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>> USE

EVEREADY RAYTHEONS

TO DEMONSTRATE THE DIFFERENCE
A SET OF NEW TUBES WILL MAKE <<

YOUR own experience has probably shown you that about
809 of your customers’ radio troubles come from faulty or
worn-out tubes. When you make a service call, here’s a little
sales psychology to bear in mind. Most radios are prized pos-
sessions of their owners. Any reflection cast on the quality of
the set, the owner is likely to take as a reflection on his personal
judgment. He is always relieved to hear you say that not the
set, but the tubes have gone haywire.

Take advantage of that fact- push new tubes, complete sets
of them, for replacements. But be sure to sell the kind of tubes
that will make your customers glad they called you —always
demonstrate the superiority of new tubes with the best tubes
you can find-—meaning Eveready Raytheons.

Eveready Raytheon 4-Pillar Tubes are different from all others.
Their elements are rigidly anchored in place by the patented
4-Pillar construction, (a SOUND improvement). The jolts
of shipment, handling and installing, even vibration from pow-
erful dynamic speakers can’t affect their performance.

They come in all types and fit the sockets of every standard radio in present use. Make every
service call pay you an extra profit—put a new Eveready Raytheon in each socket of your cus-
tomer’s radio.

For your personal use, we will gladly send you free of cost, a blue-print showing complete engineer-
ing data of all Eveready Raytheon tubes. Write our nearest branch. Hundreds of service men
are using this data.

A b b

The Eveready Hour, radio’s oldest commercial feature, is broadcast
every Tuesday evening at nine, New York City Time, over a nation-
wide N. B. C. network of 30 stations.

YOU CAN HEAR THE DIFFERENCE AND SEE THE REASON

oL ) | NATIONAI.i CARBON COMPANY
EX&?E% x General Olji;::efc;\?:; E‘;')ork, N, Y. EVE REA DY
ER 224 | Branches: Chicago Kansas City New York R AYT H EO N
San Francisco

Unit of Upion Carbide m and Carbon Corporation Trade-marks
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Electrad TRUVOLTS
Safest for

ADJUSTABLE B
SLIDING Eliminators and Power Packs
CLIP

TRUVOLT Resist-

ances are double-
wound. The resist-
ance wire is first
lU‘,'(nll around an

ashestos  covereil
copper core. then
around a fire-clay

TRUVOLTS have long been the
radio engineer’s favorite heavy
duty resistance. Their patented
air-cooled winding (see large
illustration) makes for more
uniform, accurate performance.

\ base. Only with reliability and longer life.

RESISTANCE WIRE -~~_ {hispnlvulwlwi:ul-
WOUND ON ;""ic"','"{‘""l pecured Fixed types have adjustable
ASBESTOS ASBESTOS LI it ek sliding clip for quiek adjust-

made *TRUVOLT” ment. Made in all usual sizes

and wattage ratings.

Variable TRUVOLTS

Distinctive TRUYOLT winding
with knob vari-
ation and met-
(o) al  ventilating

shield. ldeal

COVERING COVERING
d 7,

a synonyvin  for
“PERFECT PER-
FORMANCE.”

U. S, Pat. 1676869
and Patents Pend.

Q) for experimen-

(9\ tal power banks

(Q"; where constant
N variation is es-

There ,S a Reason for IC‘};(‘ ls:f::;ici:'l.owinlg‘:nst:) endwise travel

ELECTRAD Superiority!

panel mounting. 22 sizes. List
price $2.50.

OU can rely on getting what you pay for in

ELECTRAD Resistances and Voltage Con-
trols because they’re built to PERFORM. Man-
ufacturers and Custom Radio designers use
them because they must have quality when their
own reputations are at stake.

Super-TONATROL

Heavy Duty
Volume Control

— 0 |

Ably supervised manufacture, coupled with the -
will and facilities to work constantly for IM-
PROV EMENT —that’s why ELECTRAD superior-
ity is definite and real—that’s why the name
“ELECTRAD” is respected the world over by men
who KNOW radio values.

Licensed by Techni
dyne Corp., L
Pats. 1034103-1034104

| L

Built for long life with the heavy
currents of modern power re-
ceivers.  Resistanee element
permanently fused to enameled
metal plate. Easily dissipates 5
watts. Pure silver floating con-
tact with multiple piekup pro-
vides delightfully smooth oper-
ation with step-less variation.
Metal cover, firmly riveted
for strength. Slotted sol-
dering lugs.

Resistances and Voltage Controls for
Every Radio Need

ELECTRAD manufactures a eomplete line of
quality-built resistances and voltage controls for
every radio’ and power supply need, including
Television.

Intelligently supervised mass production and
combined purchasing of raw malterials effect
large savings in ELECTRAD’S original manufae-

turing costs—savings which are passed on to the =1 = . &
i h 3 4 i Ypes wilh resistance &
consumer in ELECTRAD'S moderate prices for B ooy JU ‘5\&\
quality products. AP B L &
ume control &o.y‘
needs. '90‘
R
175 Varick St., New York, N.Y. $2.40 to ", a;:)
5 N X
’70&\& go
RIS
= D
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LET RCA INSTITUTES START

YOU ON THE ROAD T0....

SUCCESS~RADIO

Radio needs you . . . That’s why the entirc Radio industry
is calling for trained men ... That's why thousands of
men who answered these advertisements are now earning

Radio Mechanic
and Inspector
$1800 to $4000
a Year.

Broadcast Sta-
tion Mechanic
$1800 to $3600
a Year.

Land Station
Obperator $1800
to$4000aYear.

Broadcast Oper-
ators $1800 to
$4800a Year.

from $2,000 and up a year. Radio is thrilling work.. .
easy hours, too, vacations with pay and a chance to see
the world. Manufacturers and broadcasting stations are
now eagerly seeking trained RCA men ... Aviation and

radio in the movies also provide innumer-
able opportunities .. . Millions of sets need
servicing . . . thousands of ships require ex-
perienced operators . . . Never before was
there an opportunity like this.

This is the Only Course Sponsored by
Radio Corporation of America

RCA sets the standards for the entire Radio
industry . . . The RCA Institutes’ Home
Laboratory Training Course enables you to
quickly learn all the secrets of Radio...In
your spare time, in only an hour or so a day,
you can obtain a thorough, practical educa-
tion in Radio ... You get the inside infor-
mation, too, because you study right at the
source of all the latest, up-to-the-minute
developments. RCA, theworld’slargest Radio
organization sponsors every single detail in
this course.

You learn Radio by actual experience with
the remarkable outlay of apparatus given to
every student. You learn the “How” as well
as the “Why” of every Radio problem, such
as repairing, installing and servicing fine sets.
That’s why every graduate of RCA Institutes
has the experience, the ability and the con-
fidence to hold a big-money Radio job.

For the added convenience of students who prefer
a Resident Study Course, RCA Institutes, Inc., has
established Resident Schools in the followingcities:

New York . . .« 326 Broadway
Boston, Mass. 899 Boylston St.
Philadclphia, Pa. 1211 Chestnut St.
Baltimore, Md. . . 1215 North Charles St.
Newark, N.J. . . . 560 Broad St.

Graduates of both the Home Laboratory Training
Course and the Resident Schools receive exactly the
same training and cnjoy the same privileges so far
asjobs and salarfes arc concerned. And e¢very Home
Study graduate may also attend any one of our
res!dent schools for post-graduate instruction at no
extra charge.

Graduates of RCA Institutes Find It
Easier to Get Good Jobs

They are closest to the source of Radio’s
greatest achievements because the progress
of Radio is measured by the accomplishments
of the great engineers in the huge research
laboratories of the Radio Corporation of
America.

Students of RCA Institutes get first-hand
knowledge, get it quickly and get it complete.
Success in Radio depends upon training and
that’s the training you get with RCA Insti-
tutes. That’s why every graduate who de-
sired a position has been able to get one...
That’'s why graduates are always in big
demand.

Study Radio at the Oldest and Largest
Commercial Training Organization in
the World

Send for this Frece Book...“Success in Radio
...For You!”’...or step in at one of our
resident schools and see how thousands of
men are already on the road to success in
Radio. Remember that you, too, can be suc-
cessful . ..can speed up your earning capacity
...can earn more money in Radio than you
ever earned before. The man who trains
today will hold down the big-money Radio
job of the future. Come in and get this free
book or send for it by mail. Everything you
want to know about Radio. 40 fascinating
pages, each page packed with pictures and
descriptions of the brilliant opportunities in
this gigantic, world-wide money-making
profession.

See for yourself why graduates of RCA In-
stitutes now occupy thousands of well-paid
positions. These positions are usually avail-
able in from 3 to 10 days after graduation
for men who can qualify. RCA Institutes
will back you up to the limit. This book is
yours free . . . SEND FOR IT TODAY!

RCA INSTITUTES. INC.

A Division of Radio Corporation

of America

Name

Address

Occupation

R C A INSTITUTES, Inc.
Dept.EX-1, 75 Varick St., New York, N.Y.

Gentlemen: Please send me your FREE 40-
page book which illustrates the opportunities in Radio and describes
your home laboratory-method of instruction.

PLEASE PRINT,




A Million and a half used
Monthly during 1929

in American Radio
TO keep pace with 1930 receiver de-

velopments, Durham Metallized re-
sistors and powerohms are now more
accurate, have a greater power safety fac-
tor and can be obtained in cven greater
variety.
((The advantages of the Durham Metal-
lized principle have been proven by the
millions of Durham resistors and power-
ohms now used by America’s foremost
manufacturers of radio receivers and allied
products.

(These units are now in standard pro-
duction in all ratings, all types of tips for
radio work,

Lngineering data and samples for testing
sent upon request. Please state
ralings required.

.. . INTERNATIONAL .. ..
RESISTANCE COMPANY

2006 Chestnut St. Philadelphia, Penn.
Lo e e A s et i
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“Motorboating”

HOW IT CAN BE PREVENTED

MANY amplifiers at times show a tendency to
‘“motorboat” due generally to interaction
coupling between stages, due to common coupling
in the plate-supply unit. This effect can generally
be eliminated gy using the circuit shown on this
Laboratory Sheet. Ths circuit was su,

recent bulletin from the E. T. Cunning

ested in a
m Com-

y.
The anti-motorboating circuit congsists of a net-
work of condensers and resistances connected
between the power unit and the B-plus detector
terminal on the radio receiver. The effect of this
circuit apparently is to eliminate coupling effects
at the low frequencies at which such effects are most
troublesome. circuit has been used with good
results in the Laboratory, in connection with
resistance-coupled amplifiers which generally show
the strongest tendency to motorboat, but the cir-
cuit may be satisfactorily used with any type of
amplifier. . .
It is not difficult to add this circuit to any existing
receiver installation. To do this it is simply neces-
sary to connect the resistance R in series with the
lead connecting between the B-plus detector
terminal on the rcceiver and the B-plus detector

terminal on the power
unit. One 2.0-mfd. con-
denser C; must then
be connected between
the B-plus terminai
and the B-minus on
a the receiver and
another condenser C
[ connected between the
B-plus detector and
nir‘inus B termi . on
the power unit. It is
—Ik preferable to locate
£2 the resistance at a
point close to the re-
ceiver rather than near
the power unit.

The vatue of the resis-
tance depends to some
extent upon the char-
acteristics of the receiver and the power unit.
With some amplifiers we have found a value
of 10,000 ohms to be satisfactory, and with other
amplifiers, a resistance of 50,000 to 100,000 ohms
was required to prevent motorboating. A value
of about 50,000 ol seems to be satisfactory in
most cases.

Radio Receiver

- 8% Det
Power Unit

No. 194
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Push-Pull Amplifiers

HOWLING

PUSH-PULL type amplifiers in many cases
exhibit a tendency to howl at some audio fre-
quency due to feedback through the interelectrode
capacity of the tubes. When this occurs it is obvi-
ously impossible to obtain satisfactory operation
from the amplifier. The howling in push-pull ampli-
fiers can generally be readily prevented by con-
necting a choke coil or resistance at the point
marked X in the circuit diagram. When construct-
ing an amplifier of this type it is wise to include such
a choke or resistance in the circuit; no by-pass
condenser should be placed across the unit.

The inclusion of choke or resistance in this circuit
will not affect the quality for this circuit does not
have to carry angeaudio-frequency currents. In some
instances it will be found necessary to prevent howl-
ing to include also a choke coil in the lead from
the center tap of the output transformer and the
B-plus terminal of the plate supply. .

f a resistance is used in the grid circuit it should
have a value of about 50,000 ohms. Since it does
not have to carry any current, any ordinary grid
leak type of resistance unit may be used. The chokes
used may be any type with an inductance of about
10 henries or more. The primary of an old audio-
frequency transformer might be used in the grid
circuit but is not satisfactory for inclusion in the
plate circuit between the center tap of the output
transformer and the plate supply for when con-
nected at this point, the choke must carry the plate
current of the two tubes, which may be enough to

burn out the windings of an ordinary audio trans-
former. Use at this point some device designed to
carry 50 or 60 milliamperes. The circuit %ven on this
sheet also shows thc use of a resistance R; to supply
C bias to the two tubes. Its value, depending upon
the type of tubes used, is given below

Type of Tube Ry
112-A 750 ohms
171-A 1000 ohms
210 1100 ohms
input
Trln';ro'mer len‘i(g;rmer

l I
{nput g

1.0mtd,
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A Resistance-Coupled Amplifier With Screen-Grid Tubes

CONSTRUCTIONAL DATA

T}IE February, 1927, RADIO BROADCAST re-
ported some experiments made in the Labora-
tory on the use of the screen-grid tube in audio-
frequency and radio-frequency amplifiers, and
in the article there appeared a circuit diagram
of a resistance-coupled, audio-frequency amplifier
using two screen-grid tubes. Many letters have been
recelved requesting constructional data on this
amplifier and we have therefore reprinted the cir-
cuit diagram on Laboratory Sheet No. 196 and the
list of parts necessary to construct the amplifier
appears at the end of this Sheet.

blication of this circuit diagram and list of
parts should not be taken to indicate unqualified
endorsement of the amplifier for its high voltage

gain of 2200 (the voltage egain of an average two-
stage transformer coupled amplifier is ) in
some cases will prove more of a disadvan rather

than an advantage. The disadvantage of a high
gain audio-frequency amplifier will become evident
when an attempt is made to operate it from a B-
power unit. W| an ordinary amplifier is used
with a plate-supply unit which provides hum-free
operation no gilﬂ?culty may ensue; but when this
same supply is connected to a high-gain, screen-

grid amplifier, the hum is greatly magnified and
mag be of entirely too high a value. If the screen-
grid tubes are operated from batteries, however,
this amplifier will give very satisfactory results,
To construct this amplifier the following parts are

necessary: .

Ry, 0.25-Megohm Resistors

Ry, 2.0-Megohm Resistors

Rj, 20-Ohm Filament Resistors

Ri, 4-Ohm Resistor

Ry, 0.1-Megohm Resistor

Gy, 0.01-Mfd. Fixed Condensers

Cor ZOMIA: Iy pass Qo

1, 2. . Bypass Condensers

Three Sockets

Rolsos it ear

No special care is required in the construction of
this amplifier althougrl.;qxt is wise to arrange the lay-
out so that the various grid and plate leads are
short. The condensers C; and the resistor R; are in-
corporated in the circuit to prevent the amplifier
from motorboating. This circuit will also help to
keep the hum low if the device is operated from a B-
power unit,

A frequency characteristic curve of this amplifier
made in this Laboratory showed it to be flat from
100 to 10,000 cycles.
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Circuit of a Resistance-Coupled Screen-Grid Amplifier

To Pl'ate

of
Detector
Tube

oy

Loud
Speaker

Power
ube ~
Det. 45 135 Ppower
C Suppl . 259 TOWEr,
upply SR
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Amplification Constant

HOW IT MAY EASILY BE MEASURED

IT IS not difficult with simple apparatus to
measure the amplification constant of any tube
The important apparatus required to make sucha
test are two accurate resistances, one variable, the
other fixed, and a milliammeter capable of carrying
the normal plate current of the tube under test.
The circuit diagram to be followed in making this
test is given here. The following parts are used in
the circuit:

E«—C-battery with’a value correct for the tube
under test. Eb—B—batLe&with a value correct for
the tube under test. Ea—Source of filament voltage.
E —45 volt B-battery. Ri—Filament rheostat. Ry—
Accurate 10-ohm resistor. Ri—Accurate variable
resistor, having a maxmum value of 300 or 400 ochms,
I —Milliammeter having a maximum range of
about 20 milliamperes. K' —Key to open and close
the circuit.

The important resistor in this circuit is R, which
must be calibrated. A good potentiometer may be
used, provided it is supplied with a dial so that the
amount of resistance included in the circuit can be
calculated. For example, if the potentiometer has a
resistance of 400 ohms and the dial reads from O to
100 then each degree would include 4 ohms.

The test is conducted as follows. With K open.
adjust Ec and Eb so that the tube is being operated
under the correct conditions of grid and plate volt-
ege. Note the plate current reading. Now depress

K and note the change in the reading of the milliam-
meter. Adjust R, so that as the key is %pened and
closed no chan&: takes place in the reading of the
milliammeter. When resistor, R, has been adjusted
so that the plate current remains constant, cal-
culate the amount of resistance at R, included in
the circuit. Divide this resistance by 10, the value of
R, and the quotient will be the amplification con-
stant of the tube.

EXAMPLE: A 201-A type tube is being tested and a
balance is obtained when there are 83 ohms in-
cluded in the circuit at R;. Dividing 83 by 10 we
get 8.3, the amplification constant of the tube.

R MY
- Ve

I

\
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The Screen-Grid Tube as an R. F. Amplifier

CALCULATING GAIN

PROBLEM :—Suppose that we have a radio-
frequency amplifier connected as indicated in
the figure and that a screen-grid tube is used. How
can we calculate the amplification that can be
obtained?

SOLUTION:—To solve the problem we must make
use of the tube constant known as the mutual
conductance, which, for the screen-grid tube, has a
value of about 350 micromhos or 0.000350 mhos.
‘The mutual conductance Gm by definition,

iy
Gm = Es 1)

. where Gm is the mutual conductance in mhos; Zac
is the alternating current flowing in the plate circuit,
Eg is the alternating voltage impressed in the
gnd; transposing this equation we get

Iac — Gm X Eg (2)
The vollage E¢ across the tuned circuit is equal
to the impedance of the circuit Z times the current
through it Ei = Iocx @
and therefore Et =GuxEgx2Z )

The amplification of the circuit is equal to the
voltage across the output Et divided by the voltage

across the input Ey. Transposing equation (4) to
get this ratio we obtain

g; =6nxZ ®
This equation shows that the gain of this circuit
using a screen-grid tube is simply equal to the
mutual conductance of the tube in mhos, times the
effective impedance of the tuned circuit.
Therefore, if we know the impedance into which
the tube is working, we can, by multiplyinf the
impedance by Gu, obtain the amplification. If the
tuned circuit at resonance an effective imped-
ﬁgce of 100,000 ohms then the amplification would

Amplification =o.g(510350 x 100,000

o— - 4 /7
inowt €y 4 )
o——menu—T =

—]I
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to These Expressions

of Confidence by

Sevaral Leading Redid

Set Manufacturers

in the QUALITY,

SERVICE and

“That Polymet Con-
densers are used in
all Silver Radio re-
ceivers is the most
powerful endorse-
ment we can give
to these finely built
products.”’

plete the high quality of Fada sets”,
“We use Polymet
superior special-
sole 35 and other
i . ARNE that Quality radios
to give complete
ized parts we know that perfect service is assured”.
IS IT any wonder, then, that Polymet

DEPENDABILITY of
Y “We use Polymet
4 L\D Producgsl.bcgaus;
I \ a specialized pa
- — - is n‘:eded to com-
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because we know
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satisfaction; with
Polymet special-
j@&&)
supplies over 80% of the large set
manufacturers with radio essentials?

The complete satisfaction of these
great companies and the approval of
their engineering departments is
your assurance of satisfaction with
Polymet Products in the sets and
power packs you build or repair.

Standard Parts by Polymet include:

¥
CONDENSERS | RESISTANCES
Filter Strip
Block Metallized
Mica Wire Wound
Molded A Filament
A
COILS
TRANSFORMERS . RHEOSTATS
POTENTIOMETERS PHONE PLUGS
VOLUME CONTROLS . POLYTROLS

Write for leaflet CL-1, giving conslructional
iaformation and diagrams of several im-
portant popular circuils (including an
aulomobile radio receiver).

POLYMET MANUFACTURING CORPORATION

829-D East 134th St., New York City

POLYMET
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RADIO /ZTUBE

Unexcelled

Research
and

Laboratory
Facilities

ool q-I‘-IE high

standard main-
tained in their
manufacture is
reflected in
their quality

performance.

Make every tube
@ Cunningbam

E. T. CUNNINGHAM, INC.

New York Chicago San Francisco

Dallas

DO RS XS

Atlanta

No. 199 RADIO BROADCAST Laboratory Information Sheet
Current
ITS DIRECTION OF FLOW The idea that the elec- =20

THE direction of flow of current around a

simple circuit consisting of a battery and a
resistance is generally considered to be as indicated
by the solid arrows in sketch A on this sheet. As
indicated, the current is thought of as flowing out
of the positive terminal of the battery, through the
resistance and into the negative terminal of the
battery. X

Now let us look at the circuit of a vacuum tube,
as indicated in sketch B. In this circuit, we would
assume that the current would flow as indicated by
the solid arrow, 1. e., out of the positive terminal
through the tube and into the negative terminal
just as it did in circult A. However, we know that
the filament of the tube is the electron-emitting
substance and that the electron flow is from the
filament to the plate. Apparently we have two
currents flowing in the cir-
cuit, and this has led some
experimenters to believe
that there were two distinct
currents flowing in the cir-
cuit, on the battery current
and the other the electron
current. This is not so and
there is only one current
flowing in the circuit, the
electron circuit.

e

tric current flows from the
positive to the negative #
originated before anything nsm
was known about elec-

<

trons. This direction of flow
has since been proved
to be wrong. It is now
realized that an electric cur- t
rent is actually a flow of
electrons b;nd that elec- -
trons, ing negativel

charged, flow toward thz f l

point  of itive  po- '

tential. Therefore the actual

flow of current in the

tube circuit B and the B8

battery circuit A is as in-

dicated by the dotted arrows.

Fortunately the incorrect assumption that was
made years ago for the direction of the flow of cur-
rent is not important in the solution of electrical
problems so long as we remain consistent regarding
the direction in which the current is assumed to flow.

‘Many meters used in electricity are marked
with plus and ative signs and the winding of the
meter is ; 80 that the pointer on the meter
will deflect in the right direction when the positive
terminal of the meter is connected to the more
positive part of the circuit.

No. 200
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Resistors

DETERMINING WHAT SIZE TO USE

TN CHOOSING a resistance for any particular

purpose it is necessary to determine the value
required, the current it must carry and then from
these two facts determine the wattage rating re-
quired. The chart published on this sheet will prove
useful to determine:

(a) the wattage rating a resistor must have to
carry a given current )

(b) the current a resistor, of given wattage rat-
ing, will carry

The curve is plotted to cover resistors up to
10,000 ohms and wattage ratings up to 5 watts.

EXAMPLE: A resistor is to be used to squly
C-biastoa 171-a tyEe tube. The plate current of the
tube (which must flow through the resistor) is 20
milliamperes. The required C-bias voltage is 40
volts. What value of resistance and what wattage
rating should the resistor have?

To calculate the required value of resistance we
use Ohm’s law.

Voltage

Current in amperes
40

= 0.020

= 2000 ohms

Resistance =

Referring to the chart below, we find that the
vertical line corresponding to 2000 ochms crosses the
horizontal line corresgonding to 0.020 amperes
(20 milliamperes) at the point indicated between
the curves of 1.0 and 0.25 watt resistors. In such a
case we must, of course, always use the larg:r size
and therefore in this case we should use the 1.0~
watt resistor.

il o]
| | Rehmrlx Between I
€0, — | MILUIAMPERES,OHMS AND WATTS ™|

3

8

MILLAMPERES
-3

i i
2000 4000 6000 8000 10,000 12,000 14,000 16,000
RESISTANCE IN OHMS
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Tube Life

EFFECT OF EXCESSIVE LINE VOLTAGE

THE life obtained from a vacuum tube depends

very much upon the filament voltage at which
it is operated, for voltages sh_?htl above normal
produce a marked decrease in life. This is true of all
types of tubes, a. c. or d. c., storage-battery or
diy-cell rated. In a battery-operated receiver
we are able to control the filament voltage applied
to the tubes quite accurately and normal life is
therefore generally obtained from the ordinary
types of storage-battery or dry-cell tubes. In an
a.c.-operated receiver, however, where the filament
voltages are obtained directly from the power lines,
the operator of the receiver has little or no control
over the filament voltage applied to the a.c. tubes.
Most filament ormers are designed for a line
voltage of about 115 but in many communities,
rural ones especially, vol in excess of this are
frequently encountered. is higher line voltage
of course affects the output voltages of the filament
transformer so that the tubes are subjected to a
filament voltage above normal. .

It is suggested that experimenters working on a.c.
operated receivers include in the circuit some device
which will enable them to control the voltage applied
to the filament transformer. In cases where the line

voltage is found to vary considerably so that at
times it is above normal and at other times normal
or below normal, it will be preferable to include in
the circuit a variable resistance in the primary side
of the filament transformer having a value of about
25 ohms. In those cases where the line voltage is
found to be above normal but constant at this value,

ed resistance may be placed on the primary side
of the filament transformer to absorb the excess
voltage so that the transformer receives its rated
voltage or slightly less, for it has been found that
a.c. tubes will generally give satisfactory service on
somewhat less than the operating voltage at which
they are rated.

\xhcn remedies for excessive line voltage, such
as we have suggested here, are made use of, each
case must be treated more or less individually, and
when, as is usually the case, the line voltage is not
constant, a manually controlled resistance n:{ be
essential. These facts have been appreciated by
many receiver and parts manufacturers. It is E:’ob-
able that devices will soon be available to home
constructors which when placed in the pri side
of a transformer will automatically control the
voltage actually applied to the receiver, so that the
tubes will always receive rated voltage despite fluc-
tuations in the actual line voltage.
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Farm Lighting Systems

AS A SOURCE OF FILAMENT CURRENT

THIS Laboratory Sheet is provided in response
to requests from several readers for information
on how to make use of power from a t’arm-light'm%
installation for the operation of the filaments of
the tubes in a radio receiving set.

Farm-ighting systems are of two types, those
using a generator powered by a gas engine in which
the energy for the lights is obtained directly from
the generator and those systems in which the gener-
ator i8 to charge a bank of stora%_c:. batteries
which in turn supply energy for lighting. The

voltages of these
— Pa !
From lighting U]
_EEEn il
L
ohms2

systems are gen-
erall R
or 110 volts.
To make use 5
of this current in ohms
the radio receiver —
it is necessary to e
reduce the volt-
age by means of
the resistance, R, 8-
the value of the
resistance de-

either 32 )(
[

C+ A
From lighting SR S

32 voLT SYSTEM 110 VOLT SYSTEM

NO. OF TUBES R WATTS R WATTS

IN RECEIVER INOHMS INR INOHMS INR
1 51 15 190 57
2 35 22 130 84
3 27 30 100 105
4 21 37 80 135
5 18 43 65 160
6 15 50° 58 90
7 13 57 50 210
8 12 66 45 240

Two circuits are given, circuit B being the easier
to use, but sometimes with this arrangement there
ma{ be some hum audible in the loud speaker. In
such a case it is necessary to use circuit A.

With circuit B it is simply necessary to connect
the resistance R in seriés with a 20-ohm resistor
and connect the plus and minus A terminals to the
corresponding terminals in the radio receiver.

Using circuit B the same charges must be made
but in addition the B minus and C plus leads are
removed from where they connect on the receiver
and are connected instead to the center point of
the 20-ohm resistor. When this arrangement is
used the C voltages should all be increased by
minus 3 volts to compensate the positive bias pro-
duced with the C plus and B minus leads connected
to the center tap.

pending upon the system < U
number of tubes e s hras
in the set and | ==
upon the voltage ﬁzoahms
of the supply, as L_‘._ iL
indicated below. A ()
| - —— S
‘ ———
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Tuned Circuits

CALCULATING EFFECTIVE RESISTANCE

EBORATORY Sheet No. 198, published in the
June issue, explained to calculate the
gain of a radio-t’re‘ﬁuency amplifier using a screen-
grid tube. In calculating the gain we had to make
use of the factor R which denoted the effective
resistance of a tuned circuit at reso-
nance. In this Sheet we will explain
how this effective resistance is calcu-
lated.

A simple tuned circuit is indicated
in the sketch and it can be proved
mathematically that, at resonance,
the circuit between points a4 and b
acts like a high resistance with a value
equal to

= @l
r

R

where

R is the effective resistance of the
circuit at resonance as measured be-
tween points @ and &

 is equal to 2% times the frequency

L is the inductance of the coil in henries

7 is the series resistance of the circuit.

_The value 7 is the series resistance of the tuned
circuit when actually connected in a tube cir-
cuit.

EXAMPLE: What is the effective resistance of a
tuned circuit whose resonant frequency is 1000 kc.
(300 meters), the series resistance of
the circuit being 20 ohms and the in-
ductance of the coil 0.25 millihenries
(0.00025 henries)

R (2 © X 1,000,000)* (.00025)*
=k 0 e

= 115,000 ohms, effective resistance

1| B

If this circuit were to be used in
conjunction with a screen-grid tube
the gain, calculated using the formula
given in Sheet No. 198 would be:

Gain=Gm X R
- 4Oi)()()OSSO X 115,000
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Line Voltage Variations

EFFECT ON TUBE LIFE

LE’I"I‘ERS from readers have been received by
the Laboratory from time to time to the effect
that the life of the 171 type tube used in their
power unit was very short, sometimes lasting only
about 100 hours. The normal life of a 171 t tube
should be at least 1000 hours, The probable cause,
in lmany cases, of such short life is excessive filament
voltage.

The transformer in a Fower unit is designed gener-
ally to operate with a {ine voltage of 110 volts a.c.
With this voltage across the })nmarfy the voltage
acroes the filament terminals of the 171 type power
amplifier should be 5 volts. If the voltage across
the primary is less than 110 volts, then the voltage
acroes the filament of the tube is less than 5 volts
and conversely, with input voltages higher than 110
volts the voltage across the filament of the tube
will be excessive, i.e., more than 5 volts.

If the filament voltage drops very much, the
electronic emission from the filament will decrease
and distortion of the signal will result. If, on the
other hand, the filament vol is excessive, the
output of the system is not audibly affected and so
with no audible indication of the excessive voltage,

it is likely that it will go by unnoticed. It is excessive
filament “voltage which must be rded against,
however, if a normal length of life 18 to be obtained
from any tube.

The extent of the fuctuations in line voltage is,
of course, different in different parts of the country
—in large cities the voltage is generally quite con-
stant, while in rural communities comgaratively
large variations in line voltage are probable.

These problems, brought about by inconstancy
of line voitage, are becoming more serious as the
use of a.c. operated receivers becomes more popu-
lar. In such receivers, all of the tubes are operated
directly from the power line and decreased tube life
due to excessive filament voltage is to be carefully
guarded against.

The solution of these difficulties lies in the desi
of a device which will automatically control t!
voltage actually applied to a power unit. The type
886 tube is a device of the sort, designed to insure
constant input to power operated radio receivers,
despite fluctuations in line voltage. Several devices
to accomplish regulation by other means are also
being developed g other manufacturers and will
probably be available shortly.

|

They all may
look alike

It’s their reliable per-

formance that makes

RADIO /J TUBE

“so different”

When confronted
with so many brands
of radio tubes, the
only safe way to make
a selection is to be
guided by the integ-
rity of a name that
has meant tube satis-
faction for the past

fifteen years.

—The name is szm'ngbam

E. T. CUNNINGHAM, INC.

New York Chicago San Francisco
Dallas

Atlanta
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Big Profits
in it with
Reliable

Equipment

¢

A penny saved is a penny
earned’’ is not true in purchas-
ing instruments for radio servic-
ing work. The small difference
in cost between the best obtain-
able meters and those of secondary
value comes back to you many times
over in the money you can make
and the business reputation you
acquire through the use of reliable
equipment.

Shown herewith are two designs of
miniature panel instruments—2"
and 3}” diameter—for use in the
repair shop and in portable testing
work. These are the instruments
selected by Commander Byrd for
his Polar expeditions. Preferred for
their nicety of construction and
superior electrical characteristics.

Made in A, C,, D. C. and Thermo-
Couple Types, and in all the re-
quired ranges. Open scales almost
to zero position. Designed for flush
panel mounting. Write for circular
JJ, containing complete descriptions
and prices.

WESTON ELECTRICAL

INSTRUMENT CORP.
606 Frelinghuysen Ave., Newark, N. J.
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Electrical Measuring Instruments

THE GALVANOMETER

THIS is the first of a series of Laboratory In-
formation Sheets to be devoted to the subject
of electrical measuring instruments. In this Labor-
atory Sheet we discuss what is probably the oldest
instrument for measuring current and voltage. This
instrument is the galvanometer, and most of our
modern ammeters ang voltmeters are merely adap-
tations in one form or another of the galvanometer.
galvanometer in its earliest form consisted
of a compass needle suspended in the center of a coil
of wire. When a current passed through the coil
the compass needle was deflected from its normal
position. It was termed a tangent galvanometer, for
the current flowing in the coil is proportional to the
tangent of the angle through which the needle is
deflected. The tangent galvanometer is not very
sensitive and, finding no practical use to-day, its
major interest is historical.
ir William Thomson (Lord Kelvin) did con-
siderable work to improve the galvanometer and
Sl in developing an instrument of high
sensitivity. Instruments made in accordance with
his recommendations are known -as Thomson gal-
vanometers. Thomson made use of two coils in his
ga]vanpmetexj arranged to neutrahize each other and
ound it possible to make the needle of the instru-

ment move with only an exceedingly small current
flowing in the coils. Galvanometers of this type
have been made so sensitive that g-billion of an
ampere would cause the pointer to deflect. A
Thomson galvanometer, although very sensitive,
has the disadvantage that in its simplest form it does
not return to the zero point very quickly when the
current flow through the coil is stopped and also
the pointer oscillates back and forth for quite along
period of time before it finally comes to rest at any
position. mson galvanometers can be made
more satisfactory by attaching a vane to the sus-
pension so that the air resistance created as the
vane turns tends to bring the galvanometer to rest
more quickly. This mechanical t of “damping’
is the only type that can be applied to the Thomson
galvanometer and for this reason another form of
the instrument has come into more general use,
known after its inventor as the D’Arsonval gal-
vanometer.

In the Thomson galvanometer we had a station-
ary coil and a moving magnetic needle; in the
D’Arsonval t;ﬁ\e We use a stationary magnet and a
moving coil. The magnet is a very strong one and
the coll moves in a small air gap in the magnetic
circuit. The constructional features of such an
instrument will be given in a Sheet to follow this.

|

_N
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A Screen-Grid Resistance-Coupled Amplifier

ITS FREQUENCY CHARACTERISTIC
’I‘HE frequency characteristic of a resistance-
.~ coupled amplifier using screen-grid tubes is
included on this sheet and indicates -gll;arly the ex-
cellent quality which such an amplifier is capable
of delivering. The screen-grid amplifier used in
making this curve was described in the June, 1928,

and output capacities of the tubes, forming a shunt
around the resistors, would produce a decrease in
high-frequency response. The high-frequency re-
sponse in this screen-grid amplifier is much better
than is ordinarily obtained from a resistance-
coupled amplifier “using type 240 tubes. There is
this to say, however, that the h:lgh-t’requency re-
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Equalizing Wire Lines forBroadcasting’

VALUES INVOLVED

IT IS obvious that the fidelity of reproduction

obtained from a radio receiver cannot be any
better than that transmitted by the broadcasting
station and in discussing the su ject it is therefore
of value to know what frequencies are at present
being transmitted by the better broadcasting sta-
tions. Some data on this subject was published in
the article by C. E. Dean in the June, 1928, RapiO
BROADCAST. .

What frequencies are transmitted by broadcast-
ing stations depends, among other things, upon the
audio-frequency teristics of the apparatus—
microphones, amplifiers, modulators—used at the
broadcasting station and upon the characteristics
of the wire lines used to connect the broadcasting
studio with the transmitter. Many of the better
t.ransmitting stations are now located outside of
cities and therefore must use a wire connection be-
tween the transmitter and the studios located within
the city. At the present time the characteristic of
the wire lines is very important in determining what
audio frequencies will finally be impressed upon the
carrier wave,

The wire lines used with the broadcasting stations

are at present equalized, that is made to transmit
e(ilually well, frequencies from 100 cycles to 5000.
The characteristic of these lines below 100 cycles is
probably quite good, but in no case can it be certain
that a station is actually transmitting any frequen-
cies, at their plg)(%(x; amplitude, below about 100
or above about .

It is certain that as better loud speakers become
available capable of reproducing frequencies below
and above the limits given above that higher and
lower frequencies will be included in the transmis-
sions of broadcasting stations. In fact we may ex-

t that the characteristics of the wire lines will

improved even before such loud speakers are
generally available. The Telephone Company con-
trolling the wire lines has always followed a policy
of being prepared to furnish lines better than are
actually essentjal at the time, considering the quality
of the remainder of the apparatus included in the
link between the microphone in the studio and the
loud speaker at the listener’'s home.

A wire line ordinarily tends to transmit the lower
fregugncxa much better than the higher frequencies
and it is therefore the function of the equalizer
to lower the high-frequency response so that a flat
characteristic is obtained over the entire band.

| Laboratory Information Sheets Nos, 195 and 196. sponse of this amplifier as indicated by the curve on
The frequency characteristic which is obtained  this sheet is really better than it need be, for fre-
from an amplifier of this type depends upon several  quencies above or 7000 cycles do not contribute
factors. One of the most important is the voltages very much to the naturalness of the reproduction,
at which the screen-grid tubes are operated, The The low frequency response of the amplifier is
power unit supplyi determined by the size
the amplifier 8 ou{.ﬁ (e — ‘ﬁ of the coupling con-
be capable of deliver- P denser; the smaller the
ing 135 to 180 volts 50C — o o | capacity the poorer
and the screen-grid volt. L | the low-frequency
age should generall | response. value
be 22} although 4 2000 — — of 001 mfd. which
volts is satistacto z ) [ was used is evidently
if the 180 volts is \sez = satisfactory judging
s curve was made O 1500 — ——— from the “curve, and
using 0.25-megohm o [ probably values con-
plate resistors, 20- & siderably smaller than
megohm grid resistors H; 1000 - - 0.01 mfd. would also be
’] and 0.01-mfd. coupling © [ satisfactory.
condensers. = ‘ The high gain of this
The high-frequency 500 ——m— e — amplifier has some dis-
response of the am- i adyantages which were ||
plifier would be poorer | ! | pointed out in Labo- ||
with higher values cC S _— - ratory Sheet No. 195
of coupling resistance 12 1000 10,000 to which we refer the
because under such . reader for further in-
conditions the input rREQUENCY formation. |
I’l: — L — = el
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Power Values in Radio Receiving Antennas

RELATION OF DISTANCE AND MEASURED RECEIVER
VOLTAGE

IT IS interesting to comJ)are the amount of power
ordinarily intercepted by a radio receiving
antenna with the power which is required to operate
an ordi 60-watt incandescent lamp, for ex-
ample, In Professor Morecroft’s book, The Prin-
ciples of Radso C ication, some fig are
given for the amount of current in a receiving an-
tenna which had a resistance of about 60 ohms. In
the figures which he gives for received antenna
current, we find that when the receiver was located
about a mile from the particular transmitter which
was used (the power rating of the transmitter is
not given) that the current in the receiving antenna
was approximately 70 microamperes. If we square
this current and multiply it by the resistance of the
receiving antenna which is 60 ohms, we obtain the
power in the receiving antenna, which proves to be
approximately 3 X 10—* watts. For those whodonot
realize what this exponent signifies, the power speci-
fied in the orinary way is
The ired e !
power required to operate an ordinary elec-
tric light bulb is 60 watts. Therefore the power re-
qui by the electric light would be sufficient to
supply antenna power to operate approximately

twenty billion radio receivers each requiring 70
microamperes of current in the receiving antenna as
specified above.

The ﬁiums given at the end of this Laboratory
Sheet, which have been taken from Morecroft, also
indicate that the amount of rower in the receiving
antenna varies approximately inversely with_ the
distance between the transmitter and the receiver.
At a distance of 100 feet the received current is
twice as great as when the separation is 200 feet.
The power is proportional to the square of the cur-
rent and therefore a ratio of two in current means a
ratio of four in power. Twice the distance therefore
gave one fourth the power,

DISTANCE IN FEET CURRENT IN RECEIVING

BETWEEN ANTENNAS ANTENNAS
(MICROAMPERES)

100 12320

200 6435

300 4548

400 3108
123 715
2120 283.5
3700 105
4600 96.5
6220 69.5
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Selectivity

AS EFFECTED BY NUMBER OF R.F. STAGES

’I‘HE selectivity of a radio circuit depends upon
many things, including the number of tuned
stages, amount of coupling in the r.f. transformers,
the characteristics of the tubes, the amount of re-
generatjon in the circuit, the accuracy with which
the individual circuits are t , etc. In this Sheet
we will consider the effect on selectivity of increas-
ing the number of tuned stages in a receiver, Future
Laboratory Sheets will discuss the influence, on
selectivity, of some of
the other factors men-

tioned above. L S —
Curve 1 represents the e

selectivity curve of a |

single r.f. stage. At a 80

point 5,000 cycles off

resonance the circuit &

gives 83 per cent. of the g

amplification at reson- ]

ance; at 10,000 cycles g | /s
§

If, at a certain point off resonance, the first stage
reduced the amplification to 83 per cent., then the
second stage would reduce the amplification to 83
r cent. of what came through the first stage. Re-
ering to the curves, at a point 5,000 cycles off
resonance, the various stages introduce a select-
ive action as indicated below.
First stage = 83 per cent.
Second stage = 83 x 83 = 69 per cent.
Third stage = 83 x 83 x 83 = 57 per cent.
Fourth stage = 83 x 83 x 83 x 83 = 47 per cent.
This means that if
we had a four-stage
~| r.f. amplifier with these

characteristics, that a
signal 5,000 cycl
the resonance frequency
to which the stages
were tuned, would be
amplified only 47 per
cent. a8 much as a
signal at the resonant

RADIO BROADCAST
LABORATORY

off resonance the am- 1 & 3 \\' frequency. Since a radio
plification has dropped © /fl ZL 3 \\ | waye includes modu-
to 65 per cent. [~ .{ / | 2 O\ N\ lation frequencies up to
Now suppose we add & %P — = —"1 AN 5,000 cycles off reson-
more r.f. stages, with 2s0b—~ ,/ § i ’ IS ance, it is evident that
characteristics the same L i N such an r.f. amplifier
as that of the first 10—~ = = ] would cause consider-
stage. We then get r H o able side hand suppres-
the selective action - 104 0 [ 5000 10,000 - sion with consequent sig-
indicated in Curve 2 CYCLES OFF RESONANCE nal distortion,

— -~

l

.
|

I
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Protecting the Rectifier Tube

A PILOT LAMP TO INDICATE OVERLOAD

MOST of the rectifier tubes available at the
present time will be severly injured if they
are subjected to accidental short circuits or to ex-
cessive overload for any considerable period of time.
In constructing power units it is therefore wise to
place in the circuit some device which will serve to
indicate any overload. Such an indicator is described
in this Sheet and is applicable to power units of all
types whether they use gaseous or filament type
rectifiers. X X
The main precaution to be observed in operating
rectifier tubes is that
of avoiding an overload
with respect to plate
current. The shorting
of the rectifier output,
such as may occasion-

all{ occur due to the F
failure of some part of o)
the apparatus (as b Rectifier

the breakdown of a fil-
ter condenser) will over-

result in filament failure (in the case of fila-
ment type recti unless the current is turned
off promptly. .

o indicate an overload it is a good idea to con-
nect a small lamp in series with the rectifier output
as indicated at B in thecircuit diagram on this Sheet.
A small lamp such as is used as a dial light may be
used for this purpose. Excessive brilliancy of this
lamp will immediately indicate an overload, which
can then be remedied before damage results. .

In constructing power amplifiers and B supplies
it is also a good idea to place a fuse in the primary
side of the power transformer. This fuse will protect

the transformer from
damage in case its sec-
ondary is accidentally
short circuited. The fuse
should preferably be of
the ordinary plug type
whi:h a rating %fm about
three amperes. y one
fuse neecre be used, con-
nected in series with
one side of the line and

Filter System

load the filament and

the transformer.

I

Testing
Instructions
for Service Men

for use with

Model 547 Radio Set Tester

This Instrument, and this Manual
which is furnished with it, together
provide the most complete and up-
to-date equipment available for
servicing radio receivers. Electrical
data for practically every set on the
market is contained in this book—
which is made up in loose-leaf form
so that purchasers of the instrument
who turn in registration cards are
automatically supplied with latest
information.

Model 547 Set Tester (shown
above) has achieved wide success
among dealers and service men. It
is preferred because of its depend-
ability, ingenious design providing
ease of operation, compactness and
light-weight portability. It will
make all the required tests on any
A.C. or D. C, set. Durable bake-
lite case and fittings, 31’ diameter
instruments.

Model 555 Counter Tube Checker
A new model just announced at the
R. M. A. Convention. Completely
equipped. Tests A.C., D.C., Screen
Grid, Rectifier and Power Tubes.

For complete information on above
instruments write to Rodio Dept.

WESTON ELECTRICAL

INSTRUMENT CORP.
606 Frelinghuysen Ave., Newark, N. J.

VEEt0n

A\‘V SINCE 1888 Ny ————— ]
INSTRUMENTS
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the Studio
to your Home

AmerTran Audio
Transformers per-
fect the audio sys-
tem, and bring the
programs into your
home exactly as
they go on the air—
reproducing music
and the speaking
voice in true tone,
identical with the
range of pitch and
the rich fullness of
sound quality as
broadcast in the
studio.

Ask your dealer
about AmerTran
Transformers, or
write for complete
information on how
to improve the tone
quality of your set
by using AmerTran
Products, of which
there are thirty-odd in the field of radio
reception.

AmerTran DeLuxe
Audio Transformer—
ListPrice$10.00. Type
151— Between one in-
put and two output
tubes—List Price $12.00

Type AF-8 Audio Trans-
former—Ejther 1st or 2nd
stage audio. Turn ratio
3l — List Price $5.00

The facilities of
ourengineering
department are

. ¥
at the service of K
everyone inter- ’
ested in better I’
radioand sound v
reproduction. -

AmerTran Power
fransformer
Type PF-245A—
Last Price $22.00

AMERTRAN

TRADE MARK REG.ULS. PAT.OFF.
QUALITY RADIO PRODUCTS

AMERICAN
TRANSFORMER COMPANY

178 EMMET STREET,
NEWARK, N. J.

Transformer
Builders

forover

29 years

|
|
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Soldering Irons

HOW TO CARE FOR THEM

PRACTICALLY all commercial soldering irons
are designed to heat rapidly so that they will
be brought to an operating temperature within a
short time after they are connected
to the line. Unfortunately, however,
if they are left connected to the line
after they have reached an operat-
ing temperature they become toohot
for satisfactory work, the tip black-
ens very quickly, becomes pitted,
and in a comparatively short while
the iron requires a new soldering tip.
All this trouble can be easily over-
come, and the manner in which it is
done in the Laboratory may be of
interest to readers.

The arrangement used in the Lab-
oratory is indicated in the diagram.
The soldering iron is connected in
series with an ordinary electric light
bulb across the power line. A short-
circuiting switch, S, is provided
across the bulb. The procedure when

some soldering is to be done is to push the plug in to
the light socket and cloee switch, S. With the switch.
S, closed the iron is then connected directlyacross the
line and reaches a satisfactory operating teggera-
ture quickly. When this temperature is reac the
switchisreopened so that the electric
light is in series with the iron. The
size of electric light used is such that
the iron is maintained at correct
temperature and does not overheat
even though the power is left on
for hours without using the iron,
If an arrangement such as this is
used the tip of the iron will remain
tinned for a long time, and a bet-
ter soldering job can be done.

he wattage of the electric light
bulb that is used depends upon the
soldering iron. particular irons
used in the Laboratory work best
with a 75-watt lamp. The switch,
S, may be almost any type although
it is a good idea to use some kind
of enclosed switch designed for use
on 110-volt lighting circuits.
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Equalizers

WHY THEY ARE USED

IN TRANSMITTING outside events (programs
that do not originate in the studio) broadcasting
stations have to e use of wire lines to connect
the control room of the station with the microphone
and amplifier apparatus located at the point at
which program originates, These wire lines
must transmit with equal efficiency a band of
frequencies from about 100 cycles to about 5,000
3; es. In order to give a wire line such a
tic it is necessary that it be “‘equalized”
so that the transmission efficiency will ual
over the entire band of audio frequencies. The
device used to give a line such a characteristic is
termed an “equalizer” and its action will be ex-
plained in this sheet in conjunction with the di-
agram on Sheet No. 213. .
The frequency characteristic of a seven-mile
length of cable is indicated in curve A on Sheet
No. 213. This characteristic shows that the cable
transmits the low frequencies much better than the
h}gh frequencies, due to the fact that there is con-
siderable capacity between the two wires that form
the g@n‘ of cables and this capacity tends to bypass
the higher frequencies. Equalization js accomplished
by introducing into the circuit a device that will
lower the transmission efficiency at low frequencies

No. 213

to a value equal to the efficiency at high frequencies;
this is the function of the equalizer,

The equalizer consists of a network of resistances,
capacities, and inductances of values such that they
introduce a considerable loss at low frequencies
where the transmission efficiency of the cable is high
and practically no loes in efficiency at the high
frequencies where the transmission efficiency is low.
The result is that the efficiency of the entire system
is reduced to approximately the efficiency of the
cable at the hi; t frequencies to be transmitted.

The curve shows the characteristics of the
cable with the equalizer in use; the frequency char-
acteristic is sensibly flat from 100 cycles to 5,000
cycles. As was mentioned above this betterment
in the frequency characteristic is obtained at a con-
siderable reduction in overall efficiency. The low
efficiency is then compensated by connecting re-
peaters (power amplifiers) in the circuit to raise the
power level of the entire system. The broadcasting
circuit connecting New York with Chicago contains
about eight repeater points. Power amplifiers are
located at these points and function to boost the
power in the line to overcome the loes in the cable.
As a result we frequently find cases where the final
amount of power at the receiving end is consider-
ably greater than the power originally introduced
in the line at the transmitting end.

RADIO BROADCAST Laboratory Information Sheet

Frequency Characteristic of a Seven-Mile Cable
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Measuring Instruments

HOW THEY WORK

THE drawing on this sheet shows in simple form
the arrangement of the parts in an electrical
measuring instrument such as might be used to
measure the currents and voltages
in a radio receiver. The instrument
consists essentially of a very stron
permanent magnet, M, a cylindriczﬁ
soft iron core, C, a moving coil, L,
the ends of which connect to the
leads 1 and 2 which would be con-
nected to the binding &sts on the
instrument. The space between the
goles of the magnet, marked N and

, and the iron core, C, is made quite
small so that an intense magnetic
field will exist in the air space be-
tween the core and the pole pieces.
The coil, L, is free to move in this
gap. To the coil is fastened a small
spring, G, and a pointer which is
generally made of aluminum so that
it will be very light in weight. The
coil is pivoted at ita center on jeweled

bearings and the spring is adjusted so that with no
current flowing through the instrument the pointer
rests at zero on the scale. When current passes
through the coil, it moves on its pivots. This motion
is opposed by the spring and for each value of cur-
rent there is some position of the coil
at which the turning force produced by
the current is exactly balanced by the
force due to the spring; the pointer
therefore comes to rest at a position
on the scale corresponding to thz
point at which these two forces bal-
ance. The scale can be marked off in
values so as to indicate by its posi-
tion on the scale the amount of cur-
rent flowing through the instrument.

With strong magnets, delicate parts,
and accurate workmanship, instru-
ments can be built which take only
a very small fraction of an ampere to
move the pointer over its entire
range; the scale may be calibrated
in thousandths of an ampere, or mil-
liamperes; the instrument is then
known as a milliammeter.
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The Hi-Q Six

THE PARTS USED

THE circuit diagram of the Hi-Q Six, the 1928

model of the kit receiver produced by the
Hammarlund-Roberts Corporation, is published
on Laboratory Sheet No. 216. On this Sheet we
give some details regarding the circuit and parts
used so that readers who are keeping a file of these
sheets may have on hand for ready reference the
data on this kit. Other sheets to follow will give
information on other porular kits.

The circuit consists of three stages of r.f. amplifi-
cation, followed by a non-regenerative detector
and a two-stage transformer-coupled audio ampli-
fier. The r.f. coils are arranged so that the coupling
between the primary and second is varied auto-
matically as the receiver is tuned. This feature hel
to make the receiver perform equally well over t

+ entire broadcast band. The first two tuning con-
densers are ganged to one tuning control and the
other two condensers are ganged to the other control
on the drum dial. Volume control is accomplished
by means of a rheotat in the filament leads of the
r.f. tubes. All of the r.f. stages are shielded. X

The following parts were specified for the official

kit; the notation_in this list refers to the diagram
on the following Laboratory Sheet.

Ti—Samson _ Symphonic Transformer. Ty—
Samson_Type HW-A3 Transformer (3-1 Ratio).
Ci—4 Hammarlund 0.0005-Mfd. Midline Con-
densers. Li—4 Hammarlund “Hi-Q” Six Auto-
Couple Coils. L+—4 Hammarlund Type RFC-85
Radio-Frequency Chokes. Cr—Sangamo 0.00025-
Mfd. Mica Fixed Condenser. C~Sangamo 0.001-
Mfd. Mica Fixed Condenser. Ri—Carter 1R-6
“Imp” Rheostat, 6 Ohms. S;—Carter “Imp"’
Battery Switch. R—Durham Metallized Resistor,
2 Megohms. C(—3 Parvolt 0.5-Mfd. Series A
Condenser. R—4 Amperites No. 1-A. R«—Amperite
No. 112. Rs—3 500-0hm grid resistors. Hammarlund
illuminated Drum Dial. 1 Pr. of Sangamo Grid
Leak Clips. 6 Benjamin No. 9040 Sockets. 3 Eby
Engraved Bindin ts. 1 Yaxley No. 660 Cable
Connector and Cable. 1 Hammarlund Roberts * Hi-
Q" Six Foundation Unit (containing drilled and en-
graved Westinghouse Bakelite Micarta panel, com-
pletely finished Van Doorn steel chassis, four
complete heavy aluminum shields, extension shafts,
screws, cams, rocker arms, wire, nuts, and all special
hardware required to complete receiver).

ACON

Dynamic
Horn
Unit
For
Radio

Here you'll find
those ull, rich
tones of the dy-
namic type.

Here y;rou'll find
clearness and dis-
tinctiveness, minus

No. 1315 distortion.
Ajr Column 104 in.
Bell 18 in. by 2¢in.
Depth 18 in.

This revolutionary
change in the ty
speaker for radio
use i8 but slightly
higher priced than
the ordinary speak-
er, but marvelously
better. Tests prove it.

Racon Junior Electro-Dynamic
Type Horn Unit
Patented May 7, 1929

RACON ELECTRIC CO., INC.

FACTORIES:
18 Washington Place, New York
Slough, Bucks, England, and 3 Mutual
Street, Toronto, Canada
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The Circuit of the Hi-Q Six

Shields

e e e o L2

One
| Control

O e | e

XX 6

-A-B *tA +B +3 # C -C
+C Gnd. 67V.90V.135V.4% V. 9V,

F————-

B A Sure Way of
Passing Your
Government
Examinations!

Here are all
the questions
— completely
answered

IN
How to Pass

U. §. Government
Radio License

Examinations
By R. L. Duncan and C. E. Drew

Radio Institute of America

Don’t take any chances with your examinations, Careful
study of this book will inrure success in obtalning your
governinent radio license, because it contains full particulars,
questions and answers, on the latest radio examinations by
the government.

1t will not only give you sl the data. but through theques-
tion and answer n ethod used in the text, will teach you how
best Lo express yourself and put that knowledge into words.

show you just what

259 il with
will be expected of you.
Order a copy now—and start studying!

$2.00
ON APPROVAL COUPON
John Wiley and Sons, Ine,, $40 Fourth Ave., New York

Gentlemen: Kindly send me on approval Duncan and Drew’s
“‘How to Pass.”” At the expiration of ten days, I agree to
remit $3.00 or return the book postpaid.
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Tubes That Are
Made With The

Same Slow Care
You Put Into
Building Your Set

After you've spent weeks and
months in building a receiver ex-
actly the way you want it—

What kind of tubes will you use?

If you choose Sylvania Tubes you
will have tubes that are made with
the same painstaking care you put
into the circuit you made—tubes
whose characteristics are exactly
what their specifications say—whose
capacity you can bank on—and
whose careful manufacturing re-
sults in long living.

Somewhere in your neighborhood
there is a dealer who displays
Sylvania’s symbol of excellence—
the Flashing S, on a green oak leaf.
Visit him. Hear for yourself how
well these tubes perform.

And if you'd like data sheets or
specific information—

Write direct to us for details on
the types of tubes you've planned
your set to use.

Address

Sales Engineering
Division
SYLVANIA

PRODUCTS
COMPANY

Emporium, Penn.

You’re welcome!

RADIO TUBES

No. 217
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Using a Milliammeter as a Voltmeter

WHAT RESISTANCES MUST BE USED

|
l BY CONNECTING accurate fixed resistances

[ —

in series with milliammeters it is possible to
make very useful voltmeters that may be used to
read filament voltages, plate voltages, C voltages,
the output voltage of B-power units, etc. The accur-
acy of such a home-made voltmeter depends upon
the accuracy of the milliammeter and the fixed re-
sistance. Resistors accurate to within a few per cent.
can be obtained by purchasing them directly from
any reputable manu?acturer. X
e table on this sheet gives the values of resis-
tances required wit
different milliamme-
ters to read voltages
from volt up to

1000 volts. For ex- I

VOLTAGE MULTIPLIER FOR MILLIAMMETERS

(i megohm) is placed in series with it. The
values of resistance required to read vol

not given in the table, or for use with meters with
higher ranges may be determined by dividing the
voltage to be measured by the maximum current in
amperes of the meter. Suppoee that a 50-mA meter
is to be used to read voltages up to 300 volts. Three
hundred volts divided by 0.050 amperes (50 mA)
gives 6000 ohms as the required value of the resis-
tance.

Resistors with a wattage rating of 1.0 watt will
be satisfactory for all those values given in the
table, but it 18 advisable to use resistors with a
rating of about 5.0
watts so that there
will be little possibility
of the value of the
resistance changing

ample, if a 5mA Milli- 1,000 10,000 | 100,000 |1,000,000 due to heating. Also
metgr is to be used Amperes | Ohms Ohms Ohms Ohms resistors with a rating
to read voltages up of 5 watts, operat-
to 50 volts then a 1. 1. volt | 10 volts |100 volts 1000 volts  ing_at considerably
10,000-0hm resistor 1.5 1.5 “ |15 « |i50 * below their rated
is necessary. A 1.0-mA 2. 2. “ 120 *« |200 *“ dissipation, will be
meter may be used 3. 3. “ |30 « |300 * likely to hold their
to read voltages up 5. 5. “ |50 ¢ calibration a much
to 1000 volts if a re- 8. 8. @ longer time than
sistor with a value 10. 0. @ resistors of lower

of 1,000,000 ohms It

wattage.
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Servicing Radio Receivers

HOW FAULTS SHOULD BE LOCATED
'

THE tracing of faults in a radio receiver is not
always an easy matter. There is a tendency to
delve at random into the vitals of the receiver rather
than to follow a systematic procedure by which the
fault may generally be more quickly and easily
located. In locating and remedying faults the 8ys-
tematic testing of the circuit and the apparatus’in
the receiver is essential.
. Measuring instruments are frequently helpful
in making these tests but a great deal may be done
with a simple and inexpensive device. In the testing
of the component ts in a receiver a pair of tele-
phones connected in series with a small battery is
useful in determining where the fault exists. The
windings of a transformer may be readily tested
by means of this simple circuit. When the two ter-
minals are connected across the transformer wind-
ing a click will be heard if the circuit is continuous.
Fixed condensers may also be tested, and here a

click should be heard when the leads are placed
across the terminals of the condenser, but no click
will be heard when the terminals are removed unless
the condenser is defective. If the insulation in the
condenser is poor, however, or the condenser is
definitely short-circuited, a click will be heard both
when the circuit is closed and when it is opened.

Ordinary radio-frequency transformers and super-
heterodyne inte iate-frequency transformers,
audio—frell;ency or radio-frequency choke coils, etc.
may also be tested for continuity by connecting the
test terminals across the terminal of the device
under test. If the device being tested has a high
resistance the click will be of less intensity than
that obtained when testing a low resistance de-
vice. In any case, no click at all will indicate an
open circuit.

When a radio receiver fails to operate, such tests
as we have outlined here can be applied to the vari-
ous components of the receiver to determine whether
or not a piece of apparatus is at fault.

No. 219
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Sizes of Tap and Clearance Drills

TABLE OF SIZES

’I‘HE table on this sheet will be found useful in

constructing radio receivers and wer units,
when it is necessary to tap or drill holes to take a
certain size machine screw. The first and second
columns, headed “Screw Number’ and *“Threads

per Inch” in each section of the table, identify the
machine screw, and the third column headed *For
Tap” gives the drill size if the hole is to be ta}:ped
so that the screw will thread into the hole. If the
hole is to be drilled so that the machine screw
passes through the hole, then the *Clearance’”
size drill should be used.

f,f;ﬁ%‘;; . ITHRE;?ADSI DRILL NUMBER N%%g& TH);E,;DS DRILL NUMBER

I INCH ' For Tap | Clearance ‘| INCH For Tap | Clearance
3 48 ‘ 45 | 38 7 30 31 21
3 56 44 38 7 32 30 21
4 32 43 | 31 8 24, 30 30 17
4 36 42 31 8 32 29 17
4 40 41 31 9 24 29 13
5 30, 32 40 29 9 28 28 13
5 36 38 29 9 30 27 13
5 40 37 29 9 32 25 13
6 30, 32 35 26 10 24 25 8
6 36 33 26 10 30 22 8
6 | 40 32 26 10 32 21 8

et zarr— -

I
|
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The Roberts Four-Tube A. C. Receiver

PARTS REQUIRED

ON LABORATORY SHEET NO. 221 is pub-
lished a circuit diagram that has been re-
uested by many readers in their letters to the
‘echnical “Information Service. It is the circuit
diagram of a 4-tube Roberts receiver for a.c. opera-
tion usxtr’xeg three 227 type a.c. tubes and one 171A
t tube.
following parts are required for the con-
struction of the receiver:

Ci1, C:—2 Tuning condensers of a size such as
to cover the broadcast band with the
coils used. Homemade coils made
according to the specifications given
below require O. mfd. condensers

C:—Neutralizing condenser, 0.00002 mfd.
maximum capacity.
C+—Grid condenser, 0.00025 mfd.
Cs, Cs, C+—3 Bypass condensers, 1.0 mfd.
Cs—Qutput condenser, 2 to 4 mfd.
C—B condenser 0.0002 mfd.
L, Ls—2 Thirteen point spider-web coils L1

No. 221

consists of 35 turns of No. 22 d.c.c.
wire tapped at every five turns. L
consists of 44 turns of the same size

wire.

Ls, L4, Ls—3 Thirteen point spider-web coils. L; is
a double wound primary consisting
of two parallel windings of 18 turns
of No. 26 d.c.c. L« is the same as La.
Ls consists of 12 turns of No. 22 d.c.c.
mounted on a form so that its coup-
ling to L« may be varied.

Le—Output choke coil, 30 henries.
R1—C bias resistor, 500 ohms.
R:—C bias resistor, 2000 ohms.
Rs—Grid leak, 2 megohms.
Ry, Rs—2 filament resistors, 20 ohms, center-
tap o
S—Antenna tap switch.
Ty, T+—2 audio transformers.
3 five-prong sockets.
1 four-prong socket.
Filament transformer supplying 2.5 and
5.0 volts.

RADIO BROADCAST Laboratory Information Sheet

Circuit of the Roberts Four-Tube A.C. Receiver

=

t———
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Measuring Instruments

THE AMMETER

LABORATORY Sheet No. 214 in the August
issue explained the operation of a simple
measuring instrument. An instrument of the type
illustrated in that sheet can only be constructed to
handle small currents, for to handle large cusrents
the moving coil, L, and the leads to it
would have to be made of very heavy
wire. Since the coil, L, is part of the

inweight; it ig possible, therefore, touse
only a fine wire on the coil. For la
currents the arrangement indicated i
the sketch on this sheet isused. Ris a
resistor called a **shunt”’ consisting of
one or more strips of a special alloy.
efcurrent in the circuit divides, most
of it going through the shunt because
its resistance is in comparison
with that of the moving coil of the
meter. The current through the coil,
however, is a certain definite fraction

3 5 . < Case of Meter
moving element, it must be kept light r-—--l-—-
Moving Coil

v

of the total current and therefore if we know the
current flowing through the coil we can readily
determine what the total current in the circuit is.
. As an example, if the resistance of the shunt, R,
i8 0.01 ohms and that of the moving coil of the meter
0.99 ohms then the current divides in the same
ratio. Out of every unit of current flowing through
the circuit into which the meter is
connected 99 parts flow through the
shunt and one part flows through the
—  meter. The current in the meter is
| therefore an accurate measure of the
| - total current in the circuit and there-
| fore for any one shunt the scale on
|  the meter is calibrated to read directly
|  the total current.
| Meters with current ranges up to
50 or 75 amperes may be obtained
|  with the shunt built “inside of the
| Case. For higher ratings the shunt
forms an extra piece of apparatus and
| the meter is connected across it by
|  means of a pair of wires.

|

|

|

|
J

A Radio Book
For All

W. VAN B. ROBERTS
Originator of the famous Roberts Circuit

FIYHREE years ago,
FWalter VanB. Roberts,

famous the world over
as the designer of the
Roberts Circuit, wrote for
Rapio BroapcasTt a clear
and accurate résumé of how
radio receiving circuits work.
It proved immensely popu-
lar and was issued in book
form. The volume is finely
printed on the best book
paper, bound in heavy
boards, gold stamped, -con-
tains 65 illustrations, and
an especially valuable bib-
liography.
THE whole background
of radio theory is cov-
ered, in surprisingly brief
and easily understood form.
As clear as the best text-
book, How Radio Receivers
Work, by Walter Van B.
Roberts 1s anything but a
dry textbook.

LTHOUGH this work
was written more than
three years ago, it is still
popular and those who are
looking for a simple presen-
tation of the background of
radio should order at once.

ORDERNOW-LIMITED SUPPLY

e

Doubleday, [)(;rnn & Co., Inc. I
Garden City, N. Y. I
Gentlemen: . |
1 enclose my dollar for one copy of How Radio I
Receivers Work by Walter Van B. Roberts. I
Name. ..o.oivieivieieen oo iosssnenns |
AQdress ...c.vueueneeesassaosecnasasanenns 1
|

..................................... RBLI

T
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CARDWELL
CONDENSERS
W
Now—more than ever

—uwith the increasin

use of the higher fre-

quencies

STABILITY
|
VITAL!

In the short wave receiving circuit.

The effect of a rising and falling
note so often troublesome in CW
code reception, due to instability
in the circuit, will obviously play
havoc with broadcast reception on
the short waves, if at all pro-
nounced.

CARDWELL TAPER PLATE CON-
DENSERS are rigid and vibrationless
and will absolutely hold their calibra-
tion, thus eliminating one of the impor-
tant causes of circuit instability in
short wave receivers.

The tuning curve is ideal, midway be-
tween SLW and SFL, attained without
eccentrically shaped plates, thus con-
centrating the weight of the rotor close
to the shaft. It will pay you to inves-
tigate.

Transmitting Condensers for powers
up to 50 KW and more. Reeeiving Con-
densers in all standard capaecities. Send
for literature.

All good dealers carry Cardwell Con-
densers. If your dealer does not, send
to us direet.

Write for literature

The Allen D. Cardwell Mfg. Corp.

81 PROSPECT STREET
BROOKLYN, NEW YORK

“The Standard of Comparison®

HOW DISTANCE AFFECTS THE SIGNAL

PROBLEM: A receiver is tuned to a broadcast

station located a certain distance away and
signals from it produce sufficient power in the loud
speaker circuit to make reception satisfactory. By
what percentage will the power in the loud speaker
be reduced if the receiver is removed to a point
twice as far away from the transmitter, assuming,
of course, that the sensitivity of the receiver re-
mains unchanged.

Solution: To solve this problem we must know
how the output power of a receiver varies with the
r.f. input at the antenna and we must know how
the received energy varies with the distance be-
tween the receiver and the transmitter.

(a) The power in the plate circuit of the power
tube (and therefore the power supplied to the loud-
speaker) varies as the square of the signal voltage
on the grid of the power tube.

(b) The voltage output of a detector tube varies
I as the square of the voltage on its grid.

(c) Therefore, the power into the loudspeaker
varies as the fourth power of the voltage impressed
on the grid of the detector tube.

-

RaDpIO BROADCAST Laboratory Information Sheet

Radio Transmission

(d) The voltage impressed on the detector tube
is proportional to the voltage at the antenna. There-
fore the power into the loud speaker varies as the
fourth power of the voltage impressed in the an-
tenna.

(e) The voltage at the antenna varies as the field
strength.

(f) Therefore, the power into the loud speaker
varies as the fourth power of the field strength.

Statement (f) tells us how the power into the
loud speaker varies with field strength. But the
field strength surrounding an antenna varies in-
versely as the square of the distance between the
transmitter and the receiver. Therefore, the power
into the loud s, er varies inversely as the eighth
power of the distance between the transmitter and
the receiver.

The problem states that the distance between the
receiver and the tranemitter has been doubled, i.e.
the distance has been multiplied by 2. The eighth
B:wer of 2 is 256; therefore by doublfing the distance

tween the receiver and the transmitter we have
cut down the power in the loud speaker to 1/256 of
what it had been.

L
—
No. 224

THERE are certain books and radio magazines

that the serious radio experimenter shouid not
be without and in this sheet we give a list of some
of what we consider the more important of the pub-
lications. The short descriptive sentence follow!
eapl:jtitle will help to classify the book in our readers
mind.

Radio Instruments and Measurements. A 345-page
book, presenting information regarding the more
important instruments and measurements actuall
used in radio work. The contents is of interest to all
radio engineers. The book is published by the De-

ment of Commerce and is known as Circular

0. 74. Obtainable from the Superintendent of
Documents, Government Printing Office, Wash-
ington, D. C., for sixty cents.

rinciples Underlysng Radio Communication.
Another government publication to recom-
mended. This book isngulte an excellent elementary
text book of radio and general electricity and ma
be easily understood by anyone with a fair knowl-
edge of n}gbra. Everyone should have it. It is
known as Radio Communication Pamphlet No. 40,
and the Superintendent of Documents, Government
Printing Office, sells it for $1.00.

Principles of Radio Communication, by J. H.
Morecroft. This is probably the most complete
book on radio engineering. The text deals with all
phases of the art of radio communication and the

RabI1o BroADCAST Laboratory Information Sheet

Text Books on Radio

treatment is very comfﬂete, the book containin
about 1000 _pages. Published by John Wiley an
Sons, Inc., New York City. Price: $7.50.
Thermionsc Vacuum Tube, b?' H. F. Van Der
Bijl. An excellent book setting orth the principles
of operation of vacuum tubes. It is a very useful
book for any radio engineer. Published by t
ggco((})raw-ﬂillBook Co., Inc., New York City. Price:

Radio Engineering Principles, by Lauer and
Brown. A book less extensive than Morecroft’s but
excellent for those whose requirements are satisfied
with a shorter and less expensive text. It is a ver
scholarly presentation. Published by McGraw-H:
Book Co,, Inc., New York City. Price: $3.50.

Radio Frequency Measurements, by E. B. Moullin,
A book dealing with the theory and practice of
radio measurements. A handbook for the laboratory
and a text book for advanced students. Many of the
measurements are made with the aid of the vacuum
tube voltmeter. Published in England but it can be
o:gained from the J. B. Lippincott Co., in Philadel-
phia.

Practical Radio Construction and Repairing, by
Moyer and Wostrel. This book aims to be of service
to the amateur constructor and radio service man,
Itis essemiallgl' l[:ractn}al in its treatment. Published
by McGraw-Hill Book Co., Inc., New York City.
Price: $1.75.
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CORRECT RESISTANCE VALUES

‘ IN ALL a.c. receivers, grid bias for the various
| tubes is obtained by connecting resistances of
the correct value at the correct fpoint in the circuit,
The calculation of the value of the resistance and
its placement in the circuit have been the subject of
quite a few letters written to the Technical Infor-
mation Service and we have therefore devoted this
Laboratory Sheet to the subject. The circuit dia-
grams of six combinations are given on Laboratory
hft?tﬂieseNo' 236 ned

I : lagrams are examined one important
point will be noted, which is that the resistance, R,
which supplies C bias to the tube, is always con-
| nected between the center of the filament, or the

cathode in the caee of heater type tubes, and nega-
tive B. The resistance is pla in this ition in
relation to the circuit no matter what tube or com-
bination of tubes is used. With the resistor in this
position the plate current of the tube must
througg it in order to reach the filament, or ca e,
and therefore the voltage drop across the resistance
is equal to the plate current times the resistance in
ohms. To calculate the value of resistance, we must
therefore know the value of grid bias that we desire

RaDIO BROADCAST Laboratory Information Sheet

Calculating Grid Bias for A.C. Tubes

to obtain and also the plate current flowing through
the resistance. For example, in diagram A we have
indicated a 226 type tube. By reference to any table
of tube characteristics we can determine that the
226 type tube with 90 volts on the plate requires
a 5113 bias of 6 volts and the plate current is 3.5
milliamperes. R is found by dividing the grid volt-
age required, 6, by the a})late current in amperes,
0.0035, which gives a value of 1700 ohms as the
uired value of resistance.

.Indiagram C, a 171 tube is used, forty volts of grid
bias are required if the plate voltage is 180 volts.
The plate current under such conditions is 20
milliamperes, and 40 divided by 0.02 amperes gives
2 ohms as the value of resistance required for C

ias.

If a circuit utilizes more than one tube of the
same type for which we require the same value of
grid bias, the circuit is arranged as indicated at E,
in which case the plate current of both of the tubes
flows through resistance R. If the plate voltage
on the 227 type tube is 90, the plate current is 3.7
milliamperes and the required grid bias is 6 volts,
The grid bias resistance is then equal to 6 divid
by 7.4 (the total current of the two tubes) which
gives 800 ohms as the correct value for R.
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Grid Bias Circuits for A.C. Tubes

Type 226 Type 227

I

Type 171

H Radio Men
| Everywhere —ENDORSE
KEITH HENNEY’S

I «RADIO”

R
AC. B- B+ AC, B- B+
(B)
Type 222A.C Type 227
% @I
l 5
AC.
Y- Y 4 . =
(@ B B4 B35 B B+ ()
[
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The Audio Transformer

THE EFFECT OF ITS INDUCTANCE

THE diagram on this sheet indicates at A a
single stage of audio-frequency amplification;
B is the equivalent circuit, in which Eg is the signal
voltage in the plate circuit, La is the leakage re-
actance of the transformer, L is the inductance,
and C is the distributed capacity of the secondary
and the tube input capacity, transferred to the
primary. Rp is the plate resistance of the tube. Let
us study this circuit to see what happens at various
frequencies. treatment given below is not
exact but is approximately correct.

At low frequencies the reactance of C in compari-
son with L is very large and the reactance of L is
very large in comparison with that of La. Therefore
at low frequencies the voltage in the plate circuit
divides between L and Rp. The voltages across
these two parts of the circuit are 90 degrees out of
phase and the Y‘ercentz of the total voltage that
appears across L depends upon the ratio of the re-

actance of L to the resistance of Rp, and varies as
indicated in the second column in the table, column
1 belnﬁ the ratio of the reactance of L to the resist-
ance, Rp.

Now suppose that we desire to work the trans-
former out of a 201 A-type tube with an Rp of about
11,000 ohms and that at 60 cycles we want to utilize
at least 70 per cent. of the total voltage. Then, from
the table we will have to make X1., reactance of
the coil L at 60 cycles, equal to the resistance of the
tube. Therefore:

. L = 30 henries

We might look at the problem in another way.
Suggose we desire a transformer with a voltage drop
at zi}rcles of not more than 1 TU. When a circuit
is 1 TU down in voltage, the actual voltage loss is
about 11 per cent.,

leaving 89 per

TABLE cent. is corres-
nds to a ratio of

L over Rp of 2.
Therefore, from the
table the reactance
of L at 60 cycles

. | Percentage of total
K | voltage across L

.0 97 must be twice there-
.0 89 sistance of the tube
.0 71 or 22,000 ohms,
.5 44.6 2 wfl = 22,000
.3 28.7 L = 59 henries
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The Dynamic Loud Speakers

THE FIELD MAGNET

THE dynamic-ty| loud speaker depends for
its of tion on the production of a very strong
magnetic field in the air-gap in which the movinﬁ
coil is placed. This air-gap is indicated in the sketc|
on this sheet. The useful magnetic flux is that indi-
cated by the light solid lines flowing directly across
the gap, and the leakage flux—that of the mag-
netic field which serves no useful purpose—is
indicated by the dot-dash lines.

The flux which any given amount of magnetic
material, such as iron or
steel, can handle effi-
ciently 18 definitely lim-

Moving. __ > Air Gap
ol 3 %‘ =

reluctance. To prevent leakage the pole pieces are
frequently shaped in some peculiar manner, such
as indicated at B, in order that the actual air-
gap will be a very much lower reluctance path for
the fiux than any other path. The leakage fiux in
sketch A does not have to travel a path much longer
than the actual air-gap, i.e., the two paths have
about the same reluctance. In the pole shape in-
dicated at B the flux path outside the air-gap
is much longer than the path through the air-gap.
The latter arrangement therefore tends to reduce
the leakage flux.

Assuming that the

iron does not saturate,
the flux in the air-gap

ited by saturation. When
the iron is saturated its
resistance—reluctance
is the technical term—to
the flow of magnetic
lines through it increases
and then the Jeakage fiux
increases. flux will
tend to take that path o -
which has the lowest W\

will increase very rap-
idly as thesize of the gap
isdecreased, and in prac-
tice the gap is always
made as small as pos-
sible, leavin¥ just suffi-
cient room for the coil
to move without any
danger of its striking
the pole pieces.

PRINCIPLES
of RADIO

By KEITH HENNEY

Formerly, Director of the Laboratory
Radio Broadcast Magasine

Keith Henney’s book on Radio
scored an immediate “hit” on its
publication a few months ago.
Thousands have already purchased
it and are enthusiastic about the
valuable material which the author
has made available.

This book brings together within
one cover the kind of information
on radio which will appeal to the
practical interest of every radio ex-
perimenter, technician, engineer, and
fan. It contains the latest data and
the most modern methods. It treats
in a thoroughly practical way every-
thing from the production of radio
currents to their reception and trans-
mission. Scarcely any mathematics
beyond arithmetic and elementary
algebra is needed for a complete
understanding of the theory and
applications.

See a Copy on Ten Days™ Approval
Price, $3.50

A Wiley Book

|| JOHN WILEY & SONS, Inc.
1. 440 Fourth Avenue, New York
Gentlemen: Kindly send me on approval Henney's

“Principles of Radio.” 1 agree to remit the price ($3.50)
L’ within_ten days after its receipt or return the

postpaid.
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Be among the first to
wear this handsome
lapel pin, official ¢n-
signia of Radio Inter-
national Guild, supplied
Jree to all members.
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The Telephone Transmission Unit

No. of Power Rano_

Power Ratio I Power Ratio Power Ratio
f No. of

- || No. of f No. of '
Gain l Loss " | Gain | Loss | Gain | Loss I. il Gain Loss
|
What RADIO 0.1 [1.023 | .977 || 2.7 |1.82( 537 | 53 |3.39| .28 || 7.9 6.17 | .162
0.2 |1.047 | .955 || 2.8 |1.906| .525 ,' 5.4 |3.47 | 288 | 8.0 6.31 | .I58
0.3 | 1.072 | .933 || 2.9 [1.950| .513 || 5.5 |3.55|.282 | 8.1 6.45 | .155
0.4 |1.0% | .912 || 3.0 |1.995| .501 || 5.6 |3.63|.275| 82 6.61 | .151
NT’I VUVILD 0.5 | 1.122 | [891 || 31 |2/04 |.4%0 | 5.7 |372|.269 | 83 6.76 | .148
0.6 |1.148 | .871 || 3.2 |2 479 | 58 3130 | 263 | 83 6.92 | .144
0.7 | 1.175 | .851 || 3.3 [2.14 | .468 || 5.9 |38 | 257 || 85 7.08 | 141
0.8 |1.202 | .832 || 3.4 (219 | 457 | 60 |3.98| 251 | 86 7.24 ’ .138
ff YO'[ f r 0.9 |1.230 | .813 | 3.5 [2.24 | .447 || 6.1 |4.07| 245 || 8.7 7.41 | 135
0 el'S 0 1.0 | 1.259 | .794 || 3.6 [2.29 | .437 | 6.2 |4.17 | .240 || 8.8 7.59 | .132
1.1 |1.288 | (776 || 3.7 [2:31 | 427 || 6.3 |4.27 | .234 || 89 7.76 | 1129
y AR AR e AR AR IR iR
: : .741 : 4 x : : 47| | : : )
Ce pel' ear 1.4 | 1. 724 || 4.0 [2:51 | 308 | 6.6 |4.57|.219| 92 8.32 | 120
1.5 | 1.413 | .708 || 4.1 [2.57 | 389 || 6.7 | 4.68 | .214 ‘ 9.3 8.51 | .118
1.6 |1.445 | .692 || 4.2 |2 380 || 6.8 |4.79 | 209 || 9.4 8.71 | .115
L7 lem e | 43 26 |l en | aa | i 85 o1 | 1l
; 1. 514 | . 1 |2 . . . . . . .
o You will become a member of the 109 | 17549 | (645 || 4.5 (282 [ 355 (| 7.1 |513|.195 | 9.7 9.33 | ‘107
RaAp10 INTERNATIONAL CUILD, receivs 2.0 |1.585 1 .631 4.6 |2.88 ggg | 7.2 5,§5 %gé 8.3 9.55 %£
i i 2.1 |1.622| 617 || 4.7 |2.95 | : 7.3 (537|186 || 9.9 9.77 | .
P U1E0 WO (R R, o mEuliiile 2.2 [ 1:660 | 603 | 4.8 (302 | 331 || 7.4 |550 18 || 10,0 10.00 | 100
pin, certificate, and card, giving you all 2.3 l.ggg .589 (| 4.9 gmﬁ .g%é‘ ;;5; g% {;2 5288 l100 %
i 2.4 | 1. 575 || 5.0 (316 | . . : : ) ,000 | S001
the henefits of Guro Membership. The 5 (178 |25 | 29 [3aS |38 78 (2B ‘ ‘170 || 200 | 100000 | (0001
Guwp is a world-wide organization of 2.6 11.820 | .550 || 5.2 1331 | .302 || 7.8 |6.03/.166 || 50.0 100,000 | .00001
Radio Engineers, Custom Set-Builders, Ex- T
perimenters, Constructors, and Advanced = —
Students. =
|
You will receive immediately the No. 230 RaDIO BROADCAST Laboratory Information Sheet

®GuiLp’s Official Organ—the current | |
number of “Radio Design.” This issuc
contains the latest up-to-the-minute con-
struction articles (including the sensa-
tional A.C. Super-Wasp), short-wave data,
radio in aviation, etc., written by engineer-
ing authorities—Robert Hertzberg, Robert
S. Kruse, David Grimes, John Geloso, Zeh
Bouck, Alfred Ghirardi, and otbers equally
prominent.

Filters

High pass filters. Sketch B gives a frequenc
characteristic of an ideal high pass filter and it will
be noted that it has the opposite effect to a low pass
filter in that it permits the passage of high frequen-
cies and obstructs the flow of low frequencies.
The r.f. chokes and condensers used in the plate
circuits of an r.f. amplifier are an example of a high
pass filter, functiong to pass the high frequencies
directly to the filament, thereby keeping them out
of the plate supply, but obstructing the passage to
the filament of the d.c. plate current (which can be
considered a current of o t’requencz]). 5

Band pass filters. This type of filter permits the
passage of a band of frequencies and excludes all
those frequencies below or above this band. A very
common type of band pass filter is used in radio
receivers—the tuned circuit. When a coil-condenser
combination is tuned to a
given broadcasting station
it permits the of
that band of frequencies

‘ HOW THE VARIOUS TYPES DIFFER
IN TELEPHONE and radio circuits various
types of filters are used and in this Laboratory
Sheét we will indicate how the several types differ.
First let us define a filter. We might say that a
filter is a circuit arrangement that will separate
‘ direct current from alternating current or vice versa
or a circuit that will separate alternating currents
of one or a group of frequencies from alternating
| currents of a different frequency or group of fre-
quencies.

Filters can be divided into three ﬁfeneml classes:
(A) low pass filters; (B) high pass filters; (C) band
pass filters. 5 A

Low pass filters. A low pass filter is designed to
Pass all the low t’requenciogs below a oefr}am cut-off

requency and to opj the passage of frequencies
above the cutoff fre-

quency. The frequency
characteristic curve of an 100
ideal low pass filter is

3 You will receive three additional

® quarterly issues of Rapio Desicn,
each one crammed from cover to cover
with the very latest developments, hot
news published while it is news, straight
from the laboratory by the self-same en-
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given in sketch A. The r.f.
choke coil used in the plate
circuit of a detector tube
functions as a low pass
filter, since it permits

PERCENT ws
L0SS

PERCENT
LOSS

associated with that
broadcasting station and
excludes to a more or less
greater degree frequencies
either lower or greater
than that of the station

PERCENT
LOSS

audio frequencies to pass o 0 0

into the audio amplifier 0 " High High 0 High We are trying to receive.
but excludes from the FREQUENCY FREQUENC@ FREQUENCY The ideal curve of a band
amplifier the high carrier pass filter is indicated in
frequencies. (A) (B) ©) sketch C.
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Impedance-Coupled Amplifiers

THE EFFECT OF THE SIZE OF THE INDUCTANCE

IN CONNECTION with impedance-coupled
audio amplifiers, the statement is frequently
made that the coupling inductances should have
as large an inductance as possible, creating the
impression thereby that the larger the inductance
the better the results. Such is not the case. First, let
us examine the effect of the inductance at low
frequencies.
curve on this sheet indicates how the amplifi-
cation from a stage of impedance-coupled audio

20

RADIO BROADCAST
LABORATORY
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AMPLIFICATION
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240

§-._

80 120 160
L INHENRIES

varies with the inductance in henries of the couplin
coil, L. This curve is calculated for a frequency o
60 cycles, assuming that this is the lowest frequency
which we desire to amplify uniformly. It is assumed
that the tube has a plate impedance of 30,000 ohms
and a mu of 20, and that the cou; linicondenser, C,
and the grid resistance, R, are of such values as not
to affect the amplification. If 100 per cent. amplifi-
cation were obtained, the gain would be 20, and with
an infinitely high inductance this gain might be
realized at low frequencies. With practical values
of inductance, however, the gain is less than this
and varies with the inductance as indicated by this
curve.

The value of the coupling inductance should be

the smallest value that will give satisfactory gain
at the lowest frequency to be amplified, which we
have assumed in this case to 60 cycles.
At medium frequencies the amplification obtained
from a circuit of this sort is approximately equal
to the amplification constant of the tube and we
might assume as a reasonable ﬁfure that the amplifi-
cation at 60 cycles shall not be less than 75 per cent.
of the amplification obtained at medium audio
frequencies. 75 per cent. of 20 is 15, the value there-
fore of the gain at 60 cycles. This corresponds to an
inductance of 100 henries.
. 1f a value of inductance much greater than this
is used to obtain more amplification at low frequen-
cies, it will be found that the hti’Fh frequencies begin
to fall off due to the shunting effects of the tube and
coupling coil capacities, Amplifier curves with vari-
ous values of coupling impedance will be given and
explained in a future Laboratory Sheet.
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No. 232

The Voltmeter '

HOW IT WORKS

N PRECEDING Laboratory Sheets, Nos. 205,
214 and 222 we explained the construction of the
galvanometer and the ammeter and indicated how
they differed. The voltmeter is quite similar to these
two instruments, differing in only one important
respect to be explained below.

voltmeter is used obviously to measure voltage.
We desire to measure this voltage using as little
power as possible, for if the instrument itself re-
quires any t amount of power it is liable to
affect the voltage reading of units such as batteries
or B-power units which are designed to deliver
only a small amount of power.

o measure the voltage of some source of po-
tential we might take a very low reading ammeter,
one having a maximum scale reading of perhaps
0.01 amperes, place it in series with a known high
resistance and then connect it across the source of
potential. The ammeter would read the current
that lowed and then by Ohm's law, which states
that the voltage is equal to the current times the
resistance, we could calculate the value of the volt-

age. . .
In a voltmeter this high resistance is permanently
connected inside of the instrument and the scale

is calibrated to read volts instead of amperes. In
other words we might say that the instrument
solves Ohm’s law for us and makes it unnecessary to
calculate the IR drop every time we wish to measure
a voltage.

. Ammeters and voltmeters may in general be dis-
tinguished in one other way other than the fact
that they are marked “ volts™ or **amperes” on the
scale of the instrument. It will generally be found
that ammeters have fairly large terminais and the
are generally of metal. Voltmeters have small
terminals and they are always of the insulated type.
Ammeters are equipped with metal terminals g-
cause no damage results to the instrument or the
circuit in which it is connected if the terminals are
accidently short-circuited; ammeters are always
connected in series with a circuit and have a very
low resistance, so that shorting them affects the
circuit very little. Voltmeters, on the other hand,
are always connected across the source of potential,
and if the voltmeter terminals are accidentally short-
circuited then the source of potential is short-
circuited. A short-circuit may not be a serious thing
when measuring a B battery, but may cause damage
if it occurs when measuring the voﬁage at a light
socket or when measuring the output voltage o% a
large generator.

No. 233

Balancing Radio Receivers

AN EASY METHOD

THE change in the plate current of the detector

tube, when a signal is being received, may be
utilized to balance the various tuned circuits in a
single-control receiver. If the several tuned circuits
in a multi-stage r.f. amplifier are not properly
ganged, the set will be in-
sensitive and the selectivit:
will be poor. It is essential,
therefore, that the various
stages be accurately aligned.
How this can be done is
the subject of this Lab-
oratory Sheet. The method
used 18 simple and is based
on the action of a detec:
tor when a signal is being
received.

If a milliammeter with a
range of about 2 milliam-
peres is connected in series
with the B-plus lead to the
detector, as indicated in the
diagram. it will be found to
read about 1 mA. if the de-
tector is of the grid leak and
condenser type and about
0.2 mA. if a C-battery type
detector is used. If a station
18 tuned-in, the plate cur-
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Milliamme ter

rent of the detector tube will decrease if the former
arrangement is used and increase with a C-battery
detector circuit, the amount of the increase or de-
crease being proportional to the strength of the sig-
nal—the stronger the signal the greater the change
in current. Therefore, when the set is accurately
tuned and all of the condensers are perfectly aligned
thedeflection of the meter—
and therefore the output of
the set—will be greatest. [
Balancing therefore be-
comes a matter of tuning in
some station, preferably one
operating on a short wave-
length, and then adjusting
the various condensers, by
whatever means are pro-
vided by the manufacturer,
so that the greatest change
is indicated on the meter in
the plate circuit of the de-
tector. When circuits have
been adjusted so that the
greatest current change is
obtained, theset isbalanced.
It is best to make this ad-
justment with the set tuned
to a short wavelength, for it
is in this part of a receiver
range that the greatest lack
of balance is liable to occur.

No. 234

The Audio Transformer

OPERATION AT HIGH AUDIO FREQUENCIES

IN LABORATORY Sheet No. 227, in the October
number, we studied the characteristics of audio
transformers and pointed out that the lowest
frequency resEonse depends upon the ratio of the
reactance of the transformer to the plate resistance
of the tube. Here we will consider the high fre-
quencies. For convenience we have reprinted here
the diagram from Sheet No. 227. .

At high frequencies the reactance of L is very
large in comparison with C, and it may therefore be
neglected. ntially, we then have a circuit con-
sisting of Rp, Laand C in
series. As La and C come
into resonance, the impe-
dance of the circuit will
decrease and more current
will flow, thereby tending
to increase the voltage
actl'oss C, \Isgglich :‘s t'd
voltage applied to the gri
of the next tube. How-
ever, the voltage across C,
for r; given cu;reg}, is tllr\le
vergly proportional to
frequency, and this will (A)
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tend to lower the voltage across it at high fre-
quencies. In some transtormers, however, there is
a marked peak at about 6000 cycles, corresponding
to the resonant frequency of La and C in series, the
outFut falling off rapidly beyond the point.

If this upper resonant peak is very pronounced
the gain of the entire amplifier will increase great!
at this point, tending to make the amplifiers oscil-
late. Good desgfn requires that the peai be kept as
small as possible. .

At frequencies higher than that at which La and
C resonate, the reactance of La continues to in-
crease, and the reactance of C to decrease; there-
fore, the voltage across |
C rapidly falls. If some
transformer curves are
examined, it will fre-

uently be found that
the curve drops rapidly ‘
beyond the upper reso- |
nant point.

The problem of design |
is to adjust the leakage ‘
inductance, La, and t
effective capacity, C, so
as to give satisfactory
(B) high-frequency response.
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A Jewell

Self-Contained
Ohmmeter
for

Trouble
Shooting/

THIS Jewell Pattern 89 Ohmmeter has
been developed especially for makin

resistance and continuity teste quickly an

accurately in radio service work.

The instrument consists of a Jewell
Pattern 88 D. C. meter mounted in a bake-
lite case which also contains a 114 volt flash
light cell. The scale reads ohms direct and
aconvenient adjustmentis provided to com-

ensate for variation in Ymnery voltage.

he current drawn from the battery is so
low that the cell will last several months.
It is easily replaced.

Due to the fact that adjustment can be
made for variation of battery voltage very
accurate resistance measurements may be
made rapidly.

The Pattern 89 Ohmmeter represents a
distinct advance in design for instruments
of this kind. Every radio service man
should be equipped with one of these
time savers,

A new bulletin just off the press des-
cribes the Pattern 89 and tells how to use
it. Mail the coupon for your copy.

Jewell Electrical Instrument Co.
1642-R Walnut Street, Chicago, Il

Please mail at once description of the
Pattern 89 Ohmmeter together with in-
structions on how to use it in radio
testing work.

Name
Address .

No. 235

FREQUENCY BAND REQUIRED

IN TELEVISION transmission a problem which
| must be given careful consideration is the width
| of the band of frequencies which must be transmit-
| ted to reproduce at the receiver end, with good
|| quality, the scene being scanned by the television
transmitter. )
Theoretically, a television signal contains com-
ponents of all frequencies from zero to infinity. In
practice the frequency band is much more re-
| stricted and depends upon various factors.
The width of the band of frequencies which must
be transmitted is a func-
tion of the number of ele- —
ments scanned per second

No. of pictures per second
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Television

be 50 times 50, or 2500. If we transmit 20 pictures
per second, the total number of elements trans-
mitted per second will be 50,000. The highest
frequency which must be transmitted, to get good
quality, can be taken as equal to half this fi 5
or 25, cycles. The table given herewith shows
how the value of the highest frequency which should
be transmitted varies with the number of scanning
lines and the number of pictures per second. For
example, a w-lin%cture sent 15 times per second
recxxim up to 19, cycles.
station transmitting within a broadcast band
is limited to 5000-cycle modulation. Therefore, any
broadcast station trans-
mitting television pro-
grams and using a number

THEIR OPERATION

| THE important characteristic of the dynamic or,
more properly named, moving-coil type loud
speaker is the fact that it has a coil {astened directl
to the cone, which is caused to move back and fort!
in an air gap in a magnetic circuit, the movements
ing in accor with the frequencies flowing
through the coil.

The moving coil is mounted at the apex of the
cone, as indicated in the diagram, and connects to
the secondary of the transformer, T, the primar* of
which connects to the plate of the power tube, The
moving coil of a well-designed unit has a fairly
constant impedance over the entire range of audio
frequencies and the transformer, T, is designed to
“match” the coil’'s impedance to the output im-
pedance of the tube. long as the power tube
works into an impedance about equal to or some-
what greater than twice the tube’s plate impedance,
satisfactory power transfer from the tube to the
moving coil will be obtained. The instructions
covering the use of one of these loud speakers should
indicate what tubes or combination of tubes are
recommended for use with the unit.

The term “dynamic loud speaker" is not a very
accurate description of a type of loud speaker whose
distinguishing feature is that it has a moving coil.
The word “dynamic’ is defined as ‘‘mechanics
treating of the motion of bodies and of the action
|| of forces in ucing or changing their motion.”
i Since all loud speakers move they can all be called

(
|
.

“dynamic.” We have seen descriptions and adver-

at the transmitter, For No. of of lines and number of
| example, if the number of lines pictures per second such
| lines into which the pic-~ 10 15 l 20 that requires afrequen
| ture is broken—which is —  band greater than 5()&;
|  equal to the number of 25 3,100 4,700 6,000 cycles must either modu-
| holes in the scanning disc 50 12,000 19,000 25,000 late above the legal limit
—is 50, then the number 7% 28,000 42,000 56,000 or sugprms in the ampli-
of elements into which the 100 50,000 75,000 100,000 fiers the frequencies above
picture will be enwil ' 5000 cycles.
' No. 236 Rap10 BROADCAST Laboratory Information Sheet

Moving-Coil Loud Speakers

tisements of *“dynamic”’ loud speakers which con-
sisted mainly of an ordinary electromagnetic unit
coupled to a cone. This term used to describe such
loud speakers is probably misleading to some al-
though technically it is not incorrect.

Magnat X
Leads from
i moving Coil" .
eads from
field winding }(‘] L
r 4 S - _——=
Power g
Tube

11—

No. 237

HOW IT DEPENDS UPON IMPEDANCE RATIOS

IT HAS been proved mathematically and experi-~

mentally that a tube delivers the maximum
amount of undistorted power when it works into a
load resistance equal to twice the plate resistance
of the tube; maximum power output, however,
is obtained when the load resistance equals the
tube’s plate resistance. The curve on this sheet in-
dicates relatively in Tu how the power in the load
varies with the ratio of the load resistance to the
tube’s plate resistance (sometimes called plate im-
pedance). The X on the curve indicates where a
tube is normally operated, the load resistance at the
point being twice the tube resistance.

We frequently see statements to the effect that
the loud speaker we use must
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!' Power Output

under such conditions the tube’s characteristic is
curved (see Laboratory Sheet No. 124) and this
curved characteristic introduces distortion.

In cases where the element of the loud speaker
has a low impedance, for example, it is necessary
to use a transformer between the tube and the loud
8] er to compensate the differences in impedance.

moving-coil type, i.e., dynamic loud speaker,
might have an impedance of, say, 20 ohms at some
frequencies, and if it is to be used with a 2000-ohm
tube (171A) which requires a load impedance of
4000 ohms to get maximum undistorted power,
then the coupling transformer would have an im-
pedance ratio of 4000 divided by 20, or 200, cor-
%Opm‘jﬂg to a turns ratio of the square root of

, or 14.

| be matched to the tube to get
| the largest amount of undis-
|| torted power into the loud
| speaker. Such is the case, but the
curve indicates that there can be 0
considerable mismatching with-

S

is ong' a 2 TU loss—a loss which -
would hardly be noticeable to |

out serious loss of power. For ex- 21 -
ample, even when the load resis- [
tance is about five times greater  _of
than the tube’s resistance, there 3

|

|

the ear. 0 1
It is unwise, however, to work

a tube into a load resistance less

I than its own resistance, use

o)

2 3 4 1)
LOAD RESISTANCE
PLATE RESISTANCE OF TUBE
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A Hook-up for Short-Wave and
Broadcast Receivers

A METHOD FOR SWITCHING OVER

T IS general practice in constructing short-wave
adapters to arrange them with extension leads so
that they may be plugged into the broadcast set in
the detector socket in place of the regular detector
tube. This practice is all right when one is building
an adageter that perhape will not be used continually,
but when both the broadcast and the short-wave
tuners are going to be used frequently, it is better to
arrange circuit as indicated in diagram on
Sheet No. 239, which permits one to change from
broadcast to short waves by a simpler means than
taking out a tube and plugging in an adapter.

The diagram shows the detector of the broadcast
receiver and the detector of the short-wave re-
ceiver. They are both wired to the same A and B
vol , and either set is thrown in or out of oKer-
ation by simply turning the proper filament switch, S
or S2; &1 turns'on and off the broadcast receiver and
Ss similarly controls the short-wave set.

‘The two plates are permanently wired together,
and for this reason the arrangement we have in-
dicated should only be used when the two sets are
located close to each other (which is usually the
case) 8o that the plate lead running from one set
to the other is not more than 1 or 2 feet long.

Most of us have available only one antenna to
use with both sets. To use it with both receivers a
single-pole double-throw switch, S, can be placed
in the antenna circuit; thrown to one side it con-
nects the antenna to the broadcast set, and thrown
the other way it connects the short-wave receiver.

An easier arrangement, which works well in
practically all cases (how well it works depends upon
the characteristics of the two receivers) i8 indicated
by dotted lines. The antenna is connected directly
to the broadcast set and through a 50-mmfd. con-
denser, C, to the short-wave set. This small con-
denser will block the broadcast signals from the
short-wave set but permit these latter currents to
pass quite readily.

No. 239
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Circuit for Short-Wave and Broadcast Reception

BROADCAST RECEVER

No. 240

RADIO BROADCAST Laboratory Information Sbeet

Television

DATA ON THE BELL TELEPHONE LABORATORIES'
METHOD

THE demonstrations of television given by the
Bell Telephone Laboratories, associated with
the American Telephone and Telegraph Company,
rank higher, in our opinion, than any of the other
demonstrations so far given, in quality of the results.
In the following paragraphs are su some
of the most important elements of the apparatus
used by these Laboratories. X

(a) The scanning discs contained 50 holes and
revolved at a s?eﬁ of 1062.5 revolutions per min-
ute, giving 17.7 pictures per second. .

(b) The output voltage of the photo-electric cells
at the transmitter was about 10 microvolts.

(c) The ranfe of frequencies decided upon as
being essential for good quality extended from 10 to
20, cycles. Overall measurements on the final
amplifier indicated a frequency characteristic
constant within plus or minus 2 TU over this

range.
(d) The signals from the transmitter were ampli-

fied and delivered to the transmission line at a level
of 10 mitliwatts. The amplification from the photo-
electric cell to the line was 130 TU.

(e) Synchronization was accomplished by the use
of synchronous motors containing 120 polesand
having a synchronous speed of 1062.5 r.p.m. The
angular phase displacement was above 0.07 de-
grees. This magnitude of phase displacement corre-
!;Kgnds roughly to the angular twist in a steel
: “flt ogdfeet long of 1 inch in diameter, operated at

u .

(f) With regard to the effect of extraneous cur-
rents due to noise, it was found that satisfactory
results were obtained if the average picture currents
were 10 times greater than the average noise cur-
rents.

This corresponds to 20 TU, or a_power ratio of
100. In ordinary sound broadcasting the noise in
the telephone lines is kept at a level 60 TU below 10
milliwatts, giving a power ratio of 1,000,000. It is
evident that it 18 permissible to have the noise
level much higher in television reception than in
sound reception.

NATIONAL

Precision Built

RADIO PRODUCTS

The New Thrill Box

A. C. and D. C. Models

Designed by the research laboratories of
National Company, collaborating with
Robert S. Kruze, the A. C. model uses
heater-type tubes throughout. HUM-
LESS OPERATION ON HEAD
PHONES. Gives consistent loud speaker
reception from foreign short wave broad-
cast stations. SPECIALLY ADAPTED
FORAMATEUR USE—-SPECIAL
TUNING CONDENSERS ARE
READILY ADJUSTED TO PROVIDE
FOR “WIDE BAND SPREAD.” Push-
Pull Audio. COMPLETELY SHIELD-
ED—SIMPLE AND EASY TO AS-
SEMBLE.

Price, complete set of dmﬂs, including cabinet,
$79.50. Also made in D. C. Model—Price, com-
plete set of parts, including cabinet, $75.00

Special Power Supply

Type 5880—AB Power Suprl (less tube) for use
w'&e A. B. short wave Thrill Box—$34.50.
(Licensed under R. C. A. Patents)

National Velvet-Vernier Dials

Made in eight t{g to fit all radio use. Out-
staunding Nationa mpany specialty since 1924.

The New MB-30 Tuner

Improved 1930-31 Model. New and much higher
sensitivity and selectivity. Absence from croes-
talk. Absolute freedlom from oscillation. A
quality instrument throughout make for those
who recognize the best in radio.

Send for Special Bulletin

National Velvetone Amplifier
Designed for best use with the new MB-30

uner.

Send today for new complete catalog and
descriptive price list, No. 136

NATIONAL CO. Inc.

Engineers and Manufacturers

61 Sherman St., Malden, Mass.

Makers also of NATIONAL Transmitting
Variable Condensers, Grid-Grips, and
special transmitting equipment.
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or
Better Reception

Ideal radio results depend upon precision—
attention to minute details—micrometric ad-
justments—exact balance—things done right.
And that is why the radio expert, who is satis-
fied with nothing but ultimate perfection,
turns to the CLAROSTAT for that greatest
compensating factor of all in radio work—ad-
justable resistance.

And there is a CLAROSTAT for every purpose,
no matter whether it is the delicate shield grid
control of the 222 tube or the grid bias for the
giant 250 tube. In type, resistance range, and
current-handling rating, there is a CLARO-
STAT available for your use.

SHORT-WAVE

Perhaps the most critical of
all radio technique, short-
wave reception, depends for
its successful operation upon
two factors: correct grid leak
value, and throttle control of
regeneration. The former is
best obtained by the Grid
Leak CLAROSTAT, which provides the exact
grid leak resistance. The latter calls for the
Volume Control CLAROSTAT.

A-C TUBES

Humless operation, without
distortion, is obtained in A-C
tube sets by means of proper
resistance control. Line-volt-
age fluctuations are compen-
sated for by means of the
Power CLAROSTAT. Dis-
tortionless volume control is
obtained with the Volume Control CLARO-
STAT or again the Table Type CLAROSTAT
for remote control. The Duplex CLAROSTAT
provides grid biases for two circuits, or again
accurate center tap resistance for the grid re-
turn of the filament type A-C tubes, reducing
the residual A-C hum to the vanishing point.

ANY RECEIVER

But no matter what type or vintage or make,
a receiver can be greatly improved by the ap-
plication of micrometric resistance as furnished

by the CLAROSTAT of the proper type, re-

sistance range and rating.

“The Gateway to Better Radio”

It is all a question of sclecting the proper
CLAROSTAT and applying it in proper man-

ner. And to the end of guiding you in both
these respects, “The Gateway to Radio,”
in new and revised form, is ready. Here is a
36-page manual, with 20,000 words of practical,
concise, understandable text, and with 88 illus-
trations. It's yours for 25 cents a copy, either
from your dealer or direct from

CLAROSTAT MFG. CO., Inc.

Specialists in Variable Resistors
285-7 North Sixth St. Brooklyn, N. Y.

CLARQOSTAT.

ll
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Supplying Power Devices from 220 volts A.C.

USE OF STEP-DOWN TRANSFORMERS

LETTERS are received frequently from readers
in which the following question is asked, *“I
live in a district in which the only a.c. supply is 220
volts. How can I adapt a 110-volt B-power unit for
operation on a 220-volt line?”

There are two methods by which this may be
accomplished. First, a resistance of such a value as
to produce a drop of 110 volts and leave remaining
110 volts for the power unit may be connected in
series with the 220-volt line. This method is not
very satisfactory, however, for the value of resis-
tance which must be used varies considerably with
different power units and with the load on the out-
put of the power unit. Also,
unless one has available in-
struments for measuring the
a.c. voltages there is no
simple means of determin-
ing what value of resist-
ance must be used in order
to reduce the line potential
to 110 volts. If one has
available an a.c voltmeter
this method can, of course,
be used quite jreadily. The
variable resistance 18 con-

Step-down
Transformer
21to 1 Ratio

To220Volts AC
3

nected in series with one side of the line, the volt-
meter i8 connected directly across the input term-
inals to the power unit, and the resistance then
adjusted until the voltmeter reads 110 volts.

)l‘he second method of adapting 110-volt B-power
units for operation on a 220-volt line is somewhat
more expensive, however, it 18 much simpier and
does not require that any voltage measurements
be made. This system of reducing a line potential
to 110 volts calls for placing a separate power trans-
former between the power unit and the line. The
transformer should have a step-down ratio f 2
to 1 so that with 220 volts across its primary 110
volts will be developed in the secondary win-

The secondary is connected
directly across the terminals
of the B-power unit as in-
dicated in the diagram. The
same transformer may be
used with any B-power unit
80 long as the input power
to the B-power unit does
not ex the power rat-
ing of the step-down trans-
former. Such transformers
are now made by several
manufacturers.

il LI

B-POWER

Input UNIT
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Resistance-Coupled Amplifiers

PREVENTING DISTORTION

AT VARIOUS times letters asking how to reduce
distortion have been received from readers,
who have constructed resistance-coupled amplifiers.
The correspondent usually exglams that the ampli-
fier produces considerable distortion unless the
volume is kept down very low. In this sheet we
have endeavored to indicate what we consider the
causes of the distortion.

As proof that a resistance-coupled amplifier,
when properly constructed and operated, is capable
of giving excellent results, we might refer to the
use of such an amplifier in the demonstration of
television by the Bell Telephone Laboratories. In
this work an amplifier of this type was used to
amplify the output of the photo-electric cell and
it was essential that the audio response curve be

ractically flat over a very wide frequency band.
Bistonion in an amplifier of television signals
would be much rmore serious than similar distortion
in the amplification of music, the eye being a
much more critical judge of quality than the

ear.

What, then, is the probable cause of the distortion
which many notice when using such an amplifier?
The answer is, first overloading of the amplifier, and
secondly, common coupling in the plate-voltage

supply, be it batteries or a power unit, although, of
course, such coupling generally will be more serious
in the latter case.

If any of the tubes in a resistance-coupled ampli-
fier are overloaded so that the grid of one or more
tubes goes positive, some grid current will flow and
produce so-called “blocking.” If the overloading is
very slight, the blocking may not be noticeable as
such, but the amiliﬁer. will distort. The important
point is that the blocking does not affect only the
signal which caused the blocking but will also af-
fect the t’ollowmg séﬁnzls until the blocking current
leaks off througl e high-resistance grid leak. If
the s s were fed into a transformer-coupled
amplifier some overloading might occur but the
tubes would not block because the transformer
windi are of low resistance in comparison with
the reststance of the grid leaks used in a resistance-
coupled amplifier. .

he resistance-coupled amplifier is, therefore,
much more critical with regard to overloading, than
a transformer-coupled amplifier, and in the opera-
tion of the former type of amplifier the signal
input must be kept down to a level at which no
overloading occurs.

Laboratory Sheet No. 243 discusses a second
cause of distortion in resistance-coupled amplifiers,
i.e., common coupling in the plate-supply circuits.

No. 243
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Resistance-Coupled Amplifiers

EFFECT OF COMMON COUPLING

LABORATORY.Information Sheet No. 242 gave
# some data on distortion in resistance-coupled am-
plifiers due to overloading. A second cause of distor-
tion (which applies to this t; of amplifier as well as
to any other type of amplifier) is that due to common
coupling between the plate circuits of the various
tubes. This form of coupling is generally due to the
resistance or reactance of the plate-supply device.

. In a resistance-coupled amplifier the phase rela-
tion of the input voltage and the output voltage is
qractxcallﬁv 180 degrees, and, therefore, if any
signal voltage from the plate circuit is returned to
the grid circuit in any way, this feed-back voltage
will be in exact op&)osition to the original input
voltage and will tend to decrease the amplification.
In a multi-stage amplifier the various feed backs
from the different circuits combine; in some in-
stances they may neutralize each other but more
frequently they produce regeneration or anti-
regeneration, either of which distorts the frequency
characteristic of the amplifier so that good quality
is not obtained.

To prevent common coupling in the plate-supply
unit it is essential that the grid and plate circuits
of each of the amplifier tubes be filtered so that
none of the signal currents have to pass through
the plate supply unit. In this way common coupling
and its effects are prevented.

Laboratory Information Sheet No. 193 illus-
trated a circuit for venting resistance-coupled
amplifiers from motorboating. The circuit presented
afforded a means of thoroughly filtering the plate
circuit to the detector tube and it was found by
exiﬂeriments in the Laboratory that such a circuit
will almost invariably prevent an amplifier from
motorboating. This circuit can also be used ad-
vantageously with transformer-coupled amplifiers,
it frequently being found that oscillations in am-
plifiers of this type can be prevented easily by this

means.

In a later Laboratory Information Sheet we will
illustrate a resistance-coupled amplifier with filter
circuits in each of the various plate and grid leads.
This sheet will explain what determines the values
g{ resistance and capacity generally used in such

ters.
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Alternating-Current Ratings

EFFECTIVE VS. PEAK VOLTAGES
A’l‘ THE present time there are several devices

in radio receiving sets, such as power
transformers, filament ormers, filter co%(c):len-
sers, etc., which are rated in terms of a.c. voltages.
References are made frequently to the peak value
of an alternating-current voltage, to the effective
value of such a voltage, and to the r.m.s. value of
the voltage. The significance of these various
terms is explained in this gheet.

The first and most im-
portant point is that alter-
nating-current apparatus al-
most invariably is rated | vl
in terms of effective voltage, Effective
and effective voltage has Voltage

generally have an effective value of voltage of
about 110 volts. The filaments or heaters of alter-
nating-current tubes are rated in terms of effective
voltage.

The letters r.m.s. are an abbreviation for root-
mean-square, this value of an alternating voltage
being such that it gives exactly the same heati:lg
effect as a direct current of the same potential.
It is for this reason that the r.m.s. value of an
alternating voltage is termed the effective value.

The p:agk value of an alternating voltage is the
maximum value to which
the voltage rises during
any part of the cycle. The
shape of a.c. voltages with
which one ordinarily deals
are such that the potential

exactly the same m as
the r.am.s. voltage so that
these two terms maly be
used interchangeably. If the
secondary of a power trans-
former is rated at 350 volts
it means that the effective
value of the voltage is
350. Power lines in homes

is proportional to a sine of
an angle and it is for this
reason that we frequent!
hear the term “sine wave.”
If the voltage wave has
such a form then the peak
value is equal to 1.4. times
the effective or r.m.s.
value.

Why Variable Resistance
Means Fixed Voltage

There are many variables or uncertain factors in
any radio circuit—the types of tubes, the dil-
ference between tubes of the same type, and even
the age of the tubes; the various components; the
intercepted signal strength, and so on. Fixed volt-
ages are impossible in the face of so many vari-
ables. It is absolutely essential to compensate
for these unknown factors—and variable resistance
is the answer.

—and Why the CLAROSTAT

But the variable resistance must be reliable. It
must stay put. It must be noiseless. It must
handle the necessary current. It must be micro-
metrically variable to meet precise requirements.

Al of which spells CLAROSTAT.

No. 245
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Power Qutput

HOW MUCH 1S REQUIRED

IN THE last audio stage of one’s receiver there are
more than half a dozen arrangements that can
be used. We might use a single 1714 or two of these
tubes in push-pull, but perhaps some prefer a
single 210, a single 250 or either of these tubes in
pusgh-gull. 4'rom these and other combinations one
can obtain equally good quality provided the tubes
are not overloaded. The question one naturally asks
is what tube or combinations of tubes he should use?
How much power output does one need for ordinary
home reproduction? These are questions about
which we all want definite information, but which
unfortunately cannot be answered very simply.
How much power ig available from any one tube
or combination of tubes can be determined by re-
ferring to the table published on Laboratory Sheet
No. 246. Although opinions differ as to how much
wer is required for ordinary home reproduction,
rge Crom, i of the Amercian Trans-
former Company, in a recent paper read before the
Radio Club of America, states that for a sound level
slightly above normal, using a good loud speaker,
from 1 to 1.5 watts input power is required. By
referring to the table on Laboratory Sheet No. 246 1t
would appear, therefore, that to obtain a power out-
put of about 1,5 watts we must use either a single

210-type tube, a 250-type tube operated at low
voltagt:d or lo“;ﬁr p‘p;l(}wer p:;‘:'gﬁse'l such as the 171a
operated in push-| or .

The phrase “normal output” referred to in the
preceding paragraph is obviously a rather ambigu-
ous one, and, since the ear is not especially sensi-
tive to variation in power, it is probable that an
increase or decrease of 3 TU would not affect
seriously the loudness as heard by the ear. 3 TU
corresponds to a power ratio of approximately 2.
In other words, variations from 1 to 2 watts in the
power available in the output circuit would not pro-
duce very t changes in volume.

The table given on Laboratory Sheet No. 246
will also be helpful in determining the power out-
put of any power amplifier that one may have or
may contemplate purchasing. For example, if the
power amplifier uses two 171A-type tubes in push-
pull, then the power output will be about three
times that of a single tube or 2100 milliwatts.
Large power amplifiers are used frequently to supply
severafxl,oud speakers in an auditorium, hotel, etc.
An approximate determination of the number of
loud speakers which such an amplifier can surply
may be obtained by rememberin; that each loud
sg:aker requires approximately 1.0 watt, and then
the number of loud speakers which can be supplied
may be determined easily.

No. 246
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Power Output Characteristics of Vacuum Tubes

A USEFUL TABLE

THE. table below gives the power output of the
various types ol wer tubes in radio
receiving sets. The table has been am:ggtzd in order
of power output, starting with the 120-type tube
with a_power output of 110 milliwatts and endin%
with the 250-type tube with a power output o

Neéative Milliwatts*
Plate rid Power
Tube Voltage Voltage Output
120 135 22.5 110
112a 135 9 120
171A 90 16.5 130
112a 157 10.5 195
171A 135 27 330
210 210 18 340
210 300 22.5 600
171A 180 40.5 700

*1000 milliwatts is equal to 1 watt of energy.

4650 milliwatts. If two tubes are used in a push-
gull amplifier, then the power output of the com-

ination will be equal approximately to three times
the power output of a single tube. Two more or
tubes used in parallel will have a power output llgual
to the power outg:; of a single tube multiplied by
the number of tubes used.

Ne, _:iive Milliwatts*

Plate Ti Power

Tube Voltage Voltage OQutput
250 250 45 900
210 350 27 925
210 400 31.5 1325
250 300 54 1500
210 425 35 1540
250 350 2350
250 400 70 3250
250 450 84 4650

1

Duplex CLAROSTAT

Here is micrometric resistance
in multiple form—two CLARO-
STATS in one. Screwdriver ad-
justment to provide two semi-
fixed resistances of the precise
values determined by actual test.
Ideal for B-power voltage, di-
vider, grid bias, plate voltage
control, mid-tap resistance, and
80 on.

Standard
CLAROSTAT

A micrometric resistance of uni-
versal range—practically O to
5,000.000 ohms in several turns
of knob. 20-watt rating. Holds
any adjustment. Noiseless. Fool-
proof. Troubleproof. A stand-
ard device for securing adjust-
able voltage taps in B-power
units and socket-power receivers
and power packs.

Power CLAROSTAT

A giant variable re-
sistance which takes
the place of crude
wire-wound  resistors
of the fixed and con-
sequently  guess-work
values. Provides the
dependable service
usually associated with
fixed wire-wound re-
sistors, with the addi-
tional advantage of
being instantly adjust-
able to meet exact re-
sistance requirements.
Made in three resist-
ance ranges to meet
filament control, line

control, and plate
voltage _control  re-
quirements. Holds any setting. Noiseless. 40-

watt rating. 1deal for motor control in television
reception,

There’s a CLAROSTAT
for Every Purpose—

Whether your set is home-built, custom made, or
factory product; old or new; good, bad, or in-
different; it can be improved by the proper ap-
plication of one or more CLAROSTATS. And
“The Gateway to Better Radio,” described on
page 68, tells how to do it. Ask your dealer
about it, or write direct to

CLAROSTAT MFG. CO., Inc.

Specialists in Variable Resistors

285-7 North Sixth St. Brooklyn, N. Y.

L__cLAROSTAT—
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This shows the exclusive rock-
ing disc construction of Cen-
tralab volume control. “R'‘ i3
the resistance contact disc ‘D"
has only a rocking action on
the resistance. Pressure arm
‘P’ together with shaft and
bushing is fully insulated.

This is the action of the usual
wirewound control after it has
n in use for some time . . «

1ike dragging a stick over a
cobblestone pavement, /
‘

The tailor uses the same prin-~
ciple as Contralab. He does not
want to ruin the garment in
placing the iron on it so he
places a cloth in between, Cen-
tralab controls cannot ruin the
resistance because the rocking
dise is In hetween the pressure
arm and the resistance.

Centralab
controls

are used in Millions
of Radio
Receivers

The manufacturer producing
thousands of sets daily . . . and
the experimenter laboring lov-
ingly over a single pet circuit
employs CENTRALAB volume
controls for smooth, quiet, effi-
cient performance.

If you are up against a RE-
SISTANCE problem let CEN-
TRALAB solve it for you.

VOLTAGE CONTROLS AND

Write for free interesting book-
ﬂlet on VOLUME CO TROLB
THEIR USES,

CENTRAL RADIO
20 Keefe Ave.

LABORATORIES
Milwaukee, Wis.
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Frequency Characteristics of Television Amplifier
Developed by the Bell Telephone Laboratories
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Television

AMPLIFIER CHARACTERISTICS

ON. LABORATORY Sheet No. 247 are pub-

lished a ?oup of curves taken from the
October, 1927 Bell System Technical Journal
where the apparatus used in connection with the
demonstration of television made by the Bell
Telephone Laboratories was described. In this
demonstration a complete radio system was used.
The television transmitter was located at the trans-
mitting station and the output of the television
transmitter, after being amplified, was sent over
the air, the frequency of the radio transmitter being
1450 kilocycles. A superheterodyne receiver was

at the receiving end, and the television signals,
after being detected, were sent through the neces-
sary amplifiers and finally made to modulate the
neon tube used in the television receiver. In order
to insure that the reproduction of the picture might
not suffer distortion carefu!l frequency measure-
ments were made on all of the apparatus and the
results of these tests were plotted and are reprinted
on Laboratory Sheet No. 247. The dash curve gives
the characteristic of the radio transmitter and it is

evident from the curve that the frequency char-
acteristic of this system is excellent. There was
practically no loes down to 10 cycles and only a
4 TU loes at 20,000 cycles. .

The receiver characteristic ig indicated by the
dotted curve. At 10 cycles there was a loss of about
1.5 TU. At 10,000 cycles there was a loss of about
4 TU and at 20, cycles a loss of 10 TU. The
“overall normal” curve indicated as a solid line
shows about 1.5 TU loss at 10 cycles and a loss of
about 13.5 TU at 20,000 cycles. This characteristic
was unsatisfactory since the engineers had de-
termined previously that it was desirable that the
frequency characteristic be constant within about
2 TU. up to 20,000 cycles. . B 3

The necessary improvement in the characteristic
was obtained by the use of equalizers and the final
curve of the equalized system is indicated by *“over-
all equalized.” This overall curve is down about 1.5
TU at 10 cycles and there is 0 TU loss at 20,000
cyles. Between these two limits there are slight
variations in the curve although none of these
variations are as large as 1 TU.

No. 249
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A Resistance-Coupled Amplifier

PARTS RBEQUIRED

ON LABORATORY Sheet No. 250 is published
the circuit diagram of a resistance-coupled
amplifier illustrating the use of filter circuits in the
late and grid leads. As explained in Sheet No. 243,
ack of proper filter circuits will cause distortion
due to common coupling in the plate supply. It will
frequently be worth while to incorporate such filter
circuits in existing resistance-coupled amplifiers,
especially if the amplifier exhibits a tendency to
“ nllotorboat" or distort. pled olif
n o ting a resistance-cou, amplifier it is
especiaﬂ‘;m important that overloading be prevented
by keerg the volume down to the point where
none of the tubes draw grid current, and it is up
to the user of the amplifier to operate it so that grid
current does not flow.

In constructing the amplifier illustrated on the
next sheet the following parts will be required:
Ri—Three plate-coupling resistors, 250,000-ohm;
Rs—Three grid resistors, 2-megohm;

R:—h;hme plate-circuit filtering resistors, 25,000~
ohm

R‘—h; hree grid-circuit filtering resistors, 50,000~
ohm,
Ri—Filament rheostat, 6-ohm;
C1—Three coupling cor:densers, 0.01-mfd.;
C1+—Six by-pass condensers, 1-mfd.;
+—One by-pass condenser, 0.0002-mfd.;
Ci—Output condenser, 4-mfd.;
Li—R.F. choke coil; .
La—OQutput choke coil, 30-henries;
Sw—Filament switch. .
The detector and the first two of the audio ampli-
fiers may be 240-type tubes and the power tube
may be any tgpe, dgpendmg upon personal
preference of the builder. The voltages applied to
the B-plus power terminal and the C-minus power-
terminal will, of course, depend upon the tyfe of
power amplifier; it i8 recommended that a 171a-
t power tube be used. .

e simplest and most satisfactory construction
to follow in building a resistance-coupled amplifier
is to mount the tube sockets and the resistor mounts
for the grid- and plate-coupling resistors all in a
line. Wili:'l this arrangement the grid and plate leads
between the tubes
very short.

and the coupling resistors are
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A Resistance-Coupled Amplifier
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Moving-Coil Loud Speakers

DESIGN OF THE COUPLING TRANSFORMERS

HEN an engineer designs a moving-coil loud

speaker, he alco has to design the input trans-
former which is used to couple the loud speaker and
receiver. The impedance ratio of this transformer
will depend upon the impedance of the moving-coil
system and upon the plate resistance of the power
tube in the receiver Since the engineer doesn’t
know what type of power tube the buyer of the loud
speaker is going to use, upon what facts does he
base his decision regarding the impedance ratio of
the transformer which is finally incorporated in the
loud speaker?

The fact has been mentioned many times in these
data sheets that the maximum undistorted output
is obtained from a tube when the load into which
it works is equal to twice the plate resistance of the
tube. A curve was also given on Laboratory Sheet
No. 237 showing how the power output changed with
variations in load imm(;):nce and this curve indi-
cated quite clearly that a large eg&rcemage of the
maximum amount of undistorted power was still
available in the load, even though the load resistance
was 5 or 6 times greater than the plate resistance
of the tube. Suppose the engineer designed the coup-
ling transformer so that looking into the prim-
ary the. impedance is 4000 ohms. The plate
resistance of a 171A-type tube is 2000 ohms

and if this tube were used the maximum undis-
torted power output would be obtained (since
4000 ohms i8 twice the plate resistance of a 171A).
If, however, this loud speaker were to be used with
a 112a- or 210-type tube, both of which have a plate
resistance of about 5000 ohms, then only 40 per cent.
of the maximum available power would appear
across the loud-speaker circuit. Also, when a high

late resistance tube is used with a low-impedance
oad the tube characteristic is curved (see abora-
tory Sheet No. 124) and this produces distortion.
Evidently then, if such a design were decided upon,
the power loss would be somewhat greater than half
when using a 112a- or 210-type tube and also dis-
tortion would be produced due to curvature of the
tube’s characteristic.

If the transformer were designed so that from the
primary the impedance was 10,000 ohms then the
maximum amount of undistorted power would be ob-
tained from a 112A- or 210-type tube, since they are
both 5000-ohm tubes. On the other hand, if a 171a-
type tube with a 2000-ohm plate resistance were used
with this transformer we still would obtain 70
per cent. of the maximum power, and, since the
plate load, 10,000 ohmis, is much greater than the
tube resistance, 2000 ohms, distortion would not be
introduced due to curvature of the characteristic.
This design of the transformer is obviously the
correct one.

RADIO BROADCAST Laboratory Information Sheet

Audio Amplifiers

IMPORTANCE OF BY-PASS CONDENSERS

IN SKETCH A on this sheet we illustrate the cir-
cuit of a single-stage audio amplifier, Resistor
R, being connected in series with the cathode of the
tube, functions to supply C bias to the grid of the
tube. Should the resistance, R, be bypassed with a
condenser?

If this circuit were casually analyzed one would
be inclined to answer this question negatively, since
this resistance is in series with the primary of the
audio transformer, T, and the impedance of this
circuit is very high. Consequently the a.c.
currents around through the %lzte circuit and
through the resistance ought to very small. If,
however, we draw out the equivalent circuit, as we
have done in sketch B, a different condition is seen
to exist. This equivalent circuit represents what the
tube and transformer look like
at high audio frequencies, La be-
ing the leakage inductance in the
transformer and C the distributed
capacity reflected into the prim-
ary. R is the grid resistor and Rp
the plate resistance of the tube.
At high frequencies this is a series
resonant circuit and the currents
are, therefore, quite large. For
this reason a comparatively
large voltage may be developed
across the resistor R which sup-
plies the C-bias voltage, E: to

I 3

the grid of the tube. This voltage, Ec, should ob-
viously be only a d.c. voltage, but, since the circuit
is a series resonant one, considerable a.c. voltage will
be develo across the resistance and be impr
back on the grid of the tube. This voltage impressed
back on the grid will be out of phase with the orig-
inal voltage and it will, therefore, reduce the am-
plification at high frequencies. ! .

These facts were checked on an amplifier in the
Laboratory a short while ago and proved to be true.
The low-frequency response of the amplifier was
unaffected by the condenser across the C-bias re-
sistor. At high frequencies, however, there was a
very considerable loss in gain unless a by-pass con-
denser of 1 or 2 mfd. was placed across the resistance.
It is therefore recommended that home construct-
ors always make certain that all the C-bias resistors
are properly bypassed.
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EROVO

Without a Doubt
The Most Complete

CONDENSER and
RESISTOR LINE

in Radio

This 32-page manual containing com-
plele elecirical and mechanical specifi-
cations of the following complete line of
condensers and resistors will be mailed

free of charge on request.

Condensers
FFilter Condensers
High Voltage Condensers
Transmitting Condensers
Bypass Condensers
IMilter Blocks
Bypass Blocks
Buffer Blocks
Bakelite Case Units
“A” Condenserz
Mica Condensers

Pyrohm Resistors

These are vitreous enameled resistors
which are available in all resistance
values and watt ratings, in fixed and

tapped combinations.

Non-Inductive Resistors
Lavite Units
(irid Leak Type Units
Resistor Mountings

A wide variety of mountings for
types of resistors.

Wire Wound Resistors

Grid Suppressors
Center-tapped Units

all

The Aerovor Research Worker is a free monihly
publication thal will keep you abreast of the lalesl
our name will be pul

developmenis in radio.
on the mailing lisl free of charge on requesi.

Aerovox Wireless Corp.

761 Washington Street

New York

——
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Shielding

SUGGESTIONS REGARDING ITS USE

SHIELDING.iu used in radio receivers for two

rposes. First, it prevents direct pick-ur, by
the coils in a receiver, of signals from powerful local
stations, for, when such pick-up exists, the receiver
is likely to be non-selective. Second, the use of
shielding prevents electrostatic and electromagnetic
coupling between the various parts of the circuit,
particularly the various inductance coils. Electro-
static coupling is readily prevented, thin sheets of
shielding material between the agraratus to be
shielded generally being sufficient. Electromagnetic
coupling is more difficult to prevent. The prevention
of such coupling necessitates the use of very com-
plete shielding, the joints must be tight and a ma-

terial with a low electrical jresistance must be

used.

The shielding in a receiver should he used for
only one purpose—shielding. It should not be used
to conduct currents, for example, between a coil
and a condenser. If this is done the usefulness of the
shielding frequently will be destroyed due to the

fact that these currents flowing through the shield-
ing material constitute circuits which can readily
produce coupling to adjacent conductors.

All the shielding in a receiver should be grounded
and connected also to negative-B, negative-A, and
plus-C wires. Except for the fact that the shield
may be used for the A-minus conductor, the wiring
of the set should be done as though the shielding
were not present. In other words, the fact that some
condenser, for example, one of the tuning condensers,
is connected to the shield should not cause us to
connect one end of a tuning coil to the shield and
thereby complete the circuit through the shielding
material. Instead a lead should be run from the tun-
ing coil to the tuning condenser so that the currents
in this circuit will pass through this lead and not
through the shielding.

The coils in a receiver should preferably be lo-
cated about central within the shielding compart-
ment, since in this position the increase in resistance
of the coil due to the shielding will be a minimum.
If these simple rules are followed in constructing a
shielded receiver, many difficulties will be prevented.

By the author of

¢ Principles
of Radio
Communi-
cation?

An independently

wrillen introduc-

tion to the subject
of Radio

L J
John H. Morecroft

Elements of Radio
Communication

BY JOHN H. MORECROFT

“We can highly recommend ‘Elements
of Radio Communication’ to those of
our readers who want a book that will
give them a strong, elementary ground-
ing in radio and leave them with few
questions to ask save those which may be
born of a desire for more knowledge.”
Boston Post Radio Section

$3.00

JOHN WILEY & SONS, Inc.
440 Fourth Ave,, New York

Please send me Morecroft’s “‘Elements” for free
examination. Within ten days aftcr its receipt 1
will either return the book or send you $3.00.
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A. C. Tubes

EFFECT OF FILAMENT VOLTAGE

I’l‘ IS becoming increasingly common to find manu-

facturers designing the filament windings on
Power transformers to supply voltages somewhat
ess than those rated for use with 226- and 227-type
ac. tubes. One parts manufacturer is marketing a
filament transformer designed to sup[ﬁ{ 2.25 volts
to the filament of a 227-type tube, although the
rated voltage of this tube is 2.5 volts, A study of the
circuit diagrams of manufactured receivers pub-
lished in RADI0 BROADCAST will bring to light other
cases where a.c. tubes are supplied with somewhat
lower than rated voltage.

The life of a vacuum tube depends very much
upon the filament voltage with which it is supplied,
and frequently a very small increase in voltage
above the rated value will cause a considerable
shortening in the life of the tube. With a.c. tubes
this problem has assumed especial importance, for
these tubes are subjected to variations in filament
voltage in accordance with any fluctuations of the
line voltage. If the line voltage becomes somewhat
higher than that value at which the set is designed
to operate, the various tubes receive excessive fila-
ment voltage and their life is shortened to a marked

extent. It is for this reason that manufacturers have
designed the power transformer to deliver somewhat
lower than rated voltage to the tubes so that even
if the line voltage rises above normal the tube fila-
ments will not be overloaded. L 5

A.C. tubes, types 226 and 227, will give entirely
satisfactory operation at less than the rated voltage.
The table on this sheet, obtained from figures in t}
Cunningham Tube Data Book, gives the characteris-
tics of the 226-type tube with a filament voltage of
1.3 volts and 1.5 volts, the latter value being that
at which the tube is rated. The slight increace in
plate resistance and decrease in mutual conductance
which results when the tube is operated at 1.3 volts
18 not sufficient to affect its operating characteristics.
The 227-type tube saturates at about 1.9 volts on
the filament and, therefore, it also may be operated
at somewhat less than its rated voltage with satis-
factory results.

TUBE FILAMENT PLATE MUTUAL  AMPLIFI-

VOLTAGE  IMPED-  CONDUC- CATION

ANCE TANCE  FACTOR
226 1.3 10,000 750 8.3
226 1.5 9,000 830 8.3
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Band-Pass Circuits

WIDTH OF BAND

BAND-PASS filters, as used in radio receivers,
consist of an arrangement of coils and con-
densers which produce a resonance curve of a form
aﬁproximating that illustrated in the drawing on
this sheet. It is possible to design a circuit to have
a band-pass characteristic by the use of two separate
tuned circuits, each tuned to exactly the same fre-
quency and coupled. The coupling may be produced
br condensers, by a separate coil, or by simply
placing the coils of the tuned circuits in such rela-
tion that there is some coupling be*ween them. One
of the most important character-
istics of a band-pass circuit is the W
distance between the two 8 )
in the curve, marked ¢ and ws.
J. H. Morecroft in Principles of
Radio Communication gives some
formulas for coupled circuits. If
two circuits are coupled induc-
tively, then the width mnkilocycles
of the d] between w; and W, is
e?ua_l to the resonant frequency
of either circuit alone multiplied
by the percentage coefficient of
coupling, k, between them. For
example, we might take two

coils and two condensers, arrange them in the form

of two tuned circuits adjusted, say, to 1000 kilo-

cycles. When there is 1 per cent. coupling between

em then the width of the band will be equal to
d with=w; x k

=10 kc.

The width of the band is, therefore, 10 kilocycles.
It should be noted that the band width is directly a
function of &, (or w, since they are both tuned to
the same frequency). Therefore, if the percen
coupling_remains constant then the width of the

d at 500 kc. is 5 kilocycles and at 1500 k. is 15
kilocycles. The fact that the width
w2 of the band varies over the broad-
cast band in a ratioof 3 to 1 (5
kc. to 15 kc.) is a disadvantage, it
being desirable, of course, that the
width of the band should be con-
stant over the entire broadcast
range. If the circuits were capaci-
tativelgecoupled the characteristic
would be opposite to that whenin-
ductive coupling is used, i.e., at
1500 kc. the band width would be
5 kc., at 1000 kc. the width would
be 10 kc., and at 500 kc. the band
width would be 15 ke.
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Power Output

HOW MUCH 1S REQUIRED?

HOW much available J)ower in the output tube

of a radio receiver does one need for ordinarg
home reception when using a standard Ioucf:ll:geaker.
This is a question about which one can many
diverse opinions. In Labora Sheet No. 245 we
quoted &orge Crom to the effect that the usual
loud speaker requires an input of 1 to 1.5 watts for a
volume of reception slightly above normal. In the
Cunningham Tube Daia Book (which costs $2.50
and which we recommend that you purchase, if
possible) we read, “For home reception, with a
speaker of average sensitivity, a tube capable of
supplying at least 100 milliwatts (0.1 watt) maxi-
mum’ undistorted power output is recommended.
The use of a tube giving lower output is almost
certain to result in distortion appreciable to the
listener. It is very desirable to have additional re-

milliwatts, if the “B"” J)OWer required can be con-
veniently supplied. Under such conditions tbe qual-
ity will not suffer if the volume is turned a little
above normal, as may be mﬂuu‘ed in a large room
or for dancing, or if the loud speaker is somewhat
low in sensitivity.”

The average of George Crom's figure is 125
watts and Cunningham recommends 0.500 watt.
The mean of these two is 875 milliwatts, 0.875 watt,
If the table of Laboratory Sheet No. 246 is referred
to it will be found that the smallest power tube giv-
ing approximately this output is the 171 which is
capable of supplying a maximum of 700 milliwatts
to the loud s er. |

. It, therefore, seems fair to state that any installa-
tion using a power tube or combination of tubes in
the output such that the available power is about
0.7 watt, that_this amount of power will be suffi-
cient to permit loud-speaker reproduction at fair

serve power available, up to appr y 500

vol without overloading.
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Heater Connections for A. C. Tubes

AN EXAMINATION of tbe circuits of various
a.c. receivers using one or more 227-type tubes
shows several different ways the heaters of these
tubes may be connected into the circuit.

In sketch A we show the heater of the tube quite
independent of the r inder of the circuit. In
sketch B the center tap of a resistor connected
across the heater is grounded and in sketch C the
center tap of the resistor connected across the
heater is connected to the plus 45-volt terminal.
Of these three arrangements the one most com-

monly used is B in which the heater is gr led

ation in most cases. It is generally unwise to arrange
the circuit as indicated at A, since the heater under
such conditions is more or less floating and is liable
to introduce hum into some part of the circuit.

The reason for the use of the arrangement shown
at C is somewhat complicated. When the heater
of the tube becomes hot it, of course, emits some
electrons and it is possible for some of these elec-
trons to enter the plate circuit. Since the heater is
operated on a.c. the emission from it is not uniform
and, therefore, a hum will be produced if any
appreciabl ber of electrons are drawn from the

since such an arra t gives satisfactory oper-

heater.

=L AC.
hd
(1)
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An Analysis of Filter Circuits

ON LABORATORY Sheet No. 259 are given
a circuit diagram and set of curves showing the
output voltage from a typical full-wave rectifier
using two 281-type tubes. These curves will prove
helpful in determining what voltage is necessary
across the power transformer to deliver a given volt-
age to the filter system. The curves show the output
of the rectifier with transformer voltages ranging
from 550 volts per plate up to 700 volts per plate.

Two sets of curves are given, one set being ob-
tained with the standard filter system indicated in
the circuit diagram and the other with a_ special
circuit recommended by the E. T. Cunningham,
Inc. The solid curves show the voltages with a
standard filter system and the dotted curves show
the voltage with a special filter system. In determin-
ing the latter curves the first filter condenser, G,
was omitted.

When using the standard type of filter system the
load on the tube is quite heavy and the peak value
of current, which the rectifiers are calléd upon to
supply under full-load conditions, reaches values as

high as 310 milliamperes, although the average cur-
rent drawn from the filter system is only 125 milli-
amperes; the filament must be capahle of supplying
the maximum value of current, ie. 310 milli-
amperes. With the first condenser, Ci. removed from
the filter systemn the voltage output for a given
transformer voltage decreases considerahly, as
indicated by the curve, but with this condenser re-
moved the tube operates under much more satis-
factory conditions. The peak value of current used
in such a circuit is only 140 milliamperes when the
load current is 125 milliamperes. In other words the
peak current has been reduced from 310 milli-
amperes to only 140. This reduction increases the
life of the filament, and a tube having a total emis-
sion of 150 milliamperes will still give satisfactory
operation in the special filter circuit although it
would not function satisfactorily in an ordinary
filter circuit where the plate current reaches values
up to 310 milliamperes. It is rec ded that this
special filter system be used wherever possible.
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Filter Circuit Characteristics
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Voltage Gain in Resistance-Coupled Amplifiers

LABORATORY Information Sheets Nos. 2;12).

it w'qgld be if a two-stage transformer-coupled

243, 249, and 250, di d resistan p
amplifiers; the latter two sheets gave the circuit
diagram and a list of parts for the construction of a

| amplifier of this type. In this sheet further
Saw is given regarding resistance-coupled amplifiers
in comparison with other t. 5

The overall voltage gain in a resistance-coupled
amplifier is generally much greater than that of a
transformer-coupled amplifier. For example, a stand-
ard two-stage transformer-coupled affair has a volt-
age gain of about 100 from the input to the grid of
the power tube. The usual three-stage resistance-
coupled amplifier using high-mu tubes has a gain
of about 400 from the input to the power tube’s
grid. This additional gain is not always an ad-
vantage. If such an amplifier is used in a receiver
operated entirely from batteries this high gain will
simply have the effect of increasing the loudness of
the signals, but if such an amplifier is used in a re-
ceiver operaled from a B-power unit it is probable
that the hum output will be much greater than

p were substituted for it. This is due to the
fuct that, as pointed out in Laboratory Sheet No.
261, the hum voltage develo across the loud
speaker is a direct function of the overall gain of the
amplifier and the amount of hum introduced into
the detector circuit. Since the amplifiers have a
ratio of about 4:1 in gain, the hum voltage de-
velo; when using the resistance-coupled amplifier
will be about four times as great, assuming that all
other conditions remain the same.

For these reasons it frequentl} is advisable to
construct the resist pl lifier with
somewhat lower gain. For example, if instead of
using two 240 tubes we use one 201A and one 240
then the overall gain will be about 150 which is a
very satisfuctory value.

For some reason the resistance-coupled amplifier
has not found wide use in manufactured or home-
constructed receivers although when properly
designed it is certainly capable of giving resul‘; as

as any other type of amplifier.

T e = oam meee———
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Where A. C. Hum Originates

THE amount of a.c. hum audible in a loud speaker
connected to a radio receiver depends upon
various factors. With a given installation, however,
the hum depends to the greatest degree upon the
amount of a.c. ripple introduced into the plate
circuit of the detector tube. This hum voltage may
corne from the B-?‘ower unit or from a.c. tubes, and
in a.c. sets some hum is, of course, obtained from
both of these sources.
1t is important to realize the importance of any
hum in the detector circuit. Consider an ordinary
transformer-coupled amplifier using, say, a 3 to 1
ratio transformer between the detector and first
a.f. tube, and assume that the first a.f. amplifier
tube has a mu of 8. Between the plate circuit of the
detector tube and primary winding of second a.f.
transformer the gain is, therefore, 24. 1t follows
from this calculation that, il a given amount of hum
is obtained from a loud speaker when there is a
certain hum voltage in the plate circuit of the first
a.f. tube, that the same amount of hum will be ob-
tained with only one twenty-fourth as much hum

fiers which are noisy under normal operation are
generally quiet if the output of the detector tube is
short circuiled—a definite indication that the major
part of the hum arises in the detector circuit.

Let us consider a concrete example. Suppose that
we have a two-stage a.f. amplifier with 3 to 1 trans-
formers, the first audio tube having a mu of 8 and
the power amplifier having a mu of 3 and that the
load resistance in the output is equivalent to 4000
ohms. Assume that a hum potential of 0.1 volts is
existant in the plate circuits of the detector tube
and also the first audio amplifier. The hum voltage
from the plate ircuit of the first a.f. amplifier circuit
will produce a hum potential of a 0.6 volts across the
4000-ohm load resistance. The hum voltage in the
detector circuit will produce 14.4 volts in tbhe load
circuit. Even assuming that these two voltages are
180 d out of phase so that they op each
other voltage in the load circuit would be 13.8
volts, 1t follows from these figures that practically
all the hum in the output will come from the de-
tector circuit. The importance of proper design in
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Advantages of Dual Push Pull

IGH-GAIN a.c.-operated power amplifiers,
designed particularly for use in public-address
systems, frequently make use of two 250-type
tubes in_push pull in the output. 1f these tubes are
operated at their rated voltage in order to obtain
Ll!::maximum amount of undistorted power a total
value of peak signal voltage across the secondary of
the push-pull transformer feeding these tubes must
be a t 160 volts. Assuming that this transformer
has a ratio of 3 to 1, the voltage across its primary
must be 160 divided by 3, or approximately 53
volts. If the tube feeding this tmnsfgrmer has a mu
of 8 then the voltage on its grid must be about 7
volts, and, in order to prevent the possibility of
overloading, the grid bius should, therefore, be
twice this value plus about 10 per cent. or 8 volts,
We might consider using a 226-type tube to feed
the push-pull stage, but using rated voltage
of this tube 90 volts with a corresponding grid bias
of 6.0 volts is, from the figures given ve, not
sufficient.
1t is for this reason that we find many of the
power amplifiers designed for public-address work
consisting of two push-pull stages, the power output

stage being fed by a preceding push-pull stage using
227- or 226-type tubes. Through the use of the
push-pull arrangement we are ugle to handle volt-
ages somewhat greater than twice that which can
be handled bia single tube. These tubes in push-
pull can then handle without difficulty the voltages
required to load up two 250-:1')6 tubes in push-pull.
It follows obvicusly, from these figures, that an
power amplifier using 250-type tubes in push-puﬁ
must be preceded by a push-pull stage if maximum
output is desired, since a single 226- or 227-ty,
tube will be overloaded when called upon to supply

necessary voltages. The above discussion, of
course, does not consider the possibility of using
a small power tube in the circuit preceding the push-
pull stage.

If we assume that we can obtain from the de-
tector circuit about 0.3 volt and that 160 volts are
required on the grids of the power tubes, it follows
that the gain in the amplifier must be about 530
(160 divided by 0.3). ’Fhe gain of an ordinary
amplifier, is about 100 and, oonsecluently. when
using 250’8 in push-pull it is essential that a three-
stage audio amplifier be used under such conditions.

voltage in the plate circuit of the detector tube. the detector circuit to eliminate any small hum volt-
For reasons it generally is found that ampli- ages be overemphasized
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- Three Types of Graphs

IF WE have before us a job of plotting a curve of
an a.f. amplifier to show how the voltage gain
varies with frequency, we must decide just how the
curve is to be plotied. Curves may be plotted on
several types of cross-section paper which will be
illustrated in a future Laboratory Sheet. The prob-
lem is this, should we plot the curve on ordinary
croes-gection paper or on log or log-log paper, and
should we pl?): frequency against DB or against
voltage output.

The essential pu of a curve is to enable one
to obtain a visual idea of the characteristics of the
amplifier, Since the purpose of an a.f. amplifier is
to amplify currents which will finally be converted
into sound, it is preferable to plot the curve to such
a scale that its final shape indicates as nearly as
possible the variations in response as they would he
audible to the ear.

Now it has been determined that the ear hears
variations in intensity in accordunce with a logarith-
mic function. For this reason, if we are to plot fre-

quency against output voltage, it is advisable to
plot the curve on log-log paper so that the variations
will be indicated on the curve in their relative
importance as heard by the ear.

f we desire to Ylot frequency against ns then the
curve should be plotted on log paper. In such a case
we would find that the shape of the resultant curve
was the same as that of the preceding curve plotted
on log-log paper, for in converting from vol'.afe o
pB we take into consideration the ithmic func-
tion.

In all cases the frequency scale should be plotted
on a log scale so that each octave in the scale takes
up an equal amount of space. Take a piece of cross-
section paper with a log gcale on it and measure
the distance in inches between 10 cycles and 100
cycles, a change in frequency of 10 to 1. Then
measure the distance between 100 and 1000 and
between 1000 and 10,000. The distances are all
equal and equal sections of the curve therefore
receive an equal amount of space.

i
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Electrifying Battery-Operated Sets

IT IS much easier and generally more satisfactory
to change a battery-operated receiver over to
complete a.c. operation by the use of an A-power
unit than by rewiring the set for a.c. tubes; in both
cases a mTh of B ?nd CAvoltages l;l;’ 0(£ coume.','
necessary. The use of an A-power unit mi
light-socket operation may be neot_)m_pllsheti with-
out rewiring set, and, if the unit is a good one,
one can be sure that the operation of the set from
the A-power unit will be essentially the same as
when it was run from the stora batwrr

An A-power unit is somewhat similar to a B-

wer unit, both of them consisting of a trans-
ormer, rectifier, and filter system. The A unit dif-
fers from the B unit simply in the rectifier and
filter system which must capable of supplying
two or three amperes instead of a few milliamperes.

The circuit of a typical A er unit is given on
this sheet. The tr: ormer, T, supplies a.c. vol
to the rectifier, R, which feeds pulsating d.c. to
filter system where the ripple is removed so_that
the current leaving the output terminals of the
filter system is practically pure d.c.

The arrangement of the chokes and condensers in
the filter system varies in different units. In some
cases hoth the chokes are placed in the same side of
the line and three condensers are frequently used
instead of two.

The transformer, T, is generally provided with
taps on the secondary, as we have indicated, so that
the output of the system may be corrected for dif-
ferent current drains. The greater the output current
required from the unit, the higher must be the volt-
age impressed across the rectifier.

e
e = i
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Effect of Room Acoustics

]\/[R. IRVING WOLFF, of the Technical and
L Test Department of R. C. A., remarks in an
article on loud-spenker measurements (Proc. 1.
R. E., December, 1928) that,

“We are sometimes annoyed after having con-
ducted listening tests on a loud speaker, and having
reached the conclusion that it is prett, g_ood. to find
it unsatisfactory when moved to a different room
or even a different position in the same room. It is,

in a corner or in any kind of a cavity will usually
have a hig effect on the response. The space be-
tween the back of the loud speaker and wall or
other obstruction will act as a_resonant chamber
whose vibrations will be excited by the vibrations
of the rear side of the loud speaker diaphragm. It
is impossible to say whether this effect will be
pleasing or otherwise. It will depend on the un-
adulterated response characteristic -and whether

therefore, very important when taking loud k
curves to consider the question of room acoustics
and loud-speaker ition.

“Some of the factors which may be expected to
have a pretty big effect are:

Room absorption characteristics

Room resonances

Position of loud speaker in room

Pasition of list with resy to loud ker.

High frequencies are radiated in a beam. If high
respouse is wanted the speaker should, therefore, ﬁe
pointed and placed 8o as to cover as large a portion
of the audience as possible. Placing the loud speaker

the r is of such frequency as to supply a
reqion which is lacking.

“ Under Presem. broadcasting conditions where
the range of frequencies transmitted is cut off pretty
sharply at 5000 cycles or below, tube overloading
on a loud speaker which reproduces real high fre-
quencies show up as a roughness, rasp, and very
often as a sound which resembles a paper rattle.
This is caused by the generation of harmonics and
combination tones. These added notes show up

articularly badly when they are produced at the
igher fi encies, as there 18 no true transmitted
sound of the same frequency to act as a mask."
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Power in Broadcast Harmonics

ABROADCASTING station is assigned to a
L definite frequency by the Federal Radio Com-
mission. In the operation of the station it is essen-
tial that the major part of the radiation take place
within 500 cycles olpalis nssigned frequency. gi)nce,
however, for reasons of economy, the oscillators at
the transmitter are generally overloaded rather
than underloaded, it is always found that they
generate, beside the fund tal freq Yy, a oon-
siderable amount of energy at harmonic frequen-
cies. A transmitter operating on a frequency of 500
kilocycles will generate energg at 1000 kilocycles
so that the program could be heard on both of the
channels—and, of course, it is probable that the
1000-kilocycle wave would produce interference
with a station assigned to that frequency. Some
method must, therefore, be used to suppress the
harmonics since, if they are permitted to get into
the antenna, they will cause interference in other
broadcasting channels. The greatest interference is

“In_this respect, as in many others, 3xn, the
latest broadcasting development of our Laborator-
ies, marks a new level of attainment. The trans-
witter has a power input into the antenna system
9(' 50 kilowatts for the carrier wave alone, and
instantaneous peak power during the broadcasting
o(: a pr may reach 200 kilowatts. And yet
with all that power in the carrier wave, the amount
of the second harmonic allowed to escape would not
light the tiniest incandescent lamp made. To be
exact, it is less than 0.005 watt and represents
about one-ten-millionth of the power of the carrier
wave,

*Ordinarily, a purity (lack of harmonics) of 80
to 95 per cent. can be readily and cheaply attained.
To carry this to 99 per cent. costs considerably more
and to carry it to 99.9 per cent. many times as
much. The extent to which the purification is car-
ried out is now left largely to the designers of the

caused in the channel corresp ng to a freq y
twice that on which the station is authorized to
operate. In the August, 1928 Bell Laboralories Record

e (ollowin'ieinmresﬁng remarks were published
relative to p] of har ics from one
of the experimentar stations operated by the Bell
Telephone Laboratories:

radio transmitter, and (.he'i look upon it as an

ic bal b e job that they would
like to do and the cost of the etllui ment that can
be justified. The more powerful the broadcasting
transmitter, the more important becomes the
problem of attenuating its harmonics, and the
reater the care which must be bestowed upon its
garmonic filters.”

o
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Mathematics of the Tuned Circuit

HE tuned circuit and its characteristics are

important. Therefore, in this sheet are presented
a few of the mathematical expressions concerning
such circuits. 3

The current (I) flowing around a circuit con-
sisting of a coil and a condenser connected in series
mnynge determined by the following formula:

E 1))
1\
Ri+@L- o)

= current in amperes
Ei = voltage induced in the circuit
R = resistance of circuit
I. = inductance of coil in henries
¢ = capacity of condenser in farads
® =2 T times the frequency incycles

I=

where

At resonance WL equals “%0 and equation (1)
is therefore reduced to

@)
I= ﬁ
At resonance the energy stored in the condenser is
<E} @
2

where Eg is the voltage across the condenser.
The energy in the coil is
L 9
2

and if the resistance is small in comparison with WL
then the energy is equal in both cases and

- \/c; 6)

Eem 1 \/; ®
(]

The last equation indicates that the voltage,
Eg, across either the coil or the condenser is pro-
portional to the ratio of L to c.

The gain of a tuned circuit may be defined as the
voltage, Eg, generated across the circuit divided by
the voltage, E?, induced in the circuit.

Eg = IwL @)

and combining equation (2) with (7) and solving
for the gain, we have

whence

. Eg oL (8)
Gain= E -F

SUPPOSE that a certain note on the piano is
sounded in the studio of a broadcasting sta-
tion and the characteristic of the radio circuit is
such that the fundamental frequency of the tone is
not transmitted but all the harmonics are. Even
though the frequency of the fundamental never
even reaches the loud :Peaker, if all the harmonics
are reproduced we will be able to tell what note
was ded, It is a p iar characteristic of the
human ear that to a considerable extent it can,
I some manner, supply to our consciousness
many of the fund tal freqg ies which are
not reproduced by an ordinary radio system.
. The fact that theearis capable of supplying miss-
ing fund tal freq ies under some conditions
does not mean that 1t is not worth while to design
the radio system so that it is capable of re, i

Importance of Bass Notes

easily by playing the same note on the piano. The
difference woul(f be quite noticeable as the true
note would sound much richer and be somewhat
lower in pitch. The qualities which the note lacked
when the fundamental was eliminated would be
quite evident and the advantages, of designing a
radio system to transmit the fundamentals of all
the audio frequencies, of obvious value.

Since there is a large group of instruments in an
orchestra—the trombone, ’cello, double bass, bas-
soon, drums, etc.—which sound many notes
that are low in frequency, say below 150 cycles, it
would_seem that just as these instruments are
essential in an orchestra to give correct balance,
80 the reproduction of the fund tal fr
of their notes is essential for quality. ]magino

8] y orchestra with all of these instruments

them. The results would be much better i? ‘the fun-

damental were transmitted—this may be proved

a ph
lnciing! Howeyver, it is usually unnecessary to re-
produce notes below 60 cycles.
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Formulas for Power Output

THE undistorted power output of a tube is de-

fined as the maximum power which can be
supplied to a load without introducing more than
five cent. distortion due to the curvation of the
tube's characteristic. It has been determined that
the maximum amount of undistorted power is ob-
tained from any given tube when the load resistance
equals twice the plate resistance of the tube. The
power output can be computed from the formulas

wl:ngn Egp = peak value of signal voltage on the

Both of these formulas are calculated for the
condition that the load is twice the plate resistance
—the condition for maximum undistorted output,

These general formulas can be simplified if ap-
plied specifically to the various power tubes in
use, and the table on this sheet gives these simpli-
fied formulas. For example, the power output of a
1124 is equal to 2.86 times the square of the r.m.s.

" No. 271

' SEVERAL letters have been received recently
by the Laboratory relative to the operation
of push-pull amplifiers. Evidently some service-
men, quite capable of servicing any ordinary ty
of amplifier, are frequently unable to repair the
push-pull amplifier that does not give good qual-
ity but which is wired correctly, uses good appa-
ratus, and employs tubes that take normal plate
current. The trouble is genernlly due to oscillations
in the push-pull amplifier but to detect these os-
cillations it is necessary to apply to the push-pull
mplifier a somewhat unusual test.
he test which is necessary to detect the oscilla-

P 2 (uEgr)? 108 1) value of the a.c. voltage on the grid of the tube,
= “9Rp The column Rp indicates the plate resistance used
in calculating the simplified formulas.
when
P = power in milliwatts
u = amplification constant Power in Milliwatts
Egr = r.m.s. value of signal voltage on the grid Type of Tube | Rp
Rp = plate resistance R.MS Peak
Q . |
If peak values of a.c. voltage on the grid are used
instead of r.m.y. then the formula is: H;': gggg 2.86 g:: ?is E::
210 5000 | 2.86 Eg? | 1.43 Eg?
P (-;E}.{:)! 100 @ 250 1800 | 1.78 Eg* | 0.89 Egt
~ [9
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Test for a Faulty Push-Pull Amplifier

tions consists of placing a meter in the C minus
lead to the push-pull stages to determine if there
is any grid current. The location of the meter is
shown in sketch A. Under normal conditions
there will be zero current in the grid circuit but
if the circuit is oscillating several milliamperes
may flow in the grid circuit. If such a test indicates
that an amplifier is oscillating, then one or both of
the following remedies mustie applied.

The first thing to do is to connect a 50,000-ohm
resistor in the common C-minus lead at the point
indicated as ** A "’ in sketch B; this resistance should
nol be bypassed with a condenser. The fidelity
will not be affected in any
manner by the inclusion of
this resistor in the circuit but
it is practically always effec-
tive in suppressing the oscilla-
ions.

In som a g
may have to be made to sup-
press completely the oscilla-
tions. If the resistance is not
entirely effective, a choke ooil,
such as might nsed in a
B-power umnit, may be con-
nected at point “C” in sketch
B. A choke coil must be used
here instead of a resist
because of the loss in plate

22 At

® voltage which would be pro-

du by a resistance.
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Importance of Correct Filament Voltages

HIS Laboratory Sheet supplies additional
information on the subject cov in Sheet
No. 254 published in the January issue. The latter
sheet suggested the use of somewhat lower than
rated voltage on the filaments of 226- and 227-
type a.c. tubes. The information which follows
from R. M. Wise, Chief Engineer of E. T. Cun-
ningham, Inc., points out that the use of lower
than rated voltages is not to be recommended
generally. .

“In using new tubes, and particularly with cer-
tain tube types, very satisfactory operation will be
obtained at considerably reduced voltages. Ilow-
ever, we find that reduction of the voltage below a
certain point has little beneficial effect on tube life,
and in some cases may shorten it due to thefact
that the coated filament at times loses its activity
when operated at very low temperatures.

“As an example, we find that average new c-327
tubes will give excellent performance below 2.0
volts, yet tﬂa emission life of the cathode at this
temperature is not as satisfactory as is the case
when it is operated at, or near, rated voltage.

“The c-327 heater voltage rating has been
chosen with all of these factors in view, and, while
for detector service we tind it advisable for a time
to recommend 2.25 volts, this recommendation has

never been extended to the operation of the tube
as an amplifier. As an amplifier we consider the pre-
ferred operating range to be from 2.4 to 2.6 volts,
while as a matter of fact it will show satisfactory
operation over a wider range of voltages. This
recommendation has also been extended to include
tubes used for detector service.

“It is particularly important to ate power
and rectifier tubes within a range of + or — 5
per cent. from the rated value. Several instances of
unsatisfactory operation of ty{)e ¢x-350 have been
traced to operation at 6 volts. In each case satisfac-
tory operation was obtained as soon as the filament
potential was raised to 7.5 volts.

*“1t is true that there is not much change in char-
acteristics when the tubes are operated somewhat
below rated voltage. This holds for new tubes, but
the question of maintaining uniform emission
throughout the life of the tube is an important fac-
tor, and, as previously mentioned, is is best
realized by operating the tube close to rated volt-
ages. There is added advantage that when so
operated a moderate change in emission will not
affect operation, due to operation on or below the
knee of the saturation curve, while if operated at
reduced voltages a similar ch in will
result in impaired performance.”
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Bucking Coils in Dynamic Loud Speakers

1\/[ANY a.c. dynamic loud speakers use “ buckin
coils” to reduce the hum due to the use o
rectified but poorly filtered a.c. to supply the field
current. This bucking coil functions as follows,
Referring to the diagram, the bucking coil is
connected in series with the moving coil and the
dary of the coupling transformer. The moving
coil is, of course, fastened to the diaphragm. The
bucking coil is wound around the pole piece of the
electro magnet.
Now, since the rectifier supplies to the field a
ulsating current, it follows that the magnetic
Hux produced by this current will also fluctuate.
Since the moving coil is in the field of this flux, there
will be a reaction between it and the varying mag-
netic flux and the coil will tend to move—and its
movements would have the same frequency as that
of the field current. If the diuph;x:sm moves, sound
is produced and as a result we would get an audible
hum. The effect of the pulsating field current is,
however, nullified (more or less) by the bucking coil.
The coil is also in the magnetic field and il.', therefore,
has induced in it a voltage corresponding in fre-
quency to that of the pulsating field current. This
voltage induced in the bucking coil sends a current
around the circuit consisting of the transformer,
the moving coil, and the bucking coil. The magni-
tude of this current is such that its effect on the
moving cvil is equal and opposite to that produced

direcl.!lly on the moving coil hy the flux. Since the
two effects are equal and opposite they nullify each
other and the hum is prevented.

It is evident that the important thing is to get
into the moving-coil system a voltage that will
nullify the forces tending to make the coil move and
thereby produce hum.

To Rectifier
~-- Field
Coupling Winding
Transformer
P Bucking Coil
k. .- Moving Coil

/ / ‘\\'\'.\ " Paper Cone

LA
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Neutralizing and Compensating RR. F. Circuits

PROBABLY two of the most common tasks
which servicemen are called upon to perform
are the adjustment of the neutralizing and compen-
sating condensers in tuned r.f. receivers. These tasks
are exceedingly important although not especially
difficult.

If a set is not neutralized p;(l)]]wrly it will oscillate
on some wavelengths, especially down around 200
or 300 meters. Therefore, if a set does oecillate it is
necessary to reneutralize the various stages. This
should be done in an orderly fashion, starting with
the stage nearest the antenna and following with
the other stages in order. Also, all servicemen should
be etiluippegl to perform these adjustments quickly
on all receivers, and in this connection specially
pre| tubes of the types used in r.f. amplifiers,
the 2014, 226, and 227, are a great aid. These tubes
are prepared by cutting off as close to the base as
possible one of the filament prongs, in the case of a
2014a-or 226-type tube, and one of the heater prongs
in_the case of the 227-type tube.

In adjusting a receiver tune-in a strong local station
broadcasting on some wavelength between 200 and

300 meters, carefully tuning the dials to exaet res-
onance. Then, with the prepared tube placed in
the first r.f. socket in place of the good tube, care-
fully adjust the first neutralizing condenser to that
tion which gives the minimum signal from the
loud speaker. Then remove the prepared tube, and
replace the sood tube. Now put the prepared tube
in the second r.f. stage and repeat the operation, etc.
The p ting d 8 in a receiver are
laced acroes the main tuning condensers and
unction to compensate the slight differences in
capacity between the various stages so that all the
tuned circuits will be in exact resonance. Compen-
sation should also be done with the set tuned to
some station around 250 meters. When compensat-
ing a set it is best to tune-in some weak station, since
slight changes in volume will then be noticeable
more readily, The exact procedure is as follows.
First tune-in a weak signal to maximum volume
and then adjust all the p tin s to
5l.ve the maximum signal strength. Retune the main
ial to the point of maximum volume and then
readjust the i i

p ting i 8 again.
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Obtaining Grid Bias from B-Power Units

BOTII B and C potentials for a 1714 tube may
be obtained readily from a simple B-power unit
without adding any resistors or d s to the
circuit; it is simply necessary to change a few con-
nections.

Sketch A on the sheet shows an ordinary B-power
unit and the connections which would be made to
it if it were to supply only ?‘law potential to_the
171A power tube. Spkebch B shows the connections
if it is to supply C potential as well.

In these diagrams it should be noted that the
connection of negative filament from the refggear
B-minus terminal on the power unit has n
changed to the 4 45-volt terminal. With this ar-

rangement the |+ 45-volt terminal then becomes
B minus, the plus 90 volt terminal becomes plus
45 and so on, each terminal supplying 45 volts less
than it is marked. The regular B-minus terminal is
now 45 volts lower in potential than the new B-
minus terminal, and, therefore, from the regular
B-minus terminal we are able to secure a negative
potential of 45 volts which we can apply to the grid
of the 171a-type tube. In this way we have, by a
simple circuit change, made it possible to obtain C
bias for the power tube.

Forlﬁ\:-ﬁve volts is slj‘ghtly higher than normal, but
not sufficiently so to affect seriously the output from
the tube. This slightly higher than normal bias will
heL;;m lengthen the life of the

tube.
To Plats The arrangement described
of above can be applied only to
171-A those B-power units capable of
supplying under load a maxi-
mum of about 225 volts. This
o much voltage is necessary be-
cause 180 volts are required on
the plate and 45 volts are used to
supply C bias. With this arrange-
ment 45 volts are obtained from
o—+» C~45 the tap that normally supplied
90 volts and 90 volts are ob-

o—T> Tefil.

B+Power 0—1> Tooi;late B+ Power oc— >
B+135 © 171 B+135 o
8+90 o B+90

B+45 o B+45

8- O—> ToFil. 8-

(A) (B)

tained from the tap that ordi-
narily supplied 135 volts.
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Simple Two-Way Telephone Set

IN THE country friends who live some miles apart
often wish to establish a telephone communica-
tion channel without the expense of installing a

. Because two stages of audio-frequency amplifica-
tion are used in the talking circuit, one at the send-
ing end and one at the receiving end, the connecting
wire line may be very much poorer than a standard

regular pole line. Lieutenant W. H. Wenstrom,
U. 8. A., ﬁgests the following simpl hod of
such a jon sy

Aas can be seen from the diagram given in Labora-
tory Sheet No. 277 the set is simplicity itself. It is
essentially a radio receiving tube (a 199-type tube is
uﬁsfacwri) rovided with input and output trans-
formers, The best ratios are somewhere around 1:6
for the input and 3:1 for the output. The micro-
phone may be an old, discarded hone *mike.”

Two sets are, of course, i for one com-
munication channel. Due to the economy of ap-
paratus, radiophone practice must be used in opera-
tion. A definite time for communication is arranged
in advance. At this time **A " calls and “ B’ listens.
When “A"” finishes calling, both operators throw
their awitches, and “B* then answers “A.” The
procedure might be compared to two unusual
people carrying on a conversation where each one
Eﬁ' liwl¥ waits until the other hus finished before he

teleph line. Cont fence wire, or any
medium-resistance metal circuit fairly well insu-
lated from the ground may serve as one conductor,
with the ground as the other conductor.

Parls Required

1 Audio transformer, 6:1-ratio
1 Audio transformer, 3:l-ratio. (connected re-

versed)
1 Four-pole double-throw switch
1 Micthone, telephone-type
1 Pair of headphones
1 199-type tube and socket
A battery, fil. ballast and fil. switch
B battery, 45 volts

The four-pole double-throw switch changes the
set from “‘send’’ to “receive.” It saves expense hy

mitting the use of the same tube and trans-
ormers for both operations.
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Simple Two-Way Telephone Set

[

Filament
Sw.

45V,
i
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Inductance-Capacity Products

THE formula for determining the freq y to
which a circuit will tune is

159,000
Vic

where f equals the frequency in cycles per recond
L equals the inductance of the coil in micro-
henries
C equals the capacity of the circuit in micro-
farads

f

It is evident from this formula that the fi ency
to which a circuit tunes is not determined by the
ind or the capacity alone but by their prod-
uct. Tables of LC products are to be found in many
textbooks, and in “Laboratory Sheet”” No. 279 is
given a table of LC products covering the broad-
cast band. The usefulness of this table will become
evident from the following examples.

Example 1: Suppose we have a radio receiver
which uses 0.0005-mfd. tuning condensers and which
tunes-in a station broadcasting on 525 meters at 100°
on the dial, i.e., with the condenser plates all in.
tvzhat‘i; the inductunce of the tuning coils used in

© se

Answer: From the tahle the L.C product for 525
meters i3 0.0776. Therefore, L times C equals
0.0776. We know that C is 0.0005. Therefore, 0.0776
divided by 0.0005 gives 155 microhenries as the
inductance of the coil.

Example 2: Suppose we wanted to rebuild this
set to use 0.00025-mfd. condensers? What would the
inductance of the coil have to bed The LC product
must remain the same,'[0.0776. Therefore, 0.0776
divided by 0.00025 gives 331 microhearies for the
coil inductance.

Example 3: The receiver described in _example
No. 1 will tune down to only 230 meters. Therefore,
what is the minimum capacity of the circuit and
what must it be reduced to to permit the set to tune
down to 200 meters? )

Answer: The LC product for 230 meters is
0.01489. From example No. 1 the inductance of the
coil is 155 microhenries. Therefore, 0.01489 divided
b{ 155 gives 0.000096 mfd. as the minimum capacity
of the circuit. To tune down to 200 meters the
capacity must be reduced to 0.01126 (the LC
product for 200 meters) divided by 155 microhen-
ries. The quotient is 0.000073 which is the minimum
capacity (in mfd.) the circuit must have if the set
is to tune down to 200 meters.

ITIS table gives the inductance-capacit
throughout the broadcast-frequency band. L
farads. The use of the table is explained in “Laboratory Sheet’” No. 278.

Pt ottt ot it o o b ol
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Inductance-Capacity Products

y products to tune to various frequencies
is in microhenries and C

f LXC Meters
500,000 0.01126 410
429,000 0.01241 420
364,000 0.01362 430
304,000 0.01489
250,000 0.01621 450
200,000 0.01759 460
154,000 0.01903 470
111,000 0.0205 480
071,000 0.0221 490
034,000 0.0237 500
000,000 0.0253 505
968,000 0.0270 510
938,000 0.0288 515
909,000 0.0306 520
883,000 0.0325 525
857,000 0.0345 530
£34,000 0. S 535
811,000 0.0385 540
790,006 0.0406 545
769,000 0.0428 550
750,000 0.0450

a .
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Characteristics of the Ear

T“E ear is undoubtedly the most commonly
used of ncoustical devices and the curves on
“Laboratory Sheet” No. 281 illusirate a very
important and interesting characteristic of the ear.
These curves are known as curves of “equal loud-
ness, ' for each curve shows the pressure required
at different frequencies, to produce sounds of equal
loudness.

The lowest curve marked “threshold curve™
is somatimes called the ctirve of minimum audibility
and it indicates the pressures which will produce
sounds just audible to the average ear. This curve
shows that at minimum andibility the ear varies
greatly in sensitivity, at different frequencies.
The upper enrve, which indicates how the sensitiv-
ity of the enr varies with loud sounds, shows the
enr to be almost equally sensitive throughout the
entire range of frequencies.

These curves have a definite relation to the repro-
duction of radio programs and indicate why we
seem to lose the bass when the volume is cut down
very low and why a loud speakersseems to boom (too
much buss) when the volume is increased greatly.

Sounds must be reproduced at a normal volume
level, i.e., that level at which we are accustomer to
hear music, if the reproduction is to sound natural.
Even though the intensity of all the tones in the
music are amplified equally well the curvesindicate
that u relatively inereased effect on the ear will come
from the bass portion if the soinds are too loud and
a relutively increased effect from the treble if the
sounds are too low in intensity.

The data from which these curves were plotted
was obtained from experiments made in the Bell
Telephone Laboratories. The subjects listened to
pure tones from a telephone receiver driven by eur-
rent from an audio oscillator. The listeners com-
pared different tones, two at a time, as to loudness
and udjusted the intensity of the two tones so that
they were equally loud. All of the appuratus was
calibrated carefully and the engineers were able to
determine from the setting of the adjustment the
sound pressure in dynes per square centimeter.

Some additional data on this same subject will be
found in “Laboratory Sheet” No. 109 in the July
1927, issue.

o
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Characteristics of the Ear

'FHESE curves show the sound pressures which, acting on the ear, give sensations of
\ equal loudness. They were prepared from data obtained from experiments made in

the Bell Telephone Laboratories.
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Amplifier Input Circuits

POWER amplifiers such as are coming into promi-
nent use in auditoriums, theatres, dance halls,
etc. may be employed to produce entertainment by
connecting the input of the amplifier to a regular
receiver, by making connections to a phonograph
pick-up so that phonograph records may be played,
or, in other cases, by connecting a_microphone to
the input. The amplifier may be used in any of these
ways with praetically no chunge in the eireuit—
the only change necessary is at the input. to adapt
the circuit to the source from which the signals
are 1o be obtained.

These amplifiers are arranged normally so that
they may be used with either a radio receiver or a
phonograph pick-up. Appropriate terminals for
these two devices form an integral part of the am-
plifier. In case the amplifier is designed for use only
with a radio receiver, a phonograph amplifier may
be used readily by connecting the two terminals
of the pick-up across the primary of the first a.f.
transformer of the amplifier. Ilowever, when it is
desired to use a micmp‘:one at the inru\ of such an
amplifier a ehange is necessary since the microphone
requires direct current for its operation and also
the microphone is a low-impedance affair whereas
the phonograph pick-up and radio_receiver have
high output impedances. With a microphone it is
necessary that a special microphone transformer be

use:l to adapt the impedance of the microphone
to the input, impedance of 2 tube. The primary of
the microphone transformer should be connect
across the mierophone and in geries with a few dry-
cell batteries or a storage battery, the latter being
prefernble because of its greater capacity. The
secondary of the microphone transformer is con-
nected to the grid of the first a.f. amplifier tube.
Mierophone transformers are made by most of the
well-known transformer manufncturers and com-
plete instructions regarding their use can be ob-
tained easily.

It should be realized that the above notes do not
apply to all power amplitiers since some of them are
equipped with three sets of input terminals so that
either pick-up, radio, or mierophone may be used.
Obviously, the thing to do when purehasing such
an amplifier is to decide what is to be used to supply
the inQut signals and to then make certain that fhe
amplifier under consideration is arranged with the
pr(’)lper input connections.

his sheet is the result of several letters received

at the laboratory from readers who have been

under the impression that it is possible to obtain

results by simply connecting microphones

across the input of an amplifier originally designed

for use with a phonograph pick-up unit or radio
receiver.

No. 283

Hum-Voltage

IT IS becoming increasingly ecommon to find
that most recent models of various well-
known receivers use 227-type tubes in all the
sockets rather than only in the detector socket
with 226-type tubes in the r.f. stages and in
the first a.f. stage. To explain this trend in
receiver design the statement is nerally
made that 227-type tubes produce less hum
than 226-type tubes. This is true—but it isn’t
an explanation. Why the 227 is a better tube
is indicated by the curves on ‘Laboratory
Sheet” No. 284 tauken from the Cunningham
Tube Data Book.

Curve A is for a 226-type tube and shows the
relation between the hum voltage in the plate
circuit of one of these tubes as a function of
the plate eurrent. The minimum hum voltage
indicated by this curve is about that obtained
from a 226-type tube under normal conditions.
If, however, the plate voltage increases or de-
creases somewhat there is a rapid increase in
the amount of hum. If the plate potential were
90 volts and the bias about 6 volts minimum
hum would be obtained, but a 10- or 15-volt
decrease in plate voltage would double the
hum output.

urve B shows a comparison between the
227- and 226-type tubes with reference to hum.

(226-AND 227-TYPE TUBES)
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Characteristics

This curve shows hum output as a function
of the accuracy of the center-tapped resistor
connected across the tuhe's filament. It should
be noted thal the 227-type tube is affected
only slightly by an unbalance of the center-
tapped resistor whereas the 266-type tube neces-
situtes the use of a very accurale center-
tapped resistor. Specifically, the curve shows
that if the resistor is unbalanced ten per cent.
the hum voltage from a 227-type tube is in-
creased very s,ii htly. On the other hand, a
ten per cent. unbalance in the resistor across
the 226-type tube causes the hum voltage to
increase from a minimum of 10 millivolts to
about 600 millivolts!

The rather recent improvements in radio re-
ceivers—in loud speakers particularly—has
made it especially important that everything
{xmble be done to keep the hum output at the
owest possible level. The hum is not only an-
noying, as of itself, but it also has an apparent
effect on the fidelity. When stimulated by a
tone such as a hum, it is difficult for the ear
to hear other tones of the sume or nearly the
same lrequency and so we get an apparent
reduetion in low-frequeney response. This tech-
nieally is known as the ‘“‘masking effect” of
one tone oa another.
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INDUCTANCE IN MICROHENRIES
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Hum-Voltage Characteristics
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Frequency Vs. Capacity and Inductance

N “LasoraTory INFommaTioN Smeer’” No.
286 are given a group of curves indicating
what capacity is to tune a circuit to
a given freq’\llvency when using a coil of known
inductance. The curves are applicable to broad-
cast freq ies and the capacities cover the
rar’ig: of sizes ordinarily used in such receivers.
e curves were calculated by substituting
in the formula.

159.200
4/ LC

where f = frequency in cycles per second
= capacity in microfarads
L = inductance in microhenries

The curves were calculated for various fre-
quencies between 500 and 1500 kc. A few ex-
amples will indicate quite clearly how the curves
are b

Example. What size condenser is n

to tune to 600-kilocycles with a 200-microhe
coil? To determine this we locate the verti
line corresponding to 200 microhenries and fol-
low it to the 600-kilocycle line and it is found
that this point corresponds to 0.00035 mfd.

which is the capacity necessary to tune the
coils to 500 meters.

Example. To what frequency will a circuit
tune if it consists of a 250-microhenry coil and
a 0.0004-mfd. condenser? The unknown fre-
t&leer‘)cy in this case is determined by finding

intersection of the vertical line correspond-
ing to 250 microhenries and the borizontal line
corresponding to 0.0004 mid. They intersect
at the line corresponding to 500 kilocycles
which is the frequency to which they would
tune.

Example. How much inductance is required
in parallel with a 0.0003-mfd. condenser to
tune to 1500 kilocycles? Determine the inter-
section of the horizontal line corresponding to
0.0003 mfd. with the transverse line corres-

nding to 1500 kilocycles. The intersection
18 found to fall on the vertical line correspond-
ing to 38 microhenries which is the required
value of the coil’'s inductance.

If it is desired to make calculations of induc-
tance, capacity, or frequency for values above
or below the broadcast bands, the formula
given at the beginning of the sheet may be
used. It is simply necessary to substitute the
known quantities and solve for the unknown.

¢

No. 287

Rapio Broancast Laboratory Information Sheet

Protecting Meters

sgvanu. ReApERs have written us and re-

_quested suggestions on how to protect a
millammeter in a set-tester or tube-tester from
damage in case there is a defect in the circuit of
the device being tested which would permit
sufficient current to flow through the meter to
damage it.

The simplest way of protecting the meter is
by the use of the arrangement indicated in
sketch A on this sheet. is_the meter 1o be
protected and it is protected by the shunt cir-
cwt consisting of and the swi The
switch, 8, is the &pe which is usually used
as a voltmeter switch; it normally remains in a

position and must be held in the open
Kosition by hand. The resistance, R, should
ave a value such that, with the
switch cl and maximum rat-
ed current of the meter flowing

closed (its normal position) and if the meter
reads more than 0.5 mA . we will know that exces-
aive current is flowing through the circuit and
the meter will be overloaded if the switch, S,
is opened. If the meter reads less than 0.5 mA.
it will be safe to open the switch.

Another good method of protecting a meter
is by the circuit arrungement in B. In this
sketch R: is a rheostat with a resistance of
about 10 ohms. The procedure here is to start
with the arm at the right and then to move
gradually the arm to the left end. If as
this end is approached the meter needle goes
off scale it is an indication that current in ex-
cess of what the meter can read is flowing
through the circuit.

through the circuit, the meter
gives a very small deflection. For
example, suppose that the meter
had a range of 10 milliamperes.
The procedure would be to pass
10 mA. through the meter so that
the meter read a maximum and
then to place across the meter a
resistance such that the meter
deflection decreased to, say, 0.5
mA. Now when we use the in-
strument in which the meter is
ted we first note the readin
of the meter with the swiwg

(A)

@ | M
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FILTER CIRCUIT DATA

N “LanoraTory Sreers” Nos. 258 and 259

some data were given on filter circuits showing
the effect on the regulation, output voltage,
and tube load when using and when not using
a choke at the input to the filter system. Similar
data will be found in R ise’s article
*Characteristics of Power Rectifiers’’ in the
April, 1929, Rapto Broapcast. Several readers
have written us to the effect that they have not
been able to duplicate these curves when usi
a choke in the input. Some have obtain
greater and others less output voltage than
was indicated by the curves in *Laboratory
Sheet’” No. 259.

This di between the values we gave
and that r have obtained is undoubtedly
due to the use of a different size choke coil in
the input than was used to obtain the curves on
Sheet No. 259. For these curves a standard
filter choke of some 30 henries was used. The
output voltage, of course, is greatest when
there is no choke coil connected in the innnt
and will decrease when a choke is placed at e

input. The grenter the inductance of the choke,
the greater the decrease in output voltage.
Those experimenters who obtained greater
voltages than the curves indicated probably
used an input choke of low inductance and
those that obtained smaller voltages used a
choke of high inductance.

It could appear from these considerations
that a small choke should be used but it should
be remembered that the primary reason for the
use of choke input circuits is to reduce the
instantaneous d on the rectifier tubes so
that their life will be a maximum. With chokes
of low inductance this desirable effect of re-
duced load on the tube is not obtained to any
considerable degree. In designing such systems
a compromise must, therefore, reached
between the use of a ]nrge choke giving a ﬁood
tube load characteristic and a smaﬁ choke
giving a less desirable load characteristic but
greater output voltage (assuming that the
transformer input voltage is not changed.)
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VOLTAGE-DOUBLING CIRCUITS

IN cAsBs wHERE there is need of a plate-supply
device delivering ter voltages than can
ordinarily be obtained from the usual type of
rectifier tube, such as the type 281, it is possible
to use these tubes in * voltage-doubling™ cir-
cuits. Two circuits together with their regula-
tion characteristicsa are given on Laboratory
Sheet No. 292. Although the 281-type rectifier
in ordinary circuits can supply only about 600
volts to the filter system it should be noted that
when using these special circuits it is possible
to obtain an input to the filter of appro~imately
1600 volts.

The circuit shown at A is probably the more
familiar type of voltage-doubling connection.
As indicated by the curves the voltage regula-
tion is rather poor but, when only small
amounts of current are to be drawn from the
sﬁsl.em, t.hitshcircuit can bemusﬁdu:nd has the
advantage that it requires but little apparatus.

Improved results can be obtained llzl'om the
circiiit shown at B. With this arrangement four
rectifier tubes are used in a full-wave system
supplied from a center-tap, transformer
having a secondary potential of from 500 to 700
volis a.c. either side of the center tap. Two
separate transformers, each supplying from 500
to 700 volts might, of course, be used. The curves

for this rectifier system show it to have much
better regulation than that obtained from the
circuit in Sketch A. With circuit B a maximum
current of up to 170 milliamperes can be drawn
from the filter system.

The disadvantage of circuit B over circuit A
is that the former uires three separate fila-
ment windings each of which must provide the
full output voltage.

The t filter condensers in these circuits
must be ble of withstanding a potential
of one half the load voltage. The second
condensers must, of course, be able to with-
stand the full load voltage. The filaments of
the tubes should be turned on before the high-
voltage winding is closed. If this is not done,
the initial charging current may overheat the
tubes or cause them to arc over. Across the
output of the filter syst resi hould be
connected as indicated at R. In eral a
100,000-ohm resistor may be and it
shculd be capable of carrying some 20 milliam-
peres. This resistor is especia :.K necessary when
using circuit A since, with this arrangement,
the volmfe tends to increase quite rapidly
when the load is less than 20 milliamperes.

The data for this * Laboratory Sheet™ were
supplied by E. T. Cunningham, Lac.
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VOLTAGE-DOUBLING CIRCUITS
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REGENERATIVE R. F. AMPLIFIERS

BADIO—FRP,QUF.‘NCY amplification may be ob-
tained by the use of carefully designed r.f.
circuits or by the use of carelessly designed cir-
cuits with regeneration. Many of the sets made
a few seasons had cousiderable inherent
regeneralion in , not because circuits to
prevent regeneration were not known, but be-
cause the sets were not properly designed. The
tendency to-day is to ml'in the set so that
without any regeneration the gain and selec-
tivity are satisfactory. If an engineer relies on
regeneration in a receiver to give w' it is
generally found that in_the mass uction of
the set in the factory it is n&Mle to control
the set’s characteristics closely enough to give
just the right amount of regenerative amplifica-
tion. As a result in production sorme of the sets
will be found to oscillate while others will not
have sufficient regeneration and will be practi-
cally dead. This is perhaps one of the major
reasons why regeneration is being used less
and less in manufactured sets.
There is one time, however, when the use of
neration to increase the gain and the
ectivity might be considered the best thin,
to do. This case arises in the servicing of an qlg

man who changes the circuit to give it some
regeneration can introduce jus{ enough in this
parlicular set to provide satisfactory perform-
ance, there is little difficulty involved in its use.

Regeneration can be added most readily to
an existing receiver by the use of one of the
circuits indicated on Laboratory Sheet No.

294.

In Sketch A eration has been added by
winding a coil (No. 32 or smaller wire) around
the filament end of the secondary, Li. The
number of turns should be the maxi » that
can be used without causing the set to oecillate.

In Sketch B a small variable condenser, C—
for a neutralizi d ——is con-
nected between the plate of the detector and
the plate of the preceding r.f. amplifier tube.
The capacity should be adjusted to the maxi-
mum possible without making the detector

oscillate.

In Sketch C regeneration is secured by
tapping the secondary, Li, as indicated and
connecting a small variable condenser (maxi-
mum capacity about 0.0001 mfd.) between the
g)wer end of the secondary and the plate of the

etector.

Arr t B is generally the most con-

receiver that has in and poor -
ity. Such aset wouid be ﬂproved greatly by tl:e
use of some regeneration, and, since the service-

venient althoutgh in some cases it may be
simpler to use the circuits of A or C.
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REGENERATIVE R. F. CIRCUITS
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Output Transformer Ratios

Som; INTERESTING curves which were pub-

lished in a recent bulletin issued by the
Ferranti Company are given on ‘‘Laboratory
Sheet” No. 297. These curves show the trans-
former turns ratio necessary for use with power
tubes of different J)law impedances when used
with dynamic loud speakers of various imped-
ances. The chart covers tube impedances up to
15000 ohms and loud speaker impedances up to
55 ohms.

The charts are calculated on a basis that the
tube is to work into an impedance equal to
twice its own impedance. That is, for example,
a tube with an impedance of 4000 ohms should
work into an 8000-ohm load. Transformer ratios
for output circuits are always calculated under
this condition and the chart ought to prove
quite useful, . .

‘The required ratio of a coupling transformer
is determined by taking the square root of
twice the tube impedance divided by the loud

k d Ex d as a formula,

P P

the turns ratio of the transformer is equal to

- ‘2Rp
T= VR

where Rp is the plate resistance of the tube

RL is the impedance of the loud speaker

T is the required turns ratio of the trans-
former

As an example, suppose we have a loud
speaker with an impedance of 40 ohms and that
we were going to supply it from a push-pull
stage using two tubes each with a plate im-

ance of 5000 ohms. Substituting in the above

ormula we obtain ag roximately 22.5 as the
required turns ratio. gecking this on the curves
we find that the line corresponding to 40 ohms
and the line corresponding to 10,000 ohms (two
5000 ohm tubes in push-pull give a total
impedance of 10,000 ohms) intersect at a point
corresponding to the line giving a ratio of 22.5:1
which checks our calculation.
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TUBE-TESTING CIRCUITS

I\IANY COMMERCTAL tube-testing devices are we are actually doing is determining the
equipped with a button which is used to mutual conductance of the tube by noting the
determine whether or not the particular tube change in plate current obtained from a given
being tested is up to standard. Generally the change in C bias.
procedure is to place the tube in the socket, This circuit, it should be pointed out, in-
read the plate current, then press the buiton, dicates only one of the many possible arrange-
and .afam read the plate current. Then it is ments. Another arr , for ex
possible to determine from these two readings would be to make S a single-pole double-circuit
whether or not the tube is any . switch (sketch B) so that in one position the
. Just how this circuit functions should be of bias is zero and in the other ition it has a
interest. The arrangement described below may value equal to that of the Cmmy voltage.
not be the one actually used
in_some of the testers but the
principles are certainly the
same. When a tube is placed
in the socket (see the sketch
A on this sheet) the plate cur-
rent as read on the plate mil-
Iirmmebelr depem:is upon 't.;lle
ate voltage and upon e
%—bias voltage. Wm: the { X
switch, S, which represents ]
the button, in the open posi-
tion, the bias is al to the R
voltage of the battery.

@ o

When, h , the b 25 it
pre:sl:ad &zel‘),i: is red:'t'a':ln; “'__ “m—‘
zero. This change in bias, ] B
of course, produces a change o A
in plate current and the a- " +
mount of change determines
how good the tube is. What A
S _ S
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Circuits for the 245-type Tube

I\/Ios'r or the new radio receivers are using
audio power amplifiers which employ
either one or two 245-type tubes, the tubes
being arranged in h pull iwhen two are used.
Because of the wide use of this tube we give
on this sheet and sheet No. 299 some data on
the various circuit arrangements generally
used with the 245.

Cmcurr A

Two 245-type tubes are indicated in cir-
cuit A on “Laboratory Sheet” No. 299. The
plate voltage uired is 300 volts, 250 of
which is impi on the plate of the tube and
the remaining 50 supplying the necessary
bias. The filament is shunted by the 10-ohm
resistance. The C-bias resistance is calculated
by dividing the required C bias, 50 volts, by the

i:xte current, 32 milliamperes, and dividing
Ky two since there are two tubes. This calcula-
tion shows that the C-bias resistance should
have a value of 750 obms as indicated.

Circurr B

This circuit shows a single 245-type tube with
transformer outé)ut. The required plate voltage
is 300 volts and the C-bias resistance is 1
ohms. Since the a.c. current in the plate circuit
must flow through the C-bias resistor to get to
the filament, it is essential that the resistor be
b; with a condenser of 1 or 2 mfd. The
output transformer may be an ordinary one with
aratio of about 1:1, or it may be the transformer
which couples the tube to the moving-coil
system of a dynamic ioud speaker, in which
case, of course, 1t should have a step-down ratio.

Circuit C

This arrang t is similar to that indicated
at B except that a choke condenser output is
used. With this arrangement d.c. current is
kept out of the primarg of the loud speaker or
coupling transformer il one is required. Since
one of the loud speaker terminals returns di-
rectly to the center-tapped resistor connected
aaros, the filament, if is not essential that any
condenser be connected across this resistance.

.
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Center-Tapped Filament Resistors

SEVERAL READERS have written us request-
ing information on what determines the
value of the center-tap) resistance connected
across the filament of an a.c. tube. In some
cases it is apparently felt that this resistance
must have a definite value in order to produce a
detinite load on the transformer secondary
supplying the filament, This is seldon, if ever,
the case, however.

No hard and fast rules can be given for the
value of the resistance used across the tilvment,
In fact a wide range of resistances can be used
with equally good results. The importiant point
to consider is the resistance of the filament
across which the center-tapped resistor is to b
connected and to make sure that the latter’s
resistance is fairly high in comparison with that
of the tube. For example, if a tube filament has
a resistance of 1 ohm then the total resistance
of the center-tap resistor should be at least
10 ohms and might well be higher. Never use a
center-tapped resistor of an ohmage comparable
to that of the tube across which it is to be con-
nected.

One other factor is of some importance, espe-
cially in connection with the resistors placed

across the filaments of power tubes, C hias for
these tubes in a.c, sets is obtained by means of
an additional resistor whose value is equal to
the C-bias voltage required divided by the
plate current of the tube. Actually, however,
the center-tapped resistor also supplies sorne of
the bias for the current in returning to the fila-
ment must flow through both halves of this
resistance. In effect, therefore, the plate corrent
flows through a resistor equal to one half the
total value of the center-tupped resistance,
since both halves of it are in parallel from the
standpo.nt of the plate current. In calculating
required values of C-bius resistance, it is wise,
therefore, to substract from the calculated
results one half the value of the center-tap
resistance. For example, two 171A tubes in
Bush pull draw 40 milliamperes and require a

ias of 40 volts. The value of the C-bias resistor
should, therefore, be 1000 ohms. If, however, a
200-ohm center-tapped resistor (values as high
as this are frequently used) is placed across the
filament of the tube, one half of this value (100
ohms) should be subtracted from the required
1000 ohms leaving 900 ohms. This value should
then be used for the C-bias resistor.

Loud
Loud Speaker:
Speaker
s
2|
6 25v BN oo 30
ac v >
A 2
= 10.4-
ohms LA
~<4. 1500
J ohms
8- 25V.
ac
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Output Transformer Ratios

OUTPUT transformer ratios required for
use with cone or horn type loud speaker
are shown on the chart on Sheet No. 302,
This chart, reproduced from a recent bulletin
of Ferranti, Inc., covers the range of loud
spenker impedances from 0 to 6500 ohms and
tube impedances from 0 to 15,000 ohms. On
Sheet No. 297 in the Sept., 1929, issue, a chart
was given of output transformer ratios for use
with moving-coil type loud speakers.

In the case of horn and cone type loud speak-
ers the bulletin suggests that the impedance
used in determining the transformer ratio
should be the impedance of the

quency varies from 1000 to 30,000 ohms between
200 and 5000 cycles, ideal results are not poesible
but transformer ratios determined as indicated
above will give best results. As an example of the
manaer in which the impedance of a magnetic
loud speaker varies we show on this sheet an im-
pedance curve the Western Electric 540 AW.

An example will help to make perfectly clear
the use of the chart on sheet No. 302.

Example 1. A loud speaker has an impedance
of 4000 obns at 200 cycles. It is to be used ina
push-pull circuit using two tubes each with a
plale impedance of 5000 ohms. What trans-
former ratio is required?

Two 5000-ohm tubes in push-

loud speaker at about 200 cycles.
The imped at this freg

J
may with fair accuracy be taken
as 2.5 times the d.c. resistance of

speaker with a d.c. resistance of
2000 ohms has an impedance at
200 cycles or approximately 2000
times 2.5 or 5000 ohms.

nm
the winding. That is, a loud ’-—-
L
ax

[ 1) pull give a total impedaace of
10.000 ohms. Referring to the
1 chart we find the horizontal line
T corresponding to a loud speaker
# H of 4000 ohms impedance inter-
J- sects the vertical line corres-
| ponding to a tube impedance of

| | 10,000 ohms at a point corres-

Owing to the fact that theimped- )
anceof cone type loud speakers fre-

i § 88 ;l)onding to a trunsformer ratio of

6 to 1.
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Output Transformer Ratios

No. 303 Rapio Broapcast Laboratory Information Sheet

6500 v - - T
T | 1) . ” . .
€000 [ Pl . “Power” and ‘“‘Linear” Detection Explained
T T 5
|
5500 —l | 'WER detection” and “linear detection” fairly high percentages. The distortion reaches
1] are two terms frequently used to describe a maximum of 25 per cent. when the input
§ 5000 certain characteristics of new receivers. On this signal is modulated 100 per cent. The present
o / sheet we explain briefly what these two terms tendency in broadcasting is to increase the
z 500 mean. . modulation to 100 per cent. so as to utilize as
il 4 A power detector (aocord;:g to the popu-* completely as possible the output of the trans-
o \bd lar definition) is one opera at fairly high mitter. Linear detectors will produce very little
i 4000 & values of input voltage. Power detectors are distortion on 100 per cent. modulated sifnals
a $ frequently followed by a single staﬁ of audio and it is for this reason that this type of de-
w 3500 Y frequency amplification because sufficient a.f.  tector is increasing in use.
% voltage can be obtained from them to load up a A detector is ‘‘linear” when its a.f. output is
= 3000 power tube. It should be realized, however, that directly proportional to the rf. input. Such
[ 4 / § power detectors are not always followed by detectors produce a distortion of about 10 per
§ 2500 o single audio stages but may be followed by a cent., wiﬂl: 100 per cent. modulated signals in
ﬁ I two-stage audio amplifier. The important comparison with the 25 per cent. distortion pro-
& 2000 factor is the signal level at which they operate. duced by square-law detectors. The decreased
1] Accurately defined, however, the power detec- distortion (from 25 to 10 per cent. ) due to
[=) | ) tor is one from which suflicient power may be the linear detector is readily noticeable to the
8 1500 i T obtained to operate a loud speaker directly. ear.
s Ordinary detectors operate on what is called 1t should be pointed out that the fact that the
1060 |— vl a “square law,” that is the a.f. output voltage  detector operates at high signal levels does not
| is proportional to the square of the rf. input necessarily mean that it is linear. C-bias detec-
500 -740— voltage. Such detectors produce some distor- tors are linear over only a small portion of their
0 . | l | | l ] tion especially if the r.f. nput is modulated at operatiug characteristic.
0 2000 4000 6000 8000 10,000 12,000 14,000
TOTAL PLATE IMPEDANCE
No. 304 Rapio Broapcast Laboratory Information Sheet No. 305 Mo Brmenen Delrrtrsy ot S

Distributed Capacity Measurements

THE method commonly used in laboratories
to determine the distributed capacity of a
coil is to tune it to various wavelengths by
means of a condenser and then plot a curve of
wavelength squared against the capacity of the
tuning condenser. The curve will a straight
line but will not pass through zero because of
the distributed capacity of the coil. If the
curve is extended so that it intercepts the line
corresponding to zero wavelength, the intercept
will give the distributed capacity of the coil.
The method is simple and quite accurate pro-
vided the individual measurements are care-
fully made. If, however, there are slight dis-
crepancies in the various measurements it is
necessary to estimate as accurately as possible
the correct position for the curve,

There is another method of graphically
determining the distributed capacity which is
pot generally used but which is sometimes more
accurate_than the one described. This second
zﬁeﬂgﬁr‘ is illustrated on *“‘Laboratory Sheet,”

o. o

length isdetermined. Some sample data is
given below:

WAVELENGTR  CAPACITY TO TUNE TO
RESONANCE-MMFD.
300 315

247 200
134 1}

The next step is to lay out a curve sheet as
shown on “Laboratory Sheet”” No. 305. The left-
hand axis is wavelength squared and the right-
hand axis is the tuning capacity in micromicro-
farads. Straight lines are now drawn being the
various values of tuning capacity and the cor-
responding values of wavelength squared.

f all the measurements were perfect, these
various straight lines would all intersect at a
on point but b of rlight inaccuracies

they do not. As a result there is formed at the
center a small polygon. The center of this polygon
must now be estimated and between the center
and the point corresponding to zero wavelength
a straight line is drawn. This line will intersect

The general method of procedure is similar.
The coil to be measured is connected acroes
known capacities and the resonant wave-

the capacity axis at the pointlcorresponding to
the distributed capacity of the coil. This latter
line is shown dotted on the curve.

Distributed Capacity Measurements
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Advantages of Automatic Volume Control

THE use of automatic volume controls in
receivers has certain definite advan
The most obvious advantage is, of course, that
such a control definitely determines the output
of the receiver and maintains this output con-
stant over wide variations in field inteunsity.
Ordinarily as we tune from one local station to
another the volume varies considerably, depend-
ing upon the field strength obtained from the
station, but in a set equipped with an automatic
volume control, all stations will give approxi-
mately the same volume. )
The second advantage of an automatic
volume control is that it helps to some extent
to reduce the effects of fading, since, as the signal
begins to fade, the sensitivity of the set automa-
tically begins to increase and in this way
partially compensates the fading. )
A third advantage of this control system, is
that by its use it is possible to apply an input
to the detector tube of a definite value of r.f.
voltage. The set may be so designed that with
this value of voltage applied to the detector, the
distortion produced in the detector circuit will

be a minimum. The distortion ordinarily
produced in detector circuits is a function of
input voltage. It is high for small values of
input voltage and also for very large values of
input_voltage. At some medium values deter-
mined by the operating voltages of the detector
tube, the distortion will be a minimum and it is
of course advisable to operate the detector tube
always under the conditions for minimum dis-
tortion.

These three advantages are responsible for
the greatly increased use of automstic volume
control systems and it is probable that in the
future their use will become quite general.

The automatic volume control tube generally
works on the output of the r.f. amplifier and
it automatically functions to control the output
of the r.f. amplitier by varying its sensitivity.
When the field strength is very high, the volume
control tube causes a large uction in the
sensitivity of the amplifier and when the field
strength is very low the tube functions to msin-
tain the radio frequency amplifier at maximum
sensitivity.

No. 307 Rapio Broapcast Laboratory Information Sheet

Frequency-Band Requirements

N sREET No, 308 is reproduced a chart taken
from anarticle by B. S. Cohen in the March,
1928, Proceedisigs of the Institule of Elecirical
Engineers, London. The chart shows eleven oc-
g:vesu(:f sounds. According to this chart we find
at the

a) Ideal frequency range for perfect speech
and music and most noises 18 30 to 10,000 cycles

(b) Reproduction of high-quality speech
and music requires a frequency band from 100
to 5000 cycles

(c) Reproduction of good quality articulate
speech requires a frequency band from 200 to
3000 cycles

Considering the reprod-ction of music, on
reference to the chart it will be noted that the
highest note of the organ, C*, has a frequency of
8000 cycles so that if the ideal band extends to
10,000 cycles little or no deviation from a
ainusoidnf wave form would be included. How-
ever, the extreme upper notes of the organ or
piano are used very infrequently and the cor-
rect reproduction of their timbre is probably
not important. It i8 doubtful whether many
persons could differentiate_between say a piano,

flute, and clarinet when listening only to the
signal note Cs.

Although in the case of speech, the ear will
reconstruct the fundamental frequency of a
tone when the latter has been removed from
the reproduction it is doubtful that the same
thing applies in the case of music. In any case

practically pure sinuscidal frequencies

m;odueed for example by the organ would not

produced at all if below the lower trans-
mission limit.

For the correct reproduction of noises such
as tapping, hissing, etc. a very wide frequency
range is uired and it is in this connection
that the ideal range of 30 to 10,000 cycles
would probably be %gund most essential.

Attention should be drawn to one other point
in the chart. The mean speech frequency from
an articulation standpoint is 1500 cycles. Ry
this it is meant that the removal of all fre-
ﬂuencies above 1500 cycles produces the same

ecrease in articulation as does the removal of
all frequencies below 1500 cycles.

The term “Gamut” in the chart on sheet
No. 308 is simply the expression used in music
for the standard notes of the musical scale.

No. 308 Rabio Broapcast Laboratory Information Sheet
note | SYELES ogg‘s‘" REMARKS
SECOND
cs 32,768 Beyond limit of audibility for average person.
& 18.384 Telephone silent with40 volts on receiver terminals.
10,000 Considered ideal upper limit for perfect transmission of speech and music.

ct 8192 | 3in | Highestnote on fifteenth stop.” "

5 COnsrigoved s satisfactory upper limit for high quality transmission of speech

and music.

(4 4 096 Highest rote of pianoforte.
(E;: g 8;2 Approximate resonant point of ear cavity.
o g % Considered as satisfactory upper limit for good guality transmission of speech.

2 000 | Maximum sensitivity of ear.

1 500 Mean speech f from arti d
A, 850
Av % Repi [{
il’ ggg Orchestral tuning. ~ See note below:
C
o %gg Considered as satisfactory lower limit for good quality transmission of speech.

100 COnsidedved as satisfactory lower limit of high quality transmission of speech
and music.
fo 80 Lower note of man's average voice. -
(B:o % 8ft Lowest note of "cello.
1
G 32| 16ft | Lowest note of average church organ.
30 Considered ideal lower limit for perfect transmission of speech and music.
ez gg Lowest note of pienoforte.
2

C2 16 | 32ft. | Lowest audible sound. Longest pipein largest organ.

Notes of the "Gamut”
ntervals between successive notes

D &F [] Al
LI

B8 C
2
164g

[
NOTE:~ Nearest note is indicated. Scale based on Middie C! (Physical Pitch) = 256 ~
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Volume vs. Fidelity

PAnnchAnLv when reproducing music, the
volume of the reception has quite a little
to do with the naturalness of the reproduction.
The loudness of the sounds influences the
fidelity in two ways as explained in the follow-

ing paragraphs.

in the first place, we should realize that we
are accustomed to listen to different types of
music—symphonies, jazz, string trios, etc.—
at definite levels of volume. If we adjust our
set so that the music is not reproduced at a
volume of approximately the same level to
which we are nocuslome({ then the reproduc-
tion will sound unnatural—in fact, it is un-
natural. If we increase the volume so a soloist
sounds like an entire orchestra, or decrease the
volume so that the boom of the base drum
sounds like someone tapping the table with a

ncil, we have certainly distorted the original.
Er most natural reproduction the volume level
must appear to the ear to be about the same
as the onginal. The fact that we never increase
the volume to such a level b we Idn’t

tolerate 80 much sound in a single room, and
use we don’t want to annoy our neighbors,
does not invalidate the argument.

The second manner in which the reproduc-
tion of music at other than normal volume af-
fects the naturalness of the sound is due to the
characteristics of the ear. At low volume levels

car is quite inseusitive to high and low
audio frequencies but as the volume level is
raised the seusitivity of the ear becomes more
uniform over the entire range of audio fre-
uencies. The effect of this variation in the
characteristic of the ear is such as to cause an
apparent loss of low frequencies when the
volume is turned down. This probably explains
why a loud speaker seems to lose the lows when
the volume is turned down—a point about
which many experimenters have written us.
Probably in almost all cases the loss of lows at
low volume is not due to the characteristics of
the loud speaker but is simply due, as indicated
gbove, to the characteristics of the ear of the
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Factors Considered in Receiver Design Effect of Reflection and Echos

gt

IN THE DESIGN of a radio receiver certain factors
must be considered in order to determine the
circuits to be used. Some of these important fac-
tors are:

1, The limiting values (maximum and minimum)
of the field strength from the transmitting station.

2. The output obtained from the antenna at a
given field strength.

3. The power output required from the receiver.

4. The r.f. frequency band to be received.

5. The a.f. frequency band to be amplified.

6. The nature and strength of the interference
from other radio transmitters and from noise.

7. The selectivity required to permit the satis-
factory reception of the desired signal and the
elimination of all undesired signals.

8. The stability of the fre&uency transmission
characteristic and the gain of the receiver.

With these facts decided, it is possible to pro-
ceed with the design and to determine how much r.f.
and a.f. amplification is required, how selective the
r.f. circuits must be, and what type of audio-fre-
quency output circuit must to supply
power to the loud speaker.

In the design of broadcast receivers the ten-
dency has been toward the building of stable, high-
gain r.f. amplifiers that are able to deliver sullicient
voltage to the detector for satisfactory output at
field strengths in the order of 1 to 10 microvolts per
meter. This represents a very high order of sensi-
tivity and it 1s probable that the average noise
level in many locations is of the same order or
greater than the above field strengths, thereby
making it of no advantage to endeavor to increase
further the gain of the r.f. amplifier since this
would simply result in an excessive ratio of noise
1o sig

L

No. 312
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Measurements of Sensitivity

I'r 1S BECOMING quite common to read statements
to the effect that a certain receiver has a sensi-
tivity of 80 many microvolts per meter. As this me-
thod of rating the sensitivity of receivers is becom-
ing 8o popular, in this * Laboratory Sheet” we
indicate exactly what this term means.

When a receiver is to be measured for sensitivity
it is generally done in the following manner. A re-
ceiver is set up and a resistor is connected across
the a.f. output circuit of the set. This resistor has
a value such as to give maximum power output
per volt on the grid of the power tube. In most
cases the resistor will have a value equal to twice
the Eluw resistance of the output tube.

The next step is to apply to an_artificial antenna
a known r.f. voltage modulated 30 per cent. at
400 cycles and to increase the r.f. input voltage
until 50 milliwatts of audio-frequency power is
developed across the output resistance. We then
determine the magnitude of the input r.f. volta,
required to produce this output by dividing by the
effective height of the artificial antenna which is
usually four meters. This gives us the micro-
volts per meter input required to produce the
standard output of 50 milliwatts.

Assuming that such a method is used in deter-
mining the sensitivity of the set, it is simply neces-
sary to give the microvolts per meter input for
standard output in order to t{eline completely the
sensitivity ofpthe receiver. We can, therefore, say,
for example, that a certain set has a sensitivity of
10 microvolts meter. This means that if a thirty
per cent. modulated r.f. signal is impressed across
the input, then 50 milliwatts of power will be de-
veloped in the output at 400 cycles.

During the past few years there have been re-
markable improvements in r.f. amplifier circuits
and as a t receiving sets to-day are much more
sensitive than t models. Whereas a sensitivity
of 50 or 100 microvolts per meter was not uncom-
mon during past seasons, more recent receivers have
a much higher sensitivity, in many cases being of
the order of 3 or 5 microvolts per meter.

In many sets the sensitivity varies widely over
the broadcast band, generally being low at low
frequencies and high at high frequencies. This is a
disadvantage which is gradunllibeing overcome and
sets are being produced which have a more uniform
l}))ighdsensitivnyum ghout the entire broadcast wave

and.

e =)

.

IN CONTEMPLATING the subject of fidelity in its rela-
. tion to the problem of loud speaker reproduc-
tion there are many factors to be considered. In
this connection one of the most important consider-
ations is the condition under which the loud speaker
is to be operated, whether it is to be operated in
the open, in a lurge room with heavy drapes, in a
room practically re of furnishings, etc., for it
should be realized that the naturalness of the re-
production will depend to a large extent upon these
conditions.

. When a loud speaker is operated in a room there
is a certain amount of reflection of sound from the
walls and standing waves are also generated. Bol
of these factors cause a change in response depend-
ing upon the position of the listener in the room.
At one point we might hear a very intense sound
at some particular frequency but, upon movin,
but a step or two away, the intensity of the sounc
will markedly decrease. If the loud speaker is
supplied with a single-frequency tone this effect

will be quite noticeable bet it is not as effective
in producing a definite audible change in intensity
when listening to music. In music or speech the
frequency changes so rapidly that the effects of
stnnﬂiug waves are not especially noticeable, if
at all,

From the above remarks it should not be thought
that the effects of reflection and echoes are always
detrimental. In many cases a certain amount of
echo effect improves the reproduction, adding an
effective vastness and a richness to the tones which
would otherwise be lacking.

It is frequently the case that the naturalness
of the reproduction is greater if one listens in some
room adjacent to the one in which the loud speaker
is located, and if possible it is frequently advisable to
locate the loud speaker in some room other than
that in which one ordinarily sits when listening to
a program. In such a case the increased natural-
ness is probably due to the effect of the reflection
and echoes which occur.

No. 313

ADIO ENGINEERS, in rating the performance
of radio receivers, now make use of three
terms, sensitivity, selectivity, and fidelity.
These three factors completely define the essen-
tial characteristics of a set and make it possible
to compare readily one set against another.

Senaitivity is determined, as explained in
“Sheet’’ No. 312, by impressing an r.f. voltage
on the input of the set, of a value such that
normal output—50 milliwatts—is obtained.
In this sheet we explain the meaning of the
term fidelity and explain briefly how it is
measured. *‘Laboratory Sheet™ No. 314 gives
similar data on selectivity.

Fidelity is the term used to indicate the ac-
curacy of reproduction, at the output of a radio
receiver, of the modulation impressed on ther.f.
signal applied to the input of the receiver under
test. A receiver having perfect fidelity would
be one in which the form of the output current
was exactly similar to the form of the current
used to modulate the r.f. signal. Fidelity is
determined by setting up the receiver to be
tested and impressing on its input an rf.
signal modulated at 30 per cent., the input

Rapio Broapncast Laboratory Information Sheet

Fidelity in Radio Receivers

signal hnvingrtliwvalue such that normal output
is obtained. frequency of the modulating
signal is then varied (the modulation being
held constant) over the entire audio-frequency
band and the output power at each frequency
is noted. From these data a curve can be plotted
showing how the audio-frequency output power
from the set varies with frequency.

Such curves are run at various radio fre-
quencies—say 600, 1000, and 1500 kc.—in the
broadcast band so that the variation in fidelity
can be determined. In this way we can tell
something regarding the characteristics of the
r.f. amplifier system, for if the system tunes too
sharplg' at some Point in the dcast band
the sidebands will be suppressed cﬁarhully and
this will show up on the curve w!n weplotasa
falling off in response at the bigher audio fre-
quencies. )

In making such tests it is essential, of course,
that the source of audio-frequenc voltgge used
to modulate the r.f. input s:(g:al quite pure,
i.e., free from harmonics. nerally the total
harmonic output from the a.f. oecillator
should not be allowed to exceed five per cent.

i ——
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Selectivity of Radio Receivers

RACTICALLY spenking, the selectivity of a  determined. The results are finally plotted in

P receiver is that characteristic which the form of curves, an example is gizeg below.

enables us to determine how well the set will

'trun?out one signal and tune-in another. 300
N £ . ¢ ¢ simi

Ily, it is defined in

fashion, as the degree with which a radio re-
ceiver is capable of differentiating between
signals of different carrier frequencies.

Selectivity is determined with the aid of an
r.f. oscillator by means of which we are able to
im known r.f. voltages on the input of a
radio_receiver. There are various methods of
carrying out the test but the one generally used
is to impress a small known voltage on the input
of the set, note the outputof the set, and then to
vary gradually the frequency of ther.f. oscilla-
tor, at the same time adjusting the voltage
supplied to the receiver 80 as to maintain the
same output, In this way we obtain a set of

res showing how the output of the receiver

falls off either side of the frequency to which it
is_tuned. Generally the more rapidly it falls
off the better is the selectivity. .

Unfortunately a receiver’s selectivity is, as
has been pointed out many times, closely tied
up with its fidelity, for if we make the selectiv-
ity too great the sidebands are suppressed and
the high frequencies are partially suppressed.
At least this is true of ordinary circuits.

Selectivity curves are, course, made at
various points throgghout the broadcast band 10
so that the variation in the receiver’s selectivity 20 10 0 10 20
at different points in the broadcast band can be KILOCYCLES OFF RESONANCE

N
8

—
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MICROVOLTS INPUT FOR STANDARD OQUTPUT
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C-Bias Resistor Values

HE TABLE ON this sheet gives the values of
C-bias resistor in ohms which must be used

TYPE OF

TUBE

PLATE C-BIAS RESISTOR IN OHMS
VOLTAGE FIL. QN L. C. FIL. ON A. C.

Rapio Broapcasr Laboratory Information Sheet
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Range of Frequencies Required

PAS’I‘ AND PRESENT improvements in quality
of reproduction from radio receivers has
been due in no small extent to the imporlant
research carried on by the laboratories of the
Bell Telephone Company to determine the
characteristics of the ear so that some rules
might be laid down regarding the range of
frequencies required for good reproduction
and the range of pressure common in
and music. A group of curves illustrating some
of these important characteristics is given in
*Labora Sheet” No. 317. These curves
show how the sound pressure varies for sounds
of constant volume over the entire band of
audible frequencies. On the curve are also in-
dicated some contour lines of equal volume
which have been divided into three parts, the
, the tenor or alto, and the soprano, corres-
ponding to the range of notes produced by
various instruments.
The vertical distance between the two limit-
ing lines indicates the range in pressure and

shows that although the pressure is greater at
the low frequencies, the range of pressure is not
as t as at the higher frequencies.

he musical instruments producing the great-
est pressures are the percussion type such as the
traps and drums. Although the fundamental
tones produced by these instruments are quite
low they are very rich in harmonics extending
sometimes up to 10,000 ‘c‘g:.lm.

Generally speaking, fundamental and
first three overtones are essential in order to
distinguish the notes of various instruments and
better reproduction is obtained if the fourth
overtone is reproduced. The 1
most in music are tained in the oct
between 128 to 512 cycles. As the fourth over-
tone of 512 cycles is 8192, tones of this frequency
and below frequently occur in music. The aver-
age individual, however, would probably find it
difficult to detect the elimination of all frequen-
cies above 6000. The letters “pv” on the curve
mean “double vibrations."

in conjunction with various types of e 227 90 2000
in a.c. receivers to supply correct bias. It will 135 1800
be noted that the value of the resistor for 180 2250
use when the filament is operated on a.c. is 112a 90 850 1300
slightly different from the value when the fila- 135 1300 1650
ment is on d.c. This is due to the fact that in the 180 1350 1600
case of d.c. operation the returns are connected 171a 90 1650 1900
to the negative side of the filament and in a.c. 135 1700 1850
operation y are connected to the mid point 180 2000 2150
of the filament side. If the two tubes are con- 210 250 1500 1800
nected in parallel, and obtain their C bias from 350 1700 1950
a common resistor, then the value of the C-bias 425 1750 1950
resistor should, of course, be half that 250 250 1600
indicated in the table. 300 1550
TYPE OF PLATE C-BIAS RESISTOR IN OHMS % }338
TUBE  VOLTAGE FIL. ON D. C. FIL,ON A.C. 450 1550
226 90 1700 245 180 1250
135 1500 250 1550
180 1800 224 180 350
No. 317 Ranio Broancast Laboratory Information Sheet
Range of Frequencies Required
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No. 318

60- and 120-Cycle

N _TR18 * Laboratory Information Sheet” are
1 given some data on hum measurements made
in the Laboratory some ume ago. The measure-
ments were made using an a.c.-operated Wright

ter electrodynamic loud speaker. These
measurements were made to determine how
much a.c. voltage at 60 and 120 cycles was neces-
sary across the grimnry of the coupling transfor-
mer in the loud speaker to produce an audible
hum output.

Two series of measurements were made. The
first to determine what voltage would produce
a f:ust audible sound and the second to indicate
what voltage was required to produce the
maximum hum that might be tolerated. The
figures are useful in indicating how much hum
voltage in the output circuit of a radio receiver
3. permissible. It is interesting to note from

e figures given below that ratio of the
voltage at 60 cycles to the voltage at 120 cycles
is approximately 10, which ratio agrees quite
well with the variation in sensjtivity of the ear
between 120 and 60 cycles.

Rapio Broapcast Laboratory Information Sheet

Hum Measurements

JUST AUDIBLE HUM

60 cycles 1.3 volts
120 cycles 0.15 volt

MAXIMUM TOLERABLE HUM

60 cycles 5.2 volts
120 cycles 0.54 volt

If we assume that most of the hum arises in
the defector circuit, it i8 a simple matter to
calculate the maximum permissible value of
this bum. We simgly have to divide the voltage

Y -the gain of the amplifier.

For example, if an amplifier had a gain of 200,
then the amount of 60-cycle voltage in
plate circuit of the detector tube to produce a
ilust audible hum from the loud speaker would
ave to be 1.3 divided by 200 which gives
0.0065 volt or 6.5 millivolts, The maximum
permissihle 120-cycle voltage is 0.15 divided by

indicated above

200 which gives 0.00075 volt or 0.75 millivolts.

the
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Apparent Demodulation of Weak Signals

IN NovemBER, 1929, Ezperimental Wireless and the
Wireless Engineer S. Butterworth published a
sbort article entitled ‘““Notes on the Apparent
Demodulation of a Weak Station by a Stronger
One."” In this article the author trea mathemati-
cally the effects which occur when two modulated
carriers are applied to a linear detector of perfect
characteristics, i.e., the det that letely
suppresses one half of the aPplied signal.

'\)‘Viﬂl such a detector it is found that the intensity
of the two audio—frequenﬁ;esignals produced by
demodulation do not bear same ratio as do the
carriers of the applied signals. 1nstead it is found
that the ratio of the audio-frequency outputs is
greater than the ratio of the carriers, the differences
in these two ratioe becoming greater with increases
in the ratio of the two carriers. The only point at
which the carrier ratio and the audio-frequency ratio
are equal is where the two carriers have the same
valve. When the two carriers have a ratio of 10 to 1
the audio-freq signals produced by the demod-
ulation of the carriers have a ratio of 200 to 1. In
other words, if two modulated carriers have a ratio

of 10 to 1 and the stron carrier produces an
audio-frequency output of 1 volt then the output
due to the w carrier is only 0.005 volt. The net
result of this apparent demodulation of a weak
signal by a strong signal is that the apparent selec-
tivity, as jud by the ratio of the two audio-
fre’?uency outputs, is greatly increased.
he figures given in Mr. Butterworth’s article
have been plotted in the form of a curve which ap-
on Laboratory Sheet No. 320. From this curve
it is poesible to determine quicklg the audio-
frequency ratio for carrier ratios of from unity to
10.

The audio-frequency ratios indicated on the curve
are, of course, only obtained when the detector is
perfect, and, as the detector departs from this char-
acteristic, the apparent demodulating effect de-
creases.

This same effect treated mathematically by Mr.
Butterworth was illustrated graphically and ex-
Perimenl,ally by F. E. Tennan in his article entitled

‘Linear Power Detection’ published on page 49
of Nuvember, 1929, Rapio BRoADCAST.

No. 321

Rapio Broapcast Laboratory Information Sheet

Service Procedure

IN TAE servicing of radio receivers a sensible,

systematic method of testing is most essential.
Testing this, that, and the other thing—testing
haphazardly, in other words—will finally lead one to
the fault, but it can hardly be called the proper
method of procedure. In servicing, as in most every-
thing, there is a proper place to start and a proper
procedure that will locate most quickly the thing
we are looking for.

Voltages delivered to the tubes should first be
checked. This should usually be done.

If there is some definite indication of the trouble
it is usually a simple matter to fix it, but if there
are no indications of what part of the circuit is at
fault, it is generally best to proceed somewhat as
follows:

First check the a.f. amplifier. Lightly tap the de-
tector tube and listen for a response from the loud
speaker. If the set has a phonograph connection
(and most receivers have) connect a pair of head
phones to the circuit, tap the diaphragm of the

hones and listen for an answering tap from the
oud speaker. If there is no response from the loud
speaker, the fault must be in the a.f. amplifier, the
power tubes, the loud speaker, or the voltage supply
to these tubes.

The next part of the circuit to test is the detector.
It is usually possible to disconnect the antenna from
its usual location and connect it instead directly
to the stator plates of the variable condenser tuning
the detector circuit. By tuning the set it should then
be possible to pick up powerful local stations provid-
ing the detector circuit is functioning properly. If
the a.f. amplifier works satisfactorily gut no signals
can be picked up with the antenna connected as
indicated above, there is probably some fault in
the detector circuit.

After checking over the a.f. amplifier and detector
circuits, it is then possible to check the r.f. amplifier,
the simplest method being to touch the antenna
to the plate terminal of the r.f. amplifier tube pre-
ceding the detector, then to the plate circuit of the
preoeging r.f. amplifier, etc., until the normal
antenna connection is reached. .

By systematically testing in this mannper it is
generally possible to locate quickly the point in the
circuit where the fault lies and then to take what-
ever measures are necessary to correct it. The need
of a food set tester in such work is, of course, obvi-
ous, for without one it is hardly possible to determine
accurately the condition of the tubes and whether
or not they are receiving proper voltages.
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Inductance of Coils

Inductance of Coils . ‘ —T—
I S o0 ._-A
L.\nonrmny Smeer” No. 323 contains a set of in conjunction with the chart given on “Laborntory [ /B»-P/ y/
curves by means of which the inductance of Sheet” No. 286, it is possible to determine quickly =z 80 P
a coil in microhenries may be determined if the size  how many turns of a particular size of wire are e T /(v E
of the tube, size of the wire, and number of turns  necessary on a given tube to cover the broadcast ~ 1 /‘ ' %
are known: or conversely, a coil of any given in- band with a certain size variable condenser. w ' 70 /A
ductance may be constructed using the number of For example, suppose a coil were made for use 14 E’ ( 40
turns indicated by the chart for the particular size with a 0.0005-mfd. variable condenser. The chart on 29 A /
of tube and size o{wim to be used. The chart covers  Sheet No. 286 indicates that 170 microhearies of 60 — IV
tube sizes of three and four inches and wire sizes of  induct. are required, to tune up to about 550 h-‘g | A /
No. 16, 18, 20, 22, and 24. In all cases the wire is  kc. Suppose we wanted to use a 3-inch tube wound OQ 50 A
double cotton covered. with No. 22 wire. By referring to the chart on the nS / 7 //
The curves are based on the simplified formula following sheet we find that in order to obtain an Zz& I / / [
for the inductance of a coil— il%duct.anoe‘ of 170 microhenries the coil must have g W 40
turns of wire. ? _ -NO .
-ﬂ With these two charts it is also possible to work 3 / A= 3_|N' TUBE-N®° 18 D-C-C
L g T ° -C-C
10v back and find the size condenser necessary to tune L 30 - 5 B= {3 IN. TUBE-N®? 20 D-C-
a given coil over the broadcast band. Suppose we o5 ///' ¢ 4 IN. TUBE-N® 14 D-C-C
where L = inductance in microhenries had a coil wound with 65 turns of No. 24 wire, the « 20 /) C= 3 IN. TUBE-N® 22 D-C-C
a = tube radius in inches tube size being 3 inches. What size variable con- o v /d N T ° .
v = length of winding in inches denser will tune it over the band? By referring to the o D= 3 IN.TUBE-N®? 24 D-C-C
n = number of turns of wire ch;r'.ul?elow ‘\_vgggnd.lhnﬁ such aTc}?“ WI“‘_ have an s 10 £= 4 IN. TUBE-N®? 16 D-C-C-
- = tant inductance of microhenries. Then, referring to - L.
K = a constan thel::har'.on Sheet No. 286, we can determine that a g o I F= 4IN. TUBE-N? 18 D-C-C
Using the chart on “Laboratory Sheet™ No. 323 0.0003-mfd d will be req d 5 = 5 =% 08 = B 350 200
INDUCTANCE IN MICROHENRIES
e —
T e ———— — T — - yi
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Hum »s Volume Control

Taere 18 a characteristic difference in the
operation of receivers with and without
automatic volame control circuits which has a
fundamental effect on the amount of a.c. hum from
the loud speaker, 5

In a receiver in which the volume control is lo-
cated in the r.f. amplifier the detector must function
at a level depending upon the setting of the volume
control. At high volume levels the detector must
work at r.f. input volta large in comparison
with those applied to the detector when the desired
volume level is low. Now, in a set using an auto-
matic volume control, the manual volume control
is usually located in the a.f. amplifier and the auto-
matic circuits function to apply a constant r.f.
voltage to the detector. As a result the a.f. output
from the detector is t and volu is ad-
justed by impressin'i more or less of this constant
detector output on the fullowinE a.f. amplifier tube,
The fund tal differ these two
arrangements is, therefore, that in one case_the
detector input varies and in other case it is
constant. . .

The hum from the detector circuit is responsible
for a large part of the hum finally impressed across
the loud speaker. The hum volmge from the detector
i8 cc t—it does not dep on the setting of

the volume control. Therefore, if the desired signal
is much louder than the hum at all volume levels it
is necessary to operate the detector at signal levels
such that the desired a.f. output is always much
greater than the hum output. With the volume con-
trol in the r.f. amplifier this is not always S)gsmble,
for, when the volume is turned down very low, the
desired signal output may become comparable with
the hum output of the detector. If, however, the
volume control is in the a.f. amplifier the detector
is operated at high signal levels at all times regard-
Jess of the setting of the volume control. As a result,
in receivers with automatic volume the ratio of de-
sired signal to hum in the plate circuit of the detector
tube is always high, and, other factors being equal,
the hum from receivers using automatic volume
control will be less than that from receivers not
using automatic volume control, provided the man-
ual volume control is in the a.f. amplifier.

It is, of course, at low volume levels that the
difference in hum will be most noticeable, for it is at
such levels that the hum voltage from the detector
will be largest in comparison with the desired
signals. At high volume levels there is no reason
why the hum from sets without automatic volume
control should not be equal to that from sets with
automatic volume control.
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Beat-Frequency Oscillator

N ARTICLE entitled *“The Frequency Character-

istics of Telephone Systems and Audio
Frequency Apparatus, and Their Measurement, ™
written by B. S. Cohen, A. L. Aldridge, and W.
West, and published in the September, 1926,
Proceedings of the Wireless Seclion of The Instiluli
of Elecirical Engineers, England, gives the circuit
and constants of a beat-frequency oscillator for use
in making measurements on telephone apparatus.
ghis circuit is reproduced on ** Laboratory Sheet”

o, 326.

Each high-frequency oscillator circuit comprises
a grid coil, L, of 50,000 microhenries coupled to
a Elaw coil, L1, of 20,000 microhenries and tuned by
a fixed condenser, C,, of about 0.001 mfd. A variable
condenser, Cs, with a maximum value of 0.0005
mfd. is connected in parallel with condensers Ci
to cover a frequency range of about 5000 cycles.
The output coils, Ls, each of 10.000 microhenries,
inwroduce the high frequencies from each oscillator
into the high-frequency amplifiers, Vr—the use of
these high-frequency amplifiers serves to prevent
interaction between the two oscillators. The coup-

Vs, is of the plate-rectification type. In the plate
circuit of the detector is a low-pass filier having a
cut off at about 20,000 cycles. The filter functions to
reduce to negligible values the high frequencies in
the output of the oscillator. Two stages of resistance-
coupled amplification are used between the detector
and the output of the oscillator.

With a special output transformer it was still
found that there was a tendency for the output to
fall off at high frequencies. This was corrected by
reducing the output at low fm?luencies to the value
obtained at high frequencies. This was accomplished
by means of an 0.2-henry air-core inductance, Ls,
in the plate circuit of the amplifier Va. In series with
the inductance is the variable non-inductive re-
sistor, R4, which in combination with the choke coil
produced the desired rising frequency characteristic
8o that a uniform output could be obtained.

The harmonic output determined by means of an
oscillograph was found to be less than 5 per cent.
and could be further reduced by connecting a con-
denser in shunt acroes the input to the detector tuhe.
This provided in the plate circuit of the high fre-

ling between the output of the high-freq: y am-
plifiers and the detector is obtained through a
coupling condenser, C¢, and the two-megohm leak in
the grid circuit of the detector tube. The detector,

q v amplifier tubes a lower impedance for the
hurmonics than for the fundamental and tended to
improve the wave form of the high frequencies im-
pressed on the detector tube.
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Beat-Frequency Oscillator
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Tm-: FoLLoWING short bibliography on the theo-

retical development of electrodynamic loud
speakers was prepared by F. V. Hunt, Cruft Labor-
atory, Harvard University.

Tue DEveLoPMENT oF A Ilornpess TyPE or
Loup SPeakER: (This is the definitive paper that
lays the foundation for subsequent design. Con-
sulted at this date it seems incomplete, but one
cannot be “in the know’ without a grasp of
these fundamentals.) Rice and Kellogg. A.1.E.E.
Journal, Sept., 1925.

Loup Speakers: (A lecture delivered before the
Radio Society of Great Britain in January, 1926,
that greatly stimulated the discussion and de-
velopment of electrodynamic loud speakers in
l‘]ng'and.) McLachlan. E. W. ¢ W. E. (London),
March, 1926.

A SERIES OF ARTICLES ON Loup SPEAKERS: (Gen-
eral discussion of electrodynamic loud speaker
design, with notes in the first on the influence of
diaphragm diameter on interference effects at
high frequencies. Many details of interest to the
home constructor) McLuachlan, Wireless World,
March 23, March 30, April 13, 1927.

Toe Outpur STAGE AND THE Moving CorL:
(RReport of some measurements on the impedance

Loud Speaker Bibliography
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of electrodynamic loud kers and di
of its infl on the resp curve.) McLach-
lan. Wireless World, Aug. 8, Nov. 28, 1928.

REesoNANCE PrENoMENA: (Consideration of the
factors producing and affecting the resonant u
frequencies, especially the low-frequency *boom’
resonance due to the dlwbrngm-supportmg mem-
brane.) McLachlan. wreless World, Oct. 10,
Oct. 17, 1928,

Outpur PowER MEASUREMENTS ON A Moving-
coiL Loup SpeAKER: (Practical measurements
of loud speaker output, using the method of
bridge meuasurement of the motional resistance.
In addition the equivalent electrical circuits
of the electro-mechanical loud speaker system
are developed in an lix and off a power-
ful approach to the design problemn for one
familiar with electrical filter theory.) Clark and
Bligh. E. W. ¢ W. E.. Sept., 1928.

Loup Speaker Testine MEeTHODS: (Description
of what is still the best method available for
obtaining loud speaker response curves: con-
denser microphone, equalized amplitier and
vacuum-tube voltmeter, and semi-automatic re-
cog;ing.) Wolff and Ringel. I. R. E. Proc., May,
19
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Fidelity in Modern Receivers

Tm! ONLY way the user of modern radio ap-

paratus can make his receiver distort is by
(a) not tuning it accurately to the station to be re-
ceived and (b) increasing the volume to the point
where overloading occurs in one or more of the
tubes. Distortion due to (b) rather than (a) is
most generally found in practice, but trends in re-
ceiver design are gradunhy leading to receivers in
which the tubes cannot be overloaded. Such re-
ceivers cannot be made to produce distortion other
than that inherent in the characteristics of the cir-
cuit or that produced by improper tuning.

Tube overloading generaﬁy takes place in the
detector and power tube long before it becomes
serious in any of the other tubes. The task, there-
fore, is to design sets in which the amplified audio-
frequency output of the detector is sufficient to
am;}l the maximum permissible voltage to the grid
of the wer tubes (the maximum permissible
voltuge being limited by distortion in the power
tube) and to include some method making it im-
possible to apply signal voltages in excess of the
maximum permnissible value to the power tube.

To design such a set we must first determine the
maximum a.c. voltage which may be impressed

across the power tube before distortion occurs. We
then work back through the a.f. amplifier and de-
termine how much a.f. voltage is required from the
detector tube. Then, knowing the rectification
characteristics of the detector tube, we can de-
termine the maximum r.f. voltage which must be
impressed on the detector. In order to impress on
the detector a value of r.f. voltage which, when
rectified and amplified, will impress the maximum
permissible voltage across the power tube, automa-
tic volume control circuits must be used. In such
sets it is a_ function of the automatic control
circuits to limit the detector input to this pre-
determined value regardless of the value of "the
field strength. Th ore, such a receiver cannot be
overloaded.

The manual volume control in such a receiver is
located in the a.f. amplifier so that the desired
portion of the a.f. voltage from_the detector may be
Impr on the power tube. Ilowever, the desi
should be such that it is impossible to apply
sufficient a.f. voltage to overload the power tube.
The automatic volume control circuit which limits
the maximum value of the a.f. output from the de-
tector makes such a design possible.
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Loud Speaker Bibliography
(Continued)

Continuation of foregoing paper, showing several
actual curves and discussing their interpretation.
Wolfl. I.R.E. Proc., Dec. 1928.

A lhen-Errictency RecrivER oF Larce Power
CaraciTy ¥or Horn-TypeE Loup SpEAKERs:
§This is a detailed description of the Western

lectric 555-w unit now being used chiefly for

“talkie"’ installations. One hesitates to use the

superlative but it is probably the best loud

speaker now made, yielding honest efficiencies of

25-50 per cent. from 50 to 5000 cycles and with

no resonance ks. Unfortunately the horn

required to do tmuitjustice makes 1t unsuitable
for home use. Wente and Thuras. Bell Syslem

Tech. Journ., Jan., 1928,

New Moving-Con. Loun SpeakER. Journ. Scienl.
Instr., June, 1929, V. 6, pp. 197-198.

THE AcousTicC PERFORMANCE OF A VIRRATING
Regio Disc DriveN ny A CoiL SITUATED IN A
Rapiar Magneric Frewn, N. W. McLachlan.
{’hil. Mag., June, 1929, V. 7, No. 46, pp. 1011-
038.

DEsioN DATA onN THE Moving CorL: (Some notes
on the most efficient coil and its correct design.)
L.E.T. Branch. Wireless World, May, 1929, V.
24, pp. 561-564.

Tue Moving CorL Loup Seeaker: IE. M. Clarke.
EW. ¢§ W.E, July, 1929, V. 6, pp. 380-384.

Moving-Coir Loup SPEAKERS, WiThH PARTICULAR
RErFERENCE TO THE FREE-EDGE CONE TyPE.
C. R. Cozens. E.-W. ¢ W.E., July, 1929, V. 6,
pp. 353-368.

Sounp RADIATION FROM A SYSTEM oF VIRRATING
CircuLar_DiaPuRAGMs. 1. Wolf & L. Malter.
Phys. Review, June, 1929, V. 33, pp. 1061-1065.

Tre “Breaking Up” or Loup SpeEAker Dia-
PHRAGMS. N. W. McLachlan. Wireless World,
July 10 & 17, 1929, V. 25, pp. 33-35 & 62-64.

Mgessune DER GESAMPTENERGIC VON SCHALL-
QUELLEN: (Measurement of Total Energy of
Sound Producers.) E. Meyer & I’. Just. Zeitsch,
f. tech. Phys., Aug., 1929, V. QP, No. 8, pp. 309~
316.
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Loud Speaker Bibliography
(Continued)

User Neuere AxusmiscHe: (New work on
acoustics aand in particular electro-acoustics.)
F. Trendelenburg. Zeilschr. f. Hochfreq. Tec.,
Oct., 1928, Vol. 32, pp. 131-135.

Pressure DistriBuTion IN A FLuip Due 10 TRE
AxiaL ViRraTioN oF A Ricin Disc. N. W,
MecLachlun. Proe. Roy. Soc., Feb. 4, 1929, V.
122A, pp. 604-609.

Tue EvvecT oF A FiniTE BAFFLE on THE Emission
or Sounp BY A DousLE Souncg, M. J. O. Strutt,
PShsiL Mag., March, 1929, No. 43, V. 7, pp. 135—
158.

ArPARENT EquaLiTy oF Loup SpEAKER QuTPUT
AT Various FrequEencies. L. C. lector & 11. N.
Kozanowski. I.R.E. Proc., March, 1929, V. 17,
pp. 521-535.

TRAnsIiENTS ALIAs “ATrack’: (Natural oscilla-
tions of loud er diaphragms.) N. W. Mec-
Lachlan. Wireless World, April 3 & 10, 1929,
V. 24, pp. 346-348, 385-388.

DoEes A VieraTing DiapuraGM CARRY A Mass oF
AR Wit IT? G.W. 011, (Editorinl) E.W. ¢
W.E., March, 1929, V. 6, pp. 117-118.

On THE Sounp Waves Rabiatep rrom Loup
SpEAKER Diapnracms. E.W. ¢ W.E., April,
1929., V. 6, pp. 175-177.

AE.G. CoiL-Driten loup SepeakeEr: (Rice-
Kellogg) F. A. Fischer and 11. Lichte. A.E.G.
Milt., Jan. 1929, No. 1, pp. 25-31.

TrE Inpucror Dynamic: (Farrand Loud Speaker
Movement.) 11. I>. Westman. QST, Aug., 1929,
Vol. 13, pp. 29-30.

TRANSIENTS IN Loiin SPEAKERS AND AMPLIFIERS:
(How sudden changes in sound intensity affect
the amplifier: the important effect of a choke-
filter output.) N. W. McLachlan. Wireless World.

Aug. 7 & 14,1929, Vol. 25, pp. 118-121, 154-157.

AcousTic PREssURE AnD VELociTY "RELATIONS
on A CircuLAR Disc AND 1N A CIRCULAR ORiI-
Fici. A. G. Warren. Phys. Soc. Proc. 40. pp. 296—
298. Disc. 299 Aug. 1928.

THE ELectropYynaMic Loup SpeakER: (Good brief
discussion of motional impedance with some
notes on practical design.) E. A. Uehling. Rapio
Broabpcast, Dec. 1929, pp. 113~115.
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Modulated Oscillator

Tmz circuits on this sheet show arrangements
that can be used to supply a constant modu-
lated signal to a receiver for testing purposes and
also output meter circuits that can be used to in-
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and Output Meter

dicate qualitatively the output of the set. All
specifications are given on the circuits and some
notes on their use will be found in * Laboratory
Sheet” No. 331.
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Modulated Oscillators and Output Meter

ONE or the most im nt tasks in the servicin

of radio receivers 18 the accurate alignment of

the tuning condensers and the accurate adjustment
of the neutralizing condensers, Although these
operations may be carried out by tuning the set
to some local station and making the necessary
adjustments while listening to the a.f. output, this
method is not very accurate. It is much better to
set up a local oscillator and an output meter so that
the input to the set and the at. output are reason-
ably constant and so that slight changes in the
adjustments can be detected readily.

On “Laboratory Sheet” No. 332 are given the
circuits of two simple modulated oecillators and
two output meters that may be used in checking a
receiver. Oscillator No. 1 is designed for operation
on a.c. and oscillator No. 2 for operation from bat-
teries. The a.c.-operated oscillator uses a 226-type
tube supplied from a filament transformer and

late potential is obtained by connecting the plate
Yead to the primary of the power transformer. The
oscillator will then have 110 volts a.c. on its
plate and will be modulated by the a.c. The bat-
tery-operated oscillator uses a 199-type tube and
the grid leak and condenser values are such that

they will function to modulate the output. It is,
essential, of course, that the oscillator be modu-
lated so that a note will be audible in the output of
the loud speaker connected to the set under test.

The output meter No. 1 uses a 226-type tube
as a rectifier in series with an 0-10 milliammeter and
a 1-to-1 output transformer. The output meter of
oscillator No. 2 simply uses a 1-to-1 transformer
to whose secondary an a.c. milliammeter is con-
nected. If an a.c. milliammeter is available this is,
of course, the simplest circuit but if a d.c. milliam-
meter must be used it is necessary to rectily the
outplit by some circuit such as is indicated by cir-
cuit 1.

In use the output meter terminals marked *to
set’’ are connected either directly across the moving
coil of the electrodynamic loud speaker or, if neces-
sary to get sufficient reading, across the primary
of the transformer supplying the loud speaker. The
oscillator is set up near the set and located at such
a point that a satisfactory deflection is obtained
on the outﬂl‘t meter when the set is tuned to the
frequency being generated by the oscillator. The
various condensers can then be accurately aligned
until maximum deflection is obtained on the meter.
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Calculating Power Output

ONE or the simplest and most effective ways of
calculating the power output of an ordinary
three-element power tube is by the use of “load
lines"’ plotted across a group of characteristics
showing the relation between the plate current and
plate voltage for various grid biases. A group of
plate current-plate voltage curves for the 171a-
type tube are given on ‘‘Laboratory Sheet”
No. 334 and the following notes indicate how the
load lines are determined.

It should be noted that these curves show the
plate current obtained for various plate voltages at

id biases corresponding to from 0 to —80 volts.

he first thing to do is to pick out the normal oper-
ating point of the tube, which in this case is —40,
volts and 20 milliamperes. The tube has a plate
resistance of 2000 ohms and for maximum undis-
torted output the load resistance would therefore
be 4000 ohms. W< now have to lay off the line to
indicate the manner in which the plate current will
change writh grid voltage. This is not difficult. With
no signal on the grid the plate current will be 20
milliamperes. Now assume that the plate current
changes from 20 milliamperes to 40 milliamperes.
This means that there will be a change of 20 milli-

amperes in the current flowing through the 4000-
ohm resistor. By Ohm's Law the resistance, 4000
ohms, multiplied by this current, 20 milliamperes,
gives the change in voltage across the 4000-ohm
resistance, or in this case 80 volts. We, therefor:
mark on the diagram point B at a plate current of
40 milliamperes and a plate voltage of 100 (80 volts
less than the normal operating potential of 180
volts). A line is then drawn from the operating
point at 20 milliamﬁ‘.res and 180 volts so as to pass
through the point B. This is the load line corres-
ponding to a load resistance of 4000 ohms.

Load lines for values other than 4000 ohms can
be calculated in this same manner. For example,
if the load resistance is 2000 ohms then a 20-mA.
increase in plate current will produce a 40-volt
change across the load resistance. This gives us
point C at a current of 140 milliamperes and a
plate voltage of 40 volts. Drawing a line between
C and the operating point A gives the load char-
acteristic corresponding to 2000 ohms.

In future Sheets we will show how these load lines
may bhe used to determine the power output of
the tube and also the percentage of second-harmounic
distortion.
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Calculating Power Output
co [ee0 [0 [ T/20] [/Bo| |/%o] Undistorted Output vs Dynamic Range
y / / -
56 [ / / / 1501 . X . . .
Tnn DYNAMIC range in volume which a radioc  If the ratio of maximum to minimum power is
52 receiver can handle depends largely on the 10,000, then the maximum power input to the loud
maximumn undistorted power output from the speaker must be 10,000 times 0.167 or 1670 milli-
48 power tubes, upon the minimum acoustic power out- watts which is equal to 1.67 watts. The figures used
put, and upon the efficiency of the loud speaker. in this example correspond to those given in the
In this sheet and the following some figures are second line of the data on *‘ Laboratory Sheet” No.
[ a4 C iven which e to give e idea of maxi: 336.
7 given which serv give som e maxi- b 3
Z 40 / : mum undistorted power output required with loud As will be noted the table on the following sheet
W / '59 speakers of various efficiencies for dynamic ranges is worked out for loud speaker efliciencies of from
E 36 of 20 to 60 b, all the figures being based on the 2 to 10 per cent. and for dynamic ranges of from
> K assumption that the acoustic sound output from 20 to 60 pe. Each 10 pB increase in dynamic
O 34 N the loud speaker at minimum vol is 5 micro- range, of course, requires a ten-fold inciease in
w \/ watts. Some relative idea of this power may be ap- the maximum power output from the receiver.
- 28 precix;:ed f{:)m the fact that the average power in }he maximum power output re‘gulrfd for ;n: glVE‘l!
< speech is about 10 microwatts, namic range is an inverse function of he efli-
E.‘ 24 ~ ! - hAr;I ilxlamp'le will clearly indicn; t‘{le basis h(:‘n cé‘ncy of l::le lougl speaker 8o that dotlrigéng'l!::e
- whic ese figures were determined. Assume that efliciency ves the power output required. e
20 T 1 the sound output power at minimum volume is to maximum output requirements also depend nat-
16 T | be 5 microwatts, that the loud speaker has an urally upon what sound output at minimum
/ Z 4 4 \/ | / | /' efficiency of 3 per cent., and that the ratio between volume is decided upon. In the table 5 microwatts is
12 /| 1 I maximum and minimum volume is 40 ps, corres- assume but, of course, if this level is cut in half
4 4 / / 4 Y 5( [ ponding to 10,000 to 1 in power. It the minimum the power output for maximum volume i: also
8 Vi / Vi Va / A N sound output is 5 microwatts then the power input halved. The power outputs indicated under the
ZI // “ // // // >/ d '39 to the loud speaker for minimmum volurme is equal columns 20, 30, 40, and 50 nB are expressed in milli-
4 ,/ - . 7 | ! to the sound output divided by the efficiency which watts. The power outputs under 60 DB are ex-
(I-MING T | T L LT L _/_‘ ! A—I;W&—l-: -1 _ _,4__ gives 0.167 milliwatts input to the loud speaker. pressed in waltls.
20 40 60 80 100 120 140 160 180 200 220 240 260
PLATE VOLTAGE
- —
No. 337 Rapio Broapcast Laboratory Information Sheet
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Measuring Resistance

Undistorted Output »s Dynamic Range

NE oF THE simplest methods of measuring re-
O sistances is by the use of a d.c. voltmeter con-
nected in series with the resistor to be measured and
across a known d.c. voltage. The circuit is shown on
this sheet.

value of an unknown resistor. The voltmeter is
connected directly across three B batteries and the
potential is found to be 140 volts. The unknown re-
sistor is then connected in series with the meter and
the meter reads 25 volts. What is the value in ohms

SLd4dHS VIVAd S.LSvOavodd OoIavy

TB‘E TABLE below serves to indicatel what The basis for the figures and a brief explanation ‘ The procedure is to measure the d.c. voltage first  of the resistance?

dynamic range in volume can be handled with  of their meaning will be found on ** Laboratory ™ with voltmeter. The resistor to be measured is Since the voltmeter has a resistance of 1000 onms
a certain loud speaker efliciency and some definite  Sheet No. 335. Note: The figures under columns 20, then connected in series with the meter and the  per volt, the total resistance, Rm, is 1000 times 250
value of acoustic power output at minimum volume. 30, 40, and 50 represent power output in milliwatts, reading of the meter noted. With these data the or 250,000 ohms. Eo as_measured 1s 140 volis. Er is
value of the resistor may be obtained from the 25 volts. Therefore—

| formula— ”
Ro = E=Fr o R Ro = 140-25 o 250,000
Er 25
Eﬂ‘m}emy Power Out- Mazimum power oulpul in milliwalls required for a DB difference
§“£a Mi, .pulfo‘r"ol 2 30", a./:'od 50 o 6 where Ro  is the resistance in ohms; Ro = 1,150,000 chms as the value of the un-
pe Sty olme 0 Er is the voltage read on the voltmeter with 6w n resistor.
::; 322‘? ?g 222 2208 22000 220 watls 3‘1: :g?:slxﬁ;:nteore connected in series with
a -7 L 167 16700 167 Eo is the voltage of the source, i.e., that L
¢ ol 128 25 1250 12500 125 0 voltage indicated by the meter when it 6 A
5 0100 10.0 100 1600 10000 100 - is connected directly scross A-B: RESISTOR
lg 88220 gg 2(2) 65(2)8 gggg gﬁ “ Rm is the resistance of the meter. SQOURCE TO BE
% - = Therefolr)e. t::e onlyht(i:ita m:}eded to measur;e r:— OF D-C MEASURED
sistances this met/ is the resistance of the
voltmeter. This information may be marked on the VOLTAGE IS CONNECTED
;neter or, iIf no'tl, itfcxﬁn be obtained fmhrsn the ma‘l.lu- 5 HERE
acturer. In the following paragra are a few ﬁ’
ex%mpleslwor:edsout })y this metl l?g : ? ?°
Lxample: A 250-volt meter with a resistance o
1000 ohms per volt is to be used to measure the VOLTMETER
——— !
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Three Types

Sevmxu. DIFFERENT types of distortion can he
produced in the power tube. Distortion may
result from (a) volume distortion. (b) frequency dis-
tortion, and (c) harmonic distortion.

Volume distortion: The ratio between the output
obtained from a tube and the a.c. input voltage to
its grid should be constant up to the point where
the tube begins to overload. 1f the ralio between
output vollage and input voltage increases as the
input voltage increases the stron signals are am-
plified more than weak signals; if, conversely, the
ratio decreases as the input voltage is increased,
strong signals are amplified less than weak signals.
In power tubes this type of distortion is slight,
the power output per volt input squared being
Ioons(,unt up to the point at which the tube over-
oads.

Frequency distortion: A tube and its associated
circuits should give uniform amplification to all
frequencies over the audio-frequency band it is
desired to transmit. If the amplilication varies with
different input frequencies certain notes are um-
slified more or less than others. Over the audio-
requency band little distortion of this type is

Rapto Broapcast Laboratory Information Sheet

of Distortion

produced by the tube itself, although frequeney
distortion may be introduced by the apparatus asso-
ciated with the power tube, such as the input or
output transformer and loud speaker.

Harmonic distortion: 1f a pure sine wave at some
frequency is applied to the grid of a tube and ia the
output of the tube the same and other frequencies
appeur, then harmonic distortion is occurring. All
power amplifiers produce a certain amount of this
type of distortion, its extent depending upon the
characteristics of the tube itsollJ and the circuits
out of and into which it works. The amount of
second-harmonic distortion 2 used as a basis for
rating the maximum undistorted output from a
tube. If an ordinary three-element tube is working
into a load resistance equal to twice its own plate
resistance, the second-harmonic current is about
5 per cent. at a point just before the tube begins to
overload. This amount of diztortion is considered
smal! enough to he negligible. A tube may, of course,
generate other frequencies besides the second har-
monic and, in fuct, when a tube is somewhat over-
londed it produces larze amounts of second-, third-,
and fifth-harmonic distortion.

No. 340

Ravio Broapcast Laboratory Information Sheet

Calculating Detector Output

~ “Laporatory Smeer” No. 339 is given the

“transrectification” diagram of a 20la-type
tube operated at a battery potential of 90 volts
with a 110,000-ohin load in_its plate circuit. This
disgram shows the relation between d.c. plate cur-
rent and r.f. input voltage with various values of
bins. The method of obtaining the curve and a brief
explunation of what it means will be found on the
same Sheet. In the following notes we explain how
it is possible from this simple diagram to determine
the audio-frequency output voltage from a detector
with a given r.f. input signal.

To explain how this is done let us take for exam-
ple the center curve corresponding to a grid bias of
minus 8 volts. This particular curve then shows the
plate current obtained with various r.f. voltages
applied to the input. With zero r.f. input. the plate
current is approximately 0.12 milliamperes, and, as
the r.f. input is increased, the plate current grad-
ually rises and then flattens out. 1t reaches a maxi-
mum of 0.8 milliamperes. Let us assume that an r.f.
input of 7 volts modulated at say 43 per cent. is
applied to the grid. What will be the a.f. voltage
appearing across the load resistance? The steady
plate current obtained with an r.{. signal of 7 volts

will be 0.46 milliamperes. If the r.f. is modulated
43 per cent. it means that the r.f. voltage varies
about its mean value, 7 volis, by 43 per cent. There-
fore, it reaches maximum values of 7 + (7 X 0.43)
or 10 volts and mininwum values of 7 — (7 X 0.43)
or 4 volts. The plate current corresponding to 10
volts input is 0.63 milliamperes and the plate cur-
rent corresponding to 4 volts is 0.27. The a.c. plate
current will therefore be one having an absolute
peak of 0.63 milliamperes and a minimum of 0.27,
the difference between these two being equal to
twice the peak value of the a.c. current. This differ-
ence is 0.36 and dividing by 2 we get 0.18 as the
penk value of the audio-frequency current in the
plate circuit. Dividing this peak value of 0.18 by the
square root of 2 to get r.m.s. values we have 0.128
as the effective a.c. plate current. This current in
amperes multiplied by the load resistance gives the
a.c. voltage. In this case it is 0.000128 X 110,000
ohms which gives 14.1 as the audio-frequency
voltage. This value of audio-frequency output ob-
tained by calculation agrees very closely with the
measured value. This method of ealculuting detector
output is therefore very effective and compara-
tively simple.

No. 339
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Detection Characteristics

Dn'mcnorv characteristics showing the rela-
tion between the d.c. plate current and r.f.
input to a detector are very useful in determining
the best point at which to operate a lube as a de-
tector. Such a group of curves are shown on this
sheet, being taken from an article * Detection at
High Signal Voltages' by Stuart Ballantine pub-~
lished in the Proceedings of the lnstitute of Radio
Enungineers.
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The curves on this sheet are for a 201a-lype
tube operaled with a resistance load in the plate
circuit from a battery potential of 90 volts. Five
curves are shown for grid biases from —2 to —20
volts. These curves were made by measuring the
plate current as the r.f. input voltage was gradually
1acreased from 0 up to 30 volts. The plate cur-
rents obtained with the various input voltages were
then plotted and the series of curves shown on this
sheet was obtained.

Minimum distortion will be obtained when the
r.m.s. value of the carrier input is such as to bring
the operating point of the tube at usbout the
center of the straight portions of these curves.
W hen this is done a linear characteristic is obtained
and minimum distortion results. For example, the
best operating point on the curve corresponding to
the bias of minus 8 volts is with a carrier input of
about 7 or 8 volts rrms. If the carrier input is
greater or less than this figure some distortion will
result especially at high values of modulation.
Since many sets have the volume control in the r.f.
amplifier so that ther.f. input to the detector varies
depending upon the volume control setting an effect
such as described above would take place. This
can be prevented, however, by obtaining the bius of
the tube from the plate current so that as the r.f.
input changes the deteetor will tend always to
operate on the proper characteristic.

No. 311
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Rellection of Sound

Tm: INTENSITY of the sound we hear at
any point in a room when listening to RAV)
the output of a loud speaker is a function

REFLECTED

»”
-

The phase relation between the two
- A waves at the point where the listener is
f located determines the intensity of the

of the intensity of the direct sound ray, : Sy A sound (meglecting reverberation), and if
the reflected ray, sun!dmg: waves, and the ~<[ ) the two waves are exactly opposite in
amount of reverberation. The dingram on OIRECT  phase very little sound will heard.

this sheet together with the following
notes gives a simple idea of the effect of
the direct and reflected rays.
The diagram shows a cone loud speaker
laced a short distance in front of a wall.
uring operation of the loud speaker
sound waves will radiated in all direc-
tiors and if the listener is located at point
A the sound he hears will be due to the
(Airo&ruy lt:eml th;la r(-ﬂecllul ray—the re-
ected ray being the one which leaves
the loud speaker, strikes the wall DIRECT RAY
and is then reflected into the room. ad
The amount of energy reflected from -<

AAM AL AN CANAN
ey N

T

SRV

I
the wall of course depends on the N\ W !
material composing the wall—ordin- A/

ary hard w are good reflectors

and a major portion of the sound I\

RAY On the other hand, some sound will

always be audible because reflections
are also taking place from all other parts
of the room. The effects of this type of
reflections are prevented somewhuat by
the use of a baflle (although this is not
the most important reason for the use
of a baflle). 1ieflection is most noticeable
at low frequencies.

The curves on this sheet indicate
graphically the effects which occur
due to the direct and reflected
rays. H the two waves are essen-
tially 180 degrees out of phase the
resultant, shown by the heavy line,
is very small which means that the
FaY intensity of the sound is very low.

1lowever, reflection is not always a

/3 16 )
a /] Ay / A l’ \‘ 0 y
is reflected. 1t the walls are draped ./\\,_/ A A N, “« thing to be avoided. For example,

or are made of some acoustic ma-
terial the amount of sound reflected

[ REFLECTED
is much less, RAY

'Y it occurs in an auditorinum and olten
RESULTANT  adds atmosphere to the music be-
RAY ing played.
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Grid Current in Tubes

IN MAKING ially on power
tubes, it is frequently found that a small amount
of current flows in the grid circuit even though the
grid has a negative bias. Offhand this seems very
serious for we usually operate a tube at negative
potential to prevent the flow of grid current. Act-
ually, however, the current flowing in the grid
circuit when the grid is negatively biased may not
affect the operation of the tube seriously for the
following reason.

In the first place, it should ke understood that
we operate the grid of a tube at negative voltages
80 as to make the input impedance of the tube very
high; in fact, the input circuit of an ordinary am-
plifier may have an impedance of a million ochms at
audio freq ies. Since the imped is very high
practically no power need be expended in the grid
circuit to develop comparatively large voltages. If,
on the ether hand, the input impedance is low the
l)ower required to develop the same voltage will be
arger, and, as a result, the tube is a less efficient
amplifier.

Now if the a.c. voltage across tbe grid circuit is
E then the impedance of the input of the tube will
be equal to the voltage E divided by I, the a.c.
current in the circuit. That is—

Eac
Iac
So if I is zero then the impedance is infinitely large
while if I is large then the input impedance is low.
But it must be remembered that 1 is an allernafing
surreni. The d.c. current flowing in the grid circuit
may be any value at all without affecting the a.c.
input impedance of the tube. And now we reach
important point: it is not the value of the grid
current as read on a d.c. meter that is important
but rather it is to what extent this current varies
with the applied a.c. input signal. In most cases the
grid current which flows with negative voltage on
the grid is a “gas' current, and about the same
amount of current flows at all negative values of
grid voltage. Therefore, even when an a.c. signal is
applied to the grid so as to make the grid voltage
vary about the operating point, the current in the
grid circuit is constant (at least practically so) and

e a.c. current produced is very small. This makes
the denominator of the equation very small and
therefore the input impedance very high. In sum-
mary, it may be said that grid current at negative
grid voltages does not affect the input impedance
of a tube unless this current varies considerably
with grid voltage.

Input impedance =

|

L PLATE CURRENT, —]
OC,= ULTIMATE PLATE CURRENT
L FOR STEADY APPLIED A-C- _|

[

S5V. 130V. B

No. 344 Rapio Broapcast Laboratory Information Sheet
Speech Power and Its Measurement
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Speech Power and Its Measurement

N_CONNECTION with a paper entitled “Speech
I Power and Its Measurement” by L. J. Sivian,
published in October, 1929, Bell System Technical
Journal, curves and data are given on two devices
useful in many ways. Curves and circuits of the two
units—a volume indicator and an impulse meter—
appear on *‘ Laboratory Information Sheet' No. 344
and thefollowing are some notes regarding thcir use.

The volume indicator meter harsegeen widely used
for controlling amplification in radio broadcasting,
in phonogra; i and film recording of speech and
music, and for rapid measurcment and control of
8] h levels. Essentially the volume indicator is a
three-element vacuum-tube voltmeter with a rapid-
action d.c. galvanometer in the plate circuit. The
tube is operated on a part of its characteristic such
that the rectified rlate current is proportional to the
square of the voltage iu‘:ut. The meter combined
with the electrical circuit has a dynamic characteris-
tic as shown by the curve on “Sheet” No. 344,
which gives the maximmum deflection as a function

of the duration of the a.c. input voltage. For inputs
lasting more than about 0.18 seconds the maximum
deflection remains the same, and, since the average
syllable duration in speech is of the order of 0.2
seconds, it follows that the maximum deflection is
ap,;roximately proportional to the mean power.
he impulse meter is essentially a peak-reading
voltmeter and the circuit is designed so as to cause
the plate current to reach its ultimate value with
an input of as short a duration as possible. The time
uvired for the galvanometer to reach its maximum
detlection is determined by the dynamic characteris-
tic of the meter and its associated plate circuit as
well as by the time constant of the condenser-
charging circuit connected to the grid of the tube.
The curve, therefore, shows the rate at which the
{:owntial on the blocking condenser builds up and
y reference to the curve it will be noted that the
plate current reaches 80 per cent. of its ultimate
value with an a.c. input of only approximately
0.015 seconds.

=i
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Regarding Grounds for A. C. Sets

IN THE INSTALLATION and use of a.c. radio receivers
it is frequently found that more volume is ob-
tained without any wire connected to the ground
terminal than is obtained with a ground connection
to the binding post. This effect has evidently given
quite a few servicemen the impression that there
was something wrong with the receiver. The fact
is, however, that this quite common effect does
not necessarily indicate that the receiver is defec-
tive.

The volume obtained from a receiver depends
upon the ability of the antenna system to pick up
signals and upon the gain of the radio receiver.

odern high-gain receivers have to be very care-
fully designed from the standpoint of shielding,
filtering, and grounding to make them absolutely
stable and if any one of these points is neglected
the set will have some regeneration. On the other
hand, if the set depends for some of its amplifica-
tion on regeneration its performance will depend
somewhat upon the oond‘i’:.‘ions under which it is
operated. Proper grounding is an important point
in the prevention of regeneration and the lack of a

ground or a comparatively poor ground may cause
an otherwise perfectly stable receiver to regenerate

htly.

gl‘his is the effect which is responsible for the
peculiar operation of a.c. receivers with and without
proper ground connections. With a proper ground
the set hus a gain approximating that which its
makers intended it should have. If, however, no
ground is used some regeneration will exist which
will generally tend to increase the gain and, as a
result, more volume i8 obtained. The disadvantage
of not using a ground, however, is that this in-
creased gain may only be obtained over a small part
of the dial and at other points the set may tend to
oscillate or the first tuned circuit may be thrown
out of alignment so that the selectivity is impaired.
For these reasons it is always advisable to operate
a receiver with a ground if it is intended that it
should have one. If for some reason the receiver
must be operated without a gg’ound it is worth
while to try reversing the plug in the light socket
in order to determine the position which gives the
most satisfactory operation.

9¥
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Radio Broadcast’s Set Data Sheets

TIIE EDISON MODELS R-4, R-5 AND C-4 RECEIVER

These receivers incorporate several unusual features among which are
an interesting hum adjustor (R-13) connected to the mid point of the
push-pull transformer feeding the two power tubes, the double primai
windings on cach of the r.f. transformers, and the *light-o-matic™

Font

switch which automatically indicates when the set is tuned to a favorite
station. Type 227 tubes are used throughout except in the output cir-
cuit where there are two 245's. The volume control functions to reduce
the input from the antenna and also to increase the r.f. bias.

Pick-up

~N
o™
<

i

RECEIVER UNIT TYPE 7-R

POWER UNIT TYPE 8-P

Second

-
()
T T
J

ifter | Condensers

<
<
<

Speaker Input Transformer

THE FREED-EISEMANN NR-95 A.C. RECEIVER

Four stages of r.f. amplification, a detector and two stages of audio~
frequency amplification are used in this receiver. The antenna circuit
is tuned by means of a variometer. Each r.f. amplifier stage is neutral-
ized by means of double-wound primaries on the r.f. transformers. In

all the stages except the last heater-type tubes are used. The use of
heater tubes conforms with a general tendency among set manufacturers
to utilize this tggq of tube rather than the 226 type. A light-socket an-
tenna is provided in this receiver.

f-Arcturus Type 127 NC e NC. NCyr 0.00025
B-Arcturus Type 145 " d =R mid__gr
C-Arcturus Type 180 "
0 o
v b 31 h-3]
! |shiea] w2 ] 3 33
Le]s3 W‘ g 2o
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R
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ceiver. The inductance associa

Radio Broadcast’s Set Data Sheets

THE MAJESTIC MODEL 180 RECEIVER

It should be noted that heater-type tubes are used throughout the

Three stoges of r.f. amplification are used in this Majestic re-

ted with the antenna circuit is ar-

ranged so that it can be varied somewhat in order that this circuit
may be brought into exact resonance with the other tuned circuits.

Ant. Tnmmer

set except in the power stage. It is also interesting to note that the
aph pick-up unit is connected across the small tapped sec-
tion of the first audio-frequency transformer.

phon

2meg.

Gnd

BP6 Ballast

Green

|

ns

27 0.00025mld. 27

T
%

Speaker Field
2730 ohms
50 Model G-2 ".}

“
- - : Switch £
.Sl | » R §
|— ‘% Piol ES L 17 e
= ‘_0.5 mid. Light 85:,
= =05 mid. 1650 ohms
1 mid. = r—me-J
ohms : — ] [
30,000 ohms 20 ohms.

PO—

PU

Orange  Blue
i

Red «

THE COLONIAL MODEL 31 A.C.

This receiver utilizes six a.c. tubes and a 280-type rectifier. It
consists of two stages of r.f.amplification, a detector, and two stages

of u.f. amplification, the output stage being push pull.

0

Two re-

RECEIVER

sistors, not indicated in the diagram but connected in series with the
lead to the light socket, function as automatic voltage controls. The
30-ohm variable resistor is a hum adjustment.

0.003 mfd.

2‘.%0025:

1 megohm Phone Jack
"
8¢
6%
L'!)
0.002

WWA

200
ohms

30
ohms 'g
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I B

Loud Speaker
10 Field
10 'I?_iL37.0000hms
0 T 237,000 :
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This receiver consists of four stages of tuned r.f. amplification, a
grid leak and condenser detector, and a two-stage transformer-
cotipled audio-frequency amplifier,
interesting features: bined el

Radio Broadcast’s Set Data Sheets

THE SONORA MODEL A-36 RECEIVER

The set contains the following

electr

AVERAGE YACUUM TUBE AND LINE VOLTAGES

tic and electrostatic

in line voltage.

coupling in the r.f. amplifier, a special first-stage a.f. transformer
Phonogra h pick-up, a push-pull output stage, an electrodynamic
oud speaker, and an automatic control to compensats variations

FOR SONORA INSTRUMENTS .
Models A-20; A-36 A-44; A46 Brown.green, Gnd, TAnt
Ling Vollages 125 | 120 | 115 [ 110 | 168
Primary Voltages across Transtormes CRERERERNES Yellow-black -+ 1 1 ”."-"“"TIJ-N.ER"“.""""-"SW“--"
Fiamer! Voltage | 16,0 | 15,6 | 15.2 | 148 | 144 Yallow==4 :
Radio Amphier | Plate ¥ 125 [ 122 | 18 [ 115 | 112 ! !
Tubes Typa RA- [ Plste Current | 54 | 5.2 | 5.0 | 49 | 47 : ] ;
Grid BasVolgs | #6 | 46 | 46 | 46 | 45 ; Qo)
Detector Tubs | Flament Vo 24|23 | 22 |21 20 i g
Type DE Plate 2| 71| D |05 0 {
Filament Voltage | 24 | 23.] 22 | 21 | 20 !
nmnm;“ 15 {112 | 110 | 107 | i 13:
| Ampifer Tul Piate Current mA. 56 | 53 |53 4 . * e
P01 FGid s vltge 65 | 62| 89186 | 53 e SN || .= = S
Push Pull Audio m'é‘m'“t Bt 5 ;:_ 7l TEe ! Yollowblack~, _Yellow
Aokt Jubes. [pit Cumatot, | & 1765 |6 41 19 [@ =
Grid Bias Voltage | 87 | 84 nin N E
gm.‘ Black-yellow-"
= Black-brown, ] & ownred A
A Browneed”__“Bown 1 erewn® N P T we L %
¢ POWER-UNIF ] joa
i i ? @’ dntt: B i || Browmyetiow P4
' | . ] Black--~- o
i Np ~2mid: 1 mid. § 1 | 18
“;ia F w0 oh o, .8 & S Red-black—- -
if s ! Green -~- I} J e
: ‘ == i || Maroon-black-H !'
i =5 . S8
' “? ~[ &S0 chms ] Mamn---t 1 = )‘ == ¥
} ]
g t2mid. Black-blue - Blue-black b
, 275 = - g .E x| | L“" - L /Da==
1 1S oL ey b - »| 8 h Red-black
B e g‘@lﬂ &) 18 1% E
-3 (04 £ ) (5 (A 0 () 5
R = 5 == o C-L =] vellowblack,  Yellow.
Brown: T L — e
Brown-red yellow Tt 2
Pilt R = ¥ —
“';v"l';g' Black Red-black-~  Green Brown®  “Brownblack  “--Maroon-black

tubes, two

is tuned by means o

FREED-EISEMAN RECEIVER MODEL NR-78 A.C.

The Nr-78 is’a completely a.c.-o

wer tu

arran,

ted receiver using

in push-pull, and a full-wave
rectifier. Unlike man¥ other sets, the antenna stage in this receiver
a variometer in conjunction with a variable

five heater

connecting together two binding posta,

condenser. Either a long or short antenna may be used. The set
also contains a 1-mfd. condenser connected to one side of the power
circuit so that thelight socket may be used for the antenna by simply

To Loud Speaker

NC. e
: 000025 127
] Ll
n 2 — in NiM
0l |4 . ':zrl 127 m% 010 |z “?1,;145 1
v 1 o {
! 1 ES [ )
‘ X NS I —
'. : W T | .
’ : n
|05 mid : 45@ ]
== 0.00025
] TSI i =
I Phone /},
7 Pick-up Pilot r—
j R Light -
[T2]
')
LA, § 15,000 25,000 |5000 4000
o .—MNV\M—4—,,\N.,~N;_
ohms ohms ohms
o i k— 1 mi
L d 1 m
- [ 1 mfd. Tmfd. " 4mid. 2
Gnd I " <
% B
for 60 Cycles 1 mtd. - IR
b Fil Fil.
For 25Cycles 2 mfd. "I k No.21 -
ool mfd.
L e

Line Switch
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THE EDISON MODEL C-1

Two 250-type tubes in push pull are used in the output circuit  controlling the connections to a_phonograph pick-up unit. One
of this receiver. Field supply for the dynamic loud speaker is  detail which is not shown in this diagram is a grid suppressor con-
obtained from the filter system. The circuit shows the swilch  nected in the grid circuit of the third 226-type tube.

Pick-up Connections ™, "?
%6 7 1stAudio

226

" Topof Plug

~Top of Receptacle

ind.kuduo

N
Line Receptacle

A}LK = qi }g G‘QSpea(l:(;rl Voice
|| A i
Motor | > £ Slle= “Connection )
Rec’pt 127 Sl '
' cod <a
<
:5* ! 2

= . t B
a0
0 FSpeaker Field Coil G o >

THE STEINITE MODEL 40

. [ -
Compartment Light Receptacle

G&d.sknt

L
02001 940 100w

T
= I

ohms "% % 001

laaea)

v i
600
1 Filament 2500r 171 Tubes ohms ’lAOmid
2Filament » = » »
3Plate  2nd.Audio Tubes G f
4 Plate " " " v
5 R.F Filament
6 Detector and 1stAF Filament
7 Ground
8 R.FFilament
9 Detector and 1stAF.Filament
10 Detector B+ End of
11 RF.and 1stAF B+ Chassis o 3
(A) Use 1 mfd. on Mod.No.40 A x
Use 4 mid. on Mod No.50 L — . V vV—
and No.102 Terminal Strip in Chassis
Brown
23",‘,“ Blue § 30000hms
0.5 mid 740 oh
” L35 11,740 ohms
% 4270 ohms.
Black £1190 ohms  Black
. A six-tube receiver using a rather
interesting urrangement for maintain-
n:g resonance between the first and
other tuned circuits. The power unit
is of conventional design using a 280-
type full-wave rectifier. The power trans-
former primary is_tapped at four
A points to permit satisfactory line vol-
171 APlate Rz;z%L L:7m tage control from 90 to 120,
Vohtage Tap-Colors .:-Q?'d’ R:%, i ‘f )
9  Red Speaker’ Toane! 227 Det 1t
100 White Field ket Audio Fil
110 - Blue ) rans -
120 - Gree= { Center Tap
Y/ 171APuatg L W

o i o g
Speaker RF.& st 2271718 227 Det. 15t Audio
Trans AF Plate REOR g‘u&mm

— P—— — —
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THE FADA MODELS 55 AND 77

‘This receiver uses three screen-grid tubes in the r.f. stages
followed by a plate-circuit detector and a two-stage transformer-

plaw leads of the r.f. amplifier tubes and the use of r.{f. choke coils
n the cathode and screen-grid leads. The output tubes are two 210's

pled audio plifier. Note the shielding around the grid and m push pull,

T 142 ao0r = 188F oo _— 38F oom = 250000 19AF 210

: L 13 VELIEN ¥ BN ¥ Yelom. s o

{ B it 3] i 3 i : i L o - & (pib —

B 4 2 ! s Bl M LB 1" ' [E 3E

(B BRI | RAl] HRAl § sl = NE!S o | PSE

‘B -4 fan /] H T b 0 5 { :
a  RUSH g ha o & 'L',Li A | R | | R =2
i ! T oG o mid. 3 ) 2 ?g
. y Yellow White I 0,000 § " ﬁ ’

o 1 ¥ L W1V mid

20,000w
T , i}
Bloe* ¥ .Green-
Red

gy
: T
"2
=Tl
e\ 4
- 1
ol
Sy
&)
oo

%0

110V 60CycleAC.

A conventional six-tube receiver using three stages of r.f., a grnl
leak and condenser detector, and a two-stage transformer: p

THE BUCKINGHAM MODEL 80

00025mld
nd."s, 2megohm

Phono.Sw Wiring for NodelNo.77

audio amplifier. Grid suppressors are used to prevent oscillations.
The v control varies the input from the autenna circuit.

226 700 ohms: 226 900 ohms, 226 22 171A
* ¥ n A
; LS.
]
2000 ohms Var. |
Volume Control . o e
v . g ;E
171A
10 mfd, = 10 ohms
O mid, i
Plug, for use with 110 V. ; Variable. |40 ohms TC -
’“:'Y ~ A Resistor 4 Filot Light
,__@ g 15V,
05
mfd.
ES v.
— 000
H&RSw\L
2mfd.
Tt mtd. mtd,

P Connection Body

(Optional)
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GILFILLAN MODEL 100 RADIO RECEIVER

96TN0.28E 114 TNo28 €, 114 TNo.28E 114 TNo.28 E
uv227 ] o227 T uva uv-222 ux243

PrRUOPp

Lotes !

g

:
:
v

»

5 .\ '
g6~ 3C It I
i 12TNo.36
o) | [ DS.
1.0 7T 05 T
mfd. mid. 5
200V | 180V : == 1
‘12 T.No.36 12F.No36 $430
D.S. DS. w
'~ - -Yolume Control 2% Vil
L Piottight . & 0000w -1
= . I ke
250300V
Speatcer Field B V.‘,
= B-

22504

T0 120 VAC ==E:=i§> - 2
05TO 120VAC. "E Q.1 bS]
ek ~3 :\E: 2 3
50 T0 60 Cycles
|' T |- mid.160V ‘This receiver contains four stages of radio-frequency’ am-
d 10w * lification followed by a two-stage audio-frequency ampli-
i ier, resistance coupled in the firat stage and transformer
Hum Control - 2 coupled in the second atage. It should be noted that the sec-
ond stage of audio amplification is shunt fed and that an
'1500w auto-transformer is used. The auto-transformer feeds
single 215-type power tube.
.. Sw.on Set

THE KENNEDY RECEIVER CHASSIS NO. 10

This seven-tube receiver omplozs a three-stage radio-frequency am- t\vo—stai?‘:ransformer-ooupled audio-frequency amplifier with two 245-
plifier of high sensitivity and uniform gain. All tuning condensers are tﬁw tubes in the output. The radio-phonograph switch connects the
ganged to a single control. The detector is followed by the conveational phonograph pick-up unit directly to the grid of the detector tube.

NCy

o l Phono
b e $ 14
4 =

Y

rﬂﬁqﬂﬂ )

1

"\I“TI‘\

Y

£
I

Volume

110-120Volt AC.

)
¢ | H
IH
(00900000 —
)

|

Dynamic Cone
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CROSLEY GEMCHEST MODELS 609 AND 610

226 o.ooozL
mid.

3Imeg.

Ant 1
(
@nd.
_:'JW
8 T £
g 2 De
3 — = '""
3 58
g 3=
L L S 35
> > > > >
“Chassis L ( 5% (==01mfd. ( ! C
0.1 mtd] [ P ¢ Tt T
r 7200‘ - “ar ;
S U el 318 e
3250 chry [ ! L F §
Lt dh A L T ’ 4 7
>
=
T 0.00025 mfd §§
235 | 23 h-]
145V. ; V. v.5 3 §£
SWit{h = = —— ﬂj‘t ’C)’
i qouu y 4
SEBUUWUUUUU” 5
jD\f-— Power Transformer 49V g‘
! =0

This is a conventional tuned radio-frequency receiver using is obtained from a 280-type full-wave rectifier the output of which
a grid-leak-condenser detector and two stages o audio-frequency is filtered by a choke in combination with a Mershon condenser.
amplification. The output tube is a single type 171a. Plate voltage  The volume control is a variable resistor across the antenna circuit,

DAY-FAN MODEL 5091 RADIO RECEIVER

Phono Switch
i \ § M
\ ) . 19)(:
4= g
J< 3357 226 245
’ 3 g 5| [235 J
Pick up P :;
i DD .
v W
== == W'.
'y, 2T Hum . b
Voice Coif
g Contral Leads
Speaker
g
e |

o
)\ Qo Power —— Block
N oo | Choke ZEE i
—,JWWH ‘Power Transformer
115 Voit A.C Line
"“lamp Fuse
This Day-Fan receiver incorporates four balanced tuned s stage of push-pull audio-frequency amplification. In the output are

of radio-frequency amplification, a semi-tuned input system, de-  two 245-type tubes. Power for the electrodynamic loud speaker
tector, one stage of straight audio-frequency amplification, and one  field is obtained from the filter system.
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APEX MODEL 36

-°°°2|{Mm GREEN RED
\
1 i
8 8
002 ORANGE(B
MFDI oE[BLLE P
= = +0
LOMFD. =
"'" q DUAL C—i;
L 1 L 0.4 MFD. L |
NEG. N N 4 N = 2 < P ?V
GND, b 4 N A'C"
7 J ) [ 8 M
2000 OHMS )
_’f)"“'c J 22VAC- (+a0v. 115V,
. - bt -
— 1MFD A [‘ : A
| =
=6 OHMS . 1
3 ) '_J 0.5MFD. 4180V |
.20 OHMS
418V, E»
< 600 'OHMS TUBE VOLTAGES

LINE VOLTAGE---15 VOLTS
FILAMENT PLATE VOLTAGES GRID
VOLTAGES |(READ BETWEEN PLATE | VOLTAGES

AND FILAMENT)
226-1.49| 226 RF - 1us 226-MINUS 9
227-22 | 226 AF - 105
171-A-4.9 | 227 - 26 171-A‘MINUS 37
280-4.9 | 171-A - 182

(SPEAKER TIP JACKS TO BE SHORTED)

lxo Ix 0 |x 0
MFO  [MFD.  |MF
|

This is a six-tube a.c.-operated receiver consisting of three stages of  a.f. stages 226-type tubes are used. The detector is a 227-type tube.
tuned-radio-frequency amplification, a grid leak-condenser detector, The power tube is a type 1714. Plate voltages are obtained from a 280~
and a two-stage transformer-coupled a.f. amplifier. In the r.f. and first type tube in a full-wave rectifier circuit,

FADA MODELS 10, 11, 30, AND 31 RECEIVERS

(i ALL VAR. CONDENSERS PHONOGRAPH
H ON ONE SHAFT
1
! 227 pefemmmnm
] ;N (]
1
) : 3 )
) } { o
[ el
SHAFT 2
s & ey PILOT
GND D . F
e REC Tl _:‘; LIGHT
) E VOLUME CONTROL
LONG ANT g: : ) 1
sHortr | Sy - 5 4
ARTTC=3 TWISTED-<F
TWISTED
Wb
£
3
T = »
ENAMEL-—, LTWISTED
T $ NOTE —
. o CHASSIS
HEAVY ENAMELJ l 3 ; eSS
) [
g S
3, - -ﬁ.‘-..'.'.' @ i
o3 4 3 ]
# ; l 3400 oHMs [13500 onms]| 2 i
Ny -
= [¥TE
J 6_]'

One of the unusual features about this Fada receiver is the use of a the desired signals but is tuned so as to eliminate undesired signals.
“_re_]qcbpr' circuit in the antenna stage. The primary of this rejector Another unusual feature is the use of an untuned r.f. transformer be-
circuit is placed in series with the primary of the usual antenna trans- tween_the first and_second r.f. amplifier tubes, the transformer being
formesr. rejector circuit is not, however, tuned to the frequency of  of such characteristice a8 to equalize the r.f. gain.
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THE MAJESTIC MODEL 90

K B
627 627 R.F.Choke
0.004 I ’1 h-]
/ u.-.'
', Out- =
. i) w3
Y‘.‘ pr— :
“Antenna g
Tuning
Control
e
R.F.Choke y a7 | G
R.F.Choke — v N \
s J_ ! W v
3 E W
o T T T | AT i
== 3 = = ey (=5
05mfd. ¥ /iE ¥ 0Smid. 05 mid. 0.5 mfd. 1.0 mid.
L= 'S 75,0000hm
i $ volume Control
C— 1800 ohm
SA h d ~ Blue
o | . -
: ]6.0001 mtd. ) Noninductve ¢ 7 T %350000mm
LA Equalizer I Center Tap S Green ¥
500102500 5 1.6 ohms Total 3
S R [ )
- ~7 3 4y 5 6 7t €
S ‘%' Filot Lamp l
\
T —
2730 ohm Model G-2 Speaker, T '] D i 2
220 ohms 220 ohms Red [¥308 y ? N
' 3088 I
5V 2000 +144 |
3 ohms = L
ohms "_.'_‘3\ o
[ \fellow  Green
|[ Black 2 o
| Reg r’:‘" 800 5 F
[ 1 ohms ~
Q Orange J 4
il 5 V. G45 Tubes
S E & S
| Hed 3
Blue |
2.5V. G-27 Tubes
Blue .
itch g
Swil tromll;;tted in sel:illes with {.he eeﬁriwr tap oll' the
ansformer winding supplyi ilament voltage
N /IL* = 9P6 to theee tubes. =
5] _/ L ) Batlast . Th:lgpwu: unit uses a 280-type rectifier tube
B Ng \s > /=y Black in combination with two filter choke coils and
_ T ‘[ '—1_“,“ two filter condensers. It should be noted that
SPOC.III Plug there is no filter condenser connected direct)
25° Angle 100-130V. across the output of the rectifier tube. With su

Tmz MasesTiIc MODEL 90 receiver uses the
same fund 1 type of radio-fi y
amplifier circuits as did the previous qujeatic
receivers, Models 70, 70B, and 180. This set
uses four st tuned-radio-frequency
amplification followed by a C-bias detector
and a single stage of audio-frequency amplifica-
tion. There are five tuned circuits in re
ceiver, all of them controlled by the same tunin,

dial. Across the second, third, fourth, and fiff

tuned circuits small
areoonnecbdsodmtal[dmstagmmaybe
accurately tuned to r The ind

of antenna tuning circuit can be varied
slightly so as to compensate the effect of the
antenna circuit.

The volume output of the receiver is con-
trolled by varyms the grid bias applied to the
first, second, and third r.f, amplifier tubes.
For s conf a variable resistor of
75,8600 ohms is connected in seriea with the
cathodes of the r.f. lifier tubes, I ing

Reapings With THE WEsToN Ser-TesTER MobEL 547

Type Tube wgn wgw  wgn
T Position  Volls Volts Volls
27 R.F. 2.3 150 14
27 2 R.F. 2.3 150 13
27 3 R.F. 2.3 150 13
27 4 R.F. 2.3 158 12
27 Det. 2.3 290 29
45 P.P. 2.4 285 50
45 P.p. 2.4 285 50

80 Rect. 4.8

the valie of this resistor increasea the bias on
the tubes and thereby decreases gain,
causing a reduction in volume.

To make the receiver uniformly sensitive
over the entire broadcast band, an equalizer
circuit is _used. This equalizer consists of a
variable 500-2500-ohm resistor connected in
series with a 75,000-ohm volume coantrol. The
shaft of this equalizer is mounted on the rotor
shaft of the gang condenser so that as the rotor
is turned in tuning the movable arm on the
resistor unit moves correspondingly. The result
is that an automatic varation in grid bias is
obtained which is sufficient to compensate the
normal variation in r.f. gain of receiver.

Grid bias for the fourth r.f. amplitier tube is
obtained by the use of a fixed resistor of 1800
ohms connec in series with the cathode of
this tube. Bias for the detector tube is obtained
by the use of a 35,000-ohm fixed resistor in the
cathode circuit of the detector. The two 45-type
tubes obtain their bias from an 800-ohm resistor

VoLTAGE

Cath. Nor'l  Test Tube

Volts mA. mA. Type Use

19 3.4 6 27 1 RF

17 3.5 6 27 2 RF

18 3.6 6 27 3 RF

12 6.6 8 27 4 RF

28 .8 1 27 Detector
35 40 45 Power
35 40 46 Power
60 All readings

a circuit it i8 necessary to use somewhat higher
vol across the secondary of the ?ow
transformer to obtain sufficient output vol b
but the advantage of such a system is that
load on the rectifier tube is much lighter than
it would otherwise be and as a result the rectifier
tube will have a long life. The full output of
the filter circuit is used to sugg;yfrid and plate
voltages to the two power tubes. This voltage is
decreased foi application to the other tubes in
the receiver by connecting the field of the elec-
trodynamic loud speaker in series with the high
voltage tap so that the plate current of all the
tubes except the power tubes must flow l.hro(\i:ﬁh
e field windi The resi: of the field
winding is 2730 ohms. X
The primary of the power transformer is
wound for an input potential of 80 volts so that
an automatic line voltage ballast may be used.
This automatic ballast functions to prly
approximately 80 volts to the primary of the
»wer transformer even though the line voltage
uctuates between 100-130 volts.

Reapings WitH SuPREME DIAGNOMETER

Fil. V. Plate V. GridV. K. P.Cur.
2.35 130 8 8 5.5
2.35 130 8 8 5.5
2.35 130 8 8 5.5
2.35 130 9 9 5
2.35 270 30 30 1
2.45 250 50 32
2.45 32

250 50
under full load. Line voltage 115.volts.
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THE A. C. DAYTON NAVIGATOR

Wi Shield
w
2800 * 0.0002 mfd. Shield
T 1
Y 0.002
mid.
. Bl&med
- v 4 2 3
2@
T "
J& 0 0l =py e s 03 ‘Yellow
% 1 mfd.
T 1mid. T 033mid. 1mid T T 101 med. :l:
Switch =
Tm! A-C Dayton NAVIGATOR receiver, the 125 V. _
circuit of which appears on this sheet, is PP 4. s
an example of a set using a system of * é‘}:—r
selection "’ in which the signals to be received I =105V, %

are bg' several tuned circuits before
they reach the first r.f. amplifier tube. Reference
to the circuit diagram shows that the tuning
dial controls the setting of four variable con-
densers, each of which functions to tune a
circuit to resonance. There are, therefore, four
tuned circuits between the antenna and the
grid of the first r.f. umplifier tube. Induced in
the antenna circuit are signals from all broad-
casting stations, but in tge process of passing
through the various tuned circuits all of
except the desired one are eliminated. Although
there are many different signals across the in-
put, in the output of the selector there is only
one gignal—the desired signal to which the
various circuits bave been tuned.

THE R. F. AMPLIFIER

After this signal fgmes through the tuncd
stages it reaches the first tube of the r.f. nmﬂ:
fier. In the r.f. amplifier there are five tu|
and each of these functions to amplify the
desired signal. The r.f. amplifier is untuned,
that is, it is designed to amplify a signal of any
freq y in the broad band that is im-
pressed on its input. Since the selector circuits
weed out all but the desired signal, the am-
plifier functions to amplify this signal whether
it be from a station transmitting on 500 kc.,
1000 kc., or any other frequency in the broad-
cast band.

The difference between the system described
above and that used in many other receivers
should be noted. In most sets a tuned circuit is
placed between each tube so that the processes
of selection and amplification occur in the same
circuit. In this receiver the functions of selection
aqd nmjpliﬁ‘(i:a"‘.ul'lon are separate, the signal is first

o] (e et

THE DETECTOR CIRCUIT

The output of the r.f. amplifiec supplies
voltage to a C-bias deteetor operated at suffi-
ciently high grid and plate voltages (see table)
8o that it can supply enough a.f. output to
operate the two 245-type push-pull at

Volume: »
~y
10,000@ Triple 8 mid.
o Todi Mershon Cond.
<=
Black. * = ey
== A A A e S N —
;TI— 1000w 240,000 w
by ot z 2 7500w
Sl O o Rédlo {Eo i
ed [, ta »
Yellow'l '! v A‘i’hono
Blue -’ Phos + | Speaker | oo
ono’ b l .- | Speaker
‘L @ll! - Field
I .Af

their maximum pawer. It should be noted that
in the ﬂaw circuit of the detector tube there is
an r.f, lilter circuit consisting of r.f. chokes and
two 0.002-mfd. condensers. This filter circuit
bypasses to the heater of the detector all the
r.f. currents in the plate circuit so that only
audio-frequency currents will be applied to the
primary of the a.f. transformer.

Plate voltage for all the tubes is obtained from

with a capacity of 8 microfards per section. The
})rimary of the power trunsformer is tapped
or various line voltages from 105 to 125.

EASE OF SERVICING
In serving the receiver the fact that the set
is. made up of three separate sections—
Jector, the r.f. lifier, and the power am-
plifier and B supply—makes it possible to

the 280-type-rectifier tube which feeds into a readily remove any one section and replace
filter circuit consisting of two chokes (one of it with a new unit while the defective unit is
which is the field of the electrodynamic loud being repaired. The chart of voltage and current
speaker) and a three-section Mersh d lings given on this sheet will prove helpful

AVERAGE VoLTAGE READINGS oF THE A.C. DAYTON NAVIGATOR RECEIVER

Tube Tube Function Heater *B"—Plate Vollage ‘“C" Bias Volts Normal
Number Type of Tube olts Min. Vol Maz. Vol. Min. Vol. Maz. Vol. Plate mA.
1 27  1lst. rf. 2.4 20 110 4.5 3.5 4515.0
2 27 2nd.ref. 2.4 20 110 4.5 3.5 4.5%5.0
3 27  3rd.rf. 2.4 20 110 4.5 3.5 4.5%5.0
4 27  4th. rf. 2.4 20 110 4.5 3.5 4.5t5.0
5 27  Sth.rf. 2.4 20 110 4.5 3.5 4.5105.0
6 27 Detector 2.4 180 185 15 15 1.0
7 45  Audio 2.4 230 230 50 50 20 to 24
8 2 230 50 50 20 to 24

45  Audio .4 230
Rectifier 4.75

330

9 80 330
Note: The above readin'is' for “Detector’ are given with the * Phano-Radio” switch in the

““Radio” position. With

is switch in the “Phono” position, the detector should have the

following readings: Plate Volts= 120; *“ C” Bias= 4.0 volts; Plate current = 5.0 mA.

in determining whether or not the various cir-
cuits are receiving the correct voltages and
whether the plate current at these voltages is
normal.

The fact that the r.f. amplifier is of the un-
tuned ty makes it possible to determine
readily whether or not_the selector unit is in
proper working order. For example, if the set
does not seem to have very much gain it might
be due to some defect in the selector and this
could be checked readily by removing the an-
tenna from its usual location at the input of
the tor and ting it instead to the
contact between the selector unit and the r.f.
amplifier. If the signals from any local station
then come in with tremendous volume it is
a definite indication that the loss in gain
is due to some defect in the selector which can
then be removed and replaced with a new unit,
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THE AMRAD MODEL 81 RECEIVER
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IN THESE notes on the Amrad Model 81 re-
ceiver we have two purposes, first to give a
general description of receiver and secondly
to bring to the attention of readers the excellent
service manual which has been prepared by the
Amrad Company on this set. The manual con-
tains some ninety pages which give valuable
data on_the importance of service and an ex-
cellent description of the engineering basis for
the design of the Model 81. It is supplied in a
leather binder.and can be obtained for $1.50 by
writing directly to the Amrad C ration. The
following notes on the Model 81 have been
obtained from the manual,

Three Screen-Grid Slages
The Model 81 reoeive:js t}mimed to use three
b I foen

g
CONDENSERS IN BLOCK-C3,C4,C6,CT&C9

audio frequencies before the grid
leak-condenser detector starts to
cut them off.

D. The greater sensitivity of the cir-
cuit permits supplying the power
tubes with maximum a.f. voltage
without the possibility of overload-
ing last r.f. amplifier tube.

The A. F. Circuils

Two atages of audio-frequency amplification
are employed. Between the detector and first a.f.
stage a special coupling system is used, the de-
tector heing shunt fed through a 100,000-chm
resistor, a tapped impedancegbeing used in the
grid circuit of the first a.f. amplifier tube and an
0.5-mfd. condenser functioning to couple the

screen-grid tubes as p
in special circuits of such characteristic as to
match the operating characteristics of  the
screen-grid tube. In this way a design is obtained
which gives the receiver a uniform sensitivity
over the entire broadcast band, the gain actu-
ally varying less than ten per cent. The rf.
transformers are wound with a Iarﬁnumber of
turns on the primarz. the winding being placed
at the top end of the secondary. This type of
primary does two things; first it gives higher
am(rliﬁcal.ion at 500 meters than at 200 meters,
and secondly it changes the relation of the feed-
back due to capacity between leads so that
oscillations are prevented by such couplings
rather than assisted as is the case with ordinary
radio-frequency transformers. The amplification
per stage varies from 30 at 500 meters to 16
at 200 meters. This change in amplification is
just the reverse of that obtained in the antenna
stage, the result being uniform sensitivity. The
overall gain up to the detector measures 23,000
at 500 meters, 28,000 at 300 meters, and 20,000
at 200 meters.

The Deteclor Circuil

A grid leak-condensc. detector is used be-
cause a large number of tests by the engineering
department of the Corporation indicated that
its advantages more than offset its disadvan-
tages. Some of the advantages which are ob-
tained through the use of a grid leak-condenser
detector are:

A. Greater sensitivity
B. Does not cause detector tube over-
loading provided sufficient a.f.
amplification is used in order to
e the output power tubes over-
load first.
C. Has no appreciable effect on the
fidelity as the selectivity of the r.f.
tuning circuit starts to cut off high

detector to the first a.f. tube. An r.f. choke and
by-puss d are ted in the plate
circuit of the detector to keep all audio-frequency
currents out of the r.f. amplifier. The various
audio-frequency components used in the set are

R2

A
MWW

designed to give uniform amplification. This
receiver has sixty-two per cent. as much output
at 60 cycles, and twenty-five per cent. as much
output at 4000 cycles, as at 400 cycles. The
lower output at 4000 cycles is largely compen-
sated by a rising frequency characteristic in the
loud speaker used.

Volume Conirol

Volume control is obtained by varying the
positive vol aupplied to the screen grids of
the r.f. amplifier tubes. Reducing the voltage,
of course, reduces the gain and thereby lowers
the volume. The resistance unit used is of the
graphite type which does not corrode and cause
noisy operation.

In the receiver circuit two hum adjusting
potentiometers are provided. The firat potentio-
meter permits the adjustment of the amount of
positive bias applied to the heater and the
other provides a mid-point connection to the
heaters.

ReEADING WITH A SuPREME RADIO DIAGNOMETER
T Tube wgn g
Tube

Position Volls Volts
224 1 R.F. 2.25 180
224 2 R.F. 2.25 180
224 3 R.F. 2.25 180
227 Det. 2.25 30
227 1AF, 2.25 160
245 2AF. 2.25 250
245 P. P, 2.25 250
280 Rect. 4.65

“c” Nor'l Screen-Grid
Volts mA. Volts
1.5 4.0 80
1. 4.0 80
1.5 4.0 80
0 1.5
10.5 4.1
50.0 28.0
50.0 28.0
) 110.0

Line voltage = 120. Set on 120-volt tap. Volume control in full-on position.
Note: Hum-control potentiometer turned to ground side.

ReApINGS wWiITH JEWELL SET ANALYZER MobpeL 198
Readings with Plug in Sockel of Sel and Tube in Tesler

Type Position

Tube Out
of of A B

A B C

Cathode- Normal ~ Plale  Plale Screen
ieaer " Plale mA. Grid Change ~Crid

Tube Tube Volts Volls Volts Volls Volls Volls mA. Test mA.

son_nn

22¢ 1RF. 2.32 190 2.25 180 1.5
224 2RF. 2.32 190 2.25 180 1
224 3 R.F. 2.32 190 2.25 180 1.
227 Det. 2.32 140 2.25 30 0
227 1AF. 232 190 225 160 10
245 2AF. 2.32 300 2.25 250 50
245 2AF. 2.32 300 2.25 250 50
280 Rect. 4.65

4.0 7.5 3.5 80
4.0 7.5 .5 80
4.0 7.5 3.5 80
1.5 1.6 0.1
4.1 5.2 1.1

28.0 32.0 0.4

28.0 32.0 0.4

110.0

Line Voltage = 120. Se. on 120 Volt Tap. Volume control in full-on position.
Note: To get the 10.5V reading (4-8) the hum-control potentiometer must be turned to ground

side.
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SPARTON MODEL 301 RECEIVER
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This receiver uses two 250-type amplifier tubes feeding into an elec-
trodynamic loud speaker. In the filler circuit of the rectifier & tuned
circuit consisting of a filter choke coil shunted by an 0.015-mfd. con-
denser is used. This circuit is tuned to the fundamental fre uency of the
output of the 280-type rectifier and eliminates practicuﬂy all of the

AMPLIFIER

ripple voltage. The field winding of the electrodynamic loud speaker
constitutes the second filter choke coil. The schematic drawing shows
how the untuned radio-frequency transformers are connected in the
receiver circuit but it does not accurutely indicate their unusuul con-
struction.

FADA MODELS 16, 17 AND 32
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A three-stage tuned-radio-frequency amplifier is used in this set.
It is interesting to note that the input circuits of the r.f. tubes are con-
nected across only part of the tuned circuits. Neutralization is accom-

plished by connecting the neutralizing condenser from the grid of a tube
to the secondary of the following r.f. transformer. The volume control
is counected across the antenna-ground circuit.




RADIO BROADCAST'S DATA SHEETS

59

Radio Broadcast’s Set Duta Sheets

CROSLEY MODELS 40-S, 41-S, 42-S, AND 82-S
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rr HIS RECEIVER incorporates an eight-tube
(including rectifier tube) circuit which
employs three stages of tuned radio-frequency
amplification, an untuned detector stuge, and
two stages of audio-frequency amplification,
the second of which is a trunsformer-coupled
push-pull stage. The first audio-frequency stage
18 resistance coupled to the detector stage.
Screen-grid tubes are used in the radio-fre-
quency stages.

Receivers having serial numbers prefixed with
*GC”, “"GCA”, “GCB", or “GCC" have
volume controls composed of two rheostats
operated simultaneously. Oneof these is shunted
across the antenna coupling coil primary so as
to regulate the strength of signal passing
through this coil. The other is used to control
the potential of the screen grids in the radio-
frequency tubes. Meceivers of serial numnbers
other than above have a volume control con-
sisting of hut one rheostat, controlling the
potential of the screen grids.

‘The tilament supply lgorr the heater-type tubes
(that is, the 224-type tubes used in the radio-
frequency stages, and the 227-type tubes used
in the detector and first a.f. stages) is obtained
from a winding on the power transformer. A
50-ohm potentiometer is shunted across the
filament supply leads for these tubes, and the
middle tap of the potentiometer is connected
to the chassis, The dial light is also shunted
across these leads. The filaments of the 245-type
output tabes are supplied from another winding
on the power trunsformer. The 50-ohin poten-
tiometer shunted across these leads has its mid-
puint connected through an 850-ohm resistance

to the chassis. A third winding on the power
transformer supplies current to the lilament
of the 280-type rectifier tube. The high poten-
tial plate supply taps on this winding.

A centertupped high-voltage winding on the
power transformer supplies power to the plates
of the 280-type tubes. Each end of this winding
is oonnecbcdym one of the plates of the 280-type
rectifier tube, so that full-wave rectification is
obtained. The tap of this winding is connected
o the chassis, which thus acts as the low-
potential side of the plate supply. As stated
above, the high-potential lead of the plate sup-
ply is connected to the transformer secondary
supplying power to the filament of the 280-type
rectifier tube. This lead is connected through

an iron-core choke coil to the “Black”’ terminal
on the receiver. Two sections of the Mershon
condenser are connected to the terminals of the
choke coil so that the condenser and choke act
together as a filter syatem. When the Dynacoil
loud speaker is connected to the receiver, its
field coil is placed between the terminals marked
“Black’ and “Red.” Thus the entire plate
current from the high-potential lead the
plate-supply circuit passes through the field of
the Dynacoil. The plate supply for the two
2153-type output tubes is obtained through a
connection inside the Dynacoil loud speuker
from the field coil of the loud speaker to a
mid-tap on the primary side of the built-in
output transformer.

Reapings WitTH JEWELL ANALYZER Mopers 198 Anp 199

Tube Oul —_—
Type Posilion ————
0) 0, A B A B
Tube Tube Volls Volts Volls Volls
224 IstRF. 2.60 180 2.40 175
224 2nd RLF. 2.60 180 2.40 175
224 3rd RF. 2,60 180 2.40 175
297, Det. 2.60 100 2.45 100
227 Ist AF. 2.65 220 2.45 180
245 20d AF. 2.55 265 2.30 240
280 Rect. 5.60 5.00
Line voltage = 117.3

Readings With Plug in Sockel of Sel and Tube in Tester

Calhode- Normal Plale Plale Screen
C 1ealer Plate Grid Change Grid
Volts  Volls mA. Tesl mA. Volis
1.5 1.5 1.5 4.0 2.5 70
1.5 1.5 1.5 4.0 2.5 70
1.5 1.5 1.5 4.0 2.5 70
12.0 12, 0.2 0.3 0.1
15.0 2 4.0 50 1.0
48.0 26.0 30.0 4.0
100.0

. Sct on high voltage tap. Volume control position maximum.
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ERLA MODEL 224 A.C. SCREEN-GRID RECEIVER
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HE ancurr of this receiver chassis employs
: stages of tuned-radio-frequency am-
plification with four tuned circuits and uses
three 224-type screen-grid . The detector
is a 227-type tube operated in a grid-bias or
late-rectification czixé%uit. In the t aludi:d-
uency stage a -type tube is employ
m remystanoecoupled amplification. Pn the
output 8 two 245-type tubes are used in a
push pull. Reference to the diagram will show
that two antenna oconnections are provided.
For most pt the “8. Ant.” connection
should be used as it provides the greatest sensi-
tivity, but if a very long antenna is used, con-
nection should be made to the “ L. Ant.” post.
It will be noted that the “ L. Ant.”
connection consists of a resist-
er (attenuator) in series with
the “S. Ant.” connection. This

serves to cut down the signal Position
pickuli and consequently the of
noise level when a very long an- Tube
tenna is used.

The local-distance switch func-  Rectifier
tions to tap the primary coil of 2nd A.F.
the first r.f. transformer. When 1st AF.

in the tap or “local’” position Det.
the amplrt?gation is decreased. R.F.
This setting is best for most local
stations as that p control of
volume is obtained. By moving
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LINE SWITCH “SWITCH

this switch to the distance ition extreme
sensitivity is obtained, but if powerful local
stations are tuned-in improper volume control
action is obtained for these strong signals tend
to overload the screen-grid tubes.

he volume control consists of a 6000-ohm
wire-wound p i ter ¢ d s0 as to
vary the screen voltage on the screen-grid tubes.
In combination with this volume control a
single-pole, double-throw toggle switch is em-
ployed to throw the receiver from *phono-
graph” to “radio.” When the control is turned
all the way to the left the input to the resistance-
coupled a.f. stage is switched from the output of
the detector circuit to the phonograph pick-up

AVERAGE VOLTAGE READINGS

Screen-lgr jd Pl:zlle lo

volls volls volls
280 4.8to5 340 to 360
245 2.4t02.5 240 to 250
227 2.35t02.4 90 to 100 4.5
227 2.35t02.4 60 to 75 6t07.5
224 2.35t02.4 751080 160t0170 1.5t02

(The above are based on a line potential of 110 volts and the switch
in the 95-115 position, no signal and volume control at maximum.)

Ground lo  Grid lo
thods JSilament

Jjacks on the rear of the chassis. It will be noted
that a small clip-type switch is connected across
one of the jacks and the chassis frame. This clip
should be connected in this manner when
pick-up unit is not inserted in the jacks, as other-
wise a hum will be evident when the volume
control is set so that the receiver is in the phono-
graph position. This hum results from having
the input circuit of this first a.f. tube (5pen.

A small toggle switch located alongside of the
280-type rectifier tube is used to tap the pri-
mary of the power transformer. The approximate
line voltage ranges for the two Eosihons of this
switch are shown. It is well to keep this switch
in the 115-125-volt i)osiﬁon wherever possible.

The loud speaker used with this
receiver is the electrodynamic
L) and contains in its assembly

e output transformer for em;g—
ling the output of the two 245-
it tubes to the movmﬁ coil of
moud speaker. The field of this
loud speoker has a d.c. resistance
of 1 ohms and is designed to

100 milliamperes. All con-
nections from the loud speaker
are made by means of a five-
conductor cable and the ial
five-prong plug which avoids any
da ?)g improperly connecting
the loud speaker to the receiver.

45 to 50

L.
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BREMER TULLY MODELS S-81 AND S-82
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TI!B chassis used in the Models S-81 and
S-82 receivers is_designed for the new a.c.
acreen-grid tubes. The radio-frequency circuit
consists of three stages of tuned and shielded
high-gain amplification usi the a.c. heater-
type screen-grid tubes (224).nﬁy the use of local-
ized shielding and proper grounding (each rotor
section of the d d bly i
individually grounded even though the rotors
are electrically connected in a cominon grounded
steel shaft) the chassis and tubes are made
ible and are bered by

sary shielding. All wiring is rigidly secured in
position under the automobile-type steel chassis
and protected from inwmmﬁ reaction by the
use of secondary aluminum shields. All r.f. coils
are matched to a standard and are interchanse-

Focal-

able. Volume is controlle:d by increasing
creasing the screen-grid voltage.
distance switch controls the sensitivity.

The power detector uses the grid-bias method
of demodulation instead of the condenser-leak
method. This is possible b of the tremen-
dous amplification secured

in the radio-

TERMINALS)
FOR A.C.
SWITCH

=1
MFO, MFD.
TO FIELD
OF
LOuUD 0.0275MFD
SPEAKER
——

frequency nm&iﬁnr. The power detector is a
screen-grid tube.

The power detector is automatically biased
for use as an amplifier for the reproduction of
phonogralph music when the magnetic pick-up
unit is plug into the jack provided at the
rear of the r.f. chassis. Any good high-i !

110-130V-AC.

The audio-freq y amplifier ists of two
stages. The first stage of amplification is resis-
tance coupled to the detector tube, and employs
a heater-type tube of the 227 type. The powe
nmrliﬁcr employs two 245-type tubes in a push-
pul gmpliﬁer circuit. All amplifying tubes and

pick-up unit provided with a volume control
may be used.

AVERAGE YoLTAGE READINGS

Type Posilion of A B C  Normal
of T Plate
Tube Volis Volls Volls mA.
227 1st R.F, 2.5 150 12 5.
227 2nd RF. 2.5 150 12 5.5
227  3rd R.F. 2.5 150 12 5.5
227 Detector 2.5 45 0 3.4
227 Ist A. F. 2.5 145 9 3.6
245 1st P-P 2.4 240 27 30.0
245 2nd P-P 2.4 240 27 30.0
280 Rectifier 5.0
D98 Ballast

the tor tube have automatic grid-bias
control which compensates differences in cur-
rent drain from the rectifier system.

The power pack supplies all required voltages
to the seven receiving tubes and energy for the
field of the clectrodynamic loud speaker. The
Duresite type No. 110 voltage-regulator tube
maintains a constant voltage across the primary
of the power transformer, and protects the other
tubes in the receiver from line voltage changes
between 98 and 130 volts.

The direct current filter system is tuned to
remove all trace of a.c. ripple. The loud speaker
field acts as an additional choke in the filter
system, and also furnishes the necessary resist-
ance to reduce the high voltage for the two
245 tubes to the correct value for the r.f. and
a.f. amplifier tubes.
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HIS RECEIVER consists of a three-stage

screen-grid r.f. amplifier, a type 227 detec-
tor, and a push-pull ontput stage using two
245-type tubes supplying power o an electro-
dynamic loud s aivr. Le receiver contains
sevcral unusual fcatures.

R.F. Amplifier

Preceding the first screen-grid rad io—frequency
amplifier tube is a band-pass filter circutt con-
sisting of two tuned circuits coupled by both
capacity and inductance. Tuning condensers
associnted with these band-pass circuits are
marked Ct on the diagram and these circuits
function to prevent any signals other than those
from the desired station from being impressed
on the grid of the first r.f. amplifier tube. Highly
selective circuits of this ty{)e are used, es-
pecially in connection with the screen-grid r.f.
amplitiers, because these tubes tend to produce
cross-talk. Cross-talk is eliminated if the cir-
cnits preceding the first tube are sufliciently
selective to prevent practically all signals other
than the one desired from being impressed on
the first tube. To obtain this high selectivity
simple tuned circuits might he used but theso
wonld produce sideband suppression. By the
use of bund-pass circuits, high gelectivity with-
out sideband suppression is obtained.

Impedance Coupling

The following tubes in the r.f. amplifier are
impedance coupled, that is, a tuned circuit is
in the plate circuit of each tube. The plates are
choke fed and the tubes are coupled to the
tuned circuits through small adjustable con-
densers, Ck. The condcensers are, of course,

roperly adjusted at. the fuctory and need only
{’u- altered in the event that the set has been
tampered with or the adjustments have been
altered due to rough hﬂndl,iug.

Deleclor Circuit

The detector, using a 227-type tube, is of the
plate-detection type. In the grid cireuit of the
detector tube a phonograph pick-up trunsformer
is connected with two taps to make it suitable
for use with either low- or high-impedance pick-
up units. In normal operation as a radio re-
ceiver this transformer is shorted out of the
circuit by the phonograph switch. When the
set is to be used with a phonograph pick-u
unit this switch is opened and the phono;zrnp[:
pick-up transformer is thereby connected in
serics with the grid circuit of the detector.

A.F. Amplifier
The two 245-type power tubes obtain a.f.

signal voltage from the secondary of the a.f.
transformer, the primary of which’is connected

in the plate circuit of the detector tube. Since

push-pull amplifiers sometimes have a tendency
to vscillate, u {-megohm resistor is connected in

series with the center tap of the secondary of
the transformer. This resistor prevents the
circuit from oscillating bhut has no effect on the
audio-frequency characteristics of the ampli-
tier.

Riapings Wit WEesTOoN SET TeEsTER MoODEL 547

Tvpe Tube A B C

T'ube Posdion  Volis  Volls  Volts
224 1RF. 2.4 155 0.2
224 2 R.F 2.4 150 0.2
221 3 R.F 2.4 150 0.2
227 Det 2.4 180

215 B R 2.4 225 *
215 p.pP 2.4 225 *

280 Rect 4.9

Line Voltage =116

Screen Sereen Cathode Normal Grid
Volis Current Volts mA. Test
mA.

38 0.5 2.8 32.0
38 0.5 2.8 3.0
38 0.5 2.8 3.5
0.5 1.4

37.0 42.0

37.0 42.0

50.0 per anode

*1_\'0 bias reading at socket due to resistance in series with grid,
Bias can be read with voltmeter lead connected between filament and chassis.

ReApings Witn Juweis Ser ANALyzER Mobrr 198

Readings wilh Plug in Socket of Set and Tube in Tesler

Type Position  Tube Out
M A B

Cathode Normal Plale mA. Plale Screen

of o, A B C Healer  Plate Grid  Change Grid
Tube Tu Volts Volts Volls Volls Volts  Volls Volis Test mA.,  Volis
224 1RF. 2.7 195 2.35 188 14 0 2.0 2 57
224 2RF. 2.7 195 2,35 188 14 0 2.0 2] 57
224 3RF. 2.7 195 2,35 188 14 0 2.0 2] 57
227 Do 2.7 195 2.35 210 0.8 0.8 0
245 1AF. 2.7 200 235 245 30.0 31.0 4
245 2AF. 2,7 270 2.35 245 30.0 31.0 4
280 Rect. 7.0 5.2 90.0
Line Voltage = 120. Volume control position Min_*
Note: x Resistors in circuit prevent readings.
Note: *2214 plate curreut read with volume control at maximum position.
Reapincs With A Supneme Rabio DiacNoMETER
Tvpe Tube B C Screen Nor'l
Tube Position Vilts Volts Volts Volls mA.
221 1 R.F. 2.4 155 0.2 38 2.8
224 2 R.F. 2.4 150 0.2 38 2.8
224 3 RF. 2.4 150 0.2 38 2.8
227 Det. 2.4 180 5
245 BUERE 2.4 23 ) 37.0
215 E.. B, 2.4 225 © 37.0
280 Reet. 4.9 50.0

Line Voltage =116

*No bius reading at socket due o resistance in series with grid. Bins read with voltmeter lead

connected between filament and chassis.
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THE BALKEIT MODEL C

An interesting feature of this receiver is the use of double primaries on
all of the radio-frequency transformers. In all cases the two primary
windings are connected in series and an 0.00025-mfd. fixed condenser is
connected across one of the primaries. These two windings are used to

obtain uniform r.f. gain over the entire brondeast band. the capncity
shunted winding being most effective at low radio frequencies and the
unshunted winding being most effective at high radi:)x? uencies, thus
the inefliciency of each winding is compensated by the other.
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THE KENNEDY

This is a screen-grid receiver using three 224-type tubes as r.f. ampli-
fiers followed by a C-bias detector, one resistance-coupled a.f. stage, and
one transformer-coupled a.f. stage. Note the r.f. filter in the detector

2MFD |2MFD. | 2MFD [IMFD 1
ux-280
770 OHMS

> 3,600 OHMS

MY

CHASSIS NO 10

oulput consisting of an r.f. choke and two fixed condensers, such a filter
being essentinl when the detector is resistance coupled to the following
amplifier tube.

TR

,_
»
-~

GND T
ci
=

110-120V

60~ A C

90-130

S e W

AVERAGE _VOLTAGE READINGS
THE VOLUME CONTROL 1S TURNED FULL "ONJOR TO THE
RIGHT. FOR ALL READINGS.~— THE LINE VOLTAGE WAS
HELD AT APPROXIMATELY 115 VOLTS.
TUBE FILAMENT | PLATE | BIAS | SCREEN
FIRST R.F. 2.3 170 | 35| 65
SECOND R.F. 2.3 170 | 35| 65
"THIRD R.F. 23 170 | 35| 65
| DETECTOR | IEE 125 | 18
FRSTAF. | 23 | 156 | o
POWER TUBES | 2.35 | 230 |46
L [ RECTIFIER 4.8
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Improved

PLUG-IN COILS

Hammarlund Short Wave
Plug-In Coils are space-
wound and firmly anchored
to a thin film of strong dielec-
tric material. Distributed
capacity and resistance are at
a minimum, thus insuring
extreme sensitivity and sharp
tuning. Widely-spaced plug-
in terminals.

An adjustable primary is in-
tegral with the base, Separate
coils are available covering
wave bands from 10 te 225
meters.

Complete
RECEIVER KIT

A remarkably efficient two-
tube distance getter, with one
tuning and one audio stage.
Contains all rts as illus-
trated. Easily constructed
from simple directions.

It includes the famous [lam-
marlund Drum Dial, the new
Hammarlund wide-spaced
Short - Wave Condenser and
the improved Hammarlund

ce wound Plug-In Coils.
Extra coils are available cover-
ing wave bands from 10 to 225
meters.

vV V. V

VERY hour of every day short-wave
radio is coming into its own—is prov-
ing the claims of super-efficiency the

experts have made for it.

Probably no other development of radio has
grown as fast or promises so bright a future.

For the experimenter, for the dyed-in-the-
wool fan, for DX “hound’’—the short-waves
are packed with thrills. The whole world is
their horizon. Foreign stations become local.
Day or night—in sunshine or shadow, short-
waves ‘‘percolate” when the equipment is
right.

Hammarlund Short-Wave Coils and Con-
densers—Drum Dials, Chokes, Shields are
the products of more than twenty years’ ex-
perience in the manufacture of precision
instruments for telephone, telegraph and
radio use. The name “Hammarlund® is
known and respected wherever quality in
radio means what it is supposed to mean.

Whatever your interest in short-wave radio
products—whether using, buying or sell-
ing—the Hammarlund reputation is your
safeguard.

Write Dept. BD-7 for complete information on these
and other new Hammarlund Precision Radio Products.

HAMNMARLUND MANUFACTURING COMPANY
424-438 West 33rd Street, New York

PREC/S/ION

PRODUCTS

KFor Thrilling
SHORT-WAVE
RESULTS

New
WIDE -SPACED

CONDENSER

Heavy, widely-spaced
plates for strength. Less
chance for accumula-
tion of dust affccting
capacity ehanges in
close tuning.

“Parmica’® insulation,
the remarkable ncw
material which so
closely matehes the
ideal dielectrie effici-
ency of dry air. Current
loss greatly redueced;
selectivity and sensi-
tivity marvelously im-
proved.

Double cone, smooth-
operating bearings—
casily adjusted to take
up wear. Non-eorrosive
brass plates with tie-
bars to preserve perfeet
alignment. Warpless,
aluminum alloy frame.
Accurate capacity rat-
ings.

A real short-wave con-
denser in the three
most desirable sizes:
.00025, .00014 and .0001
mfd.

vV V. V



SM

On the market the first of June, the S-M 770 Auto-Set
has proven itself to have everything!

1. SENSITIVITY—2.5 to 14 microvolts per meter
(an average of 8 over the broadcast band). That’s one
of the things that makes possible real console-model
reception.

2. THREE SCREEN-GRID TUBES and ’71A 2nd
Audio—giving you console-model wallop.

3. SCREEN-GRID POWER DETECTION—as you
know, five times better than a *27 detector!

4. POSITIVE TUNING—directly through a regu-
lar S-M 810illuminated drum dial, eliminating dubious
control through a “remote” shaft—another feature ex-
actly like the finest console.

5. SMALL SIZE—12 inches long'by 714 inches high
and 6)4 inches deep—a pocket edition expressly
designed for its job.

6. NO CUTTING UP THE CAR—mounts on
brackets under the cowl to the right of the driver’s
seat—dial and controls easily seen and accessible.

7. VIBRATION-PROOF—tests over hundreds of
miles of rough back-country roads have proven this
Auto-Set to be trouble-proof and shock-free.

You’ll Put Tbis
Auto~Set
In Your Own Car!

impedances, fitting under the cowl to the left of
the receiver.

9. STURDY—<cabinet built of heavy sheet steel.

10. RESISTANCE-COUPLED DETECTOR—
giving fidelity fully equal to modern full-size
receivers.

The Auto-Set was designed by the world-famous
Silver-Marshall laboratories to give absolutely every-
thing regardless of price—but look at the prices:

770 Auto-Set, receiver only, RCA license. Price
$79.50 list. Parts total $61.40. (Tubes required, 3—
24, 1--"12A, 1—'71A.)

771 Auto-Set Accessories, including all installa-
tion equipment but batteries, tubes and speaker.
Price $17.50 list.

"

870 Automotive Magnetic Speaker (92"’ wide

8. SPECIALLY DESIGNED SPEAKER—9Y5 inches
by 3’ deep). Price $15.00 list.

wide and only 3 inches deep, magnetic, with matched

And a Big Power Amplifier with
Twice the Wallop!

The S-M 692 Amplifier combines per-
fect fidelity of tone with twice as much
amplification as any other three-stage
amplifier available today! Its unusual
fidelity is due to uniform amplification
of the higher harmonics in the 5000 to
10,000 cycle range. While most ampli- }
fiers cut off fairly abruptly around 5000
cycles, the 692 has as much amplifica-
tion at 10,000 as at 400. The low-fre-
quency end is exceptionally good, too, 8
the curve going below 30 cycles and giv-
ing no peak in the 60 to 300 cycle range.

For Short Waves:
The Bearcat

The first all-modern short-wave receiver

692

peakers Ideal for
Theatre and Hotel

—fse. Wilfbuilein pawer supply, gang The 692 gets its power from any 105-

120 volt, 50-60 cycle, a. c. source and
has a voltage amplification of 4000
(72 d.b.) which comes primarily from
the use of an a. c. ’24 screen-grid tube
in the first audio stage. It has an input
circuit of “universal” type and will
operate directly out of any pickup of
200 to 10,000 ohms. Completely wired
and tested, less tubes, $245 list.

SILVER-
MARSHALL

Inc.
6437 West 65th Street
Chicago, U. S. A.

condenser, and 2 s.g. tubes. Single tuning
dial—you can spread the crowded ham S-M offers speakers for every power
amplifier installation: tflush-mount-
ing wall-type magnetic spcakers,
with volume control and three-
station selector on panel; dynamic
speakers up to the most powerful
auditorium type, with or without
input transformer. All show the
characteristic 8-M tonec fidelity,
esteemed everywhere as second to
none. Send the coupon for details.

bands by a twist of the wrist—no tools
required, Treat yourself to a short-wave
set that will “‘get Prague’’ whenever
Prague can be got. S-M 737—wired com-
plete, $139.60 list. Component parts
total $109.60.

—
] Silver-Marshall, Inc.
1 6437 West 65th St., Chicago, U. S. A.

Send your 1930 catalog with sample copy of the |
I RADIOBUILDER. Also Data Sheets as follows: (Enclose
I 2c for each Data Sheet desired.) J 5

.... No. 22: 770 Auto-Set and Installation.
! 3
| |
|

1

" The Radiobuilder, Silver-Marshall’s

publication telling the very latest de-
velopments of the laboratories, is too
valuable for any setbuilder to be with-
out. Send the coupon for a free sample
copy. If you want it regularly, enclose
50c¢ for next 12 issues.

4000 authorized S-M Service Stations
are being operated. Write for informa-
tion on the franchise.

No. 19: 692 Power Amplifier.
.. No. 21: 737 Short-Wave Bearcat.

Name.

Address
B T e B s e il




