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FREE leatherette carrying case
with each complete set
A C—D C—or Battery

UNIVERSAL RECEIVER

5 Sold for
M $25.00

Special
$9.75

Complete
Kit

Employs three Pentodes and one Diode Recti-
fler incorporated into an advanced desipn eircuit
utilizing the very jatest Power Speaker. Pro-
vides sufficient volume to fill the largest room.
Unusual sensitivity and selectivity permits new
DX records on a 20 foot aerlall

Recelver, factory wired and tested, with cah-
inet. $10.75.

Matched set of 4 Genuine R. C. A. Tubes $3.25

Special Offer Complete Receiver g19 g5

as listed above
SET ON DEMONSTRATION

POSTAL RADIO

135-137 Liberty St. New York
Phone and Mail Orders shipped at once
Phone REctor 2-8869

Mr. SERVICEMAN

Take a tip! Get Rider’s Volume Il of the
Perpetual Trouble Shooter's Manual. Buy
it today. Don’t wait untii you cannot repair
a receiver because you do not have the data.
FREE It you are a Service Man, write

* for the color code chart of the
resistors used in Atwater-Kent receivers. En-
close 3¢ to cover postage.
RADIO TREATISE €O., Inc.

1448 Broadway New York Clty

RADIO WORLD

Subscribers! Important!

Note subscription expiration date om
wrapper containing your copy of RADIO
WORLD. If nearing expiration date,
please send in renewal so that you will
not miss any copies. Subscription Dept,
RADIO WORLD, 145 W, 45th St., New
York City.

8 MFD. CONDENSER

We are able to offer brand-
new 8 mfd. wet electrolytic
condensers, with insulating
washers, mounting nut and
lugs at four for $1.47. These
condensers are freshly made
for us in quantity by Poly-
met Manufacturing Co. and
are highly recommended by
us for assurance of full ca-
pacity and for their rugged-
ness. They are of the in-
verted mounting type. Single
condenser, lugs, washers,
nuts. Cat. Poly-8 @......49c
Four for the price of three,
f.e., $1.47

DIRECT RADIO CO.
143 West 45th St. New York City

RCA INSTITUTES

offers resident school courses in
the following subjects:

Practical Radio Engineering
Broadcast Transmission

Sound Engineering
Commercial Radio Operating
Radio Servicing

SCHOOLS IN NEW YORK and
CHICAGO

Also extension courses for home study
on new "no obligation" enrollment plan.

Mail Coupon for Illustrated Catalog

RCA INSTITUTES, Inc.

-, B Dept. WR3
lNSIIIuI ’ New York School and Headquarters:
- INGY N. Y.

-ING/ 75 Varick Street, New York,
Chlcago School: 1154 Merchandlse Mart, Chicago, 11I.

Please send with no obligation to me:

( ) Full information on the New General Course
in Radloe.

{ ) Illustrated catalog and information about spe-
clalized resident schdol courses in radio and
allied arts,

{ ) Information about extension course for study
at home, together with illustrated catalog.

BOTH FOR
ONE YEAR

You ean obtain the two leading radlo technical magazines
that ecater to experimenters, service men and atudents,

the

monthly for one year each, at a saving of $1.50. Tme
reguiar mail subscription rate for Radio World for ene

yea
Is
tor
Tot:
R

ADiO WORLD, 145 West 45th Street, New York, N. Y

and “RADIO NEWS”

Canadian

$7.00 iz

BOOKS AT A PRICE

*““The Superhetercdyne,’”” by J. E. Anderson and
Herman Bernard. A treatise on the theory and
practice of the outstanding circuit of the day.
8pecial problems of superheterodynes treated au-
thoritatively. Per copy. (Cat. AB-BH), postpaid..50e

“Foothoid em Radle,’”’ by Anderson snd Bernard. A
simple and elementary expoeition of bhow broad-
casting is. conducted, with some receiver ecircuits
and an expianation of their functioning. (Cat.
AB-FH), postpsid .........cc0oeenn 0000000000000 23

Guaranty Radis Goods Co., 145 W. 45th 8t.. N. Y. City

first and only national radle weekiy and the leading

r, a new and faseinating copy each week for 52 weeks
$6.00. Send In $1.00 extra, get ‘“Radio News' aise
& year—a new issue each month for twelve months,
al, 64 issues for $7

All-Frequency Service from a Test Oscillator

COMPLETELY self-operated a-c
test oscillator, fundamental fre-
quencies from 50 to 150 ke, with

the line frequency, 60-cycle hum, used
as modulation but not heard except at
resonance, affords all-frequency serv-
ice, from 50 kc up. This is true be-
cause the fundamental may be used
as registered on the exclusively fre-
quency-.calibrated dial, and harmonics
may be used for any higher frequen-
cies, almost without limit. All oscil-
lators are tested up to the 28th har-
monic, but response of sufficient
intensity may be obtained even beyond
the 50th harmonic, and there are
proven cases of good results up to the
150th harmonie.

Therefore when fundamental fre-
quencies are low, as here, you may
set down the lowest, 50 k¢, as one
The test oscillator has a frequency-calibrated dial, regis- extreme. while .th.e harmonic ordgrs
tering 50 to 150 kc, while above this tier of frequencies Ve almost unlimited service to line
5 . " . up short-wave receivers, converters
are registered all the popular commercial intermediate ,.4 hroadcast receivers that respond

frequencies. So just consult the dial scale. to police frequencies.

Average Accuracy 1% or Better

The a-c test oscillator, 105-120 v., 50-60 c., uses a 56 tube, a frequency-stabilized grid circuit,
Hartley oscillator and a-c on the plate. Special pains have been taken to assure accuracy, and
the test oscillator is guaranteed to be accurate to within 2 per cent. However, at some settings
the accuracy is almost perfect, while the average accuracy is 1 per cent. or better. The 2 per
cent. rating is the extreme deviation, present in only a few instances.

Therefore in possessing one of these oscillators one knows that he has an instrument of a
degree of accuracy more than sufficient for the purposes to which the oscillator will be put, i.e.,
lining up intermediate amplifiers and padding, in superheterodynes, or lining up condenser gangs
in t.r-f systems.

The oscillator will yield sharp zero beats with carriers, and the accuracy may thus be checked
at any time against broadcast carriers. using the tenth harmonic (500 to 1.500 kc). This harmonic
is used for all broadcast frequencies. .

If any particular frequency setting that is a multiple of 50 is ascertained for a receiver or
other tested device, frequencies separated therefrom in steps of 50 kc may be registered by setting
the test oscillator at 50 kc and tuning the tested device. This is particularly handy in frequency
calibration, and for finding frequency extremes in receivers that cover some of the police
frequencies.

Get One of These Test Oscillators Free!

The main scale of the frequency-calibrated dial reads from 50
to 150. The bars are 1 ke apart from 50 to 80 kc and 2 ke
apart from 80 to 150 ke. Thus for broadcast work, using the
10th harmonic, the separation as registered by the bars i3 10 ke
from 500 to 800 ke and 20 ke from 800 to 1,500 ke. On an upper
tier the intermediate frequencies are printed: 175, 260, 400 and
450 ke, with a bar to the left of 175, representing 177.5, and a
bar to the right of 175, representing 177.5. These, with 130 en
the fundamental, represent all the popular commercial intermediate
irequencies. Any other intermediate frequency may be obtained
either directly from the fundamental, or by dividing a higher
desired frequency by the nearest whole number to yleld a fre-
nuency represented on the fundamental.

The oscillator is self-powered as
an a-c device, but may be obtained
also in battery model. The circuits
used are simplifications of the Hart-
ley oscillator and the construction
of all oscillators is under the super-
vision of graduates of the Massachu-
setts Institute of Technology, who
test each oscillator to verify its
accuracy.

The a-c model is constantly modu-
lated and yields zero beats at all
times. The battery model has a
switch at left for modulated-un-
modulated service, and yields zero
beats on unmodulated but not on
modulated service.

The a-c test oscillator parts may
be obtained free with a_ one-year
subscription for Rapro WorLp, 52
issues, one each week, at $6.00, the
regular subscription price, while the

DIRECTIONS FOR USE

Remove the four corner screws and the cover, insert the 58
tube in its socket, restore the cover and screws, connect the
a-c attachment plug to the wall socket, and the a-c test
oscillator is ready for service at broadcast freqiuencies. No
other coupling is necessary, as radiation is strong enough.
Mentally affix a clpher to the registered frequencies om the
lower tier (s0 50 1s read as 500, and 150 as 1,500), and set
thfl l(31:11!1 fox('l angfr desired rreﬁuenﬁs]'. Atbresonagce the hum

3 P wi e heard. resonance wi not be heard. ¥or test-
cost is $1.50 extra for wiring and ing intermnediate frequencies, connect the bared end of a wire
calibrating. The $1.50 is turned over to the output post of the test oscillator, other bared end of
by us to an outéiél‘ev labgratory. (tih'i-s twh-:a btomx;l;tgeofemt;lzdﬂrsta get%%torluocket.h dTibe m;lut

. nd remit etector tube T ved an. ared wire pushed into the

Order _Cat' ER_E %‘n 6 t?lbe is 72 plate spring. The intermediates then are tuned for strongest

$7.50 with order. € hum re;pgnsa. If an output meter is used, tune for greatest
extra. . needle defiection.

battery model requires a 230 The battery model is connected to voltage sources as marked

€ y q
tube, a 22.5-volt small B battery, on oscillator outleads and is used the same way, except that

d a 15-volt dry cell Order Cat. output lead may have to be wrapped around the aerial near
an N ¥ hit $7.50 with set for a few turns to effcctuate coupling at broadcast fre-
PRE-BATOW and remit $7.50 wi auencies. The modulation 1is a high-pitched note, instead
order. The 230 tube is 78c extra. of hum.

Batteries not supplied.

RADIO WORLD, 145 West 45th Street, New York, N. Y.

ALL SHIPMENTS MADE EXPRESS COLLECT.
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OFFICERS: Roland Burke
Hennessy, President and York,
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VOLUME CONTROLS

Being Shifted to Audio Channel

By Capt. Peter V. O’Rourke
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Various types of volume and tone controls.
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In A the control is not effective enough for highly sensitive cir-

cuits, and while B represents an improvement in this direction, very strong locals may be picked up even with

the arm at ground potential. C and D are controls of the volume at the audio level, while E and F are tone

controls. The plate circuit positions for the audio controls are preferable as safeguards against hum increase
at low resistance values between arm and ground or B plus.

OLUME control vogues change. There
‘/ is a reason. Formerly it was standard

to recommend that the volume control
be ahead of the detector. The principal reason
was to protect the detector from being over-
loaded. However, then came more sensitive
receivers, also automatic volume control,
and linear detectors that readily stand 25
volts or more, and in full-wave fashion 50
volts or more. This changes the situation
as follows:

(1)—The receivers are so sensitive that
there is enough pickup without any aerial,
rendering volume controls of the type shown
in A to be of small effect.

(2)—Automatic volume control tends to
protect the detector from overload, and be-
sides the new detectors (diodes) would

stand almost anything that the receiver
would put into them. " Hence volume con-
trols at the audio frequency level became
popular. They rule to-day.

Controls Ahead of Detector

Many different types of volume controls
ahead of the detector were used in t-r-f
sets. One was that shown in A, but even
so the set might be too sensitive to make
that type of control worth-while, therefore
the type shown in B might be used. This
is more effective, but some strong locals

might come in, due to stray pickup, even

when the arm of the adjustable voltage di-
vider was at ground.

When it was important to have the con-
trol ahead of the detector two facts had to

www americanradiohistorv com

be given consideration: the gain had to be
cut down and the input as well. So com-
bination controls became popular, usually
consisting of two adjustable voltage divid-
ers on a single shaft, one to cut down gain,
the other to cut down input. It was im-
portant to reduce input because .that tended
to correct for crossmodulation even in the
early tubes of the remote cutoff type, which
still permitted some crossmodulation.

The combination purpose might be served
by a single adjustable voltage divider,
whereby there would be a limiting resistor
in the cathode leg or legs of controlled tube
or tubes, arm to ground, and extremes of
the resistor to limiting resistor and to anten-
na. The return was made through the pri-

(Continued on nmext page)
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(Continued from preceding page)
mary of the antenna coupler, and moving

the arm cut down both gain (by increasing *

the negative bias) and input (by progres-
sive reduction of the high side of the an-
tenna coil to ground potential). This
method was pretty good, the only objection
being a scratching sound when the control
was turned to maximum sensitivity. This
sound was present only during the move-
ment, and not after the control was left at
the adjusted point.

Question of Hum

But in circuits that are very sensitive,
whether they have a.v.c. or not, provided
that diode detection is used, as with the 55,
85 or battery-operated tube worked as diode,
the location of the control in the audio
channel is generally preferable.

In C the grid load resistor 1s the total
resistance of the voltage divider, whereas
the amount of voltage taken off, for delivery
to the second tube’s grid circuit, is varied
until the desired amount is obtained. This
system would be all right if the positions
for low resistance values between arm and
ground did not increase hum. In some cir-
cuits they do not, but probably in most of
them they do, therefore it is preferable to
have the control in the plate circuit, as in
D. In all instances it is preferable to have
the load on the plate or grid circuit con-
stant, and vary the amount of voltage taken
off. That ts, do not use the control as a
rheostat.

The hum-introduction associated with
grid circuit adjustments applies also to tone
controls, and indeed these are unwittingly
volume controls of a sort, since they reduce
the volume by the amount that they reduce
the high audio frequency response. So in-
stead of locating the control in the grid cir-
cuit, as in E, it may be placed in the plate
circuit, as in F, even if the only plate cir-
cuit left (due to single-stage audio) is that
of the output tube.

How A. V. C. Works

By ecither of the actual volume control
methods for audio frequency circuits, C and
D, the volume may be cut down to zero. as
well as increased to maximum. so the full
sweep is enjoved. Even ii there is stray

pickup this will be killed off, if desired for
any given moment to make the set silent
by volume control adjustment. Those re-
ceivers not equipped with silent tuning, and
which cause locals to blast when one tunes
throughout the dial span, may have the vol-
ume control, if of the type C or D, set at
no response, during such tuning. If desired,
a switch may be put across the total vol-
ume control, and thus the load shorted, and
this switch used at closed position for silent
tuning, being opened of course for the re-
ception of signals. The steady bias on the
tube will not be altered by this method.

Automatic volume control, as its name
suggests, limits the amount of volume to a
predetermined level. This level is decided by
the antenna, the receiver’s gain and the posi-
tion of the manual volume control. Then,
in theory at least, the volume of no station
Ivilllbc greater than that set for the loudest
ocal.

In this connection it should be pointed out
that the advantages of a.v.c. of this type are
prevention of blasting by locals, and reduc-
tion or elimination of fading. While the
word “elimination” is a pretty strong one to
use in connection with fading, it is a fact
that recently developed receivers with full
a.v.c. (governing two stages at least) do
not evidence the slightest fading, even when
tested on stations that otherwise fade badly.
In New York City this is true particularly
of WJY, Schenectady, and WBA-WBZA,
Boston-Springfield, Mass.

Reaction to Limitation

One might say that the levelling of vol-
ume is not obvious theoretically, since with
a receiver not possessing a.v.c. no station
will come in louder than the loudest local.
That is true, but the loudest local is greatly
reduced in volume, being checked by the
a.v.c., since the higher the rectified voltage
in the a.v.c. tube, the higher the negative
bias and the lower the amplification. Hence
all locals come in with about the same vol-
ume, as determined by the adjustment either
for the loudest local or indeed any other
local. This effect is so real that some per-
sons not fully acquainted with the technique
complain that full a.v.c. reduces the volume
of the strongest locals too much. On weak
signals, however, the volume control is not
ol such ahsolute effect, although being rela-

tively effective, as intimated in the previous
discussion concerning fading.

It is practical to use a.v.c. in t-r-f sets,
of course, but it must be understood that
selectivity will be less. The most usual way
to introduce a.v.c. is in the intermediate chan-
nel of a superheterodyne, controlling the
single i-f stage (if there is only one), or
both i-f stages (if there are two), while all
i-f stages, no matter how numerous, may be
thus controlled, and the oscillator, also, if
it is a 58 tube.

Where the volume control is in the audio
channel it should not vary the bias, and in
the diagrams it does not. The total resist-
ance of the adjustable voltage divider should
be of the same values as if fixed resistors
were to be used in the same circuit positions.

Revamping Set for A. V. C.

The question often arises concerning the
introduction of a.v.c. in existing circuits.
The best way to accomplish this is to use a
duplex diode detector in full-wave fashion.
For a t-r-f set a 100-turn center-tapped r-f
choke may be inserted inside the form of
the existing coil, the 55 or 85 replacing the
present detector, the coil center connect
to a load resistor of 0.5 meg., the other side
of which resistor goes to cathode, while the
two extremes of the coil are connected to
the two anodes of the 55 or 85. Then the re-
turns of the circuits that are to be con-
trolled are interrupted by high resistances,
0.1 meg., or more, bypassed to ground by
0.1 mfd. or so, and led to the high potential
side of the detector load resistor (center
tap of choke).

For superheterodynes, either a semi-tuned
i-f stage may be added that has center-
tapped secondary, or a special tuned trans-
former of correct frequency, that has center-
tapped secondary, replaces the existing
transformer that couples to detector.

The only precaution necessary is that the
grids be not positive when there is no signal,
and this is taken care of by grounding the
cathode of the 55 or 85, connecting grid cap
of that tube directly to the load resistor
(center tap of coil, or arm of adjustable
voltage divider), and individually biasing
the controlled tubes in the usual way, to a
value high enough to prevent any oscilla-
tion where none 1s wanted.

Two-Tube Short-Wave

A dependable earphone short-wave cir-
cuit, using conventional two-winding UX
base plug-in coils, may be constructed

from the diagram herewith. The two
windings suffice because instead of an an-
tenna primary there is a small condenser
E, of about 50 mmfd. capacity, although
up to 100 mmfd. may be used. The ca-
pacity depends on the length of the aerial
and its elevation. If regeneration fails as
the capacity of E is increased, reduce the
capacity until regeneration is obtained at

A dependable
two-tube, battery-
operated short-
wave circuit, for
use with standard
UX type two-
winding plug-in
coils. A set of
four coils, using
0.00014 mfd. tun-
ing capacity, will
permit tuning
from below 1,500
kc to above 20,000
kc.

the lowest frequency of the largest coil.

The second winding, or tickler, is the
smaller one, and is in the plate circuit.
Inductive feedback causes oscillation, and
the 0.0002 mfd. condenser serves as a
throttle to reduce the feedback to the re-
quired amount of regeneration. Thc. con-
denser may be of greater capacity, if de-
sired, up to 0.00035 mfd.

The detector is a 230 tube, and detec-
tion arises from the grid leak and con-
denser combination. The rotor of the

www americanradiohistorv com

Circuit

feedback condenser is grounded, so that
body capacity either is absent or, at the
very highest frequencies, is not trouble-
sonie.

Also the output tube is a 230, and be-
tween it and the detector is a coupling
transformer for audio frequencies. This
may be any ratio. The 300-turn choke
helps smooth out the regeneration, and
sometimes results are improved by put-
ting a bypass condenser of 0.00025 mfd.
or thereabouts across the primary of the
audio transformer, or from its P post
(plate connection) to ground, it makes
small difference which.

Besides regeneration control there is a
volume control rheostat. The values of
parts not given in this text will be found
imprinted on the diagram.

This is not a new hookup by any means,
but it is a standard, dependable one, and
thousands of users who work this circuit
bring in European and other foreign sta
tions with excellent earphone volume.
Since the circuit is battery-operated, it
should be economical in upkeep, and the
voltage and tubes are so chosen that this
will be true. The A supply mav consist
of two No. 6 dry cells in series, which
should last for months, as should the
two 45-volt B batteries that aré also
series-connected, the 45-volt tap to de-
tector. the 90-volt tap to the phones.

.
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PUSH-PULL CURVES

How to Take Them, Using One

push-pull amplifier can be done just

as easily as taking one on a single
tube. A circuit must be arranged whereby
the bias on one tube can be increased by a
certain amount and that on the other de-
creased by the same amount. The currents
in the plate circuits of the two tubes should
be measured simultaneously and their differ-
ence taken. If a differential milliammeter
of suitable range is available that can be
used for measuring the difference directly.
If no such meter is available two milliam-
meters connected as M1 and M2 may be
used, or a single milliammeter which by
means of a switch can be connected in the
plate circuit of either tube.

The same operating bias should be given
the two tubes. This is supplied by the bat-
tery V. If the two tubes are 245s then the
voltage of V should normally be 30 volts.

A grid leak of 50,000 ohms is connected
in each tube. It is more important that
these resistances should be exactly equal
than that they should be just 50,000 ohms.
Whatever their values they should be accu-
rately known.

Variation of Grid Voltage

TAKING a characteristic curve of a

Suppose an auxiliary battery E connected
in series with a meter M, the two 50,000-
ohm resistors, and a variable resistor of
about 100,000 ohms. A current : will flow
through the circuit in the direction of the
arrow. The voltage drop in each resistor
will be R, in which R is the resistance in
ohms of either leak. The grid voltage on
the upper tube will be (V + Ri) and that
on the lower tube will be (V ~— Ri). When
i is large enough to make Ri equal to V
the voltage on grid of the upper tube is pAY
and that on the lower is 0.

We can start our measurements with this
adjustment, that is, with the bias on the
upper tube equal to twice the operating bias
and the bias on the lower tube zero. The
corresponding currents in the two plate cir-
cuits are observed, their difference obtained
and recorded as the first plate current ob-
servation. Then the grid voltages are
changed by changing the current i. Another
plate current observation is made. This is
continued until the voltage adjustment of
the two tubes is just the reverse of the ad-
justment at the beginning, that is, until the
bias on the upper tube is zero and that on
the lower is equal to 2V.

The current ¢ can be varied both by vary-
ing the voltage of the battery E and by
varying the resistance of Rh. Variation of
both is convenient when Ri is to be ad-
justed to even values of volts.

The plot of the data obtained should be
the difference between the two plate cur-
rents against the values of Ri, for Ri repre-
sents the signal voltage and the difference
between the two plate currents represents
the signal current as it would flow in the
secondary of an output transformer.

It is clear that as the current through the
resistors R becomes zero, or nearly zero,
it is necessary to reverse the polarity of the
battery E in order to continue the experi-
ment. This reversal represents the reversal
of the signal voltage.

Different Curves Obtained
1i the data obtained by this method are

properly plotted the resulting relation be-
tween the plate current and the values of

Two Meters

By Einar Andrews
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FIG.1
By means of this circuit the performance of a stage of push-pull or a stage
of Class B amplification can be studied with the same ease as the taking of a
plate current curve on one tube.

Ri will be a straight line. It is instructive
to repeat this run for different values of V.
If V is very high so that the plate current
of both tubes is practically cut off when ¢
is zero or small, the resulting curve repre-
sents the performance characteristic of a
Class B amplifier. If V has the normal
value of the operating bias in a push-pull
amplifier, the resulting curve is the perform-
ance characteristic of a Class A push-pull
amplifier. For intermediate values of V the
resulting curves represent the performance
characteristics of amplifiers which are com-
promises between Classes A and B.

Let us investigate the requirements of the
“signal supply circuit.”” If the resistance of
Rh is set at zero, the total resistance in the
circuit is 2R, which in this case we have
assumed to be 100,000 ohms. If the value
of V is 50 volts, then 2Ri should equal to
2V, or 100 volts. Hence the battery E
should have this voltage, or as near it as
practicable. The maximum current in the
circuit is determined by the voltage of the
battery and the total resistance. Therefore
the current is 10N/2R. or one milliampere.

Meter M, therefore, should be a 0-1 milliam-
meter.

Since the maximum value of the rheostat
is equal to the values of the two grid leak
resistors, the current can be cut in two by
means of the rheostat. In order to cut it
down more it will be necessary to reduce
the voltage. Suppose, for example, that we
wish to cut down the signal voltage to 10
volts. Rh should be set at zero and the
voltage of the battery reduces to 10 volts.
There is no battery that will give this
voltage, but there is a combination of dry
cells that will give 10.5 volts. The rheostat
Rh could be used to cut the extra half volt.

Use of Voltmeter

The measurement of the signal voltage
2Ri can be done with a voltmeter as well
as with a milliammeter. The meter is con-
nected across the two grid leaks and left
connected. The reading on the meter is then
the input voltage. This voltage can be varied
by varying the applied voltage E and by
varying the resistance of the rheostat.

Pu—blic Is Interested
in Hearing Police Calls

Recently manufacturers of commercial
receivers have been making their super-
heterodynes tune to frequencies higher
than 1,500 kc, usually around 1,750 ke,
which permits bringing in some police
calls, as well as some amateurs. The
police calls provide extra interest, and in
some cases great additional interest, par-
ticularly among the younger folk. And
the older ones lose a little of that blase
after-dinner manner when a hurry-call is
broadcast by a police transmitter to
cruiser numbers this and that to rush to
the scene of a dramatic event.

Besides the wide frequency spectrum.
achieved by letting the tracking problem
be a little forgotten above 1,500 kc, for
the t-r-f coils will not go up as high in
frequency as will the oscillator, a tap is
provided on some receivers.

wWwWw americanradiohistorv com

Examinations Provided

for Broadcast Courses

Rochester, N. Y.

The Board of Education has inaugurated
a comprehensive 1933 schedule over WHAM
in which the results of radio teaching will
be matched against those of classroom in-
struction.

7B science is taught Tuesday and Thurs-
day afterncons from 1:30 to 2:00; 7B so-
cial studies on Monday and Wednesday
afternoons from 1:45 to 2:00, and geography
on Tuesday and Thursday mornings from
11:30 to 11:45. (EST.)

Pupils taking supervised radio instruction
will be given the same term examinations
as those who receive personal instruction,
to afford concrete evidence of the results of
what the Board already characterizes as
“beginning of what will be usual and wide-
spread procedure in a few years.”
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RECENT IMPROVEMENTS

And Some Worthy Novelties
in a Thirteen-Tube Super

By C. L. Rutgers
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In this thirteen-tube superheterodyne automatic volume control, noise suppression control, stabilized oscillation,
and optional Class A or B amplification, with separate C supply, are included.

EW developments have come fast in

receiver design in the past year or

so, and quite a few of them are in-
corporated in the thirteen-tube superhetero-
dyne design, including also features that have
not as yet been introduced in commercial
receivers.

There is not a receiver circuit for kit
construction, either, that incorporates a
stabilized oscillator. All oscillators used in
present-day receivers are subject to fre-
quency shifts. And there is no high bias
Class B amplifier in such receivers.

There is another development that has yet
to be worked out. It is push-pull resistance
coupling. The subject has been treated
theoretically for several years, but a prac-
tical, dependable circuit is still awaited.
With the diode as detector it should not be
altogether difficult to attain push-pull re-
sistance coupling, and it is hoped that in
months to come the “perfected” circuit of
that type will be printed in these columns,
although the same hope was expressed
months ago, and the fact still awaits achieve-
ment.

Better Familiarity

However, taking what we have, and add-
ing the stabilized oscillator, and also a C
bias supply that is independent of the B
supply as to the biasing voltage value, we
can effectuate a thirteen-tube circuit where
each tube actually contributes something.
Moreover, by analyzing and studying the
circuit we can familiarize ourselves with
latest improvements, or such facts pertaining
to them as may have escaped us in the great
wealth of new developments that has been
contributed within the last year or so.

When we look at the first tube, a tuned
radio frequency amplifier, we may notice
that the volume control is not associated
with that circuit. There are several reasons.
One may be that almost any type of volume
control at the r-f level will contribute de-
tuning effects, because it will change the
grid bias value, hence plate impedance. An-
other is that the control will not be so
effective at radio or intermediate frequencies
as at audio frequencies in a truly sensitive
receiver. An incidental reason is that the
danger of stray coupling of leads to and
from the volume control is virtually nil
when the control affects audio frequencies.
The audio circuit also is often nearer to
the front panel position that the control
would occupy than is the r-f level.

So if you will look at the third tube to
the left of the push-pull output you will
find the volume control is an adjustable
voltage divider in the plate circuit of a 57
tube. The control is completely effective.

Freedom From Regeneration

Going back now to the first tube we find
that it has a biasing resistor of 800 ohms.
This will afford a bias of about 4.5 volts,
because the plate voltage has been reduced
from maximum by the resistor in a resistor-
capacity filter (3,500 ohms, 5 watts), and
will be around 150 volts, which is sufficient.
The relatively high bias is an adjunct of the
stabilization of the circuit against oscilla-
tion, and the resistor-capacity filters in all
r-f, i-f and oscillator plate circuits are to
the same effect. In fact, lest there be a
trace of oscillation or regeneration in the
i-f channel a resistor of 0.05 meg. (50,000

www americanradiohistorvy com

ohms) is shown across the plate winding of
the second intermediate transformer. If
there is stability without this resistor, omit
the resistor. Otherwise include it. The
value is low enough to insure stability even
when oscillation otherwise would be rather
strong.

The third tube from left, a 58, is the
modutator, and the biasing resistor is 3,500
ohms. The 58's do not run quite as uniform
as the 57's, therefore some other value of
resistor may be used, if desired, to maintain
the bias voltage at 10 volts or a little less.
It may be less, because the plate voltage is
lower than the maximum, but the smaller the
bias voltage, the sooner the tube would be
overloaded by the oscillator.

However, to take care of that we have a
stabilized oscillator, consisting of a 55 tube,
the diode units used for full-wave rectifica-
tion of the oscillation voltage. Not only does
this oscillator afford frequency stability
(freedom from drifting) but amplitude
stability as well. The amplitude should not
vary more than 2 per cent, whereas the
frequency should not vary more than a
small fraction of a per cent, using this
system. It has been tried out, with meters
in the diode rectifier and triode plate cir-
cuits, and with no change in current at any
and all settings of the tuning condenser.

Alternative Adjustments

Not only is the oscillator frequency- and
amplitude-stabilized, but it is subject to
voltage rectification retardation, also called
time delay. Since the diodes will not rectify
until the anodes are positive, and since the
return is to ground, no rectification will take
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place unless and until the oscillation ampli-
tude exceeds the bias voltage of the tube.
_ Suppose that the triode of the 55 is ad-
justed, as it should be, until 10 milliamperes
flow in the plate circuit. This adjustment
may not be actually necessary, as the 2,000-
ohm biasing resistor should take care of the
current satisfactorily, but if it does not, the
current will be too small, the tube unstable,
showing visible signs of irregular cathode
emission, whereupon a lower value of re-
sistor would be used, until 10 ma actually
did flow, or the adjustment to this value
made in another manner, to be explained.
Taking up the three windings of the oscil-
lation coil we find that one s in the grid
circuit and is returned to the joint of two
resistors. Just what the values of these re-
sistors should be will depend on the amount
of oscillation, degree of coupling, etc., but
the total of both should not be less than
250,000 ohms, to present a high resistance
load to the rectifier, and therefore the one
so marked may remain thus, and if a larger
bias voltage is needed from the rectifier, to
affect the grid, then the 0.05 meg. value may
be increased accordingly. So, as this point
may be shifted, and will affect the bias, the
2,000 ohms in the cathode leg may be much
less, and the adjustment for 10 ma made by
changing the division of the rectified voltage.
This may be done conveniently with a 250,-
000-ohm adjustable voltage divider, with
grid return to arm, extremes to ground and
rectifier coil.

Constant Plate Impedance

The plate winding is the feedback coil,
and should consist of at least one-quarter
the number of grid turns, and be tightly
coupled to the secondary. The number o
turns and closeness of this winding to the
grid coil determines to a considerable ex-
tent the amount of rectified voltage, because
governing the input to the rectifier. One ex-
treme of this coil goes to one anode of the
duplex diode, the other extreme to the other
anode, with center to one side of the load
resistor, as explained. Thus as the oscilla-
tion builds up the rectified voltage increases,
the negative bias increases, the tube settles
down to an equilibrium and since the re-
sponse is linear, the output is linear, and the
plate impedance remains constant.

Since this oscillator is stable, the circuit
quickly settles to a state of equilibrium
wherein the voltages do not change, for any
tendency to change is corrected within the
time of a single cycle. This action is so fast
that meters will not respond to them, or
show any needle movement, but an oscillo-
graph would reveal the action.

Separate C Supply

The steady voltage condition therefore is
useful, if we desire this advantage, for C
bias supply. Cathodes of the output tubes
could be returned to the cathode of the
oscillator, the 2,000 ohm resistor reduced to
300 ohms and the power tube grid returns
made to the left-hand extreme of the mixer
oscillator rectifier (center tap of the recti-
fier pickup coil), and the voltage between
cathode and the center tap adjusted to 28
volts for Class A amplification. However,
a separate oscillator is used in the circuit
for C voltage supply, to illustrate the
method, and to avoid beats the frequency of
this is made higher than the highest one to
which the earlier oscillator will tune. Say,
2,500 kc would be selected.

The coupling between the oscillator for
signal service and the modulator is made
electrically, by using a small condenser,
shown as 20 mmfd. (0.00002 mfd.), but may
be an adjustable equalizing type condenser
20-100 ‘mmid., since the detuning effect on
the oscillator would be slight, on account of
the relatively high resistance to ground
(through the 0.05 meg. resistor to plate,
through plate coil to B plus to ground, in
the 58 modulator output circuit) . This
form of modulation of the combined screen-
plate circuits is becoming popular, due to
the reduction of secondary emission effects,
hence the considerable shrinkage of the am-
plitudes of the even order of harmonics, of

which the second harmonic is always the
strongest.

When the condenser is 20 mmfd. the selec-
tivity is highest, when it is 100 mmid. the
sensitivity is highest, but as there is sensi-
tivity to spare, lower values than 100 mmfd.
will be preferred.

Demodulator Input

The intermediate channel is more or less
standard, until we reach the input to the
diode full-wave second detector, or demodu-
lator. We see the platg circuit ahead is
filtered with an r-f choke coil of 800 turns,
which has an inductance of 10 millihenries,
and to ground is a condenser of 0.1 mfd., so
that there will be virtually no field sur-
rounding this choke coil, and no shielding
of the coil required. We put the choke there
to help get rid of beats between harmonics
of the intermediate frequency and signal
frequencies equal to those harmonics. For
175 ke intermediate frequency there could
be six such beats. We want none.

Now, the demodulator’s cathode circuit is
filtered, too, but since we must support the
audio frequencies in this circuit we can not
use very large condensers. We select a
tapped high inductance r-f choke coil, 20
millihenries, total 1,300 turns, and put three
0.0001 mid. bypass condensers from extremes
and tap to negative side of the rectifier.
Still, this choke will have a field, and it may
result in back coupling, and facilitate those
six beats we desire to eliminate, hence this
choke coil should be shielded.

Now, the 55 demodulator is, as such, a
regular type for fullwave action, but the
triode unit is used only as an amplifier of
the direct voltage, and the signal is therefore
removed. It can not be removed at the grid
without a high resistance between grid and
the common return of the anodes’ circuits,
for the signal simply would be obliterated.
However, with 1 meg. or more between grid
and center tap, the condenser from grid to
ground to remove the carrier and modula-
tion, and leave only the d-c, may be 1 mifd.
In fact, it may be greater in capacity, but 1
mid. is high enough. Only the lowest audio
frequencies will get through, and when they
do they add something to the audio region
where the response is naturally the weakest,
so the contribution is welcome.

The Direct Voltage

So the 1 meg. resistor prevents the short-
ing of the 0.5 meg. load resistor of the recti-
fier, and as we desire to send the signal
along we use a stopping condenser of 0.01
mid. (lower left of the 57 tube), and con-
nect the other side of this condenser to the
57 grid. )

By using 0.02 meg. (20,000 ohms) in the
plate circuit of the d-c amplifier triode of
the 55, 1 meg. between plate of 55 and grid
of 57, we have direct coupling of the d-c
output of the 55 to the grid of the 57. No
signal, mind you, just direct voltage. The
signal gets into the 57 by way of the stop-
ping condenser, or, more exactly, by means
of the parallel 1,020,000 ohms (1 meg. in
series with 0.02 meg.) which are in parallel
with the rectifier Joad resistor, d-c voltage
separation being afforded by the stopping
condenser.

Now, the voltage on the plate of the 55
is low, around 20 volts, and it may be lower.
It may be zero, and still the signal would
go through, for you will remember that the
signal is taken from the 0.5 meg. rectifier
load resistor. The d-c amplifier triode of
the 55 serves merely as automatic bias con-
trol.

The bias on the two intermediate tubes is
governed largely by automatic volume con-
trol in the usual manner. The effect is to
have increased bias with increased signal,
hence reduced amplification the greater the
input. Hence at no signal input the ampli-
fication would be maximum, and there might
be noise between channels. Actually this
type of circuit, with diode-biased triode,
even when the triode is a d-c amplifier,
yields little noise, as the circuit is a special
noise-suppressor by itself, as follows: When
there is no signal there is no bias on the 55

www americanradiohistorv com

triode because there is no voltage drop
across the (.5 meg. load resistor. With high
plate voltage and zero bias, in a tube circuit
with high resistance grid load, there is no
amplification. Hence at no signal even
inter-channel noise does not get through.

Cast of Grid Current

The only exception is that there might be
a little 55 triode grid current, and this too
produces noise. The remedy is to have the
aerial at least long enough to produce suffi-
cient voltage to prevent positive grid. Even
six inches of aerial, or one quarter the dis-
tance from antenna binding post to floor,
usually will be sufficient for this precaution-
ary purpose.

However, the 57 tube in the circuit is a
noise suppressor, and since this tube is a
great amplifier, there will be much more
volume of sound this way than if the triode
of the 55 were used as signal amplifier.

The volume is greatest when the plate
voltage on the 55 is zero. As the plate
voltage is increased the current through the
0.02 meg. plate load resistor is increased, the
potential difference across this resistor in-
creases, and the negative bias on the 57 in-
creases. Thus the resistor marked 0.01 meg.
(10,000 ohms) may be smaller, and more
volume will obtain, but it should be some
compromise value that renders the 57 ef-
fective as a noise Suppressor.

From screen of the 57 to ground the volt-
age divider consists of 10,000 ohms, 1,500
ohms and 100,000 ohms in series, 120-volt
drop, so about 1 ma will flow, and as the
57 current will be small compared to this,
even at minimum bias, the voltages will be
about 10, 1.5 and 100, The same screen
voltage is used for all screens.

Signal’s Effect

Along comes a signal. The voltage in
the demodulator load resistor, 0.5 meg., in-
creases, the triode is diode-biased, hence the
bias on the 55 triode is increased, the cur-
rent through the 0.02 meg. plate resistor is
less, the bias on the 57 is less, but that bias
will not drop below the steady value as ob-
tained through the 1,500-ohm resistor. So
a strong signal will make the d-c amplifier
virtually ineffective in altering the bias. But
a weak signal will decrease the negative
bias relatively, the plate current will increase
through the 20,000-ohm resistor, the bias on
the 57 will increase. At no signal the in-
crease will be greatest, hence the bias will
rise to perhaps 10 volts, or at least to more
than the bias voltage that will cut off the
signal. That is how a noise suppressor
works, and it is a control working opposite
to a.v.c., in that at no signal input everything
is cut off at the audio channel, whereas with
a.v.c. at no signal there is no a.v.c. and no
tendency to increase the bias, so amplifica-
tion is at its height.

The question naturally arises, if the set
has a.v.c.,, then the voltage at the second
detector is about the same at all times, ex-
cept when there is no signal, when there is
no voltage, hence the n.s.c. circuit will not
cut down sensitivity. But it does cut down
sensitivity because there is a sharp distinc-
tion only between complete cutoff as it ex-
ists at no signal and no cutoff as it exists
at strongest signal, while in-between values
of signal cause intermediate values of
“cutoff.” That is, there is a gradation in
the effectiveness, and that effectiveness ap-
pears in diminished form at signal values
where it would not be desired at all. In
other words, the a-v-c controlled tubes are
not linearly active. Therefore a compro-
mise i necessary, and it may be established
quite simply by using smaller values of re-
sistance where 0.01 meg. is designated, or
this may be a rheostat adjusted somewhere
between maximum and less than maximum,
but not at zero, for though loudest response
then will obtain, no n. s. ¢. action will be
present.

Since the 57 is practically the only type
tube suitable for n. s. ¢., and since we are
to use push-pull with transformers, there
must be another tube between, and this is the

(Continued on next page)
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A STABLE OSCILLATOR

Frequency Constancy Provided by Equal Coil

ERE is a irequency-stable oscillator
H that can be used at different fre-
quencies. In most cases stabilization
can be effected at only one frequency, Qut
this is an exception made possible by the fact
that the grid impedance is infinite. The oscil-
lator combines stabilization by critical ad-
justment and by amplitude-controlled bias.
The oscillator is of the tuned plate type,
the tuned circuit consisting of L1C18§.
However, C2 1s supposed to be so large
that its effect on the natural frequency of
the circuit may be neglected. The stabiliz-
ing reactance is a coil L1 in the plate cir-
cuit. It is marked L1 because it has exactly
the same inductance value as L1 in the
resonant circuit. There is to be no mutual
inductance between the two coils L1.

If the grid resistance of the circuit had
not been infinite it would have been neces-
sary to use a capacity in the plate lead for
stabilization, and thereforc stabilization
could have been effected at only one fre-
quency.

Grid and Pickup Windings

The grid winding L2 is not especially
critical but it must have a sufficient num-
ber of turns to insure oscillation. If 1.2
has the same number of turns as L1 and if
the coupling is moderately close, oscillation
will result. Even if L2 has only one-third
as many turns as L1 there will be oscilla-
tion provided that the coupling between the
coils is close. Tight coupling between LI
and L2 1s benefcial in respect to frequency
stability, for if there were unity coupling
that alone would stabilize the circuit.

The pick-up winding L3 should have an
inductance approximately equal to that of
L1, but it is not at all critical. It should
be center-tapped. The winding may be
made of two small r-f choke coils mounted
inside the form holding L1 and L2.

The grid is given a bias by means of a
resistor R2, which may be of the order of
2,500 ohms. A condenser C4 of not less
than 0.1 mfd. should be connected across
the resistor. In addition to the bias fur-
nished by the resistor R2 there is ampli-
tude controlled bias from the drop in the

By J. E. Anderson

FI1G. 1.

This oscillator is both frequency and
amplitude stabilized. The coil in the
plate lead stabilizes the frequency if
there is no grid current and the rec-
tifier stabilizes the amplitude and
prevents grid current.

load resistance R1. \When the oscillator
first starts vibrating the bias on the grid is
that determined by R2. At first there is
no rectification because the amplitude is not
high enough to offset the drop in R2. How-
ever, the amplitude increases until rectifica-
tion begins, and at that time the bias on
the grid becomes greater than the drop in
R2. The increase in the bias is propor-
tional to the increase in the amplitude and
therefore there is a check on the amplitude.
It is possible to arrange the circuit so that
amplitude equilibrium occurs before the grid
takes any current, and this condition is
necessary if the plate stabilizing inductance
L1 is to perform its intended function.

The value of R1 should be as high as
practicable. If grid current can be pre-
vented there is no danger of blocking even
if the resistance is very high. If irregular
oscillator should occur, it is best to reduce
the value of R1. A good starting value is
0.5 megohm, but it may be necessary to use

a resistance one tenth as large. The con-
denser C3 across the load resistance should
not be smaller than 0.1 mfd. and it may be
many times larger.

As the circuit stands there is no impedence
in the plate return. If there is any other tube
connected to the same plate supply it might
be well to put in a radio frequency choke
coil in the B plus lead to L1I.

The self bias and the amplitude controlled
bias serve as a delayed automatic volume
control for the check in the increase of
amplitude does not begin until the oscilla-
tion has attained a certain value determined
by the self bias, but after that the check
is relatively rapid.

Check is Sought on
Additions to Chains

Commissioner Harold A. Lafount pro-
posed the following orders “to avoid fur-
the- duplication of programs:”

“No broadcasting station licensed by thig
Commission and not now presenting identical
programs simultaneously with other stations
connected by wire, and generally known as
chain or network, shall be added to the said
chain_ or network without the consent of
this Commission.”

“A program shall not be broadcast simul-
taneously over two or more stations in the
same city without the consent of the Federal
Radio Commission.”

No action was taken by the Commission
on the proposals.

A THOUGHT FOR THE WEEK

T was a somewhat dismal affasr. It was

supposed to be one of those spasmodic
radio affairs in which melodrama, comedy,
tragedy and vocal fireworks were shot all
over the place, leaving the listener a little
bit mixed as to the continuity.

Father expressed doubt as to what it was
all abeout, but Junior fired the status of it by
remarkimg : “I’ll tell you what it 15, Dad.
It's a picture puzcle with one of the pieces
missing.”

No-Grid-Current Class B

(Continued from preceding page)

$6, to which a transformer primary pre-
sents a suitable load. It serves as driver for
the 59 triodes, and since the input will be
large, the 59 bias of 28 volts may be con-
siderably exceeded, and the tubes worked
as a cross between Class A and Class B,
say, at 35 volts negative bias, or may be
worked as Class B entirely, at around 40 or
45 volts negative bias, as no special coupling
transformers are needed, there being no
grid current.

The Output Adjustment

The C supply is obtained from the 2,500
ke oscillator, which otherwise duplicates the
oscillator used in the carrier mixing circuit.
The 59 tubes, with say 250 plate volts ap-
plied, may be hooked up as shown, and the
grid- return made to such point on the C

rectifier load resistor as will yield the de-
sired 59 plate current. If the current is
measured in one 59 tube only, both tubes
working, the resultant biasing voltages
would be approximately as follows for the
currents stated, at 250 plate volts applied:

Plate Current Negative 2Bia.s‘ Volts
8

26 ma
7 ma 40
0 ma S0

The 59, it will be remembered, may be
used in Class B fashion with Grid No. 3 tied
to plate, while the two other grids, Nos. 1
and 2, are tied together to serve as control
grid. cathode to ground, a zero bias and a
grid current operating condition on any
signal input. However, the circuit illustrat-
ing this article uses the high negative bias
Class B method if the bias is raised high
enough, as explained, and this is a no-grid-
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Amplifier

current method, and avoids the distortion
otherwise present at low signal values due
to grid current. Therefore the grid-tying
is in Class A fashion, though the biasing
may be such (28 volts) as to constitute
Class A operation, somewhat higher (35
volts) for a compromise between Class A
and Class B. while still higher (45 to S0
volts) for Class B.

The rectifier of the B supply has a choke
input, to improve regulation. although this
requires a higher voltage of the power trans-
former secondary than if a condenser were
in this position, due to absence of the poten-
tial-elevation effect of such condenser.

BANKRUPTCY PROCEEDINGS
Petitions Filed By
Paul Ware. radio engineer, 75 West St., New York
City; liabilitie§, $37,953; assets unknown.
. i eivers Appoin
Cavalier Radio Corp., Chicago, Ill.., involuntary;
creditors include Central Radio Laboratories.
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VELOCITY MICROPHONE

Like Ammeter, It Responds to Rate

HE velocity microphone has made its

| appearance. Just what is a velocity

microphone and in what manner does

it differ from condenser and carbon micro-
phones ?

The condenser microphone is a condenser
loudspeaker working in reverse, and the
velocity microphone is a dynamic speaker
working in reverse. It would be just as
logical to call the microphone a dynamic
microphone. But why is it called a velocity
microphone? Because the output is pro-
portional to the velocity of the air in the
sound waves, or to the velocity of the
armature, which is supposed to be so light
that it follows the air vibrations accurately.

The condenser microphone differs in this
respect in that it responds to the pressure
of the sound wave. The armature of this
is not supposed to move at all but it must
move a little in order to give an effect. The
condenser microphone is similar to a volt-
mater. Both measure pressure, one air
pressure and the other electrical pressure.
The ideal voltmeter is one that does not
draw any current, but even the best practical
voltmeters draw a little. Likewise, the con-
denser microphone ‘‘draws a little move-
ment.” That is to say, the armature moves
a little bit.

Velocity Response

The velocity microphone in a sense is
equivalent to an ammeter. The ammeter re-
sponds to the rate of flow of electricity, that
is, to current. The velocity microphone re-
sponds to rate of flow of air, or to the air
current, which in this case means the
velocity of the air.

In Fig. 1 is a simple sketch of the velocity
microphone. There is a strong magnet,
either permanent or electromagnetic, which
is represented by the two poles N and S.
Between the two poles is mounted a very
light diaphragm R. It is made of duralumin
and may be 4 of an inch or so wide, 3
inches or so long, and about 0.0005 inch

of Flow

By Glenn Washburn

FIG. 1

The principle of the velocity micro-

phone is the same as that of the

dynamic speaker except that it
operates in reverse.

thick. It is corrugated like a washboard
just to give it strength. If the diaphragm
were viewed in the direction of the magnetic
field it would look like a resistance symbol,
if the observer had good eyes.

How does it work? Well, suppose sound
waves fall on the flat side of the strip of
duralumin. It will start vibrating in unison
with the sound vibrations. In vibrating it
will cut lines of magnetic force. Therefore
we have the elements of an electrical gen-
erator—a conductor moving across a mag-
netic field in such a manner that the lines
of force will be cut. The motive force in
this case is the sound wave instead of a
gasoline engine or a water turbine. But
the principle is the same. We have an
electrical generator which will generate a
voltage of the same form as the sound
waves that strike the diaphragm.

However, we have only one conductor.
Therefore the voltage generated will be
low. For that reason a step-up transformer
ts needed between the generator and the
amplifier. The primary of transformer T
should have a turn or two of heavy wire
but the secondary should have a larger num-
ber of turns. The transformer might be
constructed by taking an audio input trans-
former and putting a single turn of heavy

wire around it. This would be used as
primary and the regular secondary would
be used in the grid circuit.

Reversal of Function

If T were a regular power transformer
intended for a loudspeaker having a single
turn for voice winding the diaphragm would
be driven if the large winding were con-
nected to a source of sound power, such
as the output of an amplifier. The dia-
phragm R would become the cone of the
speaker. Of course, there would be very
little sound because of the small radiating
surface, but the diaphragm would move.

The ends of the diaphragm are mounted
in insulating supports S. in such a manner
that the strip of metal is held firmly in
place between the pole pieces of the magnet.

The sensitivity of the microphone will be
greater the stronger the magnetic field, be-
cause the voltage induced in the moving
strip is proportional to the strength of the
field. Hence only a very strong permanent
magnet or an electromagnet should be used.
Neither should there be any needless air
space between the sides of the armature
and the pole piece faces. There should be
just enough to insure clearance between the
armature and pole faces.

Whereas the construction of a condenser
microphone, or even a carbon granule micro-
phone, is relatively difficult, the construc-
tion of the velocity microphone is quite
within the skill of most radio fans who have
access to a few machine shop tools. The
velocity microphone has the advantage of
high fidelity over a very wide band of audio
frequencies.

CORPORATION REPORTS

Allis-Chalmers Manufacturing Company, Inc.—
Preliminary report for 1932: Net loss after de-
preciation, taxes, interest and other charges,
$2,955,043, contrasted with net profit of $1,255,431,
equivalent to 96 cents a share on 1.312,252 no par
capital shares, in 1931; bookings, $12,316,555, com-
pared with $22,687,048 in preceding year; unfilled
orders on Dec. 31, $5,441,825, against $7,389,332 a
year before.

Reducing Short-Wave

Tuning Difficulties

Although 0.00014 mfd. condensers are
normally used for short-wave work, since
+the frequency change accounted for by the
condenser span with the proper coil will
be ten times as great with the smallest
coil than with the largest, the tuning
difficulty increases greatly, and stations
may be passed over, on the small coils.
unless the greatest care is taken. In fact,
the tuning in this spectrum becomes de-
cidedly tedious, and only a good ‘“catch”
will atone for the trouble.

One part-solution to the problem is to
use a still smaller capacity condenser, and
since the maximum capacity is not to be
cut down for respective bands, at least
one extra coil would be needed. say, with
90 mmfd. capacity. five coils instead of
the usual four. Indeed, to get down low
enough, with that capacity, six coils
would be required (10 meters).

Another handy way of improving con-
ditions is to use a dial. with a large
reduction. There are dials now on the
market that are much like the broadcast

commercial types, but the reduction is
30-to-1. This makes it slow work chang-
ing from a frequency at one end, for a
given coil, to the opposite end, but then
no particular care is needed for such
work. When care is essential the dial
with its close tuning facility comes in
mighty handy.

Some dials have a dual ratio device, so
that large changes of capacity can be
quickly made, then a lever thrown for
close tuning.

The ratios
30-to-1.

This would be all right if all such dials
did not disturb the calibration, but one
type at least throws it off several degrees.
comparing the slow-motion to the quick-
motion position.

A cure would be to use the quick mo-
tion only for large changes, but never
for actual tuning, since all sets for short
waves eventually are calibrated, at least
in a sense, as one knows approximately
where the frequencies should come in.

The use of a small manual trimmer
helps to tune accurately if the trimmer is
very small, compared with the total
capacity.

change from 6-to-1 to
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New WCAU Building

Has Acoustic Novelty

Philadelphia.

The new WCAU Building has seven
studios ranging in size from a speaker’s
room to one that will hold an orchestra of
100 men. The station uses 50,000 watts.

A new acoustic principle of “live” and
“dead” euds has been employed. From one-
half to two-thirds of each studio, depending
entirely upon size, is built of sound-absorb-
ing material to form the “dead” end. Here
microphones will be placed to pick up every
part of the program originating in the “live”
portion of the studio. The walls in the
“live” end reflect the sound waves to the
microhones in the “dead” end of the room.

A private laboratory and workshop have
been provided for Dr. I.eopold Stokowski,
director of the Philadelphia Symphony
Orchestra.

An unusual feature of the studio edifice is
a 100-foot glass tower, which, when lit by
banks of low- voltage mercury vapor lamps,
casts a blue glow into the skyline for twenty-
five miles.
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The counversion table printed herewith is highly accurate, because worked
out by the factor 299,820. Most tables are based on the factor 300,000, which
is erroneous to 6 parts in 100,000.

The table is entirely reversible, for instance, 10 meters equal! 29,982 kc.,

The factor 299,820 is based on the velocity of a radio wavs, which is equal
to the velocity of light, or 299,820,000 meters per second. ﬁy dropping the
three ciphers (dividing by 1,(1)0), the factor 299,820 is used, and the answer
reads in kilocycles.

or 29,982 meters equal 10 kc. Any quantities not included in the table may Wavelength in meters is equal to velocity divided by frequency. Fre-
be read by shifting the decimal point. If moved to the right for frequency  quency in cycles is equal to the velocity divided by the wavelength.
the point is moved to the left for wavelength, and vice versa. The shift is [Prepared by Bureow of Stondards, Depariment of Commerce. Reprimted
therefore in opposite directions. by permission of Government Printing Office.)
keorm m or ke kcnrmlmarkc kcorm | morkec kcorm:morkc kcorm | mor ke kcarmimorkc kcorm | morke f kcorm | morke | keaorm | morkc § kcorm | morkc
1 1 l — Tl B it
18 | 29, 082 1,010 | 2906.9 } 2,010 | 149.2 § 3,010 | 99.61 1 4, 010 | 74.77 } 5,010 ! 59.84 | 6,010 | 49.89 | 7,010 | 42.77 | 8,010 | 37.43 9,010 | 33.28
20 | 14,001 1,020 | 293.9 § 2,020 | 148.4 | 3,020 , 95.28 | 4,020 | 74.58 } 5,020 ' 59.73 | 6,020 | 49.80 ] 7,020 | 42.71 | 8,020 | 37. 38 9,020 | 33. 24
e 9, 994 1,030 | 291.1 | 2,030 | 147.7 | 3, 030 ; 98.95 § 4,030 | 74.40 | 5,030 | 50.61 | 6,030 | 49.72 | 7,030 | 42.65 | 8,030 | 37.34 9,030 | 33.20
40 7, 496 1,040 | 288.3 § 2,040 | 147.0 | 3,040 | 98.62 | 4,040 | 74.21 § 5,040 | 59.49 | 6,040 | 49.64 § 7,040 | 42. 59 | 8, 040 37. 29 9,040 | 33.17
50 5, 996 1,050 | 285.5 § 2,050 | 146.3 | 3,050 | 98.30 § 4,050  74.03 | 5,050 | 59.37 ] 6,050 | 49.56 § 7,050 { 42.53 § 8,050 | 37.24 9,050 | 33.13
60 4, 997 1,060 | 282.8 § 2,060 | 145.5 | 3,060 | 97.98 { 4,060 | 73.85 | 5,060 | 59.25 || 6,060 | 49.48 | 7,060 ! 42.47 | 8,060 | 37. 20 9,060 | 33.09
70 4, 283 1,070 | 280.2 | 2,070 | 144.8 | 3,070 | 97.66 | 4,070 | 73.67 | 5,070 | 59.13 | 6,070 | 49.39 || 7,070 | 42.41 | 8,070 | 37. 15 9,070 | 83.06
80 3, 748 1,080 | 277.6 1 2,080 | 1441 | 3,080 | 97.34 § 4,080 | 73. 49 ‘ 5,080 | 59.02 1 6,080 | 49.31 | 7,080 | 42.35 ] 8,080 | 37.11 9,080 | 33.02
90 3,331 l 090 | 275.3 § 2,090 | 143.5 ] 3,090 | 97.03 | 4,090 | 73.31 { 5,090 | 58.90 | 6,090 | 49. 23 | 7,090 | 42.29 | 8 090 | 37. 06 9,000 | 32.98
100 2,998 l 100 | 272.6 § 2,100 | 142.8 | 3,100 | 96.72 | 4,100 | 73.13 || 5,100 | 58.79 } 6,100 | 49.15 || 7,100 | 42.23 | 8, 100 | 37.01 9,100 | 32.95
110 2,726 1,110 1 270.1 § 2,110 | 142.1 | 3,110 | 96.41 § 4,110 | 72.95 | 5,110 | 58.67 (1 6,110 | 49.07 ] 7,110 | 42. 17 | 8, 110 | 36. 97 9,110 | 32.91
120 2,499 1,120 | 267.7 } 2,120 | 141. 4 3 3,120 | 96.10 | 4,120 | 72.77 {4 5,120 | 58.56 | 6,120 | 48.99 | 7,120 | 42. 11 { 8,120 | 36.92 9,120 | 32. 88
130 2,306 1,130 | 265.3 2,130 | 140.8 1 3,130 | 95.79 | 4,130 | 72.60 | 5,130 | 58.44 | 6,130 | 48.91 | 7,130 | 42.05 || 8; 130 | 36. 88 9,130 | 32. 84
140 2,142 1,140 | 263.0 § 2,140 | 140.1 | 3,140 | 9548 | 4,140 | 72.42 | 5,140 | 58.33 || 6,140 | 48.83 | 7,140 | 41.99 || 8,140 | 36. 83 9,140 | 32. 80
150 1,999 1,150 | 260.7 ¥ 2,150 | 139.5 § 3,150 | 95.18 | 4,150 | 72.25 | 5,150 | 58.22 | 6,150 | 48 75 | 7,150 | 41.93 | 8,150 | 36.79 9,150 | 32.77
160 1,874 1,160 | 258.5 { 2,160 | 138.8 | 3,160 [-94.88 | 4,160 | 72.07 || 5,160 | 58.10 | 6,160 | 48.67 || 7,160 | 41.87 | 8,160 | 36.74 | 9,160 | 32,73
170 | 1,764 1,170 | 256.3 } 2,170 | 138.1 | 3,170 | 94.58 | 4,170 | 71.90 | 5,170 | 57.99 § 6,170 | 48.50 } 7,170 | 41.82 | 8,170 | 36. 70 9,170 | 32. 70
180 1, 666 1,180 | 2541 1 2,180 | 137.5 ] 3,180 | 94.28 | 4,180 | 71.73 || 5,180 | 57.88 || 6,180 | 48.51 | 7,180 | 41.76 | 8,180 | 36. 65 9 180 | 32. 66
190 1,578 1,190 | 252.0 ] 2,190 | 136.9 | 3,190 | 93.99 | 4,190 | 71.56 | 5,190 | 57.77 | 6,100 | 48.44 | 7,190 | 41.70 | 8,190 | 30. 61 9, 190 | 32. 62
200 1, 499 1,200 | 249.9 ] 2,200 | 136.3 | 3,200 | 93.69 | 4,200 | 71.39 | 5,200 | 57.66 § 6,200 | 48.36 | 7,200 | 41. 64 § 8,200 | 36. 56 9,200 | 32.59
210 1,428 1,210 | 247.8 § 2,210 | 135.7 § 3,210 | 93.40 | 4,210 | 71.22 § 5,210 | 57.55 § 6,210 | 48.28 || 7,210 | 41. 58 § 8,210 | 36. 52 9,210 | 32.55
220 1,363 1,220 | 245.8 § 2,220 | 135.1 § 3,220 | 93.11 | 4,220 | 71.05 | 5,220 | 57.44 | 6,220 | 48.20 { 7,220 | 41. 53 | 8, 220 | 36. 47 9,220 | 32.52
230 1,304 1,230 ;1 243.8 § 2,230 | 134. 4 | 3,230 | 92.82 14,230 | 70.88 § 5,230 | 57.33 § 6,230 | 48.13 | 7,230 | 41.47 § 8,230 | 36. 43 9,230 | 32.48
240 1,249 1,240 | 241.8 § 2,240 | 133.8 | 3,240 | 92.54 | 4,240 | 70.71 } 5,240 | 57.22 § 6,240 | 48.05 | 7,240 | 41. 41 } 8,240 | 36.39 9,240 | 32. 45
250 1,199 1,250 | 239.9 | 2,250 | 133.3 | 3,250 | 92. 25 [ 4,250 | 70.55 § 5,250 | 57.11 § 6,250 | 47.97 | 7,250 | 41.35 } 8,250 | 36. 34 9,250 | 32. 41
/
260 1,183 1,260 | 238.0 } 2,260 { 132.7 | 3,260 | 91.97 | 4,260 | 70.38 | 5,260 | 57.00 § 6,260 | 47.89 | 7,260 | 41. 30 | 8, 260 | 36. 30 9,260 | 32.38
270 1,110 1,270 | 236.1 | 2,270 | 132.1 [ 3,270 | 91.69 | 4,270 | 70.22 | 5,270 | 56.89 § 6,270 | 47.82 | 7,270 | 41. 24 | 8,270 | 36. 25 9,270 | 32. 34
280 1,071 1,280 | 234.2 £ 2,280 | 131.5 [ 3,280 | 91.41 | 4,280 | 70.05 | 5,280 | 56.78 | 6,280 | 47.74 | 7,280 | 41.18 } 8,280 | 36.21 9,280 | 32.31
290 1,034 1,200 | 232.2 [ 2,290 | 130.9 § 3,290 | 91.13 | 4,290 | 69.89 | 5,290 | 56.68 § 6,290 | 47.67 ] 7,200 | 41.13 1 8,290 | 36.17 9,290 | 32.27
300 999.4 | 1,300 | 230.6 2,' 300 | 130.4 } 3,300 | 90.86 | 4,300 | 69.73 | 5,300 | 56.57 | 6,300 | 47.59 | 7,300 | 41. 07 } 8,300 | 36. 12 9,300 | 32. 24
310 967.2 1 1,310 | 2289 | 2,310 | 129.8 | 3,310 | 90.58 | 4,310 | 60.56 | 5,310 | 56.46 | 6,310 | 47.52 | 7,310 | 41,02 | 8,310 | 36.08 9,310 | 32. 20
320 936.9 | 1,320 | 227.1 § 2,320 | 129.2 | 3,320 | 90.31 | 4,320 | 69.40 | 5,320 | 56.36 § 6,320 | 47. 44 | 7,320 | 40.96 | 8, 320 | 36. 04 9,320 | 32.17
330 908.6 | 1,330 | 225.4 | 2,330 | 128.7 | 3,330 | 90.04 | 4,330 | 69.24 | 5,330 | 56.25 | 6,330 | 47.36 | 7,330 | 40.90 } 8,330 | 35.99 9,330 | 32.14
340 881.8 | 1,340 | 223.7 § 2,340 | 128.1 | 3,340 | 89.77 § 4,340 | 69.08 | 5,340 | 56.15 3 6,340 | 47.29 || 7,340 | 40.85 | 8,340 | 35.95 9,340 | 32.10
350 856.6 | 1,350 | 222.1 § 2,350 | 127.6 | 3,350 | 89.50 | 4,350 | 68.92 } 5,350 | 56.04 | 6, 350 | 47.22 ] 7,350 | 40. 79 { 8,350 | 35.91 9,350 | 32. 07
360 832.8 § 1,360 | 220.4 ) 2,360 | 127.0 | 3,360 | 89.23 | 4,360 | 68.77 § 5,360 | 55.94 ] 6,360 | 47.14 | 7,360 | 40.74 | 8, 360 | 35. 86 9,360 | 32.03
370 810.3 | 1,370 | 218.8 } 2,370 | 126.5 § 3,370 | 88.97 | 4,370 | 68.61 § 5,370 | 55.83 § 6,370 | 47.07 | 7,370 | 40. 68 } 8,370 | 35.82 9,370 | 32.09
380 780.0 | 1,380 | 217.3 § 2,380 | 126.0 § 3,380 | 88.70 | 4,380 | 68.45 | 5,380 | 55.73 § 6,380 | 46.99 | 7,380 | 40.63 | 8,380 | 35.78 9,380 | 31 96
390 768.8 § 1,390 | 215.7 § 2,390 | 125.4 | 3,390 | 88.44 | 4,390 | 68.30 § 5,390 | 55.63 § 6,390 | 46.92 | 7,390 | 40. 57 | 8,390 | 35.74 9,390 | 31.93
400 749.6 | 1,400 | 214.2 ] 2,400 | 124.9 | 3,400 | 88.18 | 4,400 | 68. 14 ]| 5,400 | 55.52 | 6,400 | 46. 85 | 7,400 | 40. S2 '8,.400 35. 69 9,400 | 3L 90
410 731.3 | 1,410 1 212.6 | 2,410 | 124. 4 | 3, 410 | 87.92 | 4,410 | 67.99 | 5,410 | 55.42 | 6,410 | 46,77 § 7,410 | 40. 46 | 8,410 | 35..65 9,410 | 31. 86
420 713.9 | 1,420 | 211.1 § 2,420 | 123.9 | 3,420 | 87.67 | 4,420 | 67.83 | 5,420 | 55.32 § 6,420 | 46.70 | 7,420 | 40. 41 § 8,420 | 35, 61 9,420 | 31.83
430 697.3 ]| 1,430 | 209.7 } 2,430 | 123.4 § 3,430 | 87.41 | 4,430 | 67.68 | 5,430 | 55.22 § 6,430 | 46.63 | 7,430 | 40. 35 | 8,430 | 35.57 9,430 | 31.79
440 681.4 § 1,440  208.2 § 2,440 | 122.9 § 3,440 | 87.16 | 4,440 | 67.53 | 5,440 | 55.11 § 6,440 { 46.56 } 7,440 { 40.30 | 8,440 | 35.52 9,440 | 31.76
450 | 666.3 | 1,450 | 206.8 § 2,450 { 122. 4 | 3,450 | 86.90 | 4,450 | 67.38 ] 5,450 | 55.01 § 6,450 | 46. 48 § 7,450 | 40. 24 | 8,450 | 35.48 9 450 | 31.73
460 651.8 | 1,460 | 20S8. 4 § 2,460 | 121.9 § 3,460 | 86.65 | 4,460 | 67.22 | 5,460 | 5491 } 6,460 | 46.41 § 7,460 | 40. 19 | 8,460 | 35.44 9,460 | 31. 69
470 637.9 ]| 1,470 | 204.0 § 2,470 | 121. 4 § 3,470 | 86.40 | 4,470 | 67.07 | 5,470 | 54.81 § 6,470 | 46.34 | 7,470 | 40. 14 § 8,470 | 35, 40 9,470 | 31. 66
480 624.6 | 1,480 | 202.6 | 2,480 | 120.9 § 3,480 | 86.16 | 4,480 | 66.92 || 5,480 | 54,71 § 6,480 | 46.27 § 7,480 | 40.08 | 8,480 | 35. 36 9,480 { 31.63
490 611.9 1 1,490 | 201.2 § 2,490 | 120. 4 § 3,490 | 85.91 || 4,490 | 66.78 | 5,490 | 54. 61 | 6,490 | 46.20 § 7,490 | 40. 03 § 8 490 | 35. 31 9,490 | 31.59
500 599.6 | 1,500 | 199.9 § 2,500 ( 1129 § 3,500 | 85. 66 § 4,500 | 66.63 | 5,500 | 54.51 § 6,500 | 46.13 }§ 7,500 | 39.98 | 8, 500 | 35.27 9,500 | 31. 86
s10 $87.9 ] 1,510 | 198.6 | 2,510 | 119. 8 § 3,510 | 85.42 § 4,510 | 66.48 | 8,510 | 54.41 § 6,510 | 46.06 | 7,510 | 39.92 § 8,510 | 35.23 9,510 | 31.53
520 576.6 | 1,520 | 197.2 }§ 2,520 [ 119.0 § 3,520 | 85.18 | 4,520 | 66.33 | 5,520 | 54.32 | 6,520 | 45.98 | 7,520 | 39.87 { 8,520 | 35.19 9,520 | 31.49
530 565.7 | 1, S3 196.0 § 2,530 1 118.5 § 3,530 | 84.94 | 4,530 | 66.19 | 5,530 | 54.22 § 6,530 | 45.91 | 7,530 | 39.82 | 8,530 ; 35.15 9,530 | 31.46
540. $55.2 11,8 104.7 § 2,540 | 118.0 § 3,540 | 84.70 | 4,540 [ 66.04 | S, 540 | 54. 12 | 6,540 | 45.84 § 7,540 | 39.76 } 8,540 | 35. 11 9,540 | 31. 43
550 545.1 | 1,550 | 193.4 § 2,550 | 117:6 | 3,550 | 84 46 § 4,550 | 65.89 | 5,550 | 54.02 | 6,550 | 45.77 | 7,550 | 39.71 || 8,550 { 35.07 9,550 | 31.39
560 $35.4 ] 1,560/ 192.2 § 2,560 | 117.1 } 3,560 | 84. 22 § 4,560 | 65.75 | 5,560 | 53.92 § 6,560 | 45.70 § 7,560 | 39. 66 ] 8,560 | 35.03 9, 560 | 31.36
570 $26.0 | 1,570 ] 191.0 § 2,570 | 116.7 | 3,570 | 83.98 | 4,570 | 65.61 | 5,570 | 53.83 | 6,570 | 45.63 § 7,570 | 39.61 | 8,570 | 34.98 9,570 | 31,33
580 516.9 § 1,580 { 189.8 | 2,580 | 116.2 | 3,580 | 83.75 § 4,580 | 65.46 § 5,580 | 53.73 § 6,580 | 45.57 § 7,580 | 39.55 § 8,580 | 34.94 9,580 | 31. 30
590 508.2 | 1,500 | 188.6 § 2,500 | 115.8 § 3,590 | 83.52 | 4,590 | 65.32 § 5,590 ! 53.64 § 6,590 | 45.50 § 7,590 | 39.50 ] 8,590 | 34.90 9,590 | 31. 26
600 499.7 § 1,600 | 187. 4 § 2,600 | 1153 § 3,600 | 83.28 § 4,600 | 65.18 | 5,600 | 53.54 § 6,600 | 45.43 § 7,600 | 39.45 § 8,600 | 34. 86 9,600 | 31.23
610 4oL 5 § 1,610 | 186:2 § 2,610 | 114.9 | 3,610 | 83.05 1 4,610 | 65.04 | 5,610 | 53.44 | 6,610 | 45.36 | 7,610 | 39.40 } 8,610 | 34. 82 9,610 | 31. 20
620 483.6 ] 1,620 ( 185.1 | 2,620 | 114.4 § 3,620 | 82.82 § 4,620 | 64.90 | 5,620 | 53.35 § 6,620 | 45.29 ¢ 7,620 | 39.35 [ 8,620 | 34.78 9,620 | 31.17
630 475.9 § 1,630 | 183.9 1 2,630 | 114.0 § 3,630 | 82.60 } 4,630 | 64.76 [ 5,630 | 53.25 | 6,630 | 45.22 § 7,630 | 39.29 | 8,630 | 34.74 9,630 | 31.13
640 468.8 | 1,640 | 182.8 | 2,640 | 113.6 § 3,640 | 82. 37 | 4,640 | 64.62 | 5,640 | 53.16 } 6,640 | 45.15 § 7,640 | 39.24 | 8,640 | 34.70 9, 640 | 31.10
650 461.3 | 1,650 | 1817 | 2,650 | 113.1 § 3,650 | 82. 14 | 4,650'| 64.48 | 5,650 | 53.07 {6,650 | 45,09 § 7, 650.| 39,49 | 8,650 | 34.66 § 9,650 | 31.07
660 454.3 ] 1,660 | 180.6 1 2,660 | 112.7 1 3,660 | 81.92 } 4,660 | 64.34 | 5,660 | 52.97 | 6,660 | 45.02 £ 7,660 | 39.14 | 8,660 | 34, 62 9, 660 | 31. 04
670 447.5 | 1,670 { 179.5 § 2,670 | 112.3 | 3,670 | 81.70 f 4,670 | 64.20 | 5, 670 | 52. 88 | 6,670 | 4495 | 7,670 | 39.09 | 8, 670 | 34. 58 9,670 | 31.01
680 440, 9 | 1,680 | 178.5 | 2, 680 11.9 § 3,680 | 81.47 | 4,680 | 64.06 | 5,680 | 52.79 | 6,680 ! 44.88 § 7,680 | 39.04 | 8,680 | 34.54 9, 680 | 30, 97
690 434.5 ] 1,690 | 177.4 | 2,690 11.5 13,690 | 81.25 | 4,690 | 63.93 | 5,690 | 52.69 § 6,600 | 44.82 { 7,600 | 38.99 | 8, 690 | 34. 50 9,690 | 30.94
700 428.3 | 1,700 | 176.4 | 2,700 | 111.0 § 3,700 | 81.03 § 4,700 | 63.79 | 5,700 | 52. 60 § 6,700 | 44.75 § 7,700 | 38.94 | 8,700 | 34. 46 9,700 | 30.91
710 422.3 | 1,710 | 175.3 } 2, 716 | 110.6 3,710 | 80.81 } 4,710 | 63.66 | 5,710 | 52.51 | 6,710 | 44.68 § 7,710 | 38.89 | 8,710 | 34. 42 9,710 | 30.88
720 416.4 § 1,720 | 174.3 § 2,720 | 110. 2 § 3,720 | 80.60 § 4,720 | 63.52 | 5,720 | 52.42. | 6,720 | 44.62 § 7,720 | 38.84 | 8,720 | 34.38 9,720 | 30.85
730 410.7 | 1,730 | 173.3 §1 2,730 | 109.8 } 3,730 | 80.38 | 4,730 | 63.39 | 5,730 | 52.32 } 6,730 | 44.55 | 7,730 | 38.79 | 8,730 | 34.34 9,730 | 30.81
740 405.2 | 1,740 | 172.3 } 2,740 | 109.4 ¥ 3, 740 | 80.17 £ 4,740 | 63.25 | 5,740 | 52.23 §6,740 | 44.48 | 7,740 | 38.74 | 8,740 |-34. 30 9,740 | 30.78
750 300.8 41,750 | 171.3 2 750 | 109. 0 }, 750 | 79.95 § 4,750 | 63.12 | 5,750 | 52.14 | 6,750 | 44.42 | 7,750 | 38.69 § 8,750 | 34.27 9,750 | 30.75
760 304.5 011,760 | 170.4 | 2,760 | 108.6 } 3,760 | 79.74 § 4,760 | 62.99 | 5,760 | 52.05 } 6,760 | 44.35 | 7,760 | 38.64 | 8,760 | 34. 23 9,760 | 30.72
770 380.4 11,770 | 169.4 § 2,770 { 108.2 } 3,770 | 79.53 ] 4,770 | 62.86 | 5,770 | 51.96 | 6,770 | 44.29 | 7,770 | 38.59 | 8,770 | 34.19 | 9,770 | 30. 69
780 384.4 | 1,780 | 168.4 | 2,780 | 107.8 | 3,780 | 79.32 } 4,780 | 62.72 | 5,780 | 51.87 | 6,780 | 44.22 | 7,780 | 38.54 } 8,780 | 34. 1S | 9,780 | 30. 66
790 379.5 | 1,790 | 167.5 ] 2,790 | 107. 5 § 3,790 | 79.11 } 4,790 | 62.59 | 5,790 | 51.78 | 6,790 | 44.16 | 7,790 | 38.49 | 8,790 | 34. 11 9,790 | 30. 63
800 374.8 | 1,800 | 166.6 § 2,800 | 107.1 | 3,800 | 78.90'§ 4,800 | 62.46 | 5,800 | 51.69 | 6,800 | 44. 09 | 7,800 | 38.44 | 8,800 | 34 07 9,800 | 30.59
810 370.2 | 1,810 | 165.6. § 2,810 | 106.7 § 3,810 | 78.69 | 4,810 | 62.33 | 5,810 | 51.60 ]| 6,810 | 44.03 § 7,810 | 38.39 § 8,810 | 34 03 9,810 | 30.56
820 365:6 § 1,820 | 164.7 | 2,820 | 106.3 § 3,820 | 78.49 | 4,820 | 62.20 | 5,820 | 51.52 | 6,820 | 43.96 { 7,820 | 38.34 | 8,820 | 33.99 9,820 | 30.53
830 361.2 § 1,830 | 163.8 || 2,830 | 105.9 § 3,830 | 78.28 | 4,830 | 62.07 | 5,830 | 51.43 | 6,830 | 43.90 § 7,830 | 38.29 ] 8,830 | 33.95 9, 830 | 30. 50
840 356.9 § 1,840 | 162.9 ||.2.840 | 105.6 § 3,840 |- 78.08 | 4,840 | 61.95 § 5,840 | 51.34 | 6,840 | 43.83 | 7,840 | 38.24 { 8,840 | 33.92 9,840 | 30. 47
850 352.7 41,850 | 162.1 | 2,850 | 105.2 | 3,850 | 77.88 | 4,850 | 61.82 | 5,850 { 51,25 | 6,850 | 43.77 § 7,850 | 38.19 | 8,850 | 33.88 9, 850 | 30.44
860 348.6 § 1,860 | 161.2 || 2,860 | 104.8 ] 3,860 | 77.67 | 4,860 | 61.69 || 5,860 | §51.16 | 6,860 | 43.71 ] 7,860 | 38. 14 | 8,860 | 33.84 9,860 | 30. 41
870 344.6 | 1,870 | 160.3. | 2,870 | 104.5 | 3,870 | 77.47 | 4,870 | 61.56 | 5,870 | 51.08 | 6,870 | 43.64 } 7,870 | 38.10 | 8,870 | 33.80 9,870 | 30.38
880 340.7 | 1,880 | 159.5 || 2,880 | 104.1 { 3,880 | 77.27 || 4,880 | 61.44 | 5,880 | 50.99 | 6,880 | 43.58 § 7,880 | 38.05 | 8,880 | 33.76 9,880 | 30.35
890 336.9 ] 1,890 | 158.6 § 2,890 | 103.7 § 3,890 | 77.07 || 4,890 | 61.31 || 5,800 | 50.90 ]| 6,890 | 43.52 § 7,890 | 38.00 | 8,890 | 33.73 9,890 | 30.32
000 333.1 | 1,900 | 157.8 } 2,900 | 103.4 |'3,900 | 76.88 || 4,900 | 61.19 [ 5 900 | 50.82' 1 6,900 | 43.45 § 7,900 | 37.95 | 8,900 | 33. 69 9,900 | 30.28
910 320.5 § 1,910 | 157.0 || 2,910 | 103.0 | 3,910 ! 76.68 | 4,910 | 61.06 | 5,910 | 50.73 1 6,910 | 43.39 | 7,910 [ 37.90 | 8,910 | 33.65 9,910 | 30. 25
920 325.9 § 1,020 | 156.2 | 2,920 | 102.7 | 3,920 | 76.48 || 4,920 | 60.94 | 5,920 | 50.65 | 6,920 | 43.33 { 7,920 | 37.86 | 8,920 | 33.61 9,920 | 30.22
930 322.4 §1,030 | 155.3 } 2,930 | 102.3 | 3,930 | 76.29 | 4,930 | 60.82 | 5,930 | 50.56 || 6,930 | 43.26 | 7,930 | 37.81 | 8,930 | 33.57 9,930 | 30.19
<40 310.0 § 1,940 | 154.5 ] 2,940 | 102.0 § 3,940 | 76.10 | 4,940 | 60.69 § 5,940 | 50.47 | 6,940 | 43.20 | 7,940 | 37.76 } 8,940 | 33.54 9,940 | 30.16
950 315. 6 l 050 | 153.8 | 2,950 | 101. 6 | 3,950 7§. 90 | 4,950 | 60.57 | 5,950 | 50.39 || 6,950 | 43.14 | 7,950 | 37.71 | 8,950 | 33. 50 9,950 | 30.13
960 3123 11,960 | 153.0 9 2,950 | 101.3 | 3,960 | 75.71 | 4,960 | 60.45 || 5,960 | 50.31 | 6,960 | 43.08 } 7,960 | 37. 67 § 8,960 | 33. 46- 9,960 | 30, 10
970 300.1 ] 1,970 | 152.2 | 2,970 | 100.9 | 3,970 | 75.52 | 4,970 | 60.33 | 5,970 | 50.22 | 6,970 | 43.02 | 7,970 | 37.62 18,970 | 33.42 | 9,970 | 30.07
980 303.9 ] 1,980 | 151. 4 ] 2,980 | 100. 6 || 3,980 | 75 33 | 4,980 | 60.20 § 5,980 | 50.14 || 6,980 | 42.95 | 7,980 | 37.57 § 8,980 | 33. 39 9,980 | 30, 04
©90 302.8 | 1,990 | 150:7 § 2,990 | 100.3 | 3,990 75.14 { 4,000 | 60.08 [ 5,990 | 50.05 || 6,990 | 42,89 | 7,990 | 37.52 | 8,990 | 33.35 9,990 | 30. 01
| 1 000 209.8 § 2,000 | 149.9 j 3,000 ) 99.94 | 4, 000 | 74.96 § 5,000 | 59.96 || 6,000 | 49.97 || 7,000 | 42.83 } 8,000 | 37. 48 § 9,000 | 33: 31 | 10, 000 | 29. 98
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224A

Type of tube—Cathode tetrode.
Socket—Five-contact.

Purpose—R-F amplifier and detector.
Overall beight—5%% inches.

Overall diameter—1 13/16 inches.
Filament voltage, a-c or d-¢—2.5 volts.
Filament current—1.75 amperes.

Bias Detector
Load resistance—250,000 ohms.
Plate voltage, applied—180 volts.
Screen voltage—45 volts, or less.
Grid bias—4 volts.

Amplifier, Resistance Coupled

Load resistance—250,000 ohms.

Plate voltage, applied—250 volts.
Screen voltage—25 volts.

Grid bias—1 volt.

Plate current—0.5 milliampere.
Amplification factor—1,

Plate resistance—2,000,000 ohms.
Mutual conductance—500 micromhos.
Voltage gain—11 or more.

Amplifier, R-F
Plate voltage—180 volts.
Screen voltage—9 volts.
Grid bias—3 volts.
Plate current—4 milliamperes.
Grid bias resistance—300 ohms.
Amplification factor—400.
Plate resistance—400,000 ohms.
Mutual conductdnce—-l 000 micromhos.

Amplifier, R-F

Plate voltage—250 volts.
Screen voltage—90 volts.
Grid bias—3 volts.
Plate current—4 milliamperes.
Amplification factor—615.
Plate resistanc ,000 ohms.
Mutual conductance—l 025 micromhos.
Grid-plate capacity—0.0lO mmid., max.
Grid-cathode capacity—5.0 mmid.
Plate-cathode capacity—10 mmid.

Socket No. 9, Jan. 21 issue.

227
Type of tube—Cathode triode.
Socket—Five contact.
Purpose—Detector and amplifier.
Overall height—4 11/16 inches.
Overall diameter—1 13/16 inches.

Filament voltage, a-¢ or d-¢—2.5 volts.
Filament current—1.75 amperes.
Grid-plate capacity—3.3 mmfd.
Grid-cathode capacity-—3.5 mmfid.
Plate-cathode capacity—3 mmid.
Amplification factor—9.

Bias Detector
Plate voltage—250 volts.
Grid bias—30 volts.

Amplifier, 135-Volt Plate

Plate voltage—135 volts.

Grid bias—9 volts.

Plate current—4.5 milliamperes.

Bias resistance—2,000 ohms.

Plate resistance—9,000 ohms.

Mutual conductance—1,000 micromhos.
Maximum undistorted output—80 milliwatts.
Optimum load resistance—13,000 ohms

Amplifier, 180-Volt Plate
Plate voltage—180 volts.
Grid bias—13.5 volts.
Plate current—5 milliamperes.
Bias resistance—2,700 ohms,
Plate resistance—9,000 ohms.
Mutual conductance—1,000 micromhos.

Maximum undistorted output—165 milliwatts.

Optimum load resistance—18,700 ohms.

Amplifier, 250-Volt Plate
Plate voltage—250 volts.
Grid bias—21 volts.
Plate current— 5.2 milliamperes.
Grid bias resistance—4,000 ohms.
Plate resistance—9,250 ohms.
Mutual conductance—975 micromhos.
Maximum undistorted output—300 milliwatts.
Optimum load resistance—34,000 ohms.

Socket No. 8, Jan. 21 issue.

235 and 551

Type of tube—Supercontrol tetrode.
Socket—Five contact.

Purpose—R-F a Phﬁer and detector.
Overa]l height—534 inches.

Overall diameter—1 13/16 inches.
Filament voltage, a-c or d-¢c—2.5 volts.
Filament current—1.75 amperes.
Grid-plate capacity—0.010 mmid., max.
Grid-cathode capacity—5 mmfd.
Plate-cathode capacity—10 mmfd.

First Detector
Plate voltage—250 volts.
Screen voltage—90 volts.
Grid bias—8 volts (about).

Amplifier, 180-Volt Plate

Plate voltage—180 volts.
Screen voltage—90 volts.
Grid bias—3 volts.

Plate current—6.3 milliamperes.

Grid bias resistance—350 ohms.
Amplification factor—255.

Plate resistance—250,000 ohms.
Mutual conductance—1,020 micromhos.

Amplifier, 250-Volt Plate

Plate voltage—-250 volts.

Screen . voltage—90 volts.

Grid bias—3 volts.

Plate current—6.5 milliamperes.

Bias resistance—350 ohms.

Amplification factor—370.

Plate resistance 350,000 ohms.

Mutual conductance—1,050 micromhos.
Socket No. 9, Jan. 21 issue.

226

Type of tube—Filamentary triode.
Socket—Four contact.
Purpose—Amplifier.

Overall height—4 11/16 inches.
Overall diameter—1 13/16 inches.
Filament voltage, a-c—1.5 volts.
Filament current—1.05 amperes.
Grid-plate capacity—8.1 mmfd.
Grid-filament capacity—3.5 mmfd.
Plate-filament capacity—2.2 mmfd.
Amplification factor—8.3.

Amplifier, 90-Volt Plate

Plate voltage—90 volts.

Grid hias—7 volts.

Plate current—2.9 milliamperes.

Bias resistance—2,400 ohms.

Plate resistance—8.900 ohms.

Mutual conductance—935 micromhos.
Maximum undistorted output—30 milliwatts.
Optimum load resistance-—9,800 ohms.

Amplifier, 135-Volt Plate

Plate voltage—135 volts.

Grid bias—10 volts.

Plate current—5.5 milliamperes.

Bias resistance—1,800 ohms.

Plate resistance—7,600 ohms.

Mutual conductance-—1,100 micromhos.
Maximum undistorted output—80 milliwatts.
Optimum load resistance—8.800 ohms.

Amplifier, 180-Volt Plate

Plate voltage—180 volts.

Grid bias—14.5 volts.

Plate current—6.2 milliamperes.

Bias resistance—2.300 ohms.

Plate resistance—7,300 ohms.

Mutual conductance—1,150 micromhos.

Maximum undistorted output——l&) milliwatts.

Optimum load resnstance——lo 500 ohms
Socket No. 1, Jan. 21 issue.

245

Type of tube—Filamentary triode.
Socket-~Four contact.
Purpose—Power amplifier.
Overall height—55 inches.
Overall diameter—2 3/16 inches.
Filament voltage—2.5 volts.
Filament current—1.5 amperes.
Amplification factor—3.5.

Amplifier, 180-Volt Plate

Plate voltage—180 volts.

Grid bias—34.5 volts.

Plate current—27 milliamperes.

Grid bias resistance—l,S(’O ohms.

Plate resistance—1.900 ohms.

Mutual conductance—1.850 micromhos.
Maximum undistorted output—780 milliwatts.
Optimum load resistance—3,500 ohms.

Amplifier, 275-Volt Plate

Plate voltage—275 volts.

Grid bias—56 volts.

Plate current—36 milliamperes.

Grid bias resistance—1,550 ohms.
Plate resistance—1,670 ohms.

Mutual conductance—z 100 micromhos.

Maximum undistorted output—=2,000 milliwatts.

Optimum load resistance—4.600 ohms.
Socket No. 1, Jan. 21 issue.

46

Type of tubeFilamentary double grid.
Socket—Five contact.

Purpose—Classes A and B power amplifier.
Overall height—5% inches.

Overall diameter—2 3/16 inches.

Filament voltage, a-c—2.5 volts.

Filament current—1.5 amperes.

Class A Amplifier

Plate voltage—250 volts,

Grid bias—33 volts.

Plate current—22 milliamperes.

Bias resistance—1,500 ohms.
Amplification factor—5.6.

Plate resistance—2.400 ohms.

Mutual conductance—2.350 micromhos.

Maximum undistorted output—1,250 milliwatts.

Optimum load resistance—6.400 ohms.

www americanradiohistorv com

Class B Amplifier

Average Characteristics for Two Tubes.
Plate voltage—300 volts.
Grid bias—Zero. -
Plate current—8 to 70 milliamperes.
Maximum undistorted output—16 watts.

Optimum load resistance-—5,000 ohms, minimum.

Plate voltage—400 volts.

Grid bias—Zero.

Plate current—I12 to 75 milliamperes.

Maximum undistorted output—20 watts.

Optimum load resistance—5,500 ohms.
Socket No. 7, Jan. 21 issue.

247

Type of tube—Filamentary pentode.
Socket—Five contact.
Purpose—Power amplifier.

Overall height—58§ inches.

Qverall diameter—2 3/16 inches.
Filament voltage, a-c—2.5 volts.
Filament current—1.5 amperes.

Plate supply voltage—250 volts.
Screen voitage—250 volts.

Grid bias voltage—16.5 volts.

Plate current—31 milliamperes.

Screen current—6 milliamperes.

Grid bias resistance—400 to 450 ohms.
Amplification factor—150.

Plate resistance—60,000 ohms.

Mutual conductzmce—Z,aOO micromhos.

Maximum undistorted output—2,500 milliwatts.

Optimum load resistance—7,000 ohms.
Socket No. 7, Jan. 21 issue.

210

Type of tube—Filamentary triode.
Socket—Four contact.
Purpose—Power amplifier.
QOverall height—5% inches.
Overall diameter—2 3/16 inches.
Filament voltage, a-c—7.5 volts.
Filament current—1.25 amperes.
Amplification factor—8.

Amplifier, 250-Volt Plate

Plate voltage—250 volts.

Grid bias—22 volts.

Plate current—10 milliamperes.

Grid bias resistance—2,200 ohms.

Plate resistance—6,000 ohms.

Mutual conductance—1,330 micromhos.
Maximum undistorted output—400 milliwatts.
Optiinum load resistance—13,000 ohms.

Amplifier, 350-Volt Plate

Plate voltage—350 volts.

Grid bias—31 volts.

Plate current—16 milliamperes.

Bias resistance—1,950 ohms.

Plate resistance—5,150 ohms.

Mutual conductance—1,550 micromhos.
Maximum undistorted output—900 milliwatts.
Optimum load resistance—11,000 ohms.

Amplifier, 425-Volt Plate

Plate voltage—425 volts.

Grid bias—39 volts.

Plate current—I18 milliamperes.

Grid bias resistance—2,050 ohms.
Plate resistance—5,000 ohms.

Mutual conductance—1,600 micromhos.

Maximum undistorted output—1,600 milliwatts.

Optimum load resistance—10.000 ohms.
Socket No. 1, Jan. 21 issue.

1Y

250
Type of tube—Filamentary triode.
Socket—Four contact.
Purpose—Power amplifier.
Qverall height—6% inches.
Overall diameter—2 11/16 inches.
Filament voltage, a-c—7.5 volts.
Filament current—1.25 amperes.
Amplification constant—3.8.

Amplifier, 250-Volt Plate

Plate voltage—250 volts.

Grid bias—45 volts.

Plate current—28 milllamperes.

Grid bias resistance—1,600 ohms.

Plate resistance—2,100 ohms.

Mutual conductance—1,800 micromhos.
Maximum undistorted output—I1,000 milliwatts.
Optimum load resistance—4.300 ohmns.

Amplifier, 350-Volt Plate
Plate voltage—350 volts,
Grid bias—63 volts.
Plate current—45 milliamperes.
Grid bias resistance—1,400 ohms.
Plate resistance—1,900 ohms.
Mutual conductance—2,000 micromhos.
Maximum undistorted output—2,400 milliwatts.
Optimum load resistance—4,100 ohms.

Amplifier, 450-Volt Plate

Plate voltage—450 volts.
Grid bias—84 volts.
Plate current—55 milliamperes.
id bias resistance—1,500 ohms.
Plate resistance—1,800 ohms.
Mutual conductance—2,100 micronihos.
Maximum undistorted output—4.600 milliwatts.
Optimum load resistance—4.350 ohms.
Socket No. 1, Jan. 21 issue.
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7-Tube Superheterodyne, 550 kc t
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HE No. 700 chassis of the U. S. Radio

& Television Corporation is a seven-

tube model utilizing the superhetero-
dyne circuit and providing for operation on
a frequency range of from 550 kc. to 20
mgc. The tubes consist of a type 56 tube
functioning as a local oscillator, a type 57
first detector, two type 58 tubes operating
as i-f amplifiers, a type 56 second detector
or demodulator, a type 247 pentode audio
amplifier and a type 280 full-wave recti-
fier. The power supply system which sup-
plies the necessary voltages to the various
circuits is a component part of the chassis
and the field of the electrodynamic speaker
acts as the filter choke.

The location and funétion of each tube
in the receiver are shown in Fig. 1.

The frequency range of the No. 700
chassis is divided into four bands, which are
indicated by the four frequency scales on
a dial chart. These dial scales are printed
in different colors corresponding to the
four colored dots on the band selector
switch knob, and the receiver operates in
the frequency range designated by the color
of the dot which is directly below the in-
dicator pin. The frequency range covered
by the receiver when the band selector
switch is in the black position is 550 kc. to
1,350 kc.; in the red position, 1.3 mgec. to
3.2 mgc.: in the green position, 3.0 mgc. to
8.0 mgc.; and in the violet position from

7.5 to 20 mgc. (One megacycle, mgc., is
equal to 1,000 kilocycles.)

How Switch Works

The band selector is a four-pole, four-
position rotary switch which varies the in-
ductance included in the grid circuits of the
first detector and oscillator tubes and which
also short-circuits the unused portions of
the r-f and oscillator secondary winding.
It is necessary to short-circuit the unused
portions of the coils to prevent undesirable
effects which might be set up by the “dead
ends,” especially at high frequencies. If
left unshorted, these sections might become
resonant at some frequency in the range in
which the receiver is being operated, due to
their inductance and distributed capacity,
and would produce energy loss and detuning
of the receiver,

The band selector switch also makes pro-
vision for short-circuiting the section of the
oscillator pickup coil used on the two lower
frequency bands, during operation of the re-
ceiver on the two upper bands. This same
section of. the band selector switch also
short-circuits the short-wave primary coil
when the receiver is used on the low fre-
quencies. Another contact arm of the switch
is used to change the antenna input connec-
tion when changing from the second to the
third frequency band.

The complete circuit is shown in Fig. 2.
The input circuit of the first detector is
somewhat different from the conventional
circuit used in Super-Heterodyne receivers
and its operation is best explained by trac-
ing the path of the signal from the antenna
to the first detector tube. Signals at all
frequencies are picked up by the antenna
and cause current at the same frequencies
to flow in the antenna circuit. However,
a tuned. circuit is connected in the antenna
lead and is resonant to 455 kc, the inter-
n_1ed1ate frequency of the receiver preventing
signals at this frequency from being im-
pressed on the grid of the first detector.
Other signal currents flow through the cir-
cuit consisting of the 0.001 mfd. condenser,
350-ohm resistor, image suppression coil
(shown in a horizontal position directly be-
low the first detector transformer secondary)
and 3,060 mmfd. condenser to ground. A
voltage is established across the 3,060 mmfd.
condenser due to these signal currents and
maximum voltage is induced in the first de-
tector transformer and applied to the grid
of the 57 first detector at the frequency to
which the circuit is made resonant by the
turéing condenser.

uppression of signals at a frequency o
910 kc or double the intermediate qfrequ}e,ncyf
above the frequency to which the receiver
is tuned is provided by the image suppres-
sion coil. This coil system is designed with
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constants of such value that the voltage in-
duced in the first detector transformer at
the image frequency is compensated for and
counteracted by an equal voltage of opposite
phase set up in the small coil shown in
inductive relation to the image suppression
coil. This system of image suppression is
used on the two lower frequency bands, the
inductance of the image suppression coil
being controlled by the band selector switch.
The 350-ohm resistor serves to make the
image suppression coil rather broadly reso-
nant and more effective over the frequency
range in which it operates.

Further Image Control

Further suppression of the image fire-
quency is provided by the natural character-
istics of the first detector input circuit.
The current flowing in the antenna circuit
due to the signal at image frequency will
not establish as great a voltage drop across
the 3,060 mmifd. condenser as will the cur-
rent flowing due to the signal at resonant
frequency, since capacitive reactance 1s
greater at lower frequencies. The first de-
tector ' transformer, being resonant to the
desired frequency, will also attenuate the
image frequency.

The suppression of image response on
high frequencies is not a necessity since
there is very little possibility that the image
signal from one station will interfere with
another. Consequently, special care i1s not
taken on the two upper frequency bands to
suppress this response and the suppression
provided by the selectivity of the first de-
tector tuned circuit is adequate for this pur-
pose.

A type 57 tube is used as the first de-
tector and is of the bias type. Grid bias
voltage is obtained from the voltage drop
established across the 7,000 ohm resistor in
the cathode circuit, by the plate and screen
currents flowing in this circuit.

The oscillator is of the tuned grid type
and is tuned by the second section of the
tuning condenser. The oscillator secondary
winding is tapped, these taps being con-
nected to the band selector switch so that
the inductance can be varied for the dif-
ferent frequency bands. The frequency of
the oscillator signal is always 455 kc above
the frequency to which the first detector is
tuned when all circuits are in perfect align-
ment.

Padding Capacities Changed

The band selector switch also changes the
padding condenser capacity for each fre-
quency range so that the oscillator circuit
will be in perfect alignment at all frequen-
cies. On the two padding condensers of
lowest capacity, used when the receiver is
operated on the lower frequency ranges,
trimmer condensers are provided to take
care of variations in the fixed capacity
which might affect the alignment of the re-
ceiver. On the other two frequency ranges
the capacity of the padding condensers is
so large that any slight variations would
be a small percentage of the total capacity
and would not affect alignment.

Grid bias for the oscillator tube is estab-
lished by the d-c component of the oscillatory
current flowing through the 25,000-ohm re-
sistor. The oscillator pickup coil, which
is inductively coupled to the oscillator, is
connected in the cathode circuit of the first
detector.

The first detector is followed by two
stages of intermediate frequency amplifica-
tion, using type 58 tubes. The primary and

Uses Switching Method

558 4 R
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secondary windings of the three i-f trans-
formers are tuned, providing six tuned cir-
cuits and assuring a high degree of selectiv-
ity. High amplification is provided by the
use of the high mutual conductance 58 tubes
and by virtue of the comparatively low am-
plified frequency of 455 kec.

56 as Second Detector

Grid bias for the two 58 1-f tubes is vari-
able and is controlled by the 8,000-ohm
variable resistor connected in series with
the 800-ohm biasing resistor in the cathode
circuit of these tubes. The volume control
in the No. 700 chassis serves a dual pur-
pose in that it not only varies the grid
bias of the i-f tubes but also controls the
signals input to the first detector. The re-
sistance in the cathode circuit changes from
300 to 8,800 ohms as the volume is reduced
from maximum to minimum thus increasing
the i-f bias voltage and decreasing the re-
ceiver sensitivity. At the same time the re-
sistance between antenna and ground is re-
duced from 8,000 ohms to zero resistance,
thus cutting the signal input.

A type 56 tube is used as the second de-
tector and is resistance coupled to the 247
pentode power tube. A 100,000-ohm resistor
in the plate circuit of the second detector
provides the necessary impedance across
which the audio voltage is developed.

A special biasing system is used with the
second detector to allow it to handle strong
signals without overloading. A 150,000-ohm
resistor is connected in the cathode circuit
and at no signal has a voltage drop of 34
volts established across it due to the second
detector plate current flowing in this circuit.
This voltage is in opposition to the 17 volt
drop across the 225-ohm section of the volt-
age divider resistor and there is consequent-

. 280
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247
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S PN

DET.

SRR

AT TACHMENT
PLUG

SPEAKER
SOCKET

ly an inttial grid bias of 17 volts applied to
the grid of the second detector when no
signal is applied. When signal is applied to
the second detector, the plate current in-
creases in proportion to the strength of the
signal and the grid bias is increased accord-
ingly. Much greater resistance to overload
is obtained with this method of obtaining
grid bias than would be had if a resistance
of lower value were connected between
cathode and ground without the bucking
voltage.

Audio Output

The power audio amplifier utilizes a type
247 Pentode tube and is coupled to the sec-
ond detector through a .04 mifd. condenser
and 50,000-ohm resistor. A 400,000-ohm re-
sistor is connected in the grid circuit to
supply the necessary impedance and to apply
the grid bias voltage which is developed
across the 225-ohm section of the voltage
divider resistor.

The output of the audio tube is fed to the
electrodynamic speaker by means of the
speaker input transformer. Tone control is
obtained by connecting a variable 200,000
ohm rheostat and a .04 mid. condenser in
series across the speaker transformer
primary.

The power supply system is made up of
the usual power transformer and type 280
full wave rectifier tube. The field of the
speaker acts as the filter choke and is tuned
by means of a .15 mfd. condenser so as to
offer maximum opposition to A.C. ripple at
120 cvcles. Two 8 mfd. dry electrolytic
condensers are used in the filter circuit and
the power supply system is completed by
the voltage divider resistor which is tapped
to supply the necessary screen and grid
voltages to the various circuits.

SHORT-WAVE CHARACTERISTICS

A certain percentage of service calls on
the No. 700 chassis will undoubtedly be due
to customers expecting the same type of

recqption on short waves as is had from
stations operating in the broadcast frequency
(Continued on next page)
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(Continued from preceding page)
band. Short waves have characteristics
different from broadcast waves and the fol-
lowing information will be of assistance in
answering certain types of customer com-

plaints.
Fading

FFading is familiar to the broadcast listener
as a periodic increase and decrease in the
strength of signals, often accompanied by
alternate periods of good and poor tone
quality.

Fading is much more pronounced on short
waves than on the broadcast band. Short-
wave fading is more rapid and severe than
broadcast fading, sometimes varying {rom
very weak to very loud, several tumes a
minute. Fading on short waves is also gov-
erned by the extent of daylight and darkness
between the transmitter and receiver as the
amount of sunlight has a large influence on
the condition of the atmosphere affecting
radio transmission. Ifor this reason certain
frequencies are received best during day-
light and others after dark.

During the day, long distance reception
will be best on frequencies from 10 to 20
mgc, while after dark many stations which
are received on these frequencies with good
volume during the day completely fade out
sometime before or after sunset. At night
long distance reception is best from 5 to 10
mgc. When trying for distance the listener
must therefore take into account the time
of day in choosing the listening frequency.

Time Difference

Another factor affecting the time at which
certain stations may be heard is the dif-
ference in time between the listener and the
transmitting station. For instance, most
stations in England and other KEuropean
countries sign off at midnight, their time,
although it ts then only six o’clock in the
evening to listeners on Central Standard
Time in the United States. European sta-
tions should, accordingly, be listened for
during daylight in the United States. On
the other hand, Australian time is eight
hours earlier than Central Standard Time
so it is necessary to listen early in the
morning for stations in Australia that are
on the air during their night.

Initerference

Interierence or static on short waves dif-
fers in character from that on broadcast
waves. Practically no natural static 1is
found on frequencies higher than 10 mega-
cycles. However, on short waves interference
from electrical equipment operated in the
vicinity of the receiver is more severe than
on broadcast frequencies. Certain types of
interference are present on some parts of
the short wave band and not on others.
For example, on 10 to 20 mgc the~ignition
systems of passing automobiles will cause
interference, in some instances so severe as
to override a signal of sufficient strength to
produce full loudspeaker volume.

Interference from other types of elec-
trically operated equipment, such as street
cars, oil burners, etc. is more severe on
frequencies in the neighborhood of 3 mgc.
So, if static or interference is found on
one part of the short-wave band at a cer-
tain time, it is often possible to listen on
some other part of the band without ex-
periencing interference.

Short-Wave Tuning

Complaints of inability to receive some
stations operating on very short waves can
often be traced to improper tuning of the
receiver. It is essential that the tuning
knob be turned very slowly when tuning
for distant short-wave stations due to the
extreme sharpness of tuning of the receiver
when set for operation on short-wave bands.
It is possible to pass over a station which
will produce full loudspeaker volume with-
out any response from the receiver if the
tuning knob is turned too quickly.

Reference should be made to the list of
stations given in the instruction book fur-
nished with the Model 7D receiver in order

to determine the frequency of the station
which it is desired to receive. The band
selector switch should then be set for the
proper frequency band and the tuning knob
turned so that the dial indicator moves
very slowly over the dial mark indicating
the station frequency.

It should be borne in mind that many of
the short-wave stations operate on very ir-
regular schedules and time difference must
also be taken into account.

Antenna

An outdoor antenna is essential for satis-
factory reception of distant short-wave sta-
tions and should be as high as possible. An
indoor or light socket antenna does not give
very successful results on short-wave re-
ception because the signal picked up from
distant short-wave stations is much less
than that of broadcasting stations and a
good outdoor antenna will pick up more
signal energy. A somewhat longer antenna
than recommended for the usual broadcast
receiver can be used to advantage with the
No. 700 chassis. An antenna length of
from 75 to 125 feet is recommended for use
with this receiver.

SERVICING

In servicing the No. 700 chassis the same
general procedure should be followed as in
testing a standard broadcast superheterodyne
receiver. Check all the accessories first to
determine if the cause of the trouble is ex-
ternal to the receiver itself. Tubes should
be tested with a tube tester or, if one is not
available, should be replaced with tubes
which are known to be in good condition.
The antenna and ground should be given a
thorough inspection and test to make sure
that they are in good order and making
good contact at the binding posts on the
receiver chassis. Test the lightning arrestor
for resistance and replace it if it tests
abnormally low.

If no trouble is located in the accessories,
continue to test the receiver by reading volt-
ages at the sockets to determine any defects
of the chassis which may affect these.

Voltages

A reliable set analyzer should be used for
making voltage tests on the receiver. If
desired, separate high resistance meters may
be used for this purpose but are not as
handy to use as the set analyzer unless the
chassis is removed from the cabinet.

The antenna and ground should be dis-
connected during voltage readings and the
tube shield removed only from the socket
in which the analyzer plug is inserted. In
reading the i-f voltages at the sockets,
oscillation may be caused by the capacity
of the analyzer cable. Such oscillation will
cause incorrect readings to be obtained but
can usually be overcome by touching the
control grid connection on the analyzer plug
or by grounding this connection through a
0.1 mfd. condenser.

The voltage chart shows the voltages and
currents with all tubes in, speaker connected
and the set otherwise in operating condition.
As indicated by the footnotes, some of the
voltages as read at the sockets are not the
actual voltages applied to the tubes, but are
lower due to voltage drop caused by the
meter current flowing through high resist-
ances in the circuit being tested. The higher
the resistance of the meter used for taking
such readings, the more accurate the read-
ings will be.

Continuity or Resistance Test

Certain defects will not affect voltage
readings but may be located readily by
means of resistance tests on the receiver
circuits. The schematic diagram, shows the
resistance of practically every section of the
circuit with the exception of coils of very
low resistance. For instance, the resistance
of the complete oscillator pickup coil sys-
tem, connected between the first detector
biasing resistor and ground is less than 1
ohm" and variations in this due to shorted
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turns could hardly be located with an ohm
meter. No resistances are given for the
power transformer windings since defects
in this part are usually readily apparent
either as overheating or as no voltage across
the detective winding.

When making continuity tests in circuits
containing dry electrolytic condensers it is
essential that the positive test prod be on
the positive lead. An electrolytic condenser
will conduct electricity much more readily
when its anode is made negative than when
it is positive and an incorrect resistance
reading will be had under such conditions.

The schematic circuit diagram should be
studied carefully when making resistance
tests on the various circuits. Practically
all of these circuits can be checked for cor-
rectness of resistance without removing the
chassis from the cabinet, and in many in-
stances the entire trouble can be located be-
fore the chassis is removed for repair. Fol-
low a systematic procedure in making these
tests, starting at the antenna circuit and
working on through the receiver. An ex-
ception to this is, of course, when there is
an indication as to where the trouble lies,
in which case the resistance tests should
he started at that point in the circuit.

Condenser Alignment

The r-f trimmers, which are used to align
the receiver at the high frequency end of
the broadcast band are located on the vari-
able tuning condenser assembly, one on each
section.

There are also six i-f trimmer condensers
which are used to align the i-f circuits ac-
curately to 455 kc. The adjusting screws of
these trimmers are accessible from beneath
the chassis and protrude from the porcelain
bases of the 1-f transformers. The ad-
justing screws of the i-f transformer trim-
mers as well as the r-f trimmers should
not be tampered with or changed unless it
is apparent that they are out of adjustment.
The necessity for readjustment of these cir-
cuits is usually indicated by low volume ac-
companied by broad tuning or a lack of
selectivity but all other possible defects
which might bring about these effects should
be checked before attempting realignment.

A signal generator and an output meter
are essential in order to align the r-f and
i-f circuits correctly. The signal generator
must provide an intermediate frequency sig-
nal at 455 ke as well as signals throughout
the broadcast band from 550 to 1500 kc.

Aligning Intermediate Condensers

The six i-f trimmers must be aligned
accurately before the first detector and oscil-
lator circuits can be correctly aligned. Re-
move the 56 oscillator tube from the socket
and connect the signal generator output to
the grid contact of the 57 first detector tube.
Adjust the output of the signal generator
to as low a value as will give a satisfactory
deflection on the output meter with the re-
ceiver volume control set at maximum. Too
strong a signal will cause overloading of
the second detector and make it impossible
to peak the i-f transformers properly.

Then adjust the six i-f condenser screws
until maximum output is indicated on the
output meter. After all six have been ad-
justed the first time, go over them again
and check the setting for maximum output.

Aligning R-F and Oscillator

Turn the tuning condenser rotor until the
rotor plates are fully in mesh with the
stator plates and check the position of the
dial indicator. This should be exactly at
the lowest frequency mark on the dial scale.
In case this setting is not accurate, loosen
the two set screws which hold the drive
disc to the tuning condenser rotor shaft and
turn the disc until the dial: indicator reads
correctly. Be careful not to move the tun-
ing condenser rotor while changing this
setting.  When the drive disc is properly
adjusted tighten the two set screws firmly.

Replace the 56 oscillator tube and connect
the signal generator output to the antenna
post on the back of the chassis. Set the
band selector switch so that the receiver is
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No. 700 Chassis—Voltages at Sockets
Volume Control at Maximum—Line Voltage 115

Control Screen
Type Position . A B Grid Screen Grid Cathode Plate Grid
of of Function Volts Volts C Grid Current Volts Current Test
Tube Tube Volts Volts MA MA MA
56 1 Osc. 2. 70 18 0 6.2 6.2
57 2 1st Det. 24 170 8.0 170 s 80 12 1.6
58 3 1st LF. 24 260 7.0 90 6 7.0 2.5 4.0
58 4 2nd LF. 24 260 7.0 90(2 .6 7.0 2.5 4.0
56 5 2nd Det. 24 20063 17.02 17.0 i2 -,
247 6 Audio 24 240 1.6 265 6.8 33.0 38.0
280 7 Rect. 50 39
Per Plate

(1) Varies with frequency. Actual voltage measured across 25,000 ohm bias resistor—39 Volts.
(2)  Voltage measured with 120,000 ohm meter.
(3  Voltage measured with 600,000 ohm meter.

) Actual voltage measured across 225 ohm section of voltage divider resistor—17 Volts.

operating in the range indicated by the black
dial scale and place the signal generator in
operation at exactly 1200 kc. Turn the
tuning condenser rotor until the dial indi-
cator is at 1200 kc on the dial scale and
carefully adjusted the two trimmers on the
tuning condenser for maximum output. This
adjustment must be made accurately as most
efficient operation on all frequency bands
will only be had under such conditions.

Then set the signal generator for a signal
of 600 kc and turn the tuning condenser
rotor until maximum output is indicated.
The 600 kc oscillator trimmer condenser
should then be adjusted for maximum out-
put. Rock the tuning condenser while mak-
ing this adjustment; that is, tune slowly
back and forth through resonance while
varying the capacity of the 600 kc trimmer
condenser and adjust this condenser until
the output meter shows the greatest de-
flection when the tuning condenser is tuned
to resonance. The 600 kc trimmer con-
denser adjusting screw protrudes through
the top of the chassis near the oscillator
tube socket.

Next turn the band selector switch so as
to place the receiver in operation in the
frequency band indicated by the red dial
scale. Set the signal generator for a signal
of 1400 kc and tune the receiver to reso-
nance. Then adjust the 1400 kc oscillator
trimmer for maximum output while tuning
the receiver slowly back and forth through
resonance. The adjusting screw for this
trimmer is located on the left hand end
of the chassis directly below the 600 kc
trimmer.

After the foregoing adjustments are care-
fully and accurately made, the receiver will
be in alignment on all frequency bands. No
further adjustments on the two high fre-
quency bands are necessary.

R-F and I-F Transformers

The first detector and oscillator trans-
formers are each wound on two separate
coil forms and counections brought from
them to the band selector switch. The short
wave antenna and oscillator transformers
are contained in aluminum shielding cans
mounted on top of the chassis. These trans-
formers provide the inductance used in the
tuned circuits during operation of the re-
ceiver on the green and violet frequency
bands. The broadcast oscillator and an-
tenna transformers are mounted in aluminum
shielding cans beneath the chassis. When
the receiver is in operation on the red and
black frequency bands these transformers
provide the extra inductance necessary for
operation on these bands. The broadcast
oscillator and antenna transformers are
matched at the factory in sets of two in
order to provide maximum efficiency and
should it be necessary to replace one of
these it is advisable from the standpoint of
efficient operation of the receiver to replace
both of them.

Filter and Bypass Condensers

The i-f transformers are of the same gen-
eral type used in previous U. S. Radio re-
ceivers. They are supplied completely as-
sembled in shielding cans and if any com-
ponent part of one of these transformers is
defective. the entire transformer should be

replaced rather than attempting repair or
replacement of the defective part.

The No. 700 chassis uses three 8 mfd. dry
electrolytic condensers, two of these being
in a single container and comprising the
dual filter condenser unit, Part No. 4116,
The remaining 8 mfd. electrolytic condenser,
Part No. 4119, is used as a bypass across
the 225-ohm section of the voltage divider
resistor which supplies grid bias to the 247
audio tube and serves to complete the re-
turn circuit of this tube for audio frequen-
cies. Methods of testing these condensers
have been completely described in previous
manuals and it has not been thought neces-
sary to repeat the information herein.

The necessary paper dielectric bypass con-
densers to prevent the flow of i-f and r-f
current through biasing and voltage divid-
ing resistors are provided in this chassis.
These may be easily tested for a short or
leaky condition by means of a direct read-
ing ohm meter such as is used in making
circuit resistance tests. The simplest meth-
od of checking these small capacity con-
densers for open circuit is to shunt them
with condensers of similar capacity which
are known to be in good order noting if
the abnormal condition for which a search
is being made, is cleared up.

Band Selector Switch

This assembly serves to vary the in-
ductance included in the grid circuits of
the first detector and oscillator tubes and
also makes othier necessary circuit changes
in adapting the receiver for operation on
the different frequency ranges. In the event
of trouble where the receiver is operating
all right on some frequency bands but is
inoperative on others, the contacts should
be carefully inspected to determine that
there is a good electrical contact to the
switch blades. The switch contacts are lu-
bricated with light oil at the time of manu-
facture to insure freedom from noise and
under normal conditions no trouble should
arise from this assembly.

The band selector switch assembly is fur-
nished complete with all wiring, the 3060
mmid. and 1840 mmfd. oscillator padding
condensers and the 25.000-ohm oscillator
hias resistor. It is of extreme importance
that all soldered connections connecting fhe
switch to the various circuits be carefully
made as poorly soldered joints will seriously
interfere with the performance and these
switches are subjected to rigid tests at the
factory after the soldered joints are made.
Should it be necessary to replace any part
connected to the switch extreme care must
he exercised that no soldering flux flows
onto the switch contacts as noisy operation
or complete inoperation of the receiver would
he hrought ahout hy this.

Electrodynamic Speaker

The No. 700 chassis is supplied with a
d-¢ haffle mounting electrodynamic speaker.
Part No. 4493. The field of this speaker
has a d-c resistance of 840-ohms and is
used as the filter choke of the receiver.
Under normal conditions the voltage drop
across the speaker field is 70 volts.

No. 700X Chassis

Chassis No. 700X as used in Receiver No.
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7DX is almost identical in construction ta
chassis No. 700 except that it is designed
for 25-cycle, 115-volt operation. All parts
used in the No. 700 chassis are also used in
the No. 700X chassis with the exception of
the power transformer. The correct power
transformer for the No. 700X chassis is
shown in the parts price list.

The No. 700X 25-cycle chassis can be op-
erated satisfactorily from a 60-cycle power
supply. The reverse is not true, however,
and under no circumstances should it be at-
tempted to operate the No. 700 chassis on a
25-cvcle power supply.

Possible Troubles

Low Volume—The most common cause of
low volume in any receiver is tubes which
are not up to standard. Low volume may
also be caused by a defective speaker and
this should be given a thorough test. Low
line voltage will decrease the sensitivity of
the receiver or some defect in the chassis
causing low voltage to be supplied to one or
more of the tubes will bring about the same
effect. Misalignment of the receiver circuits
will cause low volume but all other possibil-
ities should be checked before realignment
is resorted to as a method of cure for this
trouble.

Oscillation—The design of the No. 700
chassis is such that the circuit is very stable
and under normal conditions no trouble will
he experienced from this cause. Oscillation
may be brought about by 57 or 58 tubes
whose characteristics vary considerably
from standard and new tubes should ac-
cordingly be tried before making any other
tests. Open bypass condensers are a com-
mon cause of oscillation and these should be
carefully checked. Simple trial replacement
is usually the simplest procedure in locating
an open bypass condenser. Coupling between
plate and grid leads in the chassis will also
cause this trouble, and such leads should be
separated and pushed close to the chassis.
All tube shields must be in their proper posi-
tion. Grid leads to the tops of the tubes
should also be in place and as little exposed
as possible.

Excessive Hum—Hum may be caused by
leater-cathode shorts in 56, 57 or 58 tubes.
A low emission 280 tube or o