new power tubes, such as
the UX 171 or UX 210. This would
increase the power handling capacity
of the amplifier 50 to 100 times and
this power handling capacity of an
amplifier is something that is not
very well understood by the average
man, yet it is extremely important if
faithful reproduction is to be ob-
tained. In order to produce the same
intensity to the ear, say at 60 cycles,
many times as much power is re-
quired as at 1000 cycles. A some-
what disconnected yet fitting illustra-
tion would be the comparison be-

tween a Tuba player and a Cornet
player in a brass band. The Tuba
player expends much more energy,
but to the ear the Cornet is louder.
In the case of the loudspeaker far
greater power is needed to supply
the energy than was heretofore
thought necessary to reproduce bass
notes properly, and it is even very
doubtful if the tubes on the market
today are capable of supplying to
the speaker enough energy to repro-
duce these low frequencies with the
same intensity as the higher frequen-
cies, unless a 50 or 100 watt power
tube is used. This would require a
type of plate supply device, which
from an economic point of view,
would be entirely out of the question.

While it would seem that increas-
ing the energy output of an amplifier
would result in extremely loud re-
production, this is not necessarily
true. A loud sound may be doubled
in intensity—that is, the energy dou-
bled—and the ear may hardly detect
the change. This fact will explain in
some measure why many people are
not able to note the difference in the
volume produced by a UX 171 and
UX 210 tube, although the maximum
output of the UX 210 is double that
of the 171. Everything else being
equal, the reproduction, when using
the UX 210, should appear much
better on the lower frequencies—
actually it is about the same, because
the lower plate impedance of the
171 permits a greater transfer of
energy from tube to speaker at these
frequencies.

The power handling capacity of
an amplifier using present day trans-
formers is more or less limited by
that of the tubes used, since the
largest possible portion of the nega-
tive side of the grid voltage plate
current curve is available for the
actual plate voltage used. While
resistance or straight impedance cou-
pled amplifiers are better from a
purely frequency standpoint, the
power handling capacity is decidedly
limited, as there is a certain rectify-
ing action of a strong signal caused
by the time action of the grid con-
denser and leak, and their purpose,
even from a frequency standpoint, is
often defeated by the improper use
of tubes. A man will quite fre-
quently pay from $10.00 to $20.00
for an impedance coupled amplifier
only to use a 201-A tube in the last
stage, and it is very doubtful if the
improvement in quality in this case
is even noticeable to the ear. This
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is only another example of insuffi-
cient power required to reproduce
bass notes, although the frequency
characteristic of an impedance or re-
sistance coupled amplifier is essen-
tially a straight line from 30 cycles
upward. A very interesting labora-
tory experiment along these lines
proved that where a pure 60 cycle
note from a vacuum tube oscillator
was fed directly into the grid of a
UX 210 tube, the full output of this
tube did not produce even an
audible sound at this frequency. All
low frequencies are not entirely lost,
however, as their harmonics are re-
produced, but with much less in-
tensity, and the fundamental pitch is
usually obtained by the beat note of
a second and third harmonic.

In reviewing the subject of power
handling capacity of an amplifier,
there are many other more important
phases to consider than the particu-
lar method of coupling (transformer,
resistance, or impedance). It is a
well-known fact that no better qual-
ity can be expected than is radiated
from a broadcasting station or that
can be faithfully reproduced by the
loudspeaker — regardless of what
coupling method or combination of
methods may be used.

Bearing in mind that the fre-
quency range of the better broad-
casting stations is something like 80
cycles to 5000 cycles, and the better
loudspeakers cut off at 80 cycles at
the lower end and 7000 cycles at the
upper end, also remembering that
the better transformers in use today
are capable of even amplification
between 60 cycles and 6000 cycles,
the selection of the amplifier tubes
and proper operation for maximum
efficiency of those tubes should re-
ceive more consideration than is
generally given to amplifier tubes,
particularly the last stage tube from
which the loudspeaker is operated.

Data on New A. C. Tubes
Continued from page 2

Maximum Undistorted Output

at 180 volts 0.160 watts
“135 “(-9v.C) 0.070 *
w9y « 020 *

0.
Base—Standard Large “ UX " or “CX"
Mechanical Dimensions
Maximum overall length
lameter

4-11/16 inches
1-13716-

NOTICE

With each copy of the June issue of the
Experimenter a postcard was mailed to be
properly filled out and returned if future issues
of the Experimenter were desired. So many
cards have been returned that it has been im-
possible to revise our list before releasing the
July issue. We are consequently sending the
July issue to our complete list.

The August issue, however, will be mailed
only to those who have returned postcards.

New General Radio Partsfor A. C. Operation

TYPE 440A LOW VOLTAGE
TRANSFORMER

The alternating current tubes re-
quire a source of low voltage capa-
ble of delivering large current. The
various types of tubes require several
different voltages. The Type 440A
transformer supplies voltages for all
popular tubes and sufficient current
for all ordinary receiver require-
ments. Filament supply is provided
for filament, separate heater, power
and rectifier tubes.

The transformer will carry a total
load of 70 watts. The actual current
which may be drawn from any wind-
ing depends on the current being
drawn from the other windings. The
watts being drawn from any wind-
ing when supplying filaments may be
found by multiplying together the
current and voltage for the winding.
The sum of these products for all the
windings is the total load on the

transformer. In a particular case the
loads might be:

Volts Amperes Watts

2 10 20

3.5 B 17.5

5 S 12.5

45 2 15

TOTAL WATTS .. 65

Pri. 115 V (for lines 105-125 volts)
60 cycles.
The Type 440A low voltage trans-
former sells for $10.

TYPE 439
CENTER TAP RESISTANCE

i | \
W\ Y
The new tubes for alternating cur-
rent filament operation require a
resistance with center tap across the
filament. In the filament type of
tube, the center tap provides the
point of connection for the positive

grid and negative plate potential
sources. The Type 439 Resistance
is designed to fit directly across the
tube socket. No other mounting is
necessary. Price, $.60.

TYPE 438 SOCKET

B

All of the new A. C. tubes, with
the exception of the Type UY-227
or C-327 detector tubes, have the
standard UX or CX four prong base
and mount in the General Radio
Type 349 Socket.

The new Type UY-227 or C-
327 detector tube, however, has a
separate heating element, and has
consequently a five prong base which
requires a socket especially designed
with five spring contacts.

The Type 438 Socket is designed
for the UY-227 or C-327 tube.

Firm contacts are made to the
sides of the tube prongs with double
gripping springs. The base of the
socket is of moulded bakelite.

The Type 438 Socket sells for
50 cents.

TYPE 410 RHEOSTATS

The new A. C. tubes require low
resistance rheostats capable of carry-
ing appreciably more current than
those used with D. C. tubes.

The resistance wire of the Type
410 Rheostat is of brass, tightly
wound on a specially treated fibre
strip. The form is of genuine
moulded bakelite. The tapered
knob, which is also of moulded
bakelite, has an engraved pointer
which indicates the position of the
switch arm along the arc of the re-
sistance unit.

The Type 410 Rheostat has the

single hole mounting feature.

Resistance Current Price
.5 ohm 3.5 amperes $1.25
1.5 ohm 2.0 amperes 1.25
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Further Data

AUGUST, 1927

on New A. C. Tubes

By HORATIO W. LAMSON, Engineering Department

At the present time so much
interest is centered around the new
A.C. tubes that we believe further
information concerning them will be
of interest to our readers. We are
indebted for much of the following
data to an Engineering Bulletin re-
cently issued by the E. T. Cunning-
ham Laboratories.

In the July issue of the “Experi-
menter’ we discussed the general
principles of operation of two dis-
tinct types of A.C. tubes, namely:
the —26 A.C. Filament Type (UX-
226 or CX-326) and the —27 Sepa-
rate Heater Type (UY-227 or C-
327)%

The —26 type of tube is designed
for use as a radio or an audio ampli-

_fier and has the same characteristics
as the UX-201A or CX-301A, ex-
cept that the mutual conductance is
somewhat higher. It is equipped
with the standard UX four prong
base and has an oxide-coated ribbon
type of filament which is heated with
“raw A.C."” consuming, however, a
larger current at a lower voltage than
the D.C. tubes, i.e., 1.05 amperes at
1.5 volts A.C. (For detailed speci-
fications of these tubes see the July
issue of the “"Experimenter.”)

It has been found possible, by a
careful choice of filament current and
voltage ratings, to obtain a close bal-
ance between the electromagnetic
and electrostatic fields set up within
the tubes by the alternating current,
thereby minimizing the so-called
“‘grid effect’” of the filament and
other undesirable conditions. This
balance is made to occur under the
condition at which the tube operates
most ly as an amplifier.
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-~ Figure | shows the plate impe-

dance Rp and mutual conductance
Gm of this tube plotted against the
effective plate voltage Ep. It should
be noted that the curve is drawn for
the case of zero grid voltage, which,
of course, is not the normal operat-
ing condition. The curve may be
used, however, to obtain the ordi-
nate values, corresponding to any
magnitude of grid bias, by determin-
ing the “effective plate voltage” in
each case, that is, by subtracting
from the actual plate voltage the
product obtained by multiplying the
grid bias voltage by the amplifica-
tion constant Mu of the tube. For
example, if the tube is being used
with 135 volts on the plate and with
—12 volts grid bias, the effective
plate voltage is [135—(12%8.2)]
or 36.6 volts. Thereby we see from
the curves that the plate resistance
and mutual conductance are 9600

ohms and 870 micromhos respec-
tively.

Figure 2 shows the plate current
Ip and amplification constant Mu
plotted against the effective plate
voltage.
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any modulation of the carrier is not
appreciable unless the radio fre-
guency stages are unstable and tend
to oscillate. The radio frequency
grid returns may be connected to the
center tap of a resistance across the
filaments as they do not require a
critical adjustment. R. F. bypass
condensers across this resistance are
sometimes advisable.

The —27 is a tube of the indirect-
ly heated type, having a cathode, or
electron-emitting member, consisting
of an oxide-coated metal cylinder in
place of the usual filament. Inside
of this cylinder, and insulated from
it, is placed the heater filament
which requires 1.75 amperes and 2.5
volts A.C. For this reason the tube
cannot be operated in parallel from
the transformer winding supplying
the —26 tubes. Other considera-
tions of circuit design likewise make
it desirable to have a separate wind-
ing for this tube. The —27 is also
similar in characteristics to the UX-
201A or CX-301A, although it is
slightly higher in mutual conduct-
ance and considerably lower in in-
ter-electrode capacity. This tube is
intended primarily as a detector used
n conjunction with the —26 and is
mounted on a special five-prong
base. The —27 is particularly
adapted to detector service because
of its freedom from ripple voltage
at low plate currents, which permits
‘he use of either grid leak or grid
bias detection. When detector sen-
sitivity is not an important factor
;rid bias detection (plate rectifica-
tion) may be used. A greater
amount of audio amplification may
be employed when using the —27
tube as a detector rather than any
of the ‘“raw A.C."” types. Figures
9 and 10 show the variation of Rp,
Gm, Ip, Mu, with respect to effective
plate voltage in the case of the —27
type, while Figure 8 indicates its ex-
treme freedom from ripple.

Since the —27 tube uses an indi-
rectly heated cathode it takes longer
for it to reach an operating tempera-
ture than is the case with tubes in
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which the cathode is heated directly.
The curve in Figure 11 shows that
an average tube starts to operate at
about twenty seconds and comes to
normal operation at the end of thirty
to forty seconds after the heating
current is turned on.

To compete successfully with bat-
tery receivers it is essential that sets
employing A.C. filament tubes com-

Eb=45
3 |GRIDCOND=.0002/5
1p| GRID LEAK= 3 MEG.
2
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FIGURE 11

pare favorably with them in respect
to all important operating character-
istics, including tone quality, volume,
sensitivity, selectivity, and freedom
from hum, power line disturbances,
and service troubles. The cost and
weight of component parts is also
an important consideration.

One of the most important requi-
sites for obtaining true tone quality is
the use-of a tube in the last stage
of the audio amplifier that is de-
signed to handle the necessary power
output without distortion. In this
respect the Type UX-171 or CX-371
is strongly recommended. Used
only in the last stage, the filament of
this tube may be heated directly with
“raw A.C.” at the proper voltage
and, with a center tap resistance for
grid return and the proper bias and
plate voltages, the operation will be
about as satisfactory as if the fila-
ment were heated by a storage bat-
tery.

The sensitivity and selectivity of
the radio frequency stages is essen-
tially the same with the —26 tubes
as with the —01A. The high mutual
conductance of the —26 is partly
offset by the necessity of using a grid
bias, which is contrary to common
practice in the use of the D.C. tubes.
The sensitivity of the detector plays
an important part in determining the

overall sensitivity of the receiver.
When the —27 type is used grid
leak detection is practical so that
equal detector sensitivity, as com-
pared with battery operated receiv-
ers, is obtained.

With respect to freedom from
hum, the —26 and —27 combina-
tion affords very satisfactory results
if the proper precautions with re-
spect to circuit design are followed.
The ripple voltage given by each
type, shown on the attached curves,
is actually a combination of 60 cycle
and 120 cycle components with a
small amount of higher harmonics.
A direct comparison under operating
conditions shows that the amount of
ripple voltage introduced by the
A.C. filament supply is of the same
order of intensity as that given by
the better types of plate supply de-
vices and is not audible more than a
few inches from the loudspeaker.

To obtain freedom from line dis-
turbances care must be taken to pre-
vent the direct pick-up of such
disturbances by the tubes and associ-
ated equipment. Power transform-
ers should be shielded if placed in
the same cabinet with the receiver
and, under certain conditions, an
electrostatic shield between the pri-
mary and secondary windings of the
transformer is desirable.

The rugged design of both types
of A.C. tubes insures freedom from
service troubles as far as the tubes
themselves are concerned. By the
elimination of all devices requiring
corrosive liquids, the possibility of
corroded connections disappears
and it is evident that, with the
proper care in circuit design and the
use of high grade material in parts,
a greater measure of freedom from
service troubles can be secured than
has been possible with previous de-
signs of radio receivers. Further-
more, the annoyance of storage
battery attention or the trouble and
expense of dry cell renewals is re-
moved by the use of a receiver
which draws all of its electrical
power from a convenient house-light-
ing socket.

With respect to the cost and bulk
of component parts, this A.C. tube
combination is particularly satisfac-
tory since the use of a heavy and ex-
pensive A filter system or A supply
unit is avoided, for the necessary
A voltages may be obtained merely
by adding a few turns of wire to the
power transformer supplying the
plate supply unit or by the use of a
small separate transformer designed
for this purpose.

The combination of the —26
tubes as radio and audio amplifiers
with the —27 as a detector, makes
possible the same overall perform-
ance, tube for tube, as is obtainable
with battery operated receivers.
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Figures 3 and 4 show the variation
of Rp, Gm, Ip and Mu as the fila-
ment voltage Ef is varied. The flat-
ness of the Rp curve from 1.3 to

1.7 volts on the filament indicates_

that the tube is relatively insensitive
to voltage fluctuations over this range
and hence is not bothered by varia-
tions in the supply line.

60~ SupPPLY
FIGURE 5

Figure 5 gives the circuit arrange-
ment whereby the amount of “‘ripple
voltage” in the plate circuit of a
tube, heated with A. C., may be
measured by comparison with a
known voltage from the same source.
With the switch in the ""A’" position
the amount of ripple in the plate cir-
cuit may be read on the vacuum tube
voltmeter. The switch is then thrown
to the "B” position and the same
reading on the meter obtained by
adjusting the calibrated potentiome-
ter P. This comparison method
obviates the necessity of a direct
calibration of the vacuum tube volt-
meter and associated amplifier. Such
a scheme gives, of course, merely the
total hum voltage with no indication
of the relative amounts of funda-
mental and harmonic frequencies.

By the use of this apparatus the
data given in Figure 6 were ob-
tained. Here the ripple (millivolts)
existing in the plate circuit of the

stead of plate voltage in order to
bring out the fact that minimum hum
occurs at a plate current of about
three milliamperes, the exact posi-
tion varying only slightly with
changes in grid voltage, but to a
larger extent with changes in fila-
ment voltage as indicated in the
dotted ‘curve which shows the read-
ings obtained when the filament volt-
age is reduced to 1.2. It will be
noted that the grid bias recom-
mended for the —26 is such that a
plate current between three and four
milliamperes is produced. This
value is recommended because of
the fact that the increase in ripple
voltage at low values of plate cur-
rent is very sharp so that it is better
to operate slightly above the mini-
mum point of the average tube
rather than below the minimum.

It is evident that the —26 tube
does not offer good possibilities for
use as a detector using grid bias de-
tection (plate rectification) since
the ripple voltage is very high at low
values of plate current. The very
low minimum of hum obtained when
the proper value of plate current is
maintained results in an excellent
performance of the tube when used
as a radio frequency or audio fre-
quency amplifier.

In Figure 7 the —26 tube is com-
pared with Types CX-112 and CX-
301A, the latter tubes being ad-
justed to their best operating point.
A large reduction in ripple voltage,
accornplished by the special filament
design chosen for the —26, is clearly
indicated in this figure.

It is essential for the correct oper-
ation of the —26 tube that the grid
and plate returns (C+4 and B—) be
connected to the exact center or
neutral point of the A.C. supply sys-
tem, particularly when the tube is
used as an audio frequency ampli-
fier. The rapid rise in ripple volt-
age with departure from the correct
balance point is shown in Figure 8.

To satisfy this condition the grid
return may be attached to the center
point of a resistance unit connected

desirable to employ a low resistance
potentiometer, affording thereby an
adjustable center tap which will
allow for the eccentricities of indi-
vidual tubes or variation in the sup-
ply line balances.
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A comparison of the ripple volt-
age from four types of tubes is
shown in Figure 8, the minimum for
the CX-301A and CX-112 being
slightly higher than in the previous
figure since they were operated at
five volts on the filament when tak-
ing these data. This curve shows
the much lower minimum given by
the —26 and also indicates that the
grid return adjustment is less criti-
cal. We see that the grid return on
the —27 type of tube is not at all
critical because of the use of a sep-
arate heater element.

The —26 tube gives essentially
the same performance as the UX-
201A or CX-301A when used as a
radio frequency amplifier since the
inter-electrode capacity and other
characteristics are practically identi-
cal. It is necessary in this case,
however, to use a grid bias because,
unlike storage battery tubes, opera-
tion without grid bias causes an un-
even flow of grid current, resulting
in a modulation and distortion of the
incoming radio frequency signals, to-
gether with a marked decrease in
amplification. When operated at
the recommended grid bias, how-
ever, the ripple voltage is so low that
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General Radio Parts

for A. C. Tube Operation
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For the past several seasons the trend has been
toward complete battery elimination. Many satis-
factory plate supply units operating from A. C. have
been developed, but filament operation from an
A. C. source has presented more of a problem, due
to the larger currents required and increased expense

The newly announced A. C. tubes offer an ex-
cellent solution to this problem.

The above diagram shows how to adapt the
filament wiring of the popular type of receiver to
A. C. operation by use of General Radio parts

in the rectifier and filter circuit. especially designed for this purpose.

TYPE 440-A LOW VOLTAGE TRANSFORMER

The alternating current tubes require a source of low voltage

2 capable of delivering large current. The various types of tubes require
o several different voltages. The Type 440-A Transformer supplies
5 voltages for all popular tubes and sufficient current for all ordinary
3 receiver requirements. Filament supply is provided for filament,
5 separate heater, power amplifier and rectifier tubes. The following
% voltages and currents are available. Pri. 115 V (for lines 105-125
= volts), 60 cycles:
s Sec. 2 volts 10  amperes

3.5 volts. 5 amperes

5 volts 2.5 amperes

7.5 volts 2 amperes

Price $10.00

TYPE 438 SOCKET TYPE 410 RHEOSTATS

The new tubes for alternating cur-
rent operation require a resistance
with center tap across the filament
or heater. In the filament type of
tube the center tap provides the
point of connection for the positive
grid and negative plate potential
source. The Type 439 Resistance
is designed to mount directly across

The new A. C. tubes require low
resistance rheostats capable of carry-
ing appreciably more current than
those used with D. C. tubes. The
resistance wire of the Type 410
Rheostat for use with the A. C. tubes
is of brass, tightly wound on a spe-
cially treated fibre strip. The Type
410 Rheostat has the single hole

All of the new A. C. tubes, with the excep-
tion of the Type UY-227 or C-327 detector
tubes, have a standard UX or CX four prong
base and mount in the General Radio Type
349 Socket. The new Type UY-227 or C-327
detector tube, however, has a separate heat-
ing element, and has consequently a five
prong base which requires a socket especially

the filament or heater terminal of designed with five prong contacts. The Type mounting.

any tube socket on which it may be 438 Socket is designed for the UY-227 or  Resistance Current Price

used., g C-327 tubes. .5 ohm 3.5 amperes $1.25
Price 60 cents Price 50 cents 1.5 ohm 2.0 amperes 1.25

GENERAL RADIO COMPANY 5 : CAMBRIDGE MASSACHUSETTS

PARTS and ACCESSORIES
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Unique Method of ltage—bontr()l Adapts
Unit to Any Standard Type of Receiver

By P. K. McELROY, Engineering Department

The design of plate
supply devices for the
coming season has been
sensibly affected by sev-
eral factors which were
not in existence a year
ago, in addition to the
ever-present desire to
make improvements upon
the product itself. Chief
among these newer influ-
ences are the code of Fire
Underwriters’ rules just
formulated and approved,

allel 'and adjacent to the
binding posts. The slot is
large enough to admit
wires and terminals, but
too small to allow the
fingers to reach live parts.
In order to afford protec-
tion when the case is
opened, an automatic
switch is inserted in the
primary (110-volt) circuit
in such a way that the cir-
cuit is made only when
the cover is in place and

the body of standards is broken as soon as the
adopted by the Radio cover is removed.

Manufacturers Associa- The new plate supply
tion and the National has been designed to use
Electrical Manufacturers the UX-280 or CX-380

Association, and the free-
dom or restrictions, de-
pending upon the point of view,
brought about by the Radio Corpo-
ration's enforcement of their patent
rights and licensing of power unit
manufacturers. All these consider-
ations have had a bearing on the
design of this season’s plate supply
unit, the Type 445.

The standardization so much
needed in the radio industry and
simultaneously sought by committees
of both the Radio Manufacturers
Association and the National Electri-
cal Manufacturers Association has
caused two changes in desizn. The
engraving on the binding posts now
conforms to the similar recommen-
dations of both committees. The
B— terminal of the unit is no longer
tied directly to the case, but connec-
tion is made through a 1 M.F. con-
denser to the case and the ground
terminal. This protects the A bat-
tery from accidental short circuit

THE NEW GENERAL RADIO TYPE 445 PLATE SUPPLY

AND GRID BIASING UNIT

with some battery connections,
should the metallic case be pushed
against a radiator or otherwise
grounded (e.g., when B— and A}
are connected to one another, and
A— is grounded).

The most important changes dic-
tated by the Underwriters’ Rules are
for the purpose of protecting the user
from the high voltages necessary to
operate present-day power tubes at
such & point as to give maximum
audio output of true fidelity. While
the voltages necessary for any but a
210 tube are too low to be danger-
ous, especially in a secondary circuit
whose power output is so limited,
they are high enough to be decidedly
unpleusant when encountered unex-
pectedly. Accordingly, the binding
post terminals have all been placed
within the case. The connecting
wires may be introduced through a
slotted bakelite protecting panel par-

tube, which is capable of
higher voltage and current
output, better voltage regulation and
longer life than the 213 type of tube.
The voltage available under all but
the most severe load conditions is
sufficient to supply both maximum
B and C voltages for a UX-171 or
CX-371 tube.

Materials have been improved on
account of the larger power supplied
by the unit. The factor of safety
for the paper condensers has been
increased so as to obviate any danger
of damage or inconvenience due to
condenser puncture. The design of
the choke coils in the filter has been
improved so as to maintain the in-
ductance at a high value to insure
good filtering, even when a large
current is being drawn from the unit
so that the direct current flux tends
to saturate the iron cores and de-
crease the inductance of the coils.
The improvement can be noted
from the fact that the ripple in the
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output of the new plate supply unit
is considerably less at a larger cur-
rent drain than the ripple from the
old unit.

It was felt that no complication
would be introduced by the addi-
tion of one C-voltage tap to supply
bias for the power tube. This is
of considerable value, since the C
battery needed in that position is
often almost as much as 45 volts.
It was, however, necessary to con-
duct considerable investigation to
determine the best arrangement of
by-pass condensers in the output
circuit, taking into consideration
the amount and distribution of the
ripple voltage and the fidelity of
reproduction. As a result a circuit
was developed which both keeps
low the hum due to voltage ripple
and makes very uniform the ampli-
fication at all audio frequencies.

e success which attended the
use last year of fixed wire-wound
resistances in the output voltage
divider, a practice more generally
followed by plate supply manufac-
turers this season, has prompted
the retention of that method of
voltage division. However, as it
was desired to provide even closer
voltage adjustment than was pos-
sible by the use of fixed taps on the
output resistance, movable clamps
have been provided for the C-volt-
age tap and for all B-voltage taps
but the maximum. These clamps
are not variable in the sense of vari-
able resistances with knobs outside
the case where they can be continu-
ally tampered with. The clamps
may be moved back and forth, with
the radio set in operation, until the
correct positions are reached. This
condition may be indicated either
by using a high-resistance voltmeter
with a resistance of at least 1000
ohms per volt or by ear in conjunc-
tion with the adjacent scale of ap-
proximate voltages. Each clamp
is then fixed permanently in place
by tightening the thumbscrew.
With the tubes in use at present
there is never any need to keep
adjusting the plate voltages every
few minutes, as one is tempted to
do when there are control knobs
outside the case. Line voltage
variations seldom cause changes in
output voltage sufficient to affect
the set's performance. According-
ly, once the clamps have been set
they need never be moved unless
the plate supply is to power another
set requiring different currents or
voltages.

A further advantage of the
clamps is that they permit a saving
of output voltage taps, with a con-
sequent lowering of price. While
receiving sets rarely require over
four different plate voltages, those
four may be any of seven or

more, namely, 2214, 45, 6714, 90,
135, 15714, 180, or choose your
own. The price is materially re-
duced by replacing seven or more
fixed voltage taps, which would in-
evitably vary slightly about their
nominal values as current loads
change, by four adjustable voltage
taps, which can be set exactly as
desired. Likewise, the single ad-
justable C-voltage tap takes the
place of three or more fixed taps.
When it is remembered that each
tap must be bypassed by a con-
denser of at least 1 M.F. capacity,
the saving is obvious.

e positive B-voltage taps pro-
vided are B+ DET, B+ AMP,
B+ PWRI, and B4 PWR2, and
the C-voltage tap is C— PWR.
B+ DET supplies detector or inter-
mediate frequency amplifier tubes,

B+ AMP supplies radio, intermedi-
ate or audio amplifier tubes, B-}-
PWRI supplies radio or audio am-
plifier or power tubes, and B+-
PWR2 supplies power tubes. If it
is preferred not to use on the power
tube the full voltage available at
B4 PWR2 any desired lesser volt-
age may be obtained at B+ PWRI
by adjusting the clamp. Grid bias
or the power tube is obtained from
C— PWR whether its plate is sup-
plied from B+ PWRI or B+
PWR2.

Type 445 unit is licensed by the
Radio Corporation of America for
radio amateur, experimental and
broadcast reception only, and under
terms of the R. C. A. license the unit
may be sold only with tube. The
price, including a UX-280 or CX-
380 tube is $60.00

Design and Use of Attenuation Networks
By HORATIO W. LAMSON, Engineering Department

GENERAL RADIO TYPE 329

VARIABLE ATTENUATION NETWORK

In the laboratory devoted to
communication engineering the need
is often felt for an instrument where-
by a given signal may be weakened,
or attenuated, by a definite known
amount. For instance, it may be
convenient to measure one signal in
terms of another by decreasing the
louder until both are of the same in-

SOuRCE SINK

tensity, a procedure frequently used
in measuring the gain in amplifiers
or the attenuation in line circuits.
One method of doing this is illus-
trated in Figure 1, which shows
the familiar form of potentiometer.
A fixed resistance, R, is connected
across the terminals of the source,
while a variable portion, r, of this
resistance is connected across the
sink into which the attenuated signal
is fed. If this sink is a voltage-
operated device, drawing no current,
the potential at its input terminals
will be equal to the output voltage
of the source multiplied by the sim-

ple ratio */gr. The impedance
of the potentiometer, viewed
from the source, will, of course,
be equal to R, and should be
made equal to the characteris-
tic impedance of the source,
viewed from its output ter-
minals, if optimum working
conditions are to be attained.
Under these conditions the at-
tenuation of the potentiometer
may readily be calibrated in
terms of T. U. (transmission
units). If, however, the sink is
a current-consuming device, then the
expression for the attenuation of the
potentiometer becomes more com-
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plicated, involving the characteristic
impedance of the sink. Furthermore,
the impedance of the potentiometer,
viewed from either end, is a variable,
changing with each setting of the
adjustable contact. This will give
rise to electrical reflections which
will tend to produce wave distortion
and kindred troubles.

If, however, we wish to produce a
distortionless and easily computable
attenuation between a source and
sink, each having the same charac-
teristic impedance Z, we may make
use of the attenuation network
shown in Figure 2. This so-called
H-type network comprises four equal
series resistances X, and an ad-
ditional shunt resistance element Y,
connected between the source and
sink in the symmetrical manner
indicated. If such a network is
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intended to introduce a definite
number, N, of transmission units
of attenuation, then, the values of
X and Y may be computed from

the equations:
k1

Xt e 1
2
¥z ($)
e
L

where k = ——— > 1|

INSIDE VIEW OF TYPE 329
VARIABLE ATTENUATION NETWORK
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the

ratio of the current, lo, leaving
the source to the current, I, entering
the sink.

Expressed in terms of transmis-
sion units:

N

= N2o — . e A
k 10 antilog 20
where N equals the number of T.
U.’s attenuation.

A single such network offers, of
course, a definite amount of attenua-
tion determined by the values of X
and Y. If, however, all five

branches of the network are made
indicated

adjustable by steps, as

schematically in Figure 3, and if the
five switch arms are moved in uni-
son to the corresponding switch
points, then, by a proper calibra-
tion of the X and Y branches, the

characteristic impedance Z of the {§

network  may be maintained con-
stant while its attenuation is varied
by any desired steps.

In certain lines of work it may
be desirable to ground the center
point of the Y shunt branch. This
can be accomplished by using a net-
work with six adjustable switch
arms, as indicated in Figure 4,
wherein the shunt resistance Y is

%
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CHARACTERISTIC TOTAL
L IMPEDANCE ATTENUATION NEQ ke
329-H 600 55 TU $220.00
329.3% 600 55 TU $240.00
320K 6000 ~ s8TU $235.00
320.L* 6000 55 TU $255.00
329-M 600 22 TU $230.00
329-N* 600 22TU $250.00
3290 6000 22 TU $240.00
329-P* 6000 22TU $260.00

The types marked * are provided with a center tap for the Y branch, as indicated

in Figure 4.
may be built to order,

A limited number of certain of these types are carried in stock; others

bisected into two equal parts.

The General Radio Company
has developed a series of atten-
uation networks operating on
these principles. FEach instru-
ment, as shown in the illustra-
tions, contains two decade H
type networks which may be
used individually or joined in
series. In one series of these in-
struments the decades are cali-
brated in steps of 5 T. U. and 0.5
T. U. respectively, giving a total
attenuation of 55 T. U.; while in
the second series, the decades are
calibrated in steps of 2 T. U. and 0.2
T. U, giving a total attenuation of
22 transmission units. These instru-
ments may be obtained calibrated
for a characteristic impedance of
either 600 ohms or 6000 ohms, as
desired. The table on the bottom of
this page gives pertinent data.

GENERAL RADIO TYPE 249
ATTENUATION BOX

Instead of varying attenuation by
the adjustment of the five branches
of a single network section, as
hithertofore described, the same re-
sults may be obtained by adding
two or more fixed sections in series.
The method of doing this, with H
type sections, is illustrated in Figure
5. A four-pole double-throw switch
serves to insert or remove each par-
ticular section at will. Given the
characteristic impedance and the de-
sired attenuation in Transmission
Units of such a section, the necessary
values of the X and Y branches may
be computed directly from the pre-
vious equations.

In place of the symmetrical H-
type network, it is frequently per-
missible to utilize the simpler but un-
balanced T-type networks for at-
tenuation purposes after the man-
ner indicated in Figure 6. Here a
double-pole double-throw switch
suffices to throw each section into or
out of circuit. The resistance values
are calculated in the same manner,
except that each of the two X
branches has, obviously, the value
2X in order to maintain the same
total series resistance in the net-
work.

For certain types of experimental
work an adjustable attenuation box
having one T. U. as the smallest unit
is sufficient. Accordingly the Gen-
eral Radio Company has devel-
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oped a series of Type 249 Attenua-
tion Boxes containing six or eight
fixed sections which are controlled
by individual switches. While this
type does not permit as rapid ma-
nipulation as the Type 329 net-
works, it is, nevertheless, quite sat-

isfactory. The illustration shows
the appearance of one of these
oxes.

" e ¢ l_—l._f—L
S T ré%
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The eight section boxes are cali-
brated in steps of 1-2-3-4-10-20-30-
40 T. U., affording thereby a total
attenuation, by one T. U. steps, up
to 110 T. U. The six section boxes
are calibrated in steps of 1-2-4-8-16-
32 T. U, totalling 63 T. U.

The following types are built to

order:
Type No. No..of Type.vf Ch‘i:ic:“' Price
Sections | Section Ipedaics Net
249-A | 6 H 600 | $100
249B | 6 H | 6000 |$110
349C | 6 i 600 | $90
249D | 6 T | 6,000 |$100
(249H | 8 | H | 600 |$120
249-J | 8 | H 6,000 |$150
249T | 8 | T 600 |$100
249U | 8 | T | 6000 |$130

Standards of Inductance
Standards of Resistance
Standard Condensers
Precision Condensers and
Wavemeters
Variable Air Condensers
Decade Resistance Boxes
Telephone Transformers
Vacuum Tube Oscillator
Radio Frequency Oscillator
Tuning Fork Oscillator

Department of the
equipment on special order.

WRITE FOR GENERAL RADIO LABORATORY CATALOG “X”’

of the

Fullfilling the Needs

Communications Laboratory

The laboratory devoted to the many and varied problems covering the
broad field of communication engineering requires a large assortment of
precision apparatus.
The General Radio Company specializes in the design and construction
of such equipment as:

Thermo-Couples Capacity Bridges
Hot Wire Meters Impedance Bridge
Galvanometers Vacuum Tube Bridge
Galvanometer Shunt Bridge Circuits for
Vernier Condenser Cable Testing and
Audibility Meters Other Purposes
Wavemeters Decade Condensers
Oscillograph Miscellaneous
Vibration Apparatus
Galvanometer Piezo Oscillator
Variometers Artificial Cable Units

General

In addition to the standardized equipment listed above the Engineering
Radio Company designs and constructs

Artificial Telephone
Lines

Attenuation Networks
Lab. Potentiometers
Ohmmeters
Amplification Test Set
Beat Frequency

Oscillator
Laboratory Amplifier
Transformers, Fixed

and Adjustable
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Power Amplification

By C. T. BURKE, Engineering Department

Unlike the grid circuit of
a vacuum tube, a loud-
speaker consumes a consid-
erable amount of power. The
action of the last stage in
the audio amplifier is there-
fore different from that of
any preceding stage.

In order to understand
clearly the difference in the
action of the last amplifier
stage, it is necessary to con-
sider load impedances in the
several stages and the cur-
rent delivered to them.
When amplification per stage
is spoken of, voltage ampli-
fication is usually meant. It
is customary to speak of the
vacuum tube amplifier as a
purely voltage device. This is not
strictly true in any stage and is far
from the truth in the power stage.
While the grid of the tube operates
on voltage alone, the plate must de-
liver power. The objection to the
specification of voltage amplification
alone is evident when an amplifier
feeding a load of 100,000 ohms is
compared with one feeding a load of
2,500 ohms. It is proper to refer to
voltage amplification alone, only
when the load impedances are equal;
otherwise the load impedances should
be specified or a correction applied.
When an output transformer is used,
the voltage across the primary of the
transformer rather than across the
speaker should be considered as the
output voltage on considering volt-
age amplification.

The power consumed in the stages
of the amplifier prior to the last is
not generally appreciable. While the
current delivered by the secondary is
negligible, exciting current and trans-
former losses must be supplied by

THE
AMPLIFIER, A VERY EFFICIENT AND CONVENIENT
UNIT TO USE IN BUILDING POWER AMPLIFICATION.

NEW GENERAL RADIO TYPE 441

the plate circuit of the preceding
tube.

The power requirements of the
speaker, however, are large. Some
of the power delivered is lost in the
speaker windings, but most of it is
transformed into sound waves and
radiated. Current is required to
actuate the speaker, and modern
speakers are comparatively low im-
pedance devices. This requires an
impedance adjusting transformer in
the plate circuit of the last tube,
which involves a considerable step-
down in voltage. The last stage of
the amplifier must be capable of de-
livering an amount of power to the
speaker commensurate with the vol-
ume of sound desired without over-
loading the tube if quality is to be
preserved. In order to meet this
requirement, a power stage should
precede the speaker.

It is perhaps necessary to distin-
guish between a power amplifier and
a powerful amplifier. A power am-
plifier cannot be applied successfully

PUSH PULL

directly after the detector;
one or more stages of volt-
age amplification must pre-
cede it. The greater the
power rating of the ampli-
fier, the more the voltage
amplification required to pre-
cede it, as a general rule.

Receiving set power am-
plifier tubes range all the way
from the —20 type with an
undistorted output of about
100 milliwatts to the —10
type with an undistorted out-
put of about 1500 milliwatts.
As each of these tubes differs
as to input requirements, the
choice of the power amplifier
will depend on the rest of the
amplifier. If sufficient signal
voltage is not available to operate
the power amplifier satisfactorily,
nothing is gained by adding it. [t
is, therefore, necessary to consider
the first part of the amplifier in de-
signing the power stage.

Too great voltage amplification in
the audio amplifier should not be at-
tempted, as undue noise and an un-
stable amplifier is likely to result.
The audio amplifier should not be
depended on for distant reception;
that is the function of the radio fre-
quency system.

For satisfactory amplification the
detector output should be one-tenth
to five-tenths volts (across the pri-
mary of the first coupling unit). Signal
strengths of less than the lower value
should be increased by radio fre-
quency amplification, those greater
than one-half volt should be cut
down by means of a volume control,
otherwise the detector is overloaded.
Obviously, the only proper place for
the volume control is in front of the
detector. Volume controls across the
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audio transformer secondaries, or
the speaker, are poorly placed.

Assuming a signal of 0.2 volt, and
a voltage amplification of 20 (one
stage low-ratio transformer and tube)
there is available for operating the
power stage 4 volts. Assuming a 2
to | step-up for the input trans-
former to the power tube, 8 volts is
available at the grid of the power
tube. Tube data tables show the
output under these conditions with
various tubes to be as follows. Power
is in milliwatts in each case. As the
plate voltage available is generally
limited, the plate voltage required is
also given. If lower plate voltages
are used the input must be reduced
to avoid over-loading, and, as will
be observed, this is an important
factor in choosing the amplifier tube.
This data is calculated from vacuum
tube data tables and represents ap-
proximate average values.

Signal Voltage 8

Power Plate
Tube Output Voltage
201A 50 135
120 15 67
112 120 135
171 28 67
210 65 135

Obviously the 112 is the proper .

tube to use. Suppose, however, that
the input voltage and amplification
ratio had been such as to give 25
volts at the power tube grid. As
neither the 201A nor 112 tube can
be used on this voltage the choice re-
duces to:

Signal Voltage 25

Power Plate
Tube Output Voltage
120 110 135
171 350 135
210 950 350

In comparing the 171 and 210
tubes it should be noted that under
these conditions the 210 requires a
plate voltage of 350 as compared to
135 for the 171. In order to oper-
ate with 135 volts on the plate of
the 210, the input voltage would
have to be cut to 9 volts with the
volume contol, when the output
would become but 65 milliwatts.

Increasing the input still further to
35 volts, only the 171 and 210 tubes
may be used, the 171 giving 530
milliwatts output with 170 volts
plate, and the 210 giving 1500 milli-
watts with 425 volts plate. Again
comparing the outputs for equal plate
voltage, we find that the output of
the 210 is only 140 milliwatts at 170

volts plate.

“The 171 tube will take a maximum
input of 40 volts with 180 volts
plate, giving a 700 milliwatt output.

So far, only single power tubes
have been considered. Where con-
siderable power output is required,
the push-pull connection, using two
tubes in a single stage, offers many
advantages even where the output
desired is no greater than could be
obtained with a single tube.

In the “push-pull” stage, two
tubes are so connected that their
power outputs add. Any type of
tube may be used, the choice of tube
depending on the same consideration
outlined as applying to the single
tube type. Thus the push-pull con-
nection might be used with —12 type
tubes when the input voltage is too
low for operating a tube of the —71
type satisfactorily, but when greater
power is required than is obtained
from a single —12 type, —71 tubes
might be used in order to obtain a
greater power output than is possible
with a single 210 without the high
plate voltage needed for that type of
tube, or 210 tubes might be used
where a _power output of several
watts Wwas required.

Referring to the diagram the large

arrows show how voltages impressed
across the input are added in phase
in the output. The smaller arrows

I
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show the course of voltages which
are in phase in the grid circuits.
These voltages cancel out and do not
appear in the output. This fact is
of great importance in the operation
of the amplifier as it permits a greatly
increased power output. Tube over-
loading, so long as grid current does
not flow, is due to the amplifier
working over a curved portion of its
characteristics, introducing harmonics
of the original frequency. As these
harmonics are in phase, they cancel
out and do not appear in the output.
The working range of a tube is not
limited to the straight portion of the
characteristic when used in a push-
pull amplifier. So greatly is the
power output increased by this fact,
that the maximum undistorted out-
put from the push-pull amplifier is
not twice but five to seven times that
of a single tube. This feature is of
particular importance when working
into the low impedance load pre-
sented by most of the modern high

= | 5
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quality loudspeakers, since the effect
of a low impedance in the plate cir-
cuit is to increase the curvature of
the tube characteristic, and lessen its
capacity for undistorted power out-
put.

If alternating current filament sup-
ply is used a further advantage of the
push-pull connection appears, be-
cause hum voltages in the two tubes
are in phase and therefore their fun-
damentals and odd harmonics cancel
in the output. The result is a much
quieter amplifier than is possible
using a single tube.

For use with the Type 441 Push-
Pull Amplifier, illustrated, the Gen-
eral Radio Company recommends
the type —26 tubes. The maximum
undistorted power output of the am-
plifier with these tubes is greater
than a single type —71 tube, and the
unit possesses the further advantage
of quiet operation on alternating
current supply, and a greater gain
than is possible with a =71. Due to
the latter fact the unit requires con-
siderably less signal voltage on the
tube grids to obtain maximum out-
put. This in turn requires less gain
between the detector and the power
stage. If, however, the voltage am-
plifier has sufficient gain to deliver
fifteen to twenty volts at the primary
of the input transformer —71 type
tubes can be used in the push-pull
amplifier with excellent results.

As is usual when using a power
stage, the gain in voltage is compar-
atively small, about 6 from the
primary of the input transformer to
the speaker terminals. The gain from
the primary of the input transformer
to the primary of the output trans-
former is about 20. It should be
remembered, however, that very
little power is delivered to the input
transformer, while several hundred
milliwatts are delivered to the
speaker.

The input impedance of the type
441 unit is 30 henries. The turns
ratio of the primary of the input
transformer to the entire secondary
is | to 4.5. There is a step down of
about 3.5 to one in voltage in the
output transformer to adapt the
tubes to the speaker impedance.
This gives the proper impedance
ratio for —26 type tubes. When
using the —71 type better results will
be obtained if the speaker is con-
nected between one plate terminal
and the center of the primary of the
output transformer. The resistance
of the output transformer primary is
so low that little direct current flows
in the speaker under these conditions,
and no stopping condenser is re-
quired.
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Definition of the Transmission Unit

By Horatio W. Lamson, Engineering Department

The use of the Transmission Unit (TU)
as the proverbial “ yardstick” for measuring
the gain or degree of amplification in am-
plifiers, the loss in any type of transmission
circuit, or for comparing the strength of two
signals, is becoming so universal that we
believe a definition of this unit will be of
interest to our readers.

Let us consider, for the sake of a con-
crete example, the case of the push-pull
amplifier illustrated by the diagram in Mr.
Burke’s article in this issue. In order for
this instrument to function, a certain
amount of alternating current power, PIl,
measured, if you will, in milliwatts, must be
supplied to the input terminals of the am-

in milliwatts, ‘delivered to the loudspeaker
from the output terminals of the amplifier.
P3
The quantity — is called the “Power
l

1
Ratio” of the amplifier. To express this
power ratio in transmission units we make
use of the relation:
Pz n Pz
= = or N = 10 log ==
P 1010 & i
That is, the number of transmission units,
N, is equal to ten times the logarithm (to
the base 10) of the power ratio.
A conversion table is printed below giv-
ing the relation between transmission units
and the power ratio gain or loss. From

is 5.01, or that there is a loss of 2.6 TU in
a telephone line when the power ratio of
the same is 0.550, etc.

For power ratios greater than 10 or less
than 0.1, we may use the same table by
following the proper one of the four pro-
cedures described below:

1—Divide the power ratio gain by ten
and add ten to the corresponding number
of TU.

2—Multiply the power ratio loss by ten
and add ten to the corresponding number
of TU.

3—Subtract ten from the number of TU
gain and multiply the corresponding power
ratio gain by ten.

plifier. There will be, in this case, a great- this we see, for example, that an amplifier 4—Subtract ten from the number of TU
er amount of power P2, likewise measured has a gain of 7.0 TU when its power ratio loss and divide the power ratio loss by ten.
No.oF | Power RATIO | No.oF | Power RaTio | No.oF | Power FPATIO
T.U. |GAIN | Loss | T.U. |GAIN | Loss | T.U. |GAIN |l oss
0.1 1.023 S iars 3.6 2.29 437 7 5.13 195
0.2 1.047 955 3.7 2.34 .42? 7.2 .29 L]
0.3 1.072 .933 3.8 2.40 41?7 Lok 537 .186
0.4 ].096 .912 3.9 2.45 .40? 7.4 3.50 182
0.5 1.122 .89l 4.0 2.51 .398 7i5 5.2 178
0.6 1.148 871 4.1 &.9¢7 389 7.6 5.75 174
0.7 1.175 .851 4.2 2.63 .380 2.7 5.89 170
0.8 /1.202 .832 4.3 2.69 372 7.8 6.03 166
0.9 1.230 .813 4.4 2.75 .363 7:9 6.7 Je2
1.0 1.259 . 794 4.5 282 355 8.0 6.3/ 158
b 1.288 .27 4.6 2.88 .347 8.1 645 155
12 1.318 .59 4.7 295 339 8.2 6.6/ .151
1.3 1.349 . 741 4.8 3.02 :331 8.3 6.70 .148
1.4 1.380 .724 4.9 3.09 324 84 6.92 144
10 1.413 . 7208 5.0 3.16 316 8.5 2.08 .14
/.6 1.445 .692 5.1 3.24 .309 8.6 7.24 .138
1.7 1.479 676 5.2 3.31 .302 8.7 241 135
1.8 /1.514 66l ) 339 295 8.8 ) .132
3 1.549 645 5.4 3.47 .288 89 7.76 129
2.0 1.585 631 55 3.55 282 9.0 7.94 126
25l ].e22 .6l? 56 3.63 LS el litg it 123
2.2 |.660 .603 5.7 302 269 2.2 8.32 120
2.3 1.698 589 58 3.80 .263 9.3 8.5/ 118
2.4 1.238 90 5.9 3.89 257 9.4 8.71 5
25 1.778 Se2 6.0 3.98 291 9.5 8.91 2
2.6 1.820 550 6.1 4.07 245 9.6 92 1o
. ].862 53?7 6.2 4.7 .240 9.7 9233 .10?
28 /.906 525 6.3 4.27 .234 98 955 .105
2.9 1.950 513 64 4.37 .229 9.9 977 102
3.0 17995, .501 6.5 4.47 .224 10.0 10.00 100
3.1 2.04 .490 6.6 4.57 .219 20.0 100 .0l
3.2 2.09 479 6.7 4.68 214 30.0 4,000 .00/
3.3 2.14 .468 6.8 4.29 .209 40.0 /0000 .000/
3.4 2.19 .457 6.9 4.90 .204 50.0 /00,000 .0000/
3.5 | 2.24 447 7.0 5.0 200 60.0 |/000,000 | .000007
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VITAL FACTORS

in attaining

High Quality Reproduction

High quality reproduction depends upon three
things; correctly designed coupling units, proper use
of amplifier tubes, and an efficient reproducing device.

For over a decade the subject of audio frequency
amplification has been extensively studied in the labora-
tories of the General Radio Company with particular
attention given to the design of coupling units.

As a result of this exhaustive research the General
Radio Company has been, and is, the pioneer manufac-
turer of high quality Audio Transformers, Impedance
Couplers, and Speaker Filters.

If the amplifier of your receiver is not bringing
out the rich bass notes and the mellow high tones as
well as those in the middle register why not rebuild
your amplifier for Quality Reproduction with General
Radio coupling units.

Type 285
TYPE 285 AUDIO TRANSFORMERS

These transformers give high and even amplification of
all tones common to speech, instrumental, and vocal music.
Available in two ratios.

Type 285-H Audio Transformer 1 to 6__Price $6.00
Type 285-D Audio Transformer 1 to 3__Price $6.00

TYPE 367 OUTPUT TRANSFORMER

This unit adapts the impedance of an audio amplifier to
the input of any cone type speaker, thus promoting better tone
quality and protecting the speaker windings against pessible
damage from A. C. voltages. Similar in appearance to the
Type 285.

Type 367 Output Transformer__________ Price $5.00

— ype 318
TYPE 373 DOUBLE IMPEDANCE COUPLER

Many prefer the impedance coupling method of amplifi-
cation to resistance coupling as lower plate voltages may be
used and greater amplification may be obtained. The Type
373 is contained in a metal shell and connected in a circuit
in precisely the same manner as a transformer.

Type 373 Double Impedance Coupler___Price $6.50
TYPE 387-A SPEAKER FILTER

The Type 387-A consists of an inductance choke with
condenser. It offers a high impedance to audio frequency cur-
rent and forces these currents to pass through a condenser
into the speaker, thereby improving tone quality and protect-
ing the speaker windings.

Type 387-A Speaker Filter_____________ Price $6.00

Write for Series A
of amplification
booklets describing
various amplifier
units

General Radio Co.

Cambridge, Mass.

Type 445

Type 441
TYPE 441 PUSH-PULL AMPLIFIER

TYPE 445 PLATE SUPPLY AND BIASING UNIT

The Type 445 meets the demand for a lho_rough]y depenl_l- The Type 441 is completely wired and consists of two high

able light socket plate supply and grid biasing unit that is
readily adaptable to the tube requirements of any standard
type receiver. Any combination of four voltages from 0 to 180
may be taken from the adjustable “B” voltage taps. A variable
grid bias voltage from 0 to 50 is also available. The unit
is designed for use on 105 to 125 volt (50 to 60 cycle) A. C.
lines and uses the UX-280 or CX-380 rectifier tube.

Licensed by R. C. A. and through terms of the license
may be sold with tube only.
Type 445 Plate Supply and Grid Biasing

TG Ee SN 50 BRSO v | vl SR Price $55.00
Type UX-280 or CX-380 Rectifier Tube Price $ 5.00

GENERAL RADIO

quality push-pull transformers, with necessary sockets and
resistances mounted on a nickel finished metal base board.
It may be used with any power or semi-power tube to increase
the undistorted output of the amplifier with the result that
better quality is reproduced from the loudspeaker with more
volume than is obtained from other methods of coupling.

Licensed by the R. C. A. and through terms of the license
may be sold with tubes only.

Type 441 Push-Pull Amplifier_________ Price $20.00
Type UX-226 or CX-326 Amplifier Tube, Price 3.00
Type UX-171 or CX-371 Amplifier Tube, Price 4.50

PARTS and
ACCESSORIES
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An A.C. Operate mplifier with
a High Quality Power Output

By A. R. WILSON, Service Department

For those people who
demand the most perfect
reproduction obtainable,
a power amplifier is a ne-
cessity. A power amplifier
is not intended primarily
to increase the volume of
a set but rather to make
use of amplifying tubes
capable of many hundred
timesthe power delivery of
the ordinary 201-A Type.
When a large amount of
energy is delivered to the
speaker, low notes and
overtones, which hereto-
fore have been either in-
audible or distorted, are heard with
a fidelity that is really remarkable.

Now we are concerned, prior to
the input of the last tube, in securing
a voltage amplification gain, but at
the end of the amplifier we have a
device, our loudspeaker, which re-
quires real physical energy to operate
it satisfactorily; hence, the power
tube.

The introduction of the UX-210
power tube has meant much in the
advancement of quality reproduction
and when this type of tube is used
in a push-pull system, which has the
advantage of minimizing or eliminat-
ing most of the harmonic distortion
caused by the tubes themselves, the
reproduction becomes almost per-
fect. The push-pull system also has

=
5
(]
g
-3
2

2
=
o)
<
<
z
S

=

Figure 1

THE GENERAL RADIO A C POWER PACK

the advantage of increasing the
power output four or five times. To
a certain extent, the greater the
power output the better the quality.
An unusual fortissimo passage finds
the tube handling it with ease, like
the hill climbing ability of a high
powered motor car. There is enough
energy to give the bass notes color
and intensity with some to spare.
Why all this power? Let us draw
an analogy. Today there is less and
less opportunity of driving fast on
the public highways and yet greater
power is a feature of all motor cars.
It is much more comfortable to drive
a seventy mile-an-hour car at thirty-
five miles an hour than to drive a
fifty mile-an-hour car at the same
speed. It is the flexibility, the sense

of reserve, which makes
the more powerful car de-
sirable. This applies to
radio. With the 210 type
of tube the reader is liter-
ally loafing along, even
when strong volume is be-
ing used.

The General Radio
power pack is a complete
two stage A. C. operated
amplifier, adaptable for
use after the output of the
detector tube or with a
phonograph magnetic
pick - up, utilizing trans-
formers with a UX-226
tube in the first stage and two UX-
210 tubes in the last stage. The rec-
tifier system has been designed to
furnish approximately 750 volts DC
when two UX-281 rectifying tubes
are employed.

The voltages placed on the plates
of the two UX-210 tubes have
been made adjustable over a wide
range as it was felt that the
common practice of connecting the
plate of the last stage tube directly
to the high voltage side of the recti-
fying system was not in keeping with
the maximum efficiency. In similar
devices the grid voltage for the last
tube is usually obtained by the volt-
age drop through a resistance placed
in the grid return. This resistance is
usually variable and any adjustment
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of it affects the plate voltage, con-
sequently the final adjustment is
more or less an arbitrary value for
both grid and plate voltages. By
making the plate voltage variable
over a wide range, it permits the
tubes to be operated at their maxi-
mum efficiency regardless of the

load.

The direct current available from
the rectifying system is approxi-
mately 200 milliamperes. A high
current output makes for better volt-
age regulation and will easily supply
sufficient current to operate a multi-
tube set with a great reserve of
power.

The construction and placement
of parts in the General Radio power
pack is evident from Figure 1. The
1'10-volt supply from the house light-
ing mains is fed into the transformers
which step the voltage up several
This high voltage
alternating current is then rectified
by two UX-281 rectifying tubes and
passed through a filter consisting of
one Type 366 choke, two 4 mf.
The out-
put is pure direct current such as
could be obtained from a sufficient
supply of B batteries. This high volt-
age is then passed through two Type
446 resistors connected
which makes any desirable voltage
available by means of adjustable
sliders. The last stage amplifier,
is the General Radio Type 441 Push-
Pull Amplifier. This consists of two
transformers, sockets, and all neces-
sary parts, completely wired and
mounted on a metal baseboard. This
simplifies construction somewhat as
it eliminates quite a bit of wiring.

The wiring is all straightforward
and simple.

hundred times.

and one 2 mf. condensers.

in series,

The only precaution
needed is to place some sort of guard
over the high voltage side of the
power transformer and to use rubber
covered wire for all connections.
Under no circumstances should any-
one attempt to make any adjust-
ments without first turning off the
electric current.
(Continued on page 4, column 2)
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Figure 2

of AC Power Pack

Sch ic Wiring Di

LIST OF PARTS

3 General Radio Type 365 Transformers.
1 General Radio Type 366 Choke.

I General Radio Type 441 Push-Pull Am-
plifier (completely wired).

2 General Radio Type 446 Resistance
Units.

| General Radio Type 285 D Transformer.
3 General Radio Type 349 Sockets.
2 General Radio Type 439 Centre Tapped

Resistance Units.

I General Radio 6 Ohm Resistance Strip
capable of carrying one Ampere.

1 2000-volt 2mfd. Condenser.

3 1000-volt 4mfd. Condensers.

3 500-volt | mfd. Condensers.

I Imfd Condenser.

| Variable Resistance 2000 ohms.
| Baseboard 12 x 20.

Misc. wire screws, bolts, etc.

1000V,
2nE anf aME 4ME

ed d do

Figure 3
Pictorial Diagram of the General Radio Power Pack
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THE SYNCHRONOMETER

By H. W. LAMSON, Engineering Department

THE SYNCHRONOMETER WITH THE TYPE 467 SYNCHRONOUS DRIVING FORK

An example of the special equip-
ment which the General Radio lab-
oratories are developing from time to
time is to be found in the recently
perfected Type 473 Synchronometer.

This machine is nothing more than
an accurately timed automatic trans-
mitting key which, in the model
shown in the illustrations, is designed
to close a pair of electrical contacts
for a brief interval once in every five
seconds. It has, however, a special
feature in that, while the duration of
contact can be adjusted at will to any
value between .05 seconds and .50
seconds, the beginning of the con-
tact interval, or in other words, the
“nose” of the signal, always occurs
exactly at the zero point on the scale.

The complete outfit comprises two
instruments: th e Synchronometer
proper and the synchronous driving
fork. (Type 467).

The Synchronometer carries a
black bakelite dial, the circumference
of which is graduated into one-sec-
ond intervals, each second being, in
turn, subdivided into twenty spaces.
A clock hand, painted white for clear
visibility, sweeps over this dial, keep-

"ing exact time when the proper ad-

justments have been made. The
shaft carrying this hand is driven at
a uniform speed by a small synchron-
ous motor coupled to the shaft
through a 50:1 reduction worm
drive. The interior view shows the
motor and the driving mechanism.
The motor has two poles and a ten-
tooth rotor, and hence a synchronous
speed of 600 revolutions per minute
when driven by 100 pulses of cur-
rent per second. The extremities of
the two field coils terminate in a pair

of jacks on the upper panel of the
instrument.

An insulating disc bearing an an-
nular metallic segment is mounted
upon the vertical shaft carrying the
clock arm. Two spring contacts press
radially against this segment. One
of these is mounted in a fixed posi-
tion which determines the “nose” of
the signal. The second brush is
mounted upon an arm which may be
swung a certain angular distance
around the shaft as a center. This
brush determines the instant at which
the circuit between both brushes
through the revolving segment is in-
terrupted and, hence, the duration of
the interval of contact. In the front
left hand corner of the upper panel
will be seen a thumb screw for swing-
ing this arm and clamping it in any
desired position. The two brushes
are connected to a second pair of
jacks mounted upon the top panel
whereby this time interval key may
be connected into any desired circuit.

A second identical clock hand,
known as the index hand, is mounted
directly beneath the motor-driven
hand. This index hand, which is
normally stationary, is carried by a
hollow shaft upon which is mounted,
directly beneath the panel, a large
grooved pulley. In the front right
hand corner of the panel is located
a hand knob which carries a small
pulley beneath the panel. A belt of
twine joins these two pulleys. Thus,
by manipulating this knob, the index

DETAIL VIEW OF TYPE 473 SYNCHRONOMETER
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hand may be set at any desired posi-
tion on the scale.

The purpose of the index hand is
as follows:—Suppose that the auto-
matic signal, transmitted at zero time
on the scale, sets in motion a train of
mechanisms which, at some later
time, produces a second signal, pref-
erably audible in nature. The oper-
ator, by setting the index hand under
the position of the revolving hand at
the instant of the retarded signal, can
obviously determine the time re-
quired for the operation of the mech-
anism. If this operation can be
repeated a few times at five second
intervals, .a close determination of
the elapsed time may be made. Var-
ious applications of a device of this
sort. will suggest themselves to the
experimenter. . Obviously .a slight
change in the design of the instru-
ment will permit considerable varia-
tion in the time interval between sig-
nals:

The interrupted direct current of
100 pulses per second necessary for
driving the synchronous motor is
supplied by a 100-cycle electrically
driven tuning fork. This is mounted
in a separate cabinet which carries
also ten No. 6 dry cells furnishing six
volts for energizing the magnet of
the fork and nine volts for operating
the motor. Milliammeters are pro-
vided for measuring these two cur-
rents and a rheostat for controlling
the current to the fork magnet. The
fork draws about 20 milliamperes
and the motor about 200 milli-
amperes. An adjustable contact is
provided upon each tine of the fork,
one for interrupting the magnet cur-
rent to maintain the fork vibrations
and the other for controlling the
motor current. Both circuits may be
opened or closed by a single battery
switch. A twin conductor cord fitted
with a plug on the synchronometer
end joins the two instruments.

The accuracy of the time interval
of the synchronometer is, of course,
determined directly by the precision
with which the frequency of the fork
is adjusted to 100 cycles per second.
Small changes in fork frequency can
be made by manipulating the rheo-
stat in the driving circuit, while

greater changes are accomplished by
the adjustment of two counter-
weights mounted near the outer ex-
tremities of the fork tines. A check
upon this timing can, of course, be
made by comparing the synchro-
nometer with a stop watch. However,
if accurately regulated 60 cycle light-
ing current is available the following
procedure is simpler and more rapid.
The shaft of the motor protrudes
through the right hand side of the
cabinet and carries a disc painted
black with 12 narrow white segments
uniformly spaced around it. When
this disc is illuminated by a lighting
source supplied with 60 cycle alter-
nating current the spoked pattern
will appear stationary if the speed of
the motor is exactly 600 R.P.M. - If
the pattern, on the other hand, ap-
pears to advance in the direction of
disc rotation, the speed of the motor,
and hence the frequency of the fork,
is too high and vice versa.

A small knurled handle is at-
tached outside of this disc. This is
twirled between the thumb and fore-
finger to start the motor, which may
readily be brought up to synchronous
speed by observing the disc pattern
in 60-cycle light or by watching the
pulses of the needle on the milliam-
meter reading the motor current.

Equipment of this sort is made to
special order. Our engineering staff
will be glad to consult with any of
our readers who have need of such
apparatus.

(Continued from page 2, column I)

For convenience the 2000 ohm
variable resistor is mounted by means
of a metal bracket directly to the B—
Binding Post of the Type 441 Push-
Pull Amplifier. When AC is used to
light the filament of the tubes used
in this amplifier it is a simple matter
to utilize part of their plate current
to obtain a grid bias voltage. This
is accomplished by connecting the
C— Binding Post directly to B—
and inserting a resistance, which in
this case is a variable 2000 ohm
resistor between the C— and the
B— Binding Posts. By passing this
resistance by a condenser is some-
times helpful in reducing hum.

The filament of the Rectifier tubes

together with those of the Amplifier
tubes are lighted from the low volt-
age secondaries of the type 365
Transformers. In the case of the
UX-226 tube a fixed resistance of
6 ohms capable of carrying at least
| ampere is inserted in one of the
filament leads underneath the base-
board.

To operate this device it is simply
necessary to connect the output of
the detector tube or a phonograph
magnetic pick-up to the primary of
the type 285 D Transformer. The
reproducer is connected to the termi-
nals marked output on the type 441
Push-pull Amplifier. If it is desired,
the push-pull stage alone may be
used by connecting the output of
another amplifier directly to the in-
put terminals of the push-pull ampli-
fier.

Under normal operating condi-
tions the tubes, especially the 2UX-
281 rectifying tube and the 2UX-
210 together with the resistance unit,
should get decidedly warm. If the
plate of the 2UX-210 Amplifying
tube should get red after a period of
use it is an indication that the grid
bias voltage used is improper and
the biasing resistance should be ad-
justed until this condition disappears.”
It is almost a positive indication that
one or more filter condensers are de-
fective if the plate of the rectifier
tube turns red.

Under operating conditions, with
the primary of the type 285 D Trans-
former open, a hum should be heard
in the reproducer. This, however,
should almost disappear when the
two input terminals are shortened or
a reasonable load placed on them. In
an AC operated device of this sort it
is extremely important that the plate
and grid voltages of the amplifying
tubes be adjusted properly as this
helps materially in reducing hum;
also the cases of the various parts
should be grounded to B—. When
using a phonograph magnetic pick-
up with this device it is sometimes
helpful in removing needle scratch
to shunt the input terminals by a
fixed condenser. The proper value
can only be determined after experi-
mentation, but will usually be around

.01 mfd.
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An agreement has been made with the Radio Frequency
Laboratories of Boonton, New Jersey, whereby on certain
problems the facilities of each laboratory will be available
to the other. The most important part of the plan, how-
ever, is that Dr. Lewis M. Hull will become Director of Re-
search of both organizations, making his headquarters at our
laboratories, here at Cambndgc

Dr. Hull is well known in the radio field and particularly
for his active participation in the discussion of papers pre-

meetings of the Institute of
Radio Engineers. He received his doctor’s degree from Har-
vard University, where he specialized in physics, particularly
in radio problems, under the direction of Dr. Pierce. He has
taught at the University of Kansas, and was associated for
four years with the Bureau of Standards in the capacities
of consultant physicist, and then associate physicist. Since the
founding of the Radio Frequency Laboratories nearly six years
ago, Dr. Hull has been a member. of the organization.

Factors Governing

the Choice of Power Tubes

By C. T. BURKE, Engineering Department

The proper selection of tubes
is of primary importance in the
efficient design of an amplifier,
that is, in obtaining an amplifier
which gives the desired results at
least cost, yet the frequent appear-
ance of amplifiers in which a wiser
selection would have resulted in a
better or more economical amplifier
bears testimony to lack of considera-
tion of the factors involved.

Before considering the character-
istics of the various tubes it is helpful
to review the voltage and power re-
lations in vacuum tubes in general.
The following considerations apply

Rp

—uE_,

|

Fla. 1

Since the voltage across RL is the -
useful output voltage of the tube,
equation (2) summarizes the be-
havior of the tube as an amplifier.
The voltage amplification of the
tube and coupling device is seen to
depend on three things, the ampli-
fication factor of the tube (), the
plate impedance (Rp) and the load
impedance (RL). Increasing or
RL increases the amplification while
increasing Rp reduces amplification
The natural conclusion is that a tube
with a high p, low plate impedance
and a high load impedance will
achieve ideal results. Unfortunately,

to all types of tubes. In Fig. 1 the REg @ however, perhaps due to a particu-
plate circuit of the tube is shown. Plate current (alternating) [P — RP L RL larly regrettable oversight on - the

The voltage pEg appears across iz part of the inventor of the device,
the plate circuit as a result of the im- Voltage across RL = pEg — (2) amplification factor and plate impe-
pressed grid voltage Eg and the pEg Rp RL dance are not independently varia-
amplification factor p. Rp repre- RP +RL = pEqg RP FRL ble, but are so tied together in the
sents the internal plate impedance of design of the tube that changes tend-
the tube. RL represents the load in Power produced in Ry, = (3) ing to raise the amplification factor
the plate circuit, i. e., the input im-  pFg Ry n Eg 1 Eg? RL also increase the plate impedance.
pedance of a coupling unit or repro- Re TR X Re TR (Ref+R): Furthermore, practical considera-
ducer. RL is in most cases a react- P L P L Rp L) tions limit the impedance of the load.

ance rather than a resistance, but
it is convenient to consider it as a
resistance, and no serious inaccura-
cies are introduced.

The following relations follow
from the laws of electrical circuits.

These equations are fundamental
for all vacuum tubes, assuming the
tube to be-acting on the stralght por-
tion of its characteristic, i. e., that
plate and grid voltages are properly
adjusted.

a resistance coupling device is
used, the voltage drop in the resistor
limits its value, and cost is a limiting
factor when using other forms of
coupling devices. The equation does
show, however, the desirability of
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high input impedances in the coup-
ling device. In practical tube design,
a compromise is made between am-
plification factor and plate impe-
dance, resulting in several classes of
tubes for different purposes, i. e.,
the “high mu” type where a high
load impedance is used, the ‘“‘general
purpose’’ for the conventional types
of amplifier, and the power tubes
which work into a low load impe-
dance. Substitution of values in the
equation shows that despite its low
amplification factor, a tube having an
amplification of 3 and a plate impe-
dance of 2000 will have a greater
amplification per stage when feeding
a load of 2000 ohms than will a tube
having an amplification factor of 8
and a plate impedance of 10,000
ohms. An important fact to remem-
ber.

The voltage equation will also an-
swer the question frequently asked,
may a “high mu” tube be used with
coupling impedances designed for
use with general purpose tubes.
Suppose a “high mu” tube is used
with a low value of coupling impe-
dance, e. g.

p = 30, Rp = 15,000, RL = 30,000
Voltage across RL =
Ee 30<30,000

180,000

Compare with I = 8.4,
Rp = 10,000, RL = 30,000

Voltage across RL =—
A PR L LY S
40,000

The answer is evidently, that un-
der these conditions, the amplifica-
tion per stage is less than with a
“‘general purpose’ tube, if the “high
mu’’ tube is used.

Considering now the power equa-
tion, it can be seen that the power
also is increased by increasing the
amplification factor. As has been
pointed out, however, this cannot be
done without changes in the load im-
pedance. It may be shown readily
that the power output is a maximum
when the plate and load impedances
are equal. Thus the equation for
maximum power output becomes
p? Eg?

M=

Comparison of the power and
voltage equations reveals the fact
that the same load impedance is not
favorable both for obtaining a large
voltage amplification and for obtain-
ing a large power output. Thus it is
seen that the fundamental distinction
between a ‘‘voltage” and a “‘power”
amplifier is in the load impedance
connected in the plate circuit of the
tube. In the interstage coupling de-
vice, a large increase of voltage per

=50 Eg

(O

stage is desirable since the output of
the last stage is governed primarily
by the voltage impressed on its grid.
The power required from the plate
circuit of the interstage tubes is
small, only sufficient to supply losses
in the coupling device. Even with
a coupling device of as high impe-
dance as is practicable, the tube sup-
plies sufficient power for these losses.

Equation (4) represents the maxi-
mum power that may be obtained

root mean square value of the signal
voltage applied to the grid. It is
generally more convenient to con-
sider the peak value of the signal
voltage, since this is limited to a
value approximately equal to the
grid bias voltage if tube overloading
is to be avoided.

Then
" 2 Eg’

" 9Re

P max. undis. =

from an amplifier tube. The be- Wwhere Eg is the PEAK signal volt-
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havior of the vacuum tube is such,
however, that the operating charac-
teristics are somewhat affected by
the load impedance, a low impe-
dance shortening the straight portion
of the characteristic. This occurs,
and distortion is introduced if a load
impedance as low as the plate impe-
dance of the tube is used. It has been
experimentally determined that the
maximum UNDISTORTED output
of the tube is obtained when the load
impedance is equal to about twice
the plate impedance of the tube.
Substituting these values in equation
(3) we get,
2 133 2 Eg g

9 Rp
which is very little less than the maxi-
mum power of equation (4).

The result is in watts if Eg is the

P (max. undis.) =

age applied to the grid.

We are now in a position to judge
from the characteristics of the differ-
ent types of tubes as to the best
choice for a given use.

The power equation may be readi-
ly extended to include special output
combinations, i. e., tubes in parallel
and in “‘push pull” connection.

For the parallel connection, p is
unchanged, but Rp is reduced to half

hen

2 P'2 Eg?

9 RP
Rp=plate impedance of one tube,
or the output for any applied grid
voltage up to the maximum per-
mitted by the bias voltage is
doubled. The allowable maximum
signal voltage is not increased, and
the load impedance must be halved.

P max. undis. =



Toe General Rapio EXPERIMENTER

B10'DIMYAD JO £593am0) A[1d

This may be accomplished with a
suitable output coupling device.

‘We are now in possession of the
facts necessary for the proper design
of the amplifier, saving excess ma-
terial and expense as well as pre-
venting bottle necks which limit the
capacity of the amplifier at some
points,

Three factors are to be considered
in designing the amplifier-voltage
input at the detector, power cutput
desired, and the power supply avail-
able. The importance of the lact
factor is often overlooked, resulting
in the common use of tubes at too
low a plate voltage.

Fig. 2 shows the variation of
power output with grid voltage
(peak) of the standard amplifier
tubes. In the vacuum tube data table
on page 4 is shown the plate voltage
required to maintain emission at the
grid voltages specified. It is assumed
that a peak signal voltage equal to
the grid bias voltage may be used.
This is not strictly true, the maximum
allowable grid peak voltage being
slightly less than the bias voltage. It
will be further assumed that the am-
plification per stage is 0.9 . times the
transformer ratio. This relation is ap-
proximately correct, provided the
coupling device has been properly
designed.

It will be seen from the curves of
Fig. 2 that when considerable loud-
speaker power is required, the power
stage cannot operate directly out of
the detector. In order to obtain a
power output in excess of 10 milli-
watts, with any tube, a signal voltage
of about 3 is required. The signal
voltage in the detector plate circuit is
usually 0.1 to 0.5 volts. We will
assume 0.3 is an average value in the
rest of this discussion. The import-
ance of input voltage is apparent.
The importance of the power supply
as a limiting factor in the choice of
tubes will be demonstrated presently.

Examination of the curves of Fig.
2 shows that at low input voltages
the power outputs are bunched close-
ly together. On the basis of the
power required for 10 milliwats out-
put, the tubes range as follows, 112,
WD11, 210, 201A, 199, 226, 171
and 120. Up to 10 volts input, the
112 is superior to all other types. In
comparing the output of the 210
with that of other tubes, it must be
borne in mind that a high plate volt-
age is required for this tube. The
output of the 210 at 180 volts plate
is but 145 milliwatts.

The use of the curves can best be
demonstrated by discussing a few
typical cases.

Case 1.

Receiver—1 stage audio 201A
tube 1:2.7 transformer—to add a

power stage—no restrictions on
power supply. There is available at
the primary of the transformer a
signal voltage of 0.3x0.9x8x2.7
(follé)wing the assumptions stated)

(a) input turns ratio to second
stage 1:2.7; Eg—=12. Inspection of
the curves show that a 112 tube will
be overloaded at this signal voltage.
The 112 tube is so much superior to
other types at low input voltages,
however, that a greater power output
will be obtained if the signal is re-
duced sufficiently to avoid overload-
ing the 112 than if any other type of

tube is substituted.
(b) input turns ratio 1:5.95;
Eg=35

The 210 would be chosen in this
case. If the plate supply voltage had
been limited, the 171, or perhaps
two 171's in parallel or push-pull
would be used.

Case 2.
ceiver.

3-volt filament—135 volts plate

Ist. stage 1:2.7 transformer

Voltage at primary of second
stage

0.3x09x6x2.7=4.4

Voltage on tube grid (6:1 trans-
formers) 26 volts.

The battery requirements limits
the selection to the 120 tube which
would be overloaded, requiring
either a reduction in signal voltage
or the use of a lower transformer
ratio.

Suppose it is desired to operate a
separate power stage, with A. C. fila-
ment supply permitting the use of a
5-volt tube. If there is no limit to
the plate voltage, a 210 would be
used. This is another case where the
parallel or push-pull connection
could be used to advantage, to avoid
high plate voltage.

ase 3. Receiver—detector only.
It is desired to design an amplifier
to supply the full output of a 210
type tube.

The curve shows the grid swing
required to be 35 volts.

Assuming 0.3 volts in the detector
plate:

Battery operated re-

Required gain— ‘335;:1 17

(between detector and the grid of
the power tube).
Examine the following possibili-
ties.
1. 1:2.7 transformer—201A—
1:2.7 transformer; gain—53
2. 1:2.7 transformer—201A—
1:6 transformer; gain—118
3. Double impedance—201A—

Double impedance—201A—
Double impedance; gain—49

4. Double impedance—201A—
Double impedance—201A—
1:2.7 transformer; gain=—147

5. Double impedance—201A—
Double impedance—201A—
6:1 transformer; gain=330

It is apparent that neither the ar-
rangement |, nor 3 would be satis-
factory. Arrangement No. 2 would
just “‘get by,” but would not be de-
sirable as it permits no factor of
safety. Arrangement No. 4 would
be satisfactory, but some might pre-
fer No. 5 which could be worked
with lower signal voltages in the de-
tector.

New General Radio
Apparatus

TYPE 446 VOLTAGE DIVIDER

The expermenter or home set
builder who is building a plate sup-
ply unit requires an adjustable resist-
ance, in order to get the correct plate
voltages for the several tubes in his
receiving set. In the construction of
the General Radio Type 445 Plate
Supply Unit, a similar requirement
existed, and to meet it, a separate
wire wound resistance card with four
adjustable sliders was developed.
There have been so many requests to
supply this card separately that we
are now prepared to release it under
the title of Type 446 Voltage Di-
vider. The list price is $4.00.

The unit is wound in two sections,
the larger section having a resistance
of 15,000 ohms, and being provided
with three adjustable sliders. This
section is used for the plate supply.
The second section has a resistance
of 1500 ohms, and is provided with
a single adjustable slider. This sec-
tion is used for C biasing. The card,
while rugged, is thin so as to keep
inductance effects at a minimum.
Convenient mounting brackets are
provided.

ADJUSTABLE CENTER TAP
RESISTANCE

While a resistance to go across the
filament of the alternating current
tubes usually requires a tap at its
exact center, conditions often arise,
due to unbalancing, when it is desira-
ble to have the tap slightly off center.

To meet this condition, we have
developed a center tap resistance
similar to the Type 439, except that
the tap is made by means of an ad-
justable slider. This enables the tap
to be placed at the neutral point,
thus reducing hum to a minimum.

This new unit, listing for 75¢, and
designated as Type 437, is now
available for distribution.



B10°DIIAD JO £53)an0)) Ay @

T

v

Toe GeneraL Rapio EXPERIMENTER

VACUUM TUBE DATA TABLE

1 6.2
cxu 67 |-3 | 1.8 [17000] 62 85 feoss| .| .
cx 12 90 |-45| 2.6 [16000] 390 6.2 12 1150 Jr-ras |1 [45c
2.50
ux 122 |33l0e3[22 [0 [ 4 |26000] 230 [59 9 G
cX 199 45 |-1.5] 1 19500 | 320 |625 30 le-F3g
vV 129 e71-3 | L7 16500] 380 |625 CHVE e d 1 [
S 20 -45] 25 (15000 [415 [¢25 7.5 [150 |Pras|lic |32
90 [-25] 1.3 [12000 [ 33025 15 | 80
$2.25
uxi2ofaaliaol2zz| o | ( looool 320 [32 24 e |6-F a5
CxX 120 45| 4 2 185001390 |33 60 leo-psa| .. .
e2l ol 3 10 133 140 lpraalt 2 |44
90 |I6.5] 3.2 |7700 [430 [3.3 200 cod AL Rl
135 [22.5] 7 |ec00|500 [3.3 105 650
135/ 27| 55 7500430 [32 110 500
$2.50
Ux20lA | 5 |.256] 22 S |26000| 325 |84 45 8 leFss
45 [15] o |ig500/460 (8.4 28 le-pioa| .
e713 [1.5 [4000[c00 (84 20 lereu p,% 42
20 [45] 2 |i1zao0] 710 [8.5 21§ ["130 e
135 2 [ 2.5 |11000] 775 |85 50 230
180[13] 3 940 85
#2.00
uxiiz | 51512210 | LI |14500]550 | & 150 17 ESe
45 «
G G-p 1l |13 4
20 |-¢ | 2.4 |8800 |890 [2.9 40 1150 lp.eqs| '©|7C
1351-9 [ 5000 |1640 |82 120 | 55¢
157105 8 [4800 1700 [ 8.2 195 [ 850
$450
it | sis|z2|o] 4 |3scolgs0 | 3 80 co
4a5(-5| © gres
62 |12 7 LTI G T3 i
20 [-1e8] 1112500 |1z0Q | 3 110 | 680 leres| ‘e |7
135(-27] 1e |2200]1320] 2.9 350 [1500
= 180 |-405 2100 [1380[2.9 700 [2500
UX210 | & |11 |90 |-45] 3 [2700]275 |7 500] 18 | 240 Jor -
135/-9 |5 [8000]240 7.5 G4 |c00 Jc-p 8
180/-10] 2 [7000[1070 ]2 145 [1100 |e-Fr1 |_3°| g
2526/ zs0[-181 12 | 5600[1340( 75 340 [2100 2ic |58
| | l3s0i-25| 18 |5100 [1460] 1.6 950 5500 |
426[-35] 20 | 5000 [1540] 73 1500 7500
$92.00
ux 33[132[135[1L5] L5 350 300 T 4
(o is3
I [ =
ux-gez|a.aliazliso [1.s] .3 400 | GD s
(Avpio) | 12152
UX 2004 25|22 L2 |35000057020 P
45 3.5 30000670 |20 12 [ae
$4.00
N 1129 G-F 4.4
(25A) Erdel ol s
c7]-e| 1 20000/ 300 | & 8. ldap 1S |t
v 2197 -
(10zp) g 4%
130]-15] 35 500 [30 42 [ 50 8|4z
L -Gl |
(2164) > 8 vy
130l-o| 8 lcooo|980 [5.9 60 |coo e
E laslie
205D, g d
(205 23 4L
350 33 13500120001 7 890 18000
Ux 226|151 @ | 3.5 |lagon| 875! 8.2 20 >
1351 9 | 6 2400|1100 8.2 70 l'} &l
180 has) 7.5 |7000(1170] 8.2 160 U it
vur 22712 sli75| 45 2 lioooo| 8001 8
920 7 _|8000[1000] 8 O T
' .
Uxa240|sp0l.25/135!1.5] .2 | .30
180] 3 2 200] a0 NPTy
e e
e |
Ux 280
FULL-WAVE 2{:‘;5“,,’.‘;.',3.—”’ ix MAX, D.C. OUTPUT CURRENT = I;‘ - %-
RECTIFIER A(fu';L;:‘.l VOLTS 300 V| Both PLATES 125 MA.
FIL. TERM.VOLTS 725 V.
NAL:-WAVE FIL. CURRENT 125A. | pns.| O OVTPUT comnanr | ez |es
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| Note: Except for half ampere filament, UX-

112 and UX-17| characteristics _are




