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W’E commend this book of Laboratory Infor-
mation Sheets to the attention of all radio
fans who desire authentic technical data presented
to them in a clear, concise and convenient form.

The experimenter and technical radio man
will find in it a wide range of radio information.
These Radio Data Sheets have been compiled by
the Technical Staff of Radio Broadcast Laboratory.
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The NEW Scott Shield Grid 9

Radio’s Most Powerful Receiver!

OR those who want radio reception at its highest develop-

ment, this is the set to build! Even more powerful than the
preceding Scott receivers that established four world’s records
for DX reception. More selective. More superbly toned!

In range, the new Scott Shield Grid Nine is practically unlim-
ited—the only range limit being the atmospheric noise level.

New Shield Grid Tubes
in improved circuit

The new Scott uses shield grid tubes in an improved circuit with
new power pack and amplifier. Through the greater eficiency of
the new tubes and circuit. many times the amplification obtainable
with the ordinary circuit using 201A tubes is secured. The Scott
Power Pack and Amplifier makes it possible to obtain enormous
volume—yet so completely is this volume under control that the
simple turning of one knob covers the entire range from merest
whisper to full auditorium strength.

Perfected matching of parts

Not only is the Scott Receiver new in design, but it represents new
ideals in accuracy of radio building. All parts are deugned espe-
cially for this set and are matched with absolute precision. The ex-
treme care taken in testing and matching the transformers is one of
the reasons why the near Scott out-performs in competitive DX tests.

Maximum efficiency from highest
to lowest wavelengths

Transformers as well as tubes are perfectly shielded in the nee
Scott. The efhciency of the R.F. stage ahead of the first detector is
increased through the use of a special Selectone Two-Gang Con-
denser and regeneration in the first detector. The T'wo-Gang Con-
denser matches the induciances of the antenna and R.F. coils so
perfectly that they line up throughout the entire scale, affording
razor-edge selectivity with maximum amplification all the way from
the lowest to the highest wave lengths.

One spot reception

All stations come in at one point only on the dial in this “one spot”
super. A further improvement is evidenced in the fact that both
dials track practically together—making tuning particularly easy.

Costs little to operate

The Scott Shield Grid Nine can be economically operated with dry
batteries if desired and will give ample volume for the average
home. The eight tubes incorporated in the receiver draw only 29
mils. Maximum volume is obtained by the use of the Scott Power

SCOTT TRANSFORMER COMPANY
4456 Ravenswood Ave. Chicago, Ill.

Pack and Amplifier, incorporating the ninth tube for the second stage
of audio. This is the latest 250 power tube, a new radio development
that gives tremendous volume with perfect tone quality.

Build the new Scott in four hours
RESULTS GUARANTEED

New and highly developed as the Scott receiver is, anyone can build
it—easily—and in four hours! Panel and sub-panel are drilled to
receive each part; and the shielded grid amplifier unit comes fully
tested and wired, ready for hook-up into the circuit. No adjustments
whatever are needed. No possible chance for errors in the assembly.

We positively guarantee that you will get the same results with the
cott Shield Grid 9 that we obtain from our laboratory models.

SCOTT POWER
PACK and
AMPLIFIER

Especially designed to supply
B current for the new Scott set. Incorporates

the second stage of audio, using 250 power tube.
- - -
Circuit Diagram

FREE [

Write at once for particulars! Get the facts about tiis amazing new world’s
record set—its low cost—limitless range—tremes dous power—r1o0 kilocycle
selectivity. Build this set mow and enjoy radio at s best! FREE circuit dia-
gram, Also copies of 6000 and 9ooo mile recept o verifications, Write to-
day. NOW!

We off I th il tripl -
SET BUILDERS! [0 0 (e R )7 3 jobier, Ora weite s divec,

r--------CIip this and mail todays = = mm = w = ue =

i SCOTT TRANSFORMER CO.

1 4456 Ravenswood Ave,, Chicago, 111

I Please send me FREE circuit diagram, records, and full particulars of the
§ new Scott Shield Grid Nine.

[ ] ( ) 1 am interested in your proposition to professional set builders.
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Heres the
PROOEF

Made $185 in
Three Weeks
Spare Time
“I huve met with
continued success.
For instance, re:
cently I realized
a profit of 3185
in  three weeks,
$1.50 an hour. 1 have been
making good money almost
from the time I enrolled. The
N. R. L. has put me on the
solid road to success.”—Peter
J. Dunn, go1 N. Monroe St.,

Baltimore, Md.

Made $588 in One Month
“The tmining 1
received from
you has done me
a world of

Some time ago
during one of our
busy months [
made $588. 1
am servicing all
makes of Radio receiving sets.
My boss is bighly pleased
with my work since I have
been able to handle our entire
output of sets here alone."—
Herbert Reese, 2215 So. E St.,
Elwood, Indiana.

Earns Price of Course in
One Week Spare Time
‘! have been so husy with
Radio work that I have not
had time to study. The other
week, in spare time, I earned
enough to pay for mv course.
1 have more work :han I can
do. Recently I made enough
money in one month spare
time to for a $375
beautiful console all-electric
Radio. When I enrolled 1
did not know the difference
hetween a rheostat and a coil.
Now I am making all kinds of
money.—Earle Cummings, 18
Webster St., Haverhill, Mass.

Em

a Big-PaZ

7 RadioJo

If you arc earning a penny less than $50 a week, send
for my book of information on the opportunities in Ra-
dio. It’'s FREE. Clip the coupon NOW. A flood of gold
is pouring into this new business, creating hundreds of
big pay jobs. Why go along at 25, $30 or $45 a week
when the good jobs in Radio pay $#50, $75 and up to $250
a week. My book “Rich Rewards in Radio” gives full
information on these big jobs and explains how vou can
quickly become a Radio Expert through my easy, prac-
tical home-study training.

Salaries of §50 to $250 a week not unusual

Get into this live-wire profession of quick success.
Radio necds trained men. The amazing growth of the
Radio business has astounded the world. In a few short
years three hundred thousand jobs have been created.
And the biggest growth of Radio is still to come. That’s
why salaries of $50 to $250 a week are not unusual. Radio
simply hasn’t got nearly the number of thoroughly trained
men it needs. Study Radio and after only a short time
land vourself a REAL job with a REAL future.

You Can Learn Quickly and Easily in Spare Time

Hundreds of NX. R. 1. trained men arc today making big money—
holding down big johs—in the Radio field. Men just like vou —their
only advantage is training. You, too, can become a Radio Expert
just as they did hy our new practical methods.  Our tested, clear train-
ing makes it easy for you to learn. You can stay home, hold your job,
and learn quickly in your spare time. Lack of education or experience
is no drawback. You can read and write. That’s enough.

Many Earn $15, $20, $30 Weekly
on the Side While Learning

My Radio course is the famous course “that pays for itself.” T teach
you to hegin making money almost the day you enroll.

My new practical method makes this possible. 1 give you STX BIG
OUTFITS of Radio parts with my course. You are taught to build
practically every tvpe of receiving set known. M. E. Sullivan, 412
73rd Street, Brooklyn, N. Y\, writes: *‘I made $720 while studying”
Farle Cummings, 18 Webster Street, Haverhill, Mass., '] made $375 in
one month.” G. W. Page, 1807 21st Ave., S, Nashville, Tenn., *'I picked
up £035 in my spare time while studying.”

Your Money Back if Not Satisfied

'l give you just the training you nced to get into the Radio business.
My course fits vou for all lines—manufactunng, selling, servicing sets,
in husiness for vourself, operating on board ship or in a broadcasting
station—and miny others. I back up my training with a signed agree-
ment to refund every penny of your money if, after completion, you are
not satisfied with the course I give you,

ACT NOW-—64-page
Book is FREE

Send for this hig hook of Radio in-
formation. It won’t cost you a penny.
It has put hundreds of fellows on the
road to bigger pay and success. Get
it. Investipate. See what Radio has
to offer yvou, and how my Employment
Department helps vou get into Radio
after you graduate. Clip or tear out

the coupon and mail it RIGHT NOW,
J. E. SMITH, President
Dept. 8-0
National Radio Institute
Washington, D. C.

S

; iy
ayment Service to all Gradutates

_|practical way

S~
Ny~

100 circuits with
the six hig outfits
dio parts
I give you

30f the 100you
can build ‘

(i
/1

Find out quick
abouf this

L)

/

to big pay /7> |
Mail This FREEC OUﬂON Today

1. E. SMITH., President,
Depr. 8-0, Narional Radio Institute,
Washington, D. C.

Dear Mr. Smith: Kindly send me vour big book “Rich
Rewards in Radio,” giving information ot the hig-money op-
portunities in Radio and your practical nzthod of teaching
with six big outfits. | understand this ~03} is free, and that
this places me under no obligation whatever,

Y.V LT —

Address. .. .

Occupation. ... ieanaene
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Regeneration

METHODS OF CONTROL

W{EN radio waves of the frequency to which

the antenna circuit is tuned are being received
the high frequency currents flowing in the coil pro-
duce high frequency variations in the grid potential
which, in turn, produce high frequency currents
(of considerably greater energy) in the plate circuit,
If we could ““feedback ” some of this dplate energy to
increase the original potential applied to the grid, it
miglt help to increase the original potential applied
to the grid. This can be done in several ways.
vegly common method is shown in A.

he essential addition to the circuit is the coil in
the plate circuit. This is called the “tickler” coil,
and upon being brought up near the antenna coil its
mutual inductance, or transformer action, affords
2 means by which energy from the plate circuit is
fed back into the antenna circuit. _The tickler must
be connected the right way too, for if the connec-
tions are reversed its effect will be to reduce the
antenna current instead of increasing it. If the
coils are brought too close together, a point will be
reached where more power is being fed back to the
antenna circuit than is being dissipated therein.
The tube is then said to be oscillating, and will con-

tinue to oscillate even if the radio waves cease
coming in. The loudest signals are obtained just
before the tube “breaks into oscillation.”” Signals
can be received even while the tube is oscillating if
the oscillation frequency is kept exactly the same
as the carrier-wave frequency.

There are several methods of controlling feed-
back, either by a variable tickler as In A or by a
variable resistance shunted across a fixed tickler
coil. Another method is by the use of a variable
condenser, as illustrated in B.
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Factors Governing Radio Receiving

HOW THEY AFFECT DISTANCE

’I‘HERE are three main factors governing the
distance that can be satisfactorily covered be-
tween a given transmitting station and a given re-
ceiving set. These can be stated as follows:
1. The amount of interference. X
2. The inverse distance effect. As the radio
waves spread out in all directione from the

the material in which they . In the case
of ordinary telephony over wires, the
attenuation is such that the carrent is about
one third, at the end of every ten miles,
of what it was at the beginning of those
ten miles, and a little calculation shows
that to talk across the contineat without
any amplifiers inserted along the line would
require an immense amount O p(:tv;er. Yet, by

transmitting station their strength naturally insertion
decreases. At twice the distance, their am- 10 T of fifteen
plitude is halved; at four times the distance, 9 I ] amplifiers
it is only one quarter, etc. This same fact ., | or relay sta-
could also be expressed by saying that the J8 tions along
strength of the signals is inversely proportional 2 7 the line, the
to the distance. A curve illustrating this is @ \ atteguation
shown in the accompanying diagram. The Bgr law is pre- |
curve is based on ideal conditions, and neglects 5 5 | yemted from |
absorption by buildings, fading, etc. i getting un-

3. The attenuation, which is quite a different = 4 N der way,” |
thing. It acts simultaneously with the inverse £ 3 N and a ridicu-
distance effect to reduce the amplitude of the i N lously small
waves. Attenuation of the waves is due to £ 2 power is
their being dissipated in the form of heat. 1 | T enough for
VXhenever th:d waveslstrike any object u}:e which ] [ [ proptuj térartxsi
they can produce electric currents, the cur- s continental
rents are produced at the expense of the energy 12345678 910 land line te-
of the waves and heat up, to a minute degree, DISTANCE lephony.
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The Browning-Drake Receiver

ON SHEET No. 4 is shown a diagram of the
~ popular Browning-Drake receiver, which, in
its improved form, was fully described by Glenn
H. Browning, one of the designers, in the December
1925, RAD10 BROADCAST.  The first article appeared
in this magazine for December, 1924. Three stages
o{ uwdance—coupled audio amplification are em-
ploy

as shown, are as follows:

C1+—.0005-mfd. variable condenser.

C2—.00025-mfd. variable condenser.

C3—.00025-mfd. fixed condenser.

C4—.0.1-to 1.0-mfd. fixed condenser.

C5—.0001-mfd. fixed condenser.

L1—46 turns No. 20 d.s.c. wire on a form 3 inches
in diameter, with a center tap.

La—75 turns No. 20 d.s.c. wireon a 3-inch form.

L3—24 turns No. 28 d.c.c. wire wound in a groove
and placed under the filament end of the

secondary.
L4—20 turns No. 28d.c.c. wire wound on a 2§-
inch form to fit in grid end of secondary (La).
I —100-henry choke coils.
R —1-megohm grid leaks.
N-—Neutralizing condenser, consisting of a small
brass disc about an inch in diameter,

in this circuit. The constants of the circuit °

mounted so as to make its position, in re-
lation to Lz, variable. .

F1, Fa, F3,—Fixed filament control resistances to
.match the type of tubes employed.

J — &r;gle-circuit ament control jack.

G —.00025-mfd. grid condenser and leak (6-
megohm).

Tz, Ta,—Two UV-199 tubes.

T3, T4,—Two UV-201-A or High-mu tubes. If
the latter are used, F: and Fz may be
omitted.

Ts,—Semi power tube.

Although choke-coupled amplification is shown in
the diagram, the circuit may be used just as well
with transformer or resistance-coupled audio stages.
If the transformer-coupled form of amplification is
desired, only two stages will be necessary for aver-
age requirements. ;

‘The center tap is employed on the antenna coil
for use when one’s antenna is in excess of 100 feet
in length, but it is advisable to employ a singie-pole
douhle-throw switch at this point so that either
antenna_connection may be used without undue
changes being necessary. The reason for this is that
the capacity of the antenna has to be taken into
<consideration as well as its length.

NATIONAL
RADIO PRODUCTS

Single Dial Tuning Unit Type G

Single Dial Tuning Units

Type G—This new model of NATIONAL
Tuning Units, designed for Single Dial tun-
ing, embodies the new small size, space
wound Browning-Drake Transformer.
Mounted as a single unit, the Equitune
Condensers used are driven by the new
NATIONAL VELVET VERNIER
DRUM DIAL.

~ This model is constructed with a special
inductance trimmer in the antenna circuit
thereby eliminating the necessity of insert-
ing 2 trimmer condenser when building the
receiver.  This feature simplifies wiring
and 1s very efficient in operation.

Price, complete with dial.......... $24.50
Type 28 Illuminator............... .50

TYPE 222 FOR USE WITH
SHIELD GRID TUBE

This type is similar in appearance to our
Type G, but with proper windings to permit
the use of the UX-222 or CX-322 Tube.
In this unit, we have embodied a special
Browning-Drake High Impedance Slot
Wound Primary Transformer. When due
care is given to the proper location of the
coils and condensers, as in this unit, the
necessity of shielding is eliminated.

Price, complete with dial.......... $24.50
Type 28 Illuminator. ............. . .50
TYPE “F”

This model 1s constructed without the
spectal Inductance Trimmer in the antenna
circuit, thereby making necessary the in-
sertion of a trimmer condenser when build-
ing the receiver.

Price, complete with dial.......... $23.00
Type 28 Illuminator.............. . .50

NATIONAL BROWNING-DRAKE
TRANSFORMER (Official 2" Dia.)

These small size 2"’ coils embodying the
slot wound primary Browning-Drake Trans-
former have the same electrical efficiency
as the larger sizes previously furnished. A
special High Impedance Primary Trans-
former can be supplied for use with the
UX-222 Tube. Antenna Coils can be fur-
nished either with or without inductive

trimmer.

PRICES
BD 4 Antenna Coil. ....... 300009004 $1.50
BD 5 Antenna Coil with Trimmer... 3.00
BD 6 Transformer ............. ve. 5.50

BD 7 Transformer for 222 Tubes ... 5.50

NATIONAL

RADIO PRODUCTS
NATIONAL CO., Inc., Malden, Mass.

W. A. READY, Pres.

——
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NATIONAL
RADIO PRODUCTS

NATIONAL
Radio Frequency Choke

Type 90—Designed to plug in standard
grid leak mounting. Very efficient over
a wide range of frequencies and well
suited for short-wave work.

Price (without mounting)......... $1.25
Write for Short Wave Bullelin 128

NATIONAL
IMPEDAFORMER
“TYPE B”

A compact unit for simple construction
of impedance-coupled audio amplificrs.
Contains choke coil, 0.1 Mfd. condenser
and grid leak. Each set of three includes
first-stage unit with additional R. F.
Choke; second stage unit with grid leak,
condenser and choke, and third stage unit
with resistor on plate side and impedance
on grid of power tube, to stabilize the
umpliﬁer and prevent motor-boating with
“B” diminators.

Priceeach....................... $5.50

Write for Bullelin 130

NATIONAL SHORT-

WAVE EQUIPMENT

for use with 222 tube
This NATIONAL
Velvet Vernier
Dial Type E and
special Equicycle
ort-Wave Con-
denser are now
offered by NA-
TIONAL CO.,
INC., for experi-
mental work in
short-wave reception of broadcast, code
and television signals. Also offered
are newly designed short-wave R. F.
Transformers in a set of 4, covering the
bands from 15 to 115 meters, R. F. Choke.
H. F. Impedance, special Panel and sub-
Panel witg all sockets and mounting clips.

Write for Short Wave Bulletin 128

NATIONAL
RADIO PRODUCTS
NATIONAL CO., Inc., Malden, Mass.

W. A. READY, Pres.

Ts
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The Browning-Drake Circuit
Ls
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Complete data, on the sizes of the various units, used in this circuit appear in Sheet No. 3

I

No. 5
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Transformers

PRIMARY—-SECONDARY RATIOS

THE ordinary commercial iron-core transformer

consists simplgoof two coils of wire wound on
the same core. long as the secondary of such a
transformer is open circuited, or connected to some-
thing with an impedance so high that not much
current flows, we have a very simple relation be-
tween the voltage delivered by the secondary and
that applied to the primary. ~This relation states
that the ratio of these two voltages is the same as is
the ratio between the primary and secondary turn
numbers. A ten to one step-up transformer would
be one with ten times as many turns on the second-
ary as on the primary.

A transformer corresponds to gears in mechanics.
If by an arrangement of gears or levers we increase
a mechanical force ten times, we know instinctively
that we must expect the part of the arrangement
that is exerting the “stepped-up” force to move
ten times as slowly as the part where the original
force is being applied. If we choose to gain in
force, we lose correspondingly in s , Or else we
could get “something for nothing.” The electrical
transformer is not a source of power. It merely
changes the power put into it at one voltage into
the same power (with a small percentage loss) at a
different voltage. Hence, just as the speed went
down in the mechanical case, so the current is less
in the high tension or high voltage side of the trans-
former. The primary current is related to the

secondary current as the secondary voltage is re-
lated to the primary voltage. An auto transformer
is no different except that the Wi"di"i having the
fewest turns is merely a part of the other winding.
Thus only one coil is required. i

There are sevecral simple formulas regarding
transformers that are quite useful:

Primary Turns Primary Voltage
Secondary Turns ~ Secondary Voltage
Primary Turns Secondary Current
Secondary Turns Primary Current
Primary Voltage _ Secondary Current
Secondary Voltage  Primary Current
Values obtained by the use of the above relation-
ships will serve as fairly close approximations. In

general, the smaller the load being supplied by the
transformer, the more correct this data will be.

Ordinary Transformer
Using Two Coils
Iron

< 2

k4

) g

S =
=

10
Amps.

No. 6

Dielectric
ITS EFFECT ON CONDENSER CAPACITY

THE capacity of a condenser depends upon

several different factors, the most important
of which are:—1. Area of plates; 2. Number of
plates; 3. Distance between plates; 4. The dielectric
or insulating material between plates.

The effect of the first three quantities on the

capacity is easily calculated by means of formulas ,

RADIO BROADCAST Laboratory Information Sheet

Constant

the larger condensers, of one or two microfarads
capacity, oiled paper is gererally used. Its use
helps to reduce the cost a ¢ 1he break-down volt-
af": of such a condenser will be greater than if
plain paper is used.

Solid dielectrics have the cisadvantage that if
they are once broken dowr znd punctured, due to
excessive voltage, they are -endered useless. How-
ever, if a liquid dielectric is used, this disadvantage
cannot exist, and for this reason laboratory con-

Vaseline | Ebonite | Glass | Mica | F4raffin  porcelain

- Cestor | Olive Pe(role;;
Quartz | Resin | Shellac Gl Oil Oil

2.0 3.0 7.0 6.0 25 40

45 | 25 | 35 | sc | 30 20

based on theory, but in order to determine the effect
of the dielectric, it is necessary to conduct actual
tests using different materials.

The commonest dielectric used in variable con-
densers is air, and its dielectric constant, or specific
inductive capacity, is unity. For fixed condensers,
one of the best dielectrics is mica, and it is used on
practically all small fixed condensers for radio use,
because of its low losses. When a voltage is im-
pressed across a condenser, a certain amount of
energy is consumed in the dielectric, and the smaller
this energy loss, the better is the condenser. For

densers of fairly large capacity quite frequently
use castor oil as the dielectr:c.  In this way it is
not onl}( possible to obtain variable condensers
with a fairly large capacity (the capacity of any
iven condenser by the use of castor oil is made
ve times as great as it would be if air were used),
but it is also possible to apply greater voltages
without sparking between plates. The capacity of
any given condenser is proportional to the constant
of the dielectric that is used

Some of the most comr.on materials used as
dielectrics are listed in the able given herewith.

—
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No. 7 RADIO BroADCAST Laboratory Information Sheet
The New Tubes
A Filament A B B Negative | Plate Output | Voltage
Type Battery | Terminal | Battery | Battery | Battery C Current | Resist- | Amplifi-
Volts Volts Current Volts, Volts, Battery (Milli- tance cation
Supply (Amperes)| Detector | Amplifier amperes) | (Ohms) Factor
199 4.5 3.0 .06 45 90 4.5 2.5 15,000 6.25
- 200 6 5 1.0 15t0 25 —_ —_ i —_ - —_
_ 90 4.5 3 12000 | 8
- 201-4( 6 = 25 = 135 9.0 4 11.000 8
12 15 1.1 .25 22} 90 | 4.5 l 2.8 14,000 5.6
2% s
. . 7.
112 6 = 0.5 1223t045| gy 7.5 25 8400 | 7.9
. 90 6.0 2.4 8800 7.9
120 4.5 3.0 .125 — 135 22.5 6.5 6600 3.3
425 35 22 5000 7.75
» 210 7.5 1.25 —_ 350 27 18 5100 7.65
250 18 12 5600 7.5
6.0 | 1.1 —_ 157 10.5 6.0 7400 7.5

No. 8
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Condensers

A SIMPLE EXPLANATION OF CONDENSER ACTION

THE accompanying diagram shows the con-

struction of a condenser, and also a simple
analogy for its action. The crank and piston ar-
rangement, when rotating, produces an alternating
current of water which fills the system. A thin
rubber diaphragm prevents any direct circulation,
but, by bending back and forth, allows alternating
motion of the water. The greater the area of the
diaphragm, the thinner it is, and the more flexible
it is, the easier it will be to turn the crank to operate
the piston. If (refer to the diagram) the piston con-
necting rod is hitched to point No. 2 on the drive
wheel instead of No. 1, only half the force will be
required to turn the crank, as the diaphra; will
only be stretched half as much. Also, the cur-
rent’ will be only half as great. But if, then, the
crank be turned twice as fast, the speed of the
water will be doubled so that the current is the
same as before. This establishes a relation that
holds %nod in the electrical case, namely, that
if the frequency be doubled, or trebled, etc., the
electromotive force required to produce the same
current will be only one half, or one third, etc., as
great. In the electrical case, corresponding to
the diaphragm we have a sheet of some insulating
material (dielectric) separating the two sheets, or
sets of sheets, of the condenser. By increasing the
area of the metal plates, thinning the insulating
material (this corresponds to decreasing the spacing
between the plates), or employing dielectric with a

high **constant’’ (see Laboratory Sheet No. 6), the
value of the applied voltage to produce a given
current is proportionally decreased. Fixed con-
densers usually consist of metal foil cut up into small
pieces which are connected together, and separated
with mica or some other dielectric. There are two
distinct sets of plates, corresponding to the rotor
and stator plates of a variable condenser. The
“‘capacity” of
condensers used
in radio circuits
is usually ex-
pressed in mi-
crofarads, and if
air isused as the
insulating sub-
stance between
the plates, the
capacity in
microfarads is
approximately
equal to the
area of one of the plates (measured in square cen-
timeters) divided by 11,300,000 times the distance
between the plates (measured in centimeters).
If other insulating material is used, it is necessary
to multiply by its dielectric constant. ‘The die-
lectric constant of mica, for example, is about 6.
From this explanation it is evident that current
never actually llows through a condenser, but that
it merely, we might say, collects on the condenser
plates, and then returns back to the starting point.

Diaphragm Condenser Construction

ake the Advice
of Leading Radio
Service Organizations
——Play Safe with
PAR VO

l

AR~
VOLT display board
13 very useful, for we
[requently have occaston 0
show our clients how these
condensers are made.”

If you want the real truth about condensers,
go to an organization that builds, services,
and repairs every type of radio receiver
and power supply unit.

Mr. Frank McDonell, of Rossiter, Tyler
& McDonell, says:

“We think so well of ACME PARVOLT Condensers that
we have sampl.s conslantly on display for all clients lo
see. Those of our customers who know radio also know
that PARVOLTS are thoroughly reliable. We like our
clients lo realize thal we use the best in radio.”

Should a condenser blow out, many dollars
would be lost in ruined tubes, transformers,
chokes, and other parts. The experience of
the nationally known house of Rossiter,
Tyler & McDonell should be a good guide
for other builders and service men to follow.
Don’t take any chances with condenser
breakdown. Play safe with ACME PARVOLTS.
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Data on the Roberts Four-Tube Receiver

COIL DETAILS, ETC.

ON SHEET NO. 10 is shown a diagram of the
popular four-tube Roberts receiver. It is
quite an easy matter to wind coils for this receiver,
and there are given below complete data regarding
their construction.

Li=40 turns No. 22 d.c.c. wire wound on a 3"/
cylindrical form. The coil is to be tapped
at every 10 turns.

L2 =45 turns No. 22 d.c.c. wire wound alongside
Li, on the same form. The spacing between
L: and L. should be a quarter of an inch.

Ls,L«=40 turn bunch-wound coil of No. 26 d.c.c.
wire tapped at the center and wound over the
filament end of the secondary winding, Ls.

Ls =45 turns No. 22 d.c.c. wire on a 3’ form.

Ls =Tickler, 20 turns No. 26 d.c.c. wire wound on
a 1}” cylindrical form and mounted at the

id end of the secondary winding, Ls.
Besides the coils, it is necessary to have the fol-
lowing additional apparatus in order to construct
the receiver.
1 Audio transformer; ratio about 4:1.
Input push-pull transformer.
Ts OQutput push-pull transformer i
1 Variable condenser 0.0005-mfd. capacity.
Cs Variable condenser 0.0005-mfd. capacity.
Cs 0.0025-mfd. fixed condenser.
C4  0.005-mfd. fixed condenser.

Midget variable condenser.

44-volt C battery.

9-volt C battery.

Ji Double-circuit jack.

Ja  Single-circuit jack

10-ohm rheostat

10-ohm rheostat

10-ohm rheostat

G Grid leak and condenser, 0.00025-mfd.
condenser and a 4-megohm grid leak.

After the receiver has been completely built, it
should be neutralized. The following method of
doing this will, in general, be found the simplest.
First, tune-in some local station that is broadcasting
with a frequency of about 1000 kec. (300 meters).
Advance the tickler until the detector begins to
oscillate. Now, by varyiug the setting of the first
condenser, it will be found that the pitch of the
whistle will change. The variation of the pitch of
the whistle is due to the fact that the radio fre-
quency stage is oscillating and heterodynes the
oscillations in the detector stage. When the re-
ceiver is properly neutralized, oscillations will not
take place in the radio frequency amplifier, and
the pitch of the whistle will not change. The
problem is, therefore, to so adjust the neutralizing
condenser as to bring about this condition. When
the receiver is properly neutralized, the tuning of
the first condenser will have no effect on the tuning
of the second condenser.

ACME I?AR\'O'LT FILTER CONDENSERS—
Rupplicd in cll standard mfd. capacitics for 200,

400, 400, 1000 and 1500 Volt ). (. require-
m nte. Uniform ﬁrluhl and width for casy stack-
ing. Suppli-d singly or in complete honsed blocks
for the dmportant  pow-r supply units such as
Thordarson, S8amsen, dmer Tran and others.
ACME PARTVOLT BY-PASS CONDENSERS are
m{mlu‘d. in all standard mfd. capacities and for
all required working voltayes.

ACME PARVOLT CONDENSERS
Made by the Manufacturers of
ACME CELATSITE HOOK-UP WIRE

Celatsite_Flexible and Solid, Battery and Power

Supgly Cables, ‘%}?aghetti Tubing, léytranded and

Solid Antenna Wire, A.C. Celatsite Wire, Loop

Aerial Wire, “Pushbak’ Wire, Window Lead-ins,

Magnet-Wire and Varnished Cambrics.

The ACME WIRE CO., New Haven, Conn.
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Write for
this Book

)

HAMMARLUND
ROBERTS

(| "THE BEST IN RADIO
E{«‘ MUST BE CUSTOM-BUILT
i
B

[Sele

80-Page Manual
Tells How to Build

4 NEW
Hi-Q RECEIVERS

and Save Money!

HIS is the biggest and most complete

Construction Manual ever published
by Hammarlund-Roberts. 80 pages of
text, photos and diagrams on how to build
the New Hi-Q Receivers (Junior Hi-Q 29
at $54.35; Jumor A. C. Hi-Q 29 at $103.50,
Master Hi-Q 29 at $99.50; and the
Master A. C. Hi-Q 29 at $154.50). Each
of these new receivers is a distintt ad vance
over any Hi-Q Receiver of the past 4
vears—each 1s a completely shielded
“coast-to-coast” instrument—each is a
marvel in selectivity and sensitivity—
each has even finer tone than any of the
famous Hi-Q instruments of the past.
And each can be built, by following the
simple directions in the Hi-Q Manual, at
SAVINGS of $50 to $100 over any ready-
made receiver of anything like similar
effictency.

This New Manual also covers power am-
plification construction, short wave adap-
tors, installation, high efficiency battery
and tube combinations, antennz, house
wiring and a wealth of other practical in-
formation.

Shows vou how to build a fine radio
for yourself AT A SAVING and how
to build for others AT A'PROFIT.

Send 25 cents for your copy before
first editton is exhausted.

\

HAMMARLUND-ROBERTS, Inc.
1182 Broadway, New York City

I enclose 25 cents for mv copy of the new Hi-
Q 29 Construction Manual. Rush it to

Name.

Abo

Address.

C:ty, State

(

¢
[ e
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i The Four-Tube Roberts Circuit
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Comoplete data on the sizes of the various units used in this circuit appear on sheet No. ¢
i i
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The Type 200-A Tube

A STABLE SOFT DETECTOR TUBE

A NEW detector tube now made by several lead-
ing manufacturers has recently been placed on
the market. It is called the 200-4, and in so far as its
operation is concerned, 1t is similar to the old type
200, since its efficiency as a detector depends upon
the presence of a gas in the tube. "1 he major ditfer-
ence in appearance between this new tube and the
type 20:-A, is the absence of tne silver coating on
the hulb. The type ~UU-A has a bluish smoky color
due to the special gas content. i

‘I’he charactenistics of this new type, as given by
the manufacturers, are as follows:

Design................ Same as standard 201-A
Base............co000n Same as standard 201-A
Filament Voltage. ................... 5 Volts.
Filament Current.............. 0.25 Amperes.
Plate Voltage . ............. 45 Volts Maximnum
FlateCurrent. . ......c.c0.o.e 0.2 Milliamperes
Plate Impedance................ 28,000 Uhms
Grd Leak. .. ....oiiivinnnnn.... 2.0 Megohms
Grid Consender. ........... 0.00025 Microfarad

1t might be of interest if the action of a gas-filled
detector tube is reviewed, and an attempt made
to show why such a tube can be made very sensitive
for detecting signals. .

‘The gas contained in the tube is composed of
innumerable atoms, each of which consists of a
nucleus surrounded by electrons, which are nega-

tively charged. Normally. the positive charge on
the nucleus exactly equafs the negative charges on
the electrons, and the atom is in a stable condi-
tion. When the filament is heated, it emits a great
many electrons which are projected from its surface
at very high speed. As they pass through the space
between the filament and the plate, they frequently
collide with some of the gas atoms, disrupting them
and causing one or more of the negative electrons to
be torn away from the atom, leaving what is called
an ion, which is an atom that has lost one or more
of its negative electrons. A: soon as the negative
electron 1s separated from its atom, it moves toward
the positively charged plate with the other electrons
emitted from the hlament, and the plate current
is thereby increased. Now, ‘his breaking down of
the atoms is called ionization, and it usually occurs
at some particular value of grid and plate voltage.
At the point of ionization. ;arge changes in plate
curreat oceur with only sn.all changes in grid poten-
tial, and 1if the tube can be )perated at this point
on the plate current curve, it will be very sensitive.
In the old style type 200 tu: the various voltages
required very accurate adjustment in order to make
the tube operate at the critical point of the charac-
teristic, and this fact more or less detracted from its
increased sensitivity. With a type 201-A tube, how-
ever, very stable operation car. be obtained over a
wide range of voltages. As »i:k the type 200, oper-
ation of the type Z00-2 is accompanied by a shight
hiss, not unlike escaping steam, gul it is not suffi-
ciently loud to become bothersome.
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The 112-A and 171-A Type Tubes

OPERATING CHARACTERISTICS

TWO new power tubes have recently become
available; they are designed especially for use
in the output of a receiver. These new tubes employ
an improved type of filament which gives high emis-
sion at a filament current of 0.25 amperes at 5 volts.
‘Lthey are exactly similar to the older 112 and 171
type tubes with the exception that the filament
consumption is only half that of the older types.
The filament of the corresponding 112 and 171
type tubes is 0.5 amperes at 5 volts. The other
characteristics of these new tubes remain the same
as those of the 0.5 ampere filament tubes. These
characteristics are given below.

The type 112-A may be satisfactorily used as a
detector, general-purpose tube, or as a power tube
in the last stage of a receiver. When used as a de-

tector, the plate voltage shou d be 45 volts, The
171-A must only be used in 'le last stage of a re-
ceiver, and a choke-condenser combination or out-
put transformer should be usad in the plate circuit
to keep the plate current ou of the loud speaker.

The advantage of these new tubes is in their
greater etliciency. Under the same condition of
plate voltage they produce the same plate current
as the corresponding 0.5-an:pere tubes with only
half as much filament current

These tubes must not be substituted for the 112
or 171 types in a receiver wit «cu: changing the val-
ues of fixed filament control resistances or rheostats
if they are used. Since they tale the same filament
current as a 201-A type tube, it follows the filament
control resistances designed for the latter tube may
be used in conjunction with these new tubes.

FILA- FiLa- PLATE NEGA- lPum; éMP PLATE Ol\l/’tTPUT
TYVE MENT MENT TIVE MPED- ON- " ILLI-
VoLts | CURRENT VoLTAGE Bias ANCE STANT CURRENT WATTS
112-A 5 0.25 9% 6 8800 8 2.5 40
135 9 4800 6 120
157% 10.5 5500 8 195
171-A 5 0.25 90 16.5 25 3 10 130
135 27 2700 16 330
180 40.5 2000 20 700
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Charging Storage Batteries on Direct Current

NECESSARY RESISTANCES, ETC.

IF ONE has a convenient source of direct current,
it is a comparatively simple matter to charge
storage batteries. Although such charging will
necessarily be done rather wastefully, it will never-
theless be cheaper and much more convenient than
having it done at a charging station.

The charging may be accomplished by either of
the two methods illustrated in the diagram. In
A, the chargingRrate is determined by the value of
the resistance R. Most of the power companies
supply 110 to 120 volts, and for this line voltage,
the following values o_Presistance should be uscd.
‘The values are approximate and based on an aver-
age voltage of about 115.

CHARGING RESISTANCE POWER DISSIPATED
RATE IN RESISTANCE

1 Amp. 110 Ohms 110 Watts

2 Amps. 55 ” 220 ”

3 37 330

4 ” 28 ” 440 »”

5 23 v 550

The last column is given so that if a resistance
unit is purchased care can be taken in choosing
one that is capable of dissipating the power given
in the table. i .

In place of the resistance units we can substitute
a bank of electric lights as is illustrated at L, in B.
The charging rate will be determined by the total
wattage of the entire bank of lamps, and this total
will equal the sum of the individual wattages of the
lamps. If five 40-watt lamps are used, the total

will be 200 watts. If the bank consisted of one
40-watt lamp, one 150-watt lamp, and one 60-watt
lamp, the total would be 404150+60=250 watts.
By reference to the table, the total power (wattage)
required, for any value of charging rate, can be
found in the last column,

There are several precautions to be taken. In
the first place, be sure to connect the positive side
of the line
- Lne - Lne to the i-
. * tive side of

the battery.

If the bat-

tery is

wrongly

L connected

Sorsge in the cir-

Baey cyit, it is

e, ot

itwil ser-

® ® iously dam-

aged. Secondly, be sure’that none of the leads touch

any metal surfaces, such as water pipes, for if this

occurred a short-circuit might result. Thirdly, be

certain that the charging rate is not too high. In-

formation regarding this is generally given on the

name plate of the battery. However, if this in-

formation is lacking, the charging rate should be

determined by the heating of the electrolyte. As

the battery charges, the temperature of the solution

gradually ‘increases, and no damage will result if

the temperature is not allowed to exceed 110 de-
grees Fahrenheit.
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A Batteries

THE DRY TYPE

FOR the majority of receivers usinietype 199
tubes, a bank of dry cells can used to
supply the filament current. For portable sets
such an arrangement is very convenient, and al-
though, in general, the operation of these tubes will
be found somewhat more expensive than storage bat-
tery tubes, their added convenience usually more
than compensates for the greater cost of upkeep.
‘The common type of dry cell usually consists of a
zinc container
(which also
actsasoneele-
ment of the
battery) in
whichis
placed the ac-
tive material.
= The active
material is
usuall}y a mix-
ture of powd-
ered carbon
and manga-
nese dioxide
moistened
with a solu-
tion of sal am-
moniac, Be-
tween the zinc
container and

the active material, there is usually placed a layer
of blotting paper. The layer of paper acts, not
only as an absorbent of some of the electrolyte but
also as a separator which prevents the manganese
dioxide from coming into contact with the zinc. If
such contact does occur, an internal short-circuit
takes place and the cell becomes useless.

The zinc case of the cell
forms the negative terminal,
and the positive terminal is
a carbon rod that is placed
in the center. This carbon
rod is insulated from the
zinc shell and does not react
chemically with any of the
other substances used.

The current from any one cell should not exceed
one-quarter ampere. In the case of portable sets,
it is not always possible to use that number of cells
which would give greatest efficiency. In an installa-
tion in_the home, arrangements should be made to
use sufficient cells for most effective operation.

For any receiver using up to four 199 tubes, only
three dry cells are necessa?', connected as is shown
in A on the accompanying diagram. If the receiver
uses more than four tubes, two banks of dry cells
should be used connected as shown in B.

Dry cells can be tested most easily by means of an
ammeter. The instrument should be capable of
reading up to about 50 amperes, and in testing the
cell, it should be connected as in C. The cell should
be thrown away if it reads less than five amperes.

Ammm©
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Loop Antennas

THEORY OF OPERATION

A LOOP antenna is quite commonly used in

A connection with multi-tube receivers, espe-
cially super-heterodynes. The action of a loop is
not quite as simple to understand as is the action
of a simple antenna.

‘The theory of the operation of a loop is commonly
explained in the following manner. Suppose we
have two vertical wires separated by a distance of
200 meters, both of them insulated from each other
and from the ground. Now, if a wave approaches
from a direction -perpendicular to the plane of the
two wires, the wave will reach each wire at exactly
the same time, and the voltages induced will be
exactly in phase. If the wave approaches from
some other direction, it will reach the two wires at
different times and, therefore, the induced voltages
will be out of phase with each other. If the wave
approaches in the direction of the plane of the two
wires and has a wavelength of 400 meters, the two
induced voltages would be 180 degrees out of phase.
Therefore, the voltage at the top of one wire will be
a positive maximum when the voltage at the upper
end of the other wire is at a negative maximum.
Now, if the upper ends are connected together and
the input to a receiver is connected across the lower
ends, current will flow around the circuit, and if the
circuit is tuned by a condenser, the currents will
become comparatively large. The induced voltages
will be greatest when the wave and the loop are

both in the same plane, since this will result in
maximum phase displacement between the vol-
tages induced in the front and rear wires of the

loop.

\g’ith regard to the design of loops, it will gener-
ally be found that the current induced in the loop
varies directly as the area, directly as the number
of turns, inverselK as the resistance, and inversely
as the length of the wave being received.

he common type of loop antenna consists of
several turns of wire wound on a rectangular form.

The turns should be spaced about one-ﬁglf or one
inch from each other, so as to keep the capacity
low. The distributed capacity of a loop also in-
creases with the number of turns. This capacity
increases rapidly with the first few turns, and then
the rate of increase becomes slower. A very satis-
factory loop for use with a 0.0005 mfd. condenser
can be made by constructing a four-foot square form
and winding on it six turns of No. 22 wire. Such
a loop would have a range of trom 1500 kc. (200
meters) to 600 ke (500 meters).

. Generally, for satisfactory operation, no connec-
tion to ground is necessary. owever, somewhat
louder signals can usually be obtained if the low
&?tential end of the loop is connected to ground.

hen such a connection is_made, it is likely that
the loop also acts as a small antenna by reason of
its capacity to ground. In this connection, it
should also be pointed out that the inner end of the
loop should always be at the lowest potential.

If you are really out

for SUCCESS
Learn RADIO

... the most fascinating
of all professions

Well-paying positions
in this /ive industry
need trained men

You can learn at home!

RAD IO offers you good pay from

the start—rapid advancement—
glorious adventure. It is a respected profession of fas-
cinating brain-work, where your sincere efforts can
win you Success. Our graduates are earning big money
as radio designers, as executives with large radio organ-
izations, in broadcasting work, as skilled mechanics,
assemblers, service men, and radio dealers.

We have trained thousands of men to become
suceessful radio operators on ships traveling to far
corners of the globe—to become radio operators in
shore stations. And now Opportunity is knocking at
your door.

New Course Offered by the
World’s Oldest Radio School

After years of experience the Radio Institute of
America has evolved a new and revolutionary course
inradio. It takes you through every phase of radio—
right through television, photoradiograms, and airplane
radio equipment.

‘The instruction is the work of radio experts, and its
clearness and simplicity a:e such that you can master
every point with ease.

Complete Kit of First Quality
Equipment at No Extra Cost

We furnish all the parts—first quality—to make
many different radio circuits—also the Peerless Signa-
graph and other instruments for code instruction—at
no extra cost.

Radio Institute of America
Sponsored by RCA,
G-E and Westinghouse

Conducted by the Radio Corporation of America and
enjoying the advantages of RCA's associates, G-E and
Westinghouse, the Rad o Institute of America is equip-
ped to give—and does give—the finest radio instruction
obtainable anywher: in the world.

Home Study Course

Moreover, you can study at home,
when you please and 2s long as_you
please. Our new catalog describing
the home study course is now
ready. If you want to learn more
about the profitable and fascinating |
profession of radio, sena the coupon
' now for your copy. &Y
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e ——————————
1

| RADIO INSTITUTE OF AMERICA I
L Dept. Q28 ]
I 326 Broadway, New York, N. Y. |
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Exclusively Li-

censed by Techni-

dyne Corp. Under

U. 8. Pat. No.

1593658, 1034103,

- 1034104,
TONATROL

From a

Whisper
to a Giant’s Voice!

Any Volume You Want With

TONATROLS

A complete line of Yolume Controls

OR smooth, positive control of volume,
F build your receiver with Tonatrols. They

make it possible to control the signals
for utmost clarity of tone from the weaker
and stronger stations alike. Tonatrols are
designed in types for all A. C. or battery
powered circuits. Furnished in Standard
types, or with filament or power switch at-
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Carrier Wave Analysis

HETERODYNE INTERFERENCE

RADIO waves travel with the speed of light—
300,000,000 meters per second. Now, in any
wave motion, the frequency, or number of waves
passing a given point per second, multiglied by
the wavelength, gives the speed with which the
waves are traveling. If a train of railroad cars
passes a given point at the rate of two cars per
second and each car is hft{ feet long, the speed of
the train isobviously one hundred feet per second

7 5,000 f45000
|
!

|
{H‘ Il

LOWER SIDE BAND _ CARRIER  UPPER SIDE BAND
FREQUENCY

J-30 130
2
!
[

Quite similarily, if the frequency of passing radio
waves is one million per second, then the length of
each wave must be 300 meters to make the speed
come out the value stated above. Broadcasting
stations have a frequency separation of 10 kilo-
cycles to prevent heterodyning, and no uniform
wavelength separation can be given that will be
applicable throughout the broadcasting band. If we
work with wavelengths, we must calculate anew
the width of channel expressed in meters for every

different wavelength. Thus a 10-kilocycle channel
at three-hundred meters wavelength is only a three
meter channel, while at three thousand meters
wavelength, it is a three hundred meter chammel,
There are about nine times as many 10-kilocycle
channels available between the wavelengths 30
and 300 meters as there are tween 300 and 30,000
meters.

For very high quality music, all tones between
about 30 and 5000 vibrat:ons per second should be
transmitted with equal efficiency. To transmit
the former, we must transin.t a frequency 30 cycles
greater than the carrier anc another 30 cycles less
than the carrier, in addiign to the carrier itself.
To transmit the 5000-cycle rote we must use the
frequencies 5000 greater and 5000 less than the
carrier, and to transmit all the intermediate tones,
we must use the two hands of frequencies (called
the upper and lower side bands) shown in the
accompanying diagram.

The whole range of frequencies used is called a
“channel.”” In the case just described, the width
of the channel is 10,000 cycles. The important
thing about all this is that broadcasting stations
do not use only a single frequency or wavelength as
might be supposed from the figure given at the top
of the newspaper radio prog-ams (that figure is the
frequency of their carrier wave in kilocycles per
second), but they each recuire a channel of definite
width, and hence only a rather small number can
work at once without their channels overlapping,
Overlagping results in a continuous whistling sound
(of high pitch if the channels overlap only slightly,
and of lower pitch if the overlapping is greater).

Kl?luud

tached $1.50 to $3.00.
G
* \H

! Radio frequency Cotb
Fig. 1—Tonatrol Type P Circuit

Recommended for the following receivers and closely
similar types; Grebe MU-1; Kolster 6 D; Bremer-Tulley
Counterphase 6-37; Fada 8-480 B.S.F. 50/80.

\V/

N
|

ANTENNACOIL

To Prnmary of Rower Transfor mer
Fig. 2—Tonatrol Type R Circuit
Recommended for Atwater-Kent; Freshman Master-

piece; home-built tuned r. f. sets; the Paragon models;
Bosch models 66 and 76; and Bremer-Tulley Counter-
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Inductance of Single-Layer Solenoid Coils

CALCULATION FORMULA

IT IS possible to obtain quite a close approxima-

tion of the inductance of a solenoid coil by the
use of the Bureau of Standards formula, which is as
follows:

am?
I lObK

which-—
= Inductance of coil in microhenries.
= Radius of coil in inches, measured from the

center of the coil to the center of any wire,
Length of coil, in inches.
Number of turns.

in
L
a
b
n
K

2a
= A constant, depending upon the ratio of —.

The constant K in the formula can be obtained
from the accompanying curve. -

This formula can be used very well in determining
the approximate inductance of any particular coil,
or can be used to determine the number of turns
necessary in order to give certain inductances.

It does not take into account the shape or size
of the wire, nor does it consider the effect of the
capacity of the coil. However, since the coil capac-
ity is usually negligible in comparison with_ the
capacity of the tuning condenser, it is not especially
important in so far as the tuning range of the coil is
concerned.
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Fig. 3
Tonatrol Type A
Circut

Antenna Type for Non-oscillating Receivers
Adapted to such staple circuits as Fada 7/475 AS.P-
45/753 Grebe 7; The Bosch Cruiser; Crosley Bandbox:
Stromberg Carlson §01A; Thermodyne T.F. §; Zenith
110f 14

it Audio Trardsformer

| ~swTionug
Oa-
Fig. 4—Tonatrol Type S Circuit

Audio Control for Non-oscillating Receivers

Usually used as an auxiliary volume control in addition
to an osillation or regeneration control. Generally
improves tone quality.

Electrad Specializes in a Full Line of Con-
trols for all radio Purposes. W rite for
Free Hook-Up Circulars and Circuit Data.

Dept. C-9

175 Varick Street New York

-

|
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Volume Control

CORRECT METHOD TO USE

A GREAT many of the present receivers now in
use are not equipped with any really satis-
factory means of volume control. The most com-
mon method used on these receivers is to control
volume by means of one or more filament rheostats.
Usually these rheostats control the audio frequency
tubes and, when such is the case, the quality is sure
to suffer when the volume is reduced by lowering
the filament current. Under such conditions, the
quality will be impaired due to the two following
causes,

In the first place, lowering the filament tempera-
ture will increase the plate impedance. Now the
frequency characteristic curve of any audio trans-
former depends to a great extent upon the imped-
ance of the plate circuit, If this impedance is high,
the quality will be poorer than if the impedance was
low and, for best results, the impedance of the trans-
former primary should be at least three times the
impedance of the plate circuit. Lowering the fila-
ment temperature will destroy this ratio, and the
quality thereby becomes poorer.

In the second place, lowering the filament tem-
perature has the same effect as increasing the nega-
tive grid bias. If the temperature is lowered to any
great extent, the tube will operate on the lower bend
of its characteristic curve and distortion of the sig-
nals will then take place because a certain amount
of detection will occur. Detection should only take

place in the detector circuit, and if it occurs at any
other point, it will invariahly cause distortion.

1f volume control is at pr: s:r.t being accomplished
by filament rheostats in the sudio amplifier, it will
be wise to revise the set so &s to permit the use of
some other system.

Volume can be controlled quite satisfactorily by
means of a potentiometer a.ross the secondary of
the first audio transformer. This resistance will,
actually, somewhat better the quality, since, if a
rather poor transformer is be ng used, it will smooth
out the amplification curve and make it quite flat.
This unit should have a waximum resistance of
about 500,000 ohms, and sho>uld always be placed
across the first audio trans<fcriner. It is then possi-
ble, on strong signals, to c:t down the volume and
incidentally prevent overloacing of the audio tubes.
However, if the resistance v ere connected across the
second transformer, it wou.d not be possible to
prevent overloading of the first tube. Connection
across the first transformer is, therefore, advisable.

It is also Fossible to contro: volume very nicely
by means of the filament rheostat controlling the
radio frequency tube, without getting into any of
the difficulties that occur if Glament variation of the
audio tubes is used to control volume. This is due
to the fact that variations in tke plate impedance of
the radio frequency tube merely tend to cut down
the overall amplification, but there is no possibility
of frequency distortion since we are working with
what is practically a single frequency.




RADIO BROADCAST'S DATA SHEETS 2

" ai0 BROADCAST Laboratory Information Sheet

| Become an
Learning t0 Read Code | Expert Radio Operator

. . . .
the energy radiated into the air consist
erefore, e v impulses ! |
0 WP requendy "l prerodyned 3
of a series 0 . .« chey 418 heter y :
sgnaln e Dol audible untit © ey 4 |
by the oecillalions that € piace in the recelver. 5
Phorctore, 10 V903, anced until e e meen.
U e va o S 8 illates.
me:scl:;yso(t?the Imernatioml Aorse Code 5 shown
on Sheet No. 20-
followin| table gives the
co\T-ekie the varglgous wavelength bands commonly
used—
- — 100 to 150-turh coil
600-meter u?‘ﬁ‘lc: - :}% o 150 e O
[}

coil sizes for L to

e

A NYONE can learn telegraphy (Radio or
{ £X \orse) at home with the MIDGET
!TELEPLEX. Lessons and complete instruc
tions with each instrument. No experience
| necessary, no personal instructor necessary,
vou get everything you need with the Midget
Teleplex.

The MIDGET TELEPLEX reproduces for
vou the actual sending of expert operators. 1e
is just like having an expert operator right in
vour own home to teach vou. SATISFACTION
GUARANTEED. Use it five days and if you
are not satisfied send it back and get your
money.

MIDGET TELEPLEX with Lessons $3.503
Complete with high frequency Key and Buzzer
$35.50. We pay the postage.

TELEPLEX CO.

22-76 Cortlandt St.  New York City, N.Y.
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A Simple Loop Receives
GENERAL DATA

l’l;fIrS_DOSSIble to make up a very simple yet quite
icient loop receiver using condenser feedback
for the control of regeneration.  Such a receiver
will be uscful for local reception when sufficient
audio frequency amplification is added. If the
receiver is made up in the form of a portable set,
1t will also be found extremely valuable in locating 9
sources of interference.
The circuit diagram of such a receiver, using two
stages of audio amplification, is given herewith.

1S quite simple
ting of the ¢
receiver, may
the de

slight

n

= Any standard loop designed for operation
with a 0.0005-mfd. variable condenser.
= 0.0005-mfd. variable condenser.
= 5-megohm grid leak.
= 0.00025-m d. grid condenser.
= 0.00025-mfd. variable condenser used to
control regeneration.
= Radio frequency choke coil. This coil may,
consist of about 300 turns of No.:0 d.s.c. o
other fine wire, bank wound on a 1-inch tu
Tiand T: = Audio frequency transformers.
J = Asinglecircuit lilament control jack.
Ry, Rs, and Ry, = filamnent ballast resista
type satisfactory for the kind of t3
ployed.

If the set is to be designed for portable
tubes are recommended and, in this ¢
best to supply the filaments with th
batteries in series. The tuning of

DETERMINING CORREC

N THIS sheet are given
amount of resistance n:
rheostat_in order to control
The values of resista
just sufficient to reduce the
necessary amount, and if it i
tubes at somewhat below th

NUMBER OF TUBES IN Par
TyPE OF TUBES

éOl-A—VVith 6-Volt Su:)
199~ With 4}-Volt Sup
199-—-With 6-Volt Suppl
12—With 14-Volt Suppl
12—With 2-Volt Suppl
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Learning to Read Code

A GOOD CIRCUIT TO USE

ONE of the best methods for use by & novice
in learning the code is to construct a ‘simple
receiver capable of receiving the long wavelengths
ranging from 600 to 15,000 meters (500 to 20 kc.)-
Practically all of the transatlantic stations operat e
on these low frequencies, and usually the transmit -
ting is done at a fairly low speed, so that it is possi-
ble for anyone with just a rudimentary knowledge
of the code to decipher quite a few letters. In a
comparatively short time it will be found possible
to receive whole words—and then sentences.

The :ircuit diagram of a long-wave receiver that
can be used to receive code signal is shown in the
accompanying diagram. L is a honeycomb coil,
the size of which depends upon the wavelength it is
desired to receive. Condenser C is an ordinary
0.001-mfd. variable condenser. Forty-five volts
of B battery is sufficient. This receiver is regenera-
tive, and feedback is controlled by variation of the
20-ohm filament rheostat.

The receiver should be connected to an antenna
about 100 feet in length, and a good ground should
be used. Most of the long-wave stations operate
on pure ¢. w. which means that the antenna at the
transmitter is fed from a high frequency oscillator,
the output of which is controlled by the key. When
the key is depressed the set breaks into oscillation,
and when the key is raised the set stops oscillating.

Therefore, the energy radiated into the air consists
of a series of high frequency impulses. These
signals are not audible until they are heterodyned
by the oscillations that take place in the receiver.
Therefore, in using this receiver, the filament
rheostat should be advanced until the set oscillates.

A copy of the International Morse Code is shown
on Sheet No. 20.

The following table gives the coil sizes for L to
cos\égr the various wavelength bands commonly
used—

600-meter traffic, L = 100 to 150-turn coil
2600 w o 400 ¢

1200 - L = 300to

gm0 "o

3ol i & G

®

®

=

=

i -
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The Morse Code

1 ¢ omm cwm cum e
2 rommm amm ——

From(de) ... - -~
Invitation to trans:
‘Warr.ing-high power

A )German)
* onan ¢ anne
. AorA

Spanish-Scandinavian

O & T . ¢ lnumga S0 G- ¢ &
W 5 Exclamation I cint-.. — e ¢ ¢ S —

. CHGermanSpanish) 4 postrophe.....-- - ¢ o o ——
esee (E French) gyr.hejq-...- £raCtion. oo oG
oo L oommmee Par TN — e w— ¢ vy
0—: —— wam (Nianis_h)._ {?vjert'nd (o0, 1 T SR en—— LT YT
ommmee 0 (German) Double dash _ « e moe oom e ________
— | —— Distress Call - +ewooc e meeeeoe e
- U (German) Attention eall to precede every transmission,
——— 0 m—— General inquiry call ... ____.. -

: o0 ¢ 8 %00 mmm wum Qnem'lon (please repeat after.
long
b (L S
o Break (double dagh).
000 Ui d_

N o O HU DO RO ZR T Rum DO mIO W

* o enme 7 m mmese Errora. ..o T e e e e
R e P ——
-— ¢ cumm wsmp 9 omn m— —— E:‘d"of po! Ppivhe

0 mmt vy o - o, Tranerission finished (end of work)
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Rejuvenating Tubes

CONSTRUCTION OF A SUITABLE UNIT

IT NOT infrequently happens that, with tubes hav-
ing thoriated filaments, the emission gradually
decreases after considerable use so that the tube is
rendered_useless, even though the filament still
lights. Under such conditions, it is usually possible
to subject the tubes to a treatment that will put
them once more in usable condition. This treat-
ment is called reactivation, or rejuvenation, and is
quite easily accomplished by the home experiment-
cr witha few fairly cheap parts
that can easily be assembled in-

ages from six to twelve can usually be obtained.

Suppose we desire to reactivate a 201-A. The
tube is piaced in the 201-A socket (which is the left
hand socket in the diagram) and the plug connected
to the 110-volt alternating current supply. The
tap switch is set for twelve volts and the tube is
allowed to burn at high voltage for about one
minute. The voltage 1s then reduced to six or
seven volts, and the tube is permitted to *‘cook”
for about one-half hour. It can then be removed
and, generally, when placed in a receiver, it will be
found to give entirely satisfact-
ory operation.

Become an

Expert Radio Operator

ANYONE can learn telegraphy (Radio or
Morse) at home with the MIDGET
TELEPLEX. Lessons and complete instruc-
tions with each instrument, No experience
necessary, no personal instructor necessary,
you get everything you need with the Midget
Teleplex.

The MIDGET TELEPLEX reproduces for
vou the actual sending of expert operators. It
is just like having an expert operator right in
your own home to teach you. SATISFACTION
GUARANTEED. Use it five days and if you
are not satisfied send it back and get your
money.

MIDGET TELEPLEX with Lessons $3.50;
Complete with high frequency Key and Buzzer
$5.50. We pay the postage.

TELEPLEX CO.

72-76 Cortlandt St.  New York City, N. Y.

25 Testing Units
for Service Men

Are You Interested in
Servicing Radio Receivers?

John F. Rider’s
“A Treatise on 25 Testing
Units for Service Men”
is the book you need

It describes the constructional details
with wiring diagrams of AC, DC tube
testers, receiver voltage testers, B elim-
inator testers, oscillators, tube reactiv-
ators, filament emission tester—

EVERYTHING for the Service Man

to a snitable instrument for re- UV-201-A Uv-199 The edure to be foll i i 1
clainung_ apparently useless ih o) ) 0 FO in tr:eatli)rx;zca l‘g‘; tgbe isopl?::fic! Endorsed by an ra.dlo Magazines and
tubes. Many tubes will, after ' cally the same. At first the by thousands of Service Men and Cus-

ctiy s K s muc p tube is ‘*flashed” at eight g 9
emission as they did when new. F for half a minule.il 'f'llse svyi‘g:t}f tom Set Bullders' P rice $507 pOStage

The parts needed to assemble 5_ is then placed at the lowest volt- 10 cents extra
a rejuvenator are a toy trans- Q@ —'| F Q age, which is usually about six '
g:;m:é' g‘f) t}; t);pe usuﬁall (:n.x- I vol(tjs. amill then ‘txlixe rheostat is

operate small electric [ used in order to reduce the volt- RA RE II
tigg}_;xs. t“éotg;bet;ockfets.zgrlxe Af9r LER j= a e to 4}! voltﬁ. With thi:gp- DIO T ATISE CO.
S, an other for -A'S, . j i H

a30-ohm rheostat, a’i_xg some odd ‘ oSwgglo g):' ha‘l,fo ;: eoar?‘:\}:llz‘el ;shé:czggaeg 270 Madison Auve. New York
screws, nuts, etc. e connec- ment is complete,
tions are clearly shown in the @ The voltages given above are T T T T T T
accompanying diagram. only approximate and need not Here is 60c for

Practically all toy transform- To | be followed exactly. The rheo- which you will Name .............cocoeiiinn..
G haxile on 'tthl?l tgp of the L Transformer Rheostat 'l stac{. f;)r 199'?l is notcl esse}?tial, mail P'?‘J"’,‘:'d £ Ad

sma) switc! Yy means O an il it is iS nse it' h th copy Ol onn - EB8 « oo oo vevsoosocesannsnnss
which the secondary voltage tube should nogebe co‘zked ag Rider's  Service
can be raised or lowered. Volt- Qﬂ long at the higher voltage. Unit Treatise. City.eivsrnsioees. . State...o....
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HE unqualified endorse-
ment of Ceco Radio Tubes
by the leading radio engineers,

including Cockaday, Lynch,
Hurd, Bernard and many oth-
ers, is conclusive evidence of
their proven performance.

Their uniformity, extreme clear-
ness of reception, and absence
of A.C. hum, are largely due to
the exclusive CeCo process of
evacuation.

You owe it to your radio to try
a set of CeCo Tubes to gain the
utmost in radio reception. A
CeCo dealer will gladly advise
you which types to use.

CeCo MANUFACTURING CO., Inc.
PROVIDENCE, R. I.
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A Simple Loop Receiver

GENERAL DATA

]T IS possible to make up a very simple yet quite
efficient loop receiver using condenser feedback
for the control of regeneration. Such a receiver
will be useful for local reception when sufficient
audio frequency amplification is added. If the
receiver is made up in the form of a portable set,
it will also be found extremely valuable in locating
sources of interference.

The circuit diagram of such a receiver, using two
stages of audio amplification, is given herewith.

L1 = Any standard loop designed for operation
with a 0.0005-mfd. variable condenser.

C: = 0.0005-mfd. variable condenser.

R = 5-megohm grid leak.

C: = 0.00025-m'd. grid condenser.

C: = 0.00025-mfd. variable condenser used to

control regeneration.

K = Radio frequency choke coil. This coil may,
consist of about turns of No. :0d.s.c. of-
other fine wire, bank wound on a 1-inch tub¢:,

Ty and T2 = Audio frequency transformers. /

’lI? = A single-circuit filament control jack.

1, Re, and Ry, = filament ballast resistay ’ca of
t¥pe satisfactory for the kind of %5:5 em-
ployed.

If the set is to be designed for portablel use, UV-199
tubes are recommended and, in this c2’se, it will be
best to supply the filaments with thyfee 14-volt dry
batteries in series. The tuning of (such a receiver

is quite simple,and depends entirely upon the set-
ting of the comdenser Cy. As in any regenerative
receiver, maiximum volume will be obtained when
the detector tube is adjusted so as to operate
slightlyy below the oscillating point, this adjust-
npent being controlled by variation of condenser C.

_Particularly in interference investigations the
Alrecuonal effects of the loop will be found very
valuable, the loudest .nterference being received
when the plane of the locp is pointed toward its
source.

At all times during the operation of the receiver,
care should be taken so as to keep the detector tube
below the oscillating point since, if this tube does
oscillate, a certain amount of radiation will take
place which_ will produce interference with other
receivers. Since a loop is being used, this radiation
will not be very great, however.

No. 23
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Rheostats

DETERMINING CORRECT VALUES

ON THIS sheet are given data regarding the
amount of resistance necessary in a single
rheostat_in order to control various numbers of
tubes. The values of resistance that are given are
just sufficient to reduce the hattery voltage by the
necessary amount, and if it it desired to operate the
tubes at somewhat below th: rated voltage (not al-

together a good practice), rheostats with about
ﬂ per cent, more resistance than specified, should
used.

In any case, it will generally be found impossible
to obtain rheostats with the =2xact resistance given
in the table, and it will be necessary to use the next
larger size. It should be noted that two lines are
given to both the 199’s and 12’5 to cover the use of
eitherdry cells or astorage battery.

NUMBER OF TUBES IN PARALLEL— 1 2 3 4 5 _% 7 8
TypE OF TUBES
RESIS[TANCE I,N OHMS
201-A—With 6-Volt Suprly...... o4 2 1.5 1 8 | 7| & 5
199—With 4}-Volt Suppiy........| 25 13 9 7 5 | 4.4 4 3
199-—With 6-Volt Supply......... 50 25 17 13 10 9 8 7
12—With 1}-Volt Supply......... 1.6 .8 6 4 4 3 25 2
12—With 2-Volt Supply.......... 4 2 12 [ .9 .75 6 .55 45
112—With 6-Volt Supply......... 2 1 7 5 4 .35 3 25
120—With 44-Volt Supply........ 12 6 ! 4 3 | 25 2 1.7 1.5
120—With 6-Volt Supply. .. ...... 24 12 | 8 6 5 4 35 3
—

No. %4
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i Bypass Condensers

RULES FOR LOCATION

AT SEVERAL locations in a receiver it is es-
sential that bypass condensers be used and,
at several other points, their use is advisable.

In practically all receivers, a bypass condenser
is necessary across the ?rimary of the first audio
transformer, which is, of course, connected in the
plate circuit of the detector tube. 1n those cases
where transformer coupled amplification is not
used, the condenser should be placed across the
impedance or resistance in the detector plate cir~

R.F.Trans.

R.F.Amp

cuit, dependinf upon whether an impedance- or
resistance-coupled amplifier is used. In any event,
the method of connection shown in A, is to be pre-
ferred to the method shown in B.

With the former method of connection, the radio
frequency currents are returned, by the condenser,
directly to the filament and do not need to pass
through the B battery. The condenser u at
this point should not be larger th-r is necessary to
give good results. Usually a 0.001%:5-m{d. conden-
ser is large enough, and a 0.001 one should not be
used unless it is found necessary.

1t is frequently wise to place :i large bypass
condenser across the B battery. 7This condenser,
which should have a capacity of about 1 mfd., by-
passes the audio currents around the B battery.

A condenser connected as shown in C, will usu-
ally be found of value in obtaining more stable
operation from a radio-frequency amplifier. If this
condenser is not used, the r. f. currents, in returning
to the filament, must pass through various leads
and then through the B battery and, quite possibly,
there will be sufficient coupling to other parts of
the circuits to prevent accurate neutralization.
This cfondenser should have a value of not less than
0.1 mfd.

The function of any bypass condenser is to return
certain currents, by as short a patl as possible, to
the tube where they originated. A bypass conden-
ser is practically worthless if connec:2d to any part
of the circuit without giving regaic to this rule.
Therefore, whenever possible or.e siae of the bypass
condenser should connect to the filament terminal
of the socket containing the tube to which the
currents are to be returned.
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THE HEISING METHOD

THE process of impressing audio frequency
current on the radio frequency output of a trans-
mitter is called ““modulation.”

The simplest case of modulation occurs when a
gure note of single frequency, such as is produced
by a tuning fork, is transmitted. If the tuning fork
is struck and is placed near the microphone, the sound
produced by the fork will be transmitted by the mi-
crophone to the radio transmitter, These audio-fre-
quency currents will cause the radio-frequency wave
to vary in amplitude and also in frequcncg'. If the
radio wave without any modulation had a frequency
of 500,000 cycles, and a 1000-cycle note was produced
by the tuning fork, the radio-frequency wave would
chang e in frequency and would be composed of three
frequencies; one equal to the original frequency of
500,000 cycles, another equal to 499,000 cycles;
and another equal to 501,000 cycles.

. These latter two frequencies are equal, respec-
tively, (1.) to the difference between the original, or
carrier frequency, and the audio frequency, and (2.)
the sum of the carrier and audio frequency. In
actual transmission, we are not dealing with a
single 1000—c¥'cle note but are dealing with the en-
tire band of frequencies between approximately
50 and 5000 cycles, so that all of these various fre-
quencies are impressed on the carrier wave during
modulation.

The most common method of modulation used
by broadcasting stations is the Heising method,

RaDpio BroapcasT Laboratory Information Sheet

Modulation

and it is shown in its elementarg form in the
diagram on laboratory Sheet No. 26. Here tube
No. 1 is the oscillator, and No. 2 the modulator.
Choke coil L is sometimes called the Heising choke.
The oscillatory circuit is the familiar Ilartley type
using an inductively coupled antenna coil.

The voice signals are impressed on the grid of the
modulator tube as is shown in the diagram. Act-
ually, between the microphone and the modulator
tube, it would be necessary to use several stages of
additional amplification.” These audio signals
impressed on the modulator cause its plate current
to vary and produce a corresponding plate-current
variation in the oscillator tube.

The total current supglied to the circuit by the
battery supply, marked B on the diagram, does not
vary appreciably as the modulation is impressed
on the grid of the modulator tube No. 2, due to the
fact that the choke coil has a very high inductance
and, therefore, offers considerable impedance to any
variation in the current flowing through it. This
Heising choke coil is an essential part of a radio
transmitter using this type of modulation.

If a radio wave is completely modulated, the
power transmitted will be about one and a half
times as much as an unmodulated wave having
the same average current. However, in ordinary
broadcasting, it is not advisable to completely
modulate the carrier and, therefore, it can be said
that the power transmitted when the wave is being
modulated is about the same as the power trans-
mitted when the wave is not being modulated.

rNo. 26

ITS VARIOUS FUNCTIONS

THE three-electrode tube can be used in a great

many ways, but its use in connection with

radio transmission and reception is confined almost
exclusively to the following:

1 MoDULATION: Vacuum tubes are used in this
connection in all the large radio broadcasting
stations throughout the world. Modulation
can be defined as the process of varying the
amplitude of the transmitted radio waves in
accordance with the variations of air pressure
that constitute the voice or music. The actual
process of modulating the power of a high-power
station, in general, requires considerable essential
auxiliary apparatus. However, modulation can
be accomplished using a single circuit such as
that shown in the accompanym‘g diagram, where
tube No. 2 is the modulator. careful analysis
of modulation appears on Sheet No. 25.

. DETECTION (also called RECTIFICATION and
DEMODULATION): This is the process of convert-
ing modulated radio-frequency alternating cur-
rents into direct currents varying in strength in
accordance with the original voice or music.

3. REGENERATION: The process of neutralizing
some of the unavoidable resistance in the receiv-
ing circuits, resulting in greater currents being
produced by the incoming waves.

4. AMPLIFICATION: Increasing the energy of either
radio- or audio- (voice and music) frequency cur-
rents, without changing their form. The tube

[&]
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The Three-Electrode Tube

itself is an amplifier, the ordinary type giving
an output voltage about seven times greater
than the input voltage. The tube may function

in conjunction with a transformer, in which case
an even greater overall amplification is obtained.
5 OSCILLATION: The production of high-frequency
alternating

currents. At the transmitting

stations it is high frequency current flowing in
the antenna that radiates energy in the form of
electroma%petic waves (in this case, radio
waves). ube No. 1 is an oscillator in the
diagram shown.

No. 27

CALCULATING THE NECESSARY RESISTANCE

IN THE course of their experiments, most_home
constructors acquire one or more d. c. milliam-
meters for use in measuring the plate current of
tubes. These instruments are comparatively cheap
and are essential in making general tests on radio

rts.

Another very useful instrument is the d. c. volt-
meter for use in measurin¥ the voltage of all kinds
of batteries and line supply devices. ~ It is possible
to make up a very useful and fairly accurate volt-
meter using a milliammeter and a good fixed resist-
ance, and thereby make unnecessary the purchase
of a voltmeter. Actually, a voltmeter consists of a
sensitive milliammeter in series with a high resist-
ance. In calibrating, such a meter, in series with
the resistance, is placed across known voltages, and
its scale marked off in volts instead of milliamperes.

Suppose we have a meter with a full-scale reading
of 2 milliamperes (.002 amperes), and we want to
use it as a voltmeter for use on line supply devices
which supply voltages up to 200. To determine
the required resistance necessary in series with the
meter, we divide 200 by .002, and the quotient,
100,000, is the required resistance in ohms. If we
place the milliammeter in series with the 100,000-
ohm resistance across an unknown voltage, as
shown in the diagram, the needle will deflect an
amount proportional to the voltage. We have
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A Voltmeter Made From a Milliammeter

made our voltmeter so that if the meter reads 2
milliamperes the voltage is 200. Now, if the meter
reads 14 milliamperes, the voltage is 150; if it reads
1 milliampere, the voltage is 100, etc.

It is not always possible to obtain accurate re-
sistance units so that it is, in %eneral, wise to cali-
brate the voltmeter so as to allow for errors in the
fixed resistance. On Sheet No. 28 is given informa-
tion regarding the calibration of a home-made

100,000 ohm resistance

8 ()
Unknown
Voltage

voltmeter, and if the calibration is done cz_lreful!Y, it
should be possible to obtain readings which willbe
accurate within a few per cent. For roug h measure-
ments, no calibration 1s necessary since, if ﬁood fixed
resistances capable of passing several milliamperes
are purchased, their marked resistance value can be
depended upon within about ten per cent., and usu-
ally the per centage error will be even less than this.

PRONOUNCED
SEE~-CO
RADIO
TUBES

P

GAIN CeCo blazes the
trail in radio engineering
achievement by introducing
the popular Screen Grid Tube
in an A.C. type:—the AC22.

The CeCo line of A.C. tubes
is most complete, embracing
practically every existing type

CeCo Tubes are carried in stock
by dealers everywhere. Write
us for unusual and interesting
booklet entitled ‘‘Getting the
most out of your Radio.’’

CeCo MANUFACTURING CO,, Inc.
PROVIDENCE, R. 1.

B S ———— = =
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(le-Ra-Ton
Radio
Sockets

Specially Designed
for

A. C. Detector Tubes

Spring supported, shock absorbing.
The tube holding element “floats™
on perfectly balanced springs.
Reduces microphonic disturbances,
tends to lengthen life of tube and
lessens the possibility of short-
circuiting closely spaced tube
elements.

Y-Type, Green Top, for 5 Prong
A C Tubes: for mounting on top
of panel, $1.00; for direct attach-
ment to panel, 7§c¢.

Red Top, for Standard UX Type
Tubes: For mounting on top of
panel, 7§c¢.; for direct attachment
to panel, §0c.

Shelf Supporting
Brackets

A decided advantage for the neat
and substantial construction of the
set. Use when panel and subpanel
are assembled to make one complete

removable unit. The Adjustable
Brackets permit panels to be
mounted vertically or at any desired
angle.

No. 8629—Rigid-—70c¢. per pair
No. 9029 —Adjustable—$1.2§ per pair

At all Radio and Electrical
Dealers and Jobbers

Benjamin Electric Mfg. Co.
120-128 S. Sangamon Street
Chicago
New York
247 W. 17th St.

San Francisco
448 Bryant St.

-
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Calibrating a Home-Made Voltmeter

PLOTTING THE CURVE

ON LABORATORY Sheet No. 27 were given
data regardmg the construction of a simple
voltmeter from a milliammeter. Information is
given here for the calibration of such a meter.
First determine the required resistance in series
with the milliammeter by the tollowing formula:

__E x 1000
1

where E is the maximum voltage it is desired to
read, 1 is the full scale reading of the meter in mil-
liamperes, and R the unknown resistance,

Examples:

1. It is desired to read

milliampere meter.
Thenr = S0 X100 55,600 onm,

The calibration is performed by placing the fixed
resistance and meter across different known volt-
ages and plotting a curve showing the deflection of
the meter for different values of voltage.

By making such a calibration, it will be possible
to compensate for any inaccuracy in the fixed
resistance. If no voltmeter is available whereby
the applied voltages for calibrating purposes can
be measured, it will be possible to use new B
Batteries, since the marked voltages will then be
quite dependable. First 22} volts could be placed
across the combination and the meter reading taken,

R

500 volts using a 10-

It will not be necessa-» to calibrate the full scale
of the meter since the «libration will be a straight
line. The abscissa. <t horizontal axis, of the
curve should be plotted 'n milliampere deflections,
and the ordinate, or ve tical axis, should be plotted
in the corresponding .cltages. Such a curve is
illustrated on this Shee

0 [T (T 11 l L
DK
0 .
i
|
by 30 —T
o
>
200
A
100 — At
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——

Il then 45 volts. etc., until several points are obtained. MIL _AMPERES
L.

_ —
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Tubes: Miscellaneous

213

This is a full-wave rectifier for use with line
supply devices. Its filament voltage is 5, and it
takes a filament current of 2 amperes at this voltage.
The maximum value of the a.c. input voltage is
220 volts (effective value), and the maximum recti-
fied current the tube can deliver is 65 milliamperes.

216-8

This tube is a half-wave rectifier for use in line
supply circuits. Its filament voltage is 7.5, and
current is 1.25 amperes. The maximum value of the
a.c. input voltage is 550 volts teffective value).
The maximum rectified current is 65 milliamperes.

874

This tube is used as a voltage regulator and, when
correctly connected in a circuit, it functions to
maintain a constant voitage. The voltage drop is
90 volts d.c., and the starting voltage is 125 volts
d.c. The maximum current is 50 milliamperes d.c.
The positive lead is connected to the rod and the
negative lead connects to the cylinder. This tube
is used in the line suppl?' device manufactured by
the Radio Corporation of America and also in their
Model 104 loud speaker.

76

This is a ballast tube 1ni when correctly con-
nected in a circuit it funct:ors to maintain constant
current. It has a curren -ating of 1.7 amperes,
and the voltage drop 's 40 t> 60 volts. This tube
is designed for use or uni < using 105 to 125 volts
supply at from 50 to 75 cy«les.

886

This tube is practically the same as the model
UV-876 except that it :s for use on from 40- to 45-
cycle current. It has a current rating of 2.05
amperes, and the voltage drop is from 40 to 60
volts. -

i

This is a protective tube, and is used in the B
battery circuits of reccivers to prevent damage
to tubes or wiring, if the B 1 atterie$ are accidenta y
short-circuited. The voltaye drop across half the
filament is 2.5 volts a° 20 milliamperes d.c., and
rises to 45 volts at & mulliimperes d.c.  Across
the entire filament, the voltage drop at 20 milliam-
peres is 5 volts. With 90 milliamperes flowing
through it, the voltag- drop 1s 90 volts. From
these figures it is evident thzt, if the B batteries
are accidentally short-circu 1ed, practically all the
voltage will be consumed sy 'his tube, and the
current definitely limited to i safe value.
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Measuring the Qutput Voltage of a Line Supply Device

REQUIREMENTS OF A SUITABLE METER

CONSIDERABLE care must be taken in measur-

ing the output voltage of a line supply device if
an accurate reading is to be obtained. The output
voltage of such devices depends to a great extent
upon the current being drawn from them, and if
any considerable amount of current is also drawn by
the voltmeter which is used in determining the out-
put voltage, the reading will not be accurate and
cannot be used.

Also, if true results are to be obtained, the out-
put voltages must be measured when the instrument
is connected to the receiver and a normal load is
being drawn from it, since. if these conditions do not
exist at the time of the test, the voltage read with the
voltmeter will be considerably higher than would
actually be applied to a receiver during operation. A
reading taken without any load on the line supply
device will sometimes be 100 volts higher than the
reading taken with load.

The voltmeter used to measure the output voltage
must have a very high resistance in order to prevent
large currents from flowing through jit. On Sheet
No. 27 is given information regarding the con-
stn.rxlction of a home-made voltmeter which can be
userd,

It is also possible to purchase suitable units for

H use in measuring the output of B eliminators. In

any event, the voltage canno: be at all accurately
read if one of the cheaper |yw-resistance type of
meter is used. 3

A numerical example might r.ake more evident the
errors which will be introduce - n the reading, if the
incorrect type of voltmet«r 1s :s2¢. Asan example,
suppose that we desire to measure the output volt-
age of a Raytheon B line suppls device such as was
described in the December, 1925 RADIO BROADCAST.
If the receiver was drawing f-nn the eliminator 20
milliamperes, the output voitaze would be about
120 volts. However, if “his utput was measured
with a low resistance meter, i -elf drawing about 20
milliamperes, the voltage -ead would be 75, anactual
error of 38 per cent. owever, if a high-resistance
meter is used, such as is described on Laboratory
Sheet No. 27, only about 2 m.ill amperes will be re-
quired by the voltmeter, and then the voltage read
would be practically the same zs the actual voltage,
and a truer indication of the vol.age being supplied
to the set would be obtained. X

The care which is necessary n measuring the out-
put voltages of B line supply devices is not necessary
in measuring B batteries, since 5 drain of 20 or 30
milliamperes_will make very liitle change in the
voltage of a B battery. Therciore, it becomes pos-
sible to read the voltages of these units with anordin-
ary voltmeter whether it have « low resistance or
not.
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Distortion in Receivers

SOURCES AND REMEDIES

THERE are several points in a receiver where
distortion can occur. In the first place, if the
radio-frequency amplifier or detector circuits are
tuned too sharply, distortion will occur due to the
fact that the side bands of the radio frequency
waves which carry the voice or music will not be
equally transmitted by the tuned circuit, and in
this way unequal amplification is obtained.
. If a grid Jeak and condenser system of detection
is used, it is not at all impossible to overload the
detector tube on strong local stations. If this oc-
curs, the various frequencies will not be properly
amplified by the detector tube and serious distor-
tion will occur. For real quality on local stations,
a C battery detector is advisable since it can handle
comparatively larger amounts of signal strength
without overloading.

Distortion can occur in the audio frequency
amplifier, To prevent this, good transformers
should be employed, if this form of coupling is
used, and a C-battery bias should always be placed
on the grids of all the audio amplifiers in order to
prevent the tubes from overloading. If overloading
does occur, the peaks of the voice waves will be
cut off, and serious distortion results. Also, if the
wiring of the audio amplifier is rather poorly done,
it is not at all impossible that the audio amplifier

will begin to oscillate, sometimes at inaudible
frequencies and sometimes at audible frequencies.
If the oscillation is audible it can be fairly easily
checked up and corrected, but if it is inaudible, it
is sometimes quite a while before we realize just
what the trouble is. The only practical method
that can be used to detect these inaudible oscil-
lations, is to place a milliammeter in the plate
circuit of the tube of the suspected circuit. fter
putting this meter in the plate circuit, the input
to the tube is short-circuited (if a transformer-
coupled amplifier is used, a lead would be con-
nected between the G post and the F t on the
transformer) and no change should take place in
the reading of the plate milliammeter. If a change
in the reading does occur, it is a fairly good indica-
tion that the circuit is oscillating. f course, dur-
ing this test, no signals whatsoever should be re-
ceived. .
The final point at which distortion might occur is
in the reproducing device. In order to obtain
best reproduction from a cone speaker, it is neces-
sari to use a semi-power tube in the output stage,
with sufficient voltage to prevent overloading. Itis
also essential that the il:é)edance of the loud speaker
be fairly closely matched with the plate impedance
of theoutput tube. If any discrepancy between the
two impedances does exist, the tube should be pref-
erably of a lower impedance than the speaker.
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Matching Tube and Loud Speaker Impedances

THE USE OF AN OUTPUT TRANSFORMER

MANY recent articles dealing with quality am-

plification have stressed the point that an
endeavor should be made to approximately match
the impedance of the output tube with the imped-
ance of the loud speaker. This fact is important
from two standpoints; first, from the standpoint of
quality and, secondly, from the standpoint of
efficiency.

Regarding the first point, if a low-impedance cone
sgeaker is used with a high-impedance tube, such as
the 201-A, the low frequencies will be lost and undue

rominence will be given to the high frequencies.
n order to eliminate this drawback, and at the
same time make it possible to obtain a considerably
greater amount of undistorted power, the new type
112 and 171 tubes have been developed; both of
these have quite a low plate impedance, The
characteristics of these two tubes were printed
on Labhoratory Sheets Nos, 7 and 12 respectively.
By the use of such tubes, the frequency distortion
(produced when a high-impedance output tube is
used) is practically eliminated,

‘When we use a low-impedance tube and thereby
better the quality output of our receiver, we at the
same time increase the efficiency with which the
power developed by the tube is delivered to the
loud speaker, Maximum power will be delivered

to the output when its impedance is equal to the
tube impedance, so that, for best results, the loud
speaker impedance at a medium frequency, say
1000 cycles, should match fairly well the output
impedance of the tube.

simple method whereby tubes and loud speak-
ers of different impedances may be used together,
is by the inclusion in the circuit of a suitable output
transformer, several of which are now on the mar-
ket. When this plan is resorted to, it is necessary
for the impedance of the transformer primary to
approximately match that of the tube. The second-
ary should have an impedance similar to that of the
loud speaker. 1n this way, it becomes possible to
use a low-impedance speaker with a high-impedance
tube, although it is not particularly advisable since
the high-impedance tubes are not capable of
handling any great amount of power and will very
likely overload, if they are used to supply a loud
speaker.

If a semi-power tube is used in the output, it is
not generally advisable to connect the loud speaker
directly into the plate circuit of the tube since, if this
is done, the d. c¢. plate current will pass through
the loud speaker windings and will harm the mag-
nets used in the loud-speaker unit. In order to
eliminate the d. c. from the loud speaker windings,
either an output transformer or a combination of a
choke and condenser should be used.

No. 33

RaDpI0 BroapcasT Laboratory Information Sheet

Tandem Tuning

EQUALIZING THE CIRCUITS

TANDEM tuning of condensers, to decrease the
number of separate controls, has become quite
common. There are some fundamental facts con-
cerning tandem tuning which must be considered if
satisfactory results are to be obtained. i

The output and input characteristics in which the
tuned circuits work must be the.same in each stage.
In A of the accompanying diagram, the tuned cir-
cuit No. 2 works out og' the plate circuit of one tube
and into the grid circuit of the followingrtuba The
same thing is true of circuit No. 3. herefore, if
the coils and condcnsers are exactly similar, the two
condensers in these circuits may be coupled to-
gether and operated from a single control. The
tuned circuit No, 1, however, is coupled to an
antenna, and for this reason its condenser will not
tune in exact step with the other two condcnsers
and, therefore, it cannot be " ganged ™ with the other
two circuits even though the coil and condenser have
the same characteristics. .

One mcthod which will permit the ganging of all
three condensers is shown in B. Here, tuned
circuit No. 1 has been coupled to the plate circuit
of an additional tube. It is now similar to the
other two tuned circuits, and the three can be all
tied together. The antenna then feeds through a
resistance coupled directly to the grid of the ad-
ditional tube.

It is, of course, possible to so construct circuit A
so as to permit ganging of all three units without an

additional tube.
accurate cutting of the condenser plates so as to
compensate any effect of the antenna circuit. This
is a difficult job and it is preferable to either retain
two controls or (o use an extra tube.

Many so-called single-control receivers are
equipped with some compensating device which

A 2C
ROk =9

lth B

g ExtraTube®1 A
@

—
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i)ermit.s exact tuning of each circuit to resonance.
n some cases this device consists of a smail midget
condenser connected in parallel with one of the
main tuning elements; sometimes the stationary
plates of one of the condensers are mounted on a
pivot so as to permit -uore accurate tumng. But
no receiver that b= such an adjustable feature can
accurately be called a single-control set.

It would require, however, very °

N .
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micromicrofarad

at minimum capacity and 1% at
maximum capacity are the toler-

ance values of the AMSCO “Bath-

tub” gang variable condenser.

Perfect uniformity of capacity
is available in the AMSCO “Bath-
tub” gang condenser . . . Precision
design, construction and calibra-
tion makes the AMSCO “Bath-
tub”’ two, three and four section
tuning condenser the ideal
tuning capacity . . . Ideal
because of the precision
“matching” where it is
needed most—at the
low end of the scale.
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After long, and particularly exacting tests,
a new Victoreen Super Transformer is an-
nounced which, we believe, is literally years
ahead of its time in its many vital improve-
ments.

The new 1929 Victoreen circuit and trans-
formers are an outstanding achievement in
Radio Engineering. Using them, you can as-
semble a receiver uniquely alone in quality
performance. Better can neithier be built or
bought.

Build the Perfect Receiver for 1929 with
the following Remarkable Features:
1nt._ AN IMPROVED METHOD OF DE-

2nd. AN UNUSUAL AND SMOOTIH
VOLUME CONTROL

3rd. SCIAL OSCILLATOR, ELIM-
IN JECTIONABLE “RE-

PEAT 'S

4th. A SIMPLIFIED CIRCUIT, MAK-
ING  ASSEMBLY EVEN MORE

EASY

Sth. A SPECIAL FIXED ADJUST-
MENT IN  OSCILLATOR 70
SIMPLIFY TUNING

6th. A REDESICNED AND NEW TYPE
R.F. TRANSFORMER. PROVIDING
GREATER  SELECTIVITY  AND
SENSITIVITY

7th. A SIIARPENED LOOP CIRCUIT,
WITHOUT USING REGENERA-
TION

8th. NO HUM, THERFFORE NO [ITUM
ADJUSTMENT NFCESSARY

9th. VARIABLE ADJUSTMENTS RE-
DUCED IN NUMBER

Unmatched Ease of Assembly

Every feature of the 1920 Vietoreen A.C. Circuit has
been planned for the set builder’s convenience. The
placing of pa-ts and binding posts —~the careful testing
of each instrument—the sound engineering policies
back of Vietoreen design- ~are as near 100 perfect as
modern science has been able to obtain.

Blue Print FREE—together with complete as-
sewbly instructivns.  Write for it today.

Another New Development
Victoreen “B” Power Supply

Supplics 40, 95, 180 and 450 volts, using a UX 219
or 230 in the last stage. Contains two voltage regula-
tar tubes so that the 0 and 180 volt taps are supplied
with a constant volt potential. It is the last word in
“RB” supply. For the mwust satisfactory results you
must have it.

Free Blue Print, with list of parts and complete
assembly instructions will be sent upon request.

The Geo. W. Walker Company

Merchandisers of

Victoteen

Quality Radio Parts
2925 Chester Ave.

Cleveland, Ohic
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Series Connection of Filaments

BIAS FROM VOLTAGE DROP

ALTHOUGH the practice of connecting fila-

ments in series has been common in telephone
work for some time, it has only lately come into use
among radio set builders.

When filaments are in parallel, the battery volt-
age must be the voltage that one tube requires.
For a 201-A type tube this is five volts. When the
tubes are in series the battery voltage must be the
sum of the voltages, that is, for five 201-A type
tubes, 25 volts is required. In the parallel case,
the total current is the sum of that taken by each
tube; in the series case, the current is that taken
by one of the tubes.

In the diagram are four 199 tubes in series with
a 12-volt battery to supply them with current.
There is a three-volt drop in each filament and,
taken from the positive end of the battery, the total
drop increases in three-volt steps. This voltage
drop can be used as a negative bias for amplifier
tubes. It is only necessary to connect the grid
return of the amplifier in question 1o the place along
the line where the voltage—with respect to the
negative side of the amplifier filament—is that
required for proper bias.

For example, in the diagram, tube No. 1 has its

id return connected to the ncgative side of the

lament. This represents zero bias. Tube No. 2
is also connected to the same place, but between the

negative side of the filainent of tube No. 2 and the
point where its grid ret irn is connected, is a_three-

volt drop caused >y t-e preceding tube. In the

same manner, tube No. & has its grid biased posi-
tively three volts since in this case there is a differ-
ence of voltage of three etween the positive and
negative sides of this filament.

Tube No. 4 has a

negative bias of 9 since b2tween its negative fila-
ment lead and the point where its grid return is
connected is the vol.age (drop caused by three pre-
ceding tubes. In the d agram, Ec represents grid
volts. In the article entiiled “An A. B. C, Line
Supply Device” in tl.e Ocober, 1025, RADIO BROAD-
CAST, diagrams are g ven of receivers with filaments
in series.

|
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Radio Frequency Transformers

TUNED AND UNTUNED

RADIO frequency transformers are classified as
“tuned” or ‘‘untuned.” A tuned trans-
former must be tuned to the frequency that is to be
amplified. Thus, for a particular setting of tbe
condensers, the amplification would be great for a
narrow band of frequencies but negligible for
frequencies even slightly outside of this band.
Untuned transformers, despite the fact that they
are called ‘‘aperiodic,” work best at some particular
frequency. However, they are supposed to work
over a wide range of frequencies. The wide range
is due to the introduction of resistance, or, if iron
cores are used, by a combination of the advantage of
the iron core with the cffective resistance introduced
into the transformer by the losses that occur in
iron at high frequencies. In general, it may be
said that, when there is much resistance or any-
thing else that causes losses, the amplification will
be less than that theoretically obtainable by the
use of tuned transformers. A few stages of tuned
transformer-coupled amplification have the ad-
vantage of giving great selectivity, that is, amplify-
ing only one frequency (strictly speaking, only ‘a
very narrow band of frequencies) but have the dis-
advantage that as each stage must be carefully
tuned, it is complicated to change from one fre-
quency to another and difficult to pick up weak

condenser is known in advance. In the super-

E signals unless the proper setting for each tuning

heterodyne system, this - sadvantage disappears
because the intermcdiate-frequency amplification
is done at a fixed frequency, irrespective of the
wavelength of the station heing received.

The diagram shows a ty-ical three-stage untuned
transformer-coupled . amnplifier with potentio-
meter stabilization. The (ransformers are marked

T T
" r 3
Loop = 3E
Sl |
U "'l
g
S [ L
51
o
&2 % 2 a5 .90
A B

Ty, T2, and Ta. Receiving ses of this type are not
very selective as there sonly ne tuned circuit todo
the ‘‘selecting,” but they ar: easy to operate as the
tuning condenser and the poientiometer are the
only controls. Unless un arrangement for plugging-
indifferent transformers is provided, the range over
which best amplification is obtained is usually only
about two hundred meers.
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The Super-Heterodyne

ACTIONS AND PRINCIPLES

ESSENTIALLY, the super-heterodyne consists
of a receiver constructed to receive on one
single frequency (whatever frequency it is most
efficient to work with), ahead of which is a fre-
guency changing device in combination with a
etector tube (known as the first detector) desifned
to change the frc?uency of the incoming signals to
that of the fixed frequency receiver. e receiver
designed to receive on one single frequency consists

T —
p'rnzqu:ncv _] SECOND
CHANGING INTER- DETECTOR | (o
DEVICE MEDIATE | |AND AUDIO-
AND FIRST (FREQUENCY]
PLIFIER
DETECTOR AMPLIFI ‘AMPLIFIER
L

of several r. f. stages (known as the intermediate-
frequency amplifier), a detector (the second detec-
tor), and the usual audio amplifier.

The tuning controls consist of two variable con-
densers, one to tune the loop to receive the incoming
signals (which are passed to the grid of the first
detector), and the second to tune the frequency
changing device (known as the local oscillator).

It is a well-known fact that two frequencies,

if superimposed, will produce a third frequency,
its value equalling the diffe:erice between the two
superimposed frequencies. The object of the local
oscillator is to produce local y a frequency which
may be superimposed uron t e incoming frequency.
The frequency of the locally g:nerated wave must
be such that when it het:rod 'nes (is superimposed)
with the incoming signal, the third frequency will
equal that which is capable o 't e:ngreceived by the
fixed frequency unit of t! e suer-heterodyne. This
third frequency may be 3( k¢. Thus we hear
mention of a 30-kc. supe: -het-raodyne, which means
that its intermediate amplifi>r is designed to pass
signais of onlr that frequency

A very realistic example of the super-heterodyne
principle may be obtaired a1y night these days
by listening-in to the shorter wave broadcasting
stations. Often the program i¢ marred by a con-
stant howl which may vary sl ghtly in pitch. This
is caused by two broadcast nyf stations straying
from their allptted frequencies and heterodynin
with each other, thereby cau in%lan audible howl.
This is known as ‘“‘beating.”” The third frequency
produced by the heterodyne action in such a receiver
18 known as a “‘beat” note.

The accompanying diagram makes clear the
sequence of units in the super-hiz1erodyne.  In some
receivers of this ?attem. r. f amplification is re-
sorted to ahead of the first detector and frequency
changing unit. Further deiails of the super-
heterodyne appear on Sheet No. 41.
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Single Side Band Transmission

A SIMPLE EXPLANATION

THE carrier wave plays no important rble in
the actual conveyznce of intelligence. It is
required only for the puipose of modulation at the
transmiiting station and of demodulation at the
receiving end. For actual transmission it may be
left out entirely, only the modulated component
being transmitted, provided that a local oscillator
tube is used at the receiving end to supply current of
the same frequency to take its place. The ‘‘bal-
anccd modulator,” used to get rid of the carrier, is
shown in the diagram. Analysis of this circuit
(which consists merely of two tubes, each acting
as an oscillator) shows that the two side bands
generated by each tube act additively in producing
current in the antenna, but the carrier frequency
current in the plate circuit of one tube just cancels
the effect of the carrier current in the other tube, as
far as producing current in the antenna is concerned.
Much power is wasted transmitting the carrier, but
for most purposes it is best to do so because it is
difficult to make the local oscillator at the receiving
station supply just exactly the same frequency.
Another advantage in suppressing the carrier is
that the locally generated carrier frequency at the
receiving end is not subject to variations in strength,
and hence there is a reduction in the amount of
fading of the received signals.

Furthermore, only one of the side bands is re-
quired to convey the speech or musit, and, there-
fore, the channel required will only be one half as

wide, which is an important feature if the ether is
crowded with transmitting stations. Also, the
receiving set can be made to receive only one half
as wide a band of frequencies and hence offers only
one half as much chance for interference to get in.
1f both the carrier and one side band are suppressed,
the local oscillator at the receiving end can be as
much as fifty cycles different in frequency from the
original carrier without serious interference with

lR.FASuppI&

1=

intelligibility of speech. However, the harmonic
ratios in music would suffer. For the reasons men-
tioned above, the American Telephone and Tele-
graph Company is using single side band transmis-
sion in its transatlantic telephony tests. This system
is not now practicable for short-wave work as it is too
hard to “filter out” the side band that is not wanted
when the width of these hands is only a small fraction
of the carrier frequency.
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Neutralization

WHAT IT ACCOMPLISHES

THE best way to prezvent oscillation in an r. 8
amplifier is by the ‘“‘bridge,” or “capacity
neutralization” method. When this system is
uscd, the variations of plate potential which are
caused by the grid variations (which, in turn, may
be caused by the incoming signal impulses) do not
react upon the grid circuit and cause feedback.
The method will be better understood if prefaced by
a brief statement of what happens when the bridge
is nol used. The alternating current in the plate
circuit flowing through the impedance, or “load,”
(such as a transformer primary) in the same circuit,
produces an alternating potential-difference be-
tween plate and filament. This potential differ-
ence cannot exist without causing currents to flow
from plate to filament b{ every possible path. One
such path is from the }) ate to the grid through the
grid-plate capacity of the tube, thence from the
grid to the filament through the grid circuit. Now,
this current flowing through the impedance of the
grid circuit pro-
duces an alter-
nating potential
difference  be-
tween grid and
filament. Asthe
impedances of
both the plate
circuit and the

id circuit pro-
ably contain

inductance, regeneration will result, and if enough
inductive reactance is introduced into the plate
circuit (for example, by tuning a secondary cir-
cuit coupled in any way to the plate circuit),
oscillation will take place.

Considering what causes the regeneration or
oscillation, it is easy to see that it can be eliminated
by connecting a small condenser in such a fashion
that the current flowing through it affects the grid
to an extent just equal but exactly opposite in
nature to the effect of the current flowing through
the grid-plate capacity. This mzllg_,'l be accomplished
in a number of ways, a few of which are shown in
the diagram.

In every case, the current flowing through the
neutralizing condenser to the filament does away
with the effect of current flowing through the

id-plate capacity dprovidcd the neutralizing con-

enser is adjusted to the proper capacity.

For the sake of variety, the tuning condenser
has been shown in several positions. It can
be put across either part of any of the split
coils, or across
the whole coil,
or across a
separate coil
coupled to the
split coil.

‘The positions
shown are
the more com-
monly used
ones.
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Field Intensity Measurements

HOW THEY ARE MADE

IN A recent report by the Bureau of Standards,
the following method of measuring the field
intensities of broadcastin% stations is suggested.

The method can be used for distances up to about
fifty miles, and will give correct results at broadcast
frequencies. For greater d'stances than fifty miles
it gives approximately the n, ~Yimum value of field
intensity (not the average valu.) reached by waves
subject to fading. The method makes use of what
is termed the radiation constant. This constant
is determined by making field intensity measure-
ments at not less than five points distributed fairly
evenly around the transmitting station at a distance
of about ten miles The radiation constant is then
expressed as the average field intensity at ten
miles in millivolts per meter.

The radiation constants of several stations are
given below:

RATED RADIATION
STATION POWER, CONSTANT
kw.

KDKA 10 43
KFKX 2 28
WEAF 3 32
WHAS 0.5 5
WCAP 0.5 17
WLW 5 31

With the field intensity at ten miles known, the

resultant field intensity at any other distances is
given by the formula:

=—Fuw (1)
d

where Fi is the radiation constant and F the field
intensity at any cther distance. This value of F
neglects any %’gund absorption and gives correct
results up to about fifty miles, as mentioned above.

To make a measurement a receiver is set upand a
milliammeter placed in the output of the detector
circuit. The deflection of the needle is observed
when signals from the base station—the radiation
constants of which are known, are being received,
and then the receiver is re-tuned to the station on
which it is desired to make the test, and the deflec-
tion noted again. The ficld strength can be deter-
mined by substituting in the formula given below:

R T
F =R—"3X I—I;FB 2)

where R is the resistance of the recciving antenna,
at a frccl;uency corresponding to the transmitted
signals of the station under test; RB is the resistance
of the receiving antenna at a frequency correspond-
ing to the signal from the base station; I, the de-
flection on the signal from the test station;is, the
deflection on the signal from the base station and.
Fp, the ficld intensity of the base station determined
by formula No. 1. "The derivation of formula No.
12\1 Wl}‘% be found on Laboratory Information Sheet
0, 43.
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In Your Spare Jime

As a member of the Radio Association, you
can earn $3.00 an hour in spare time, learn to
install, repair, build sets, buy at wholesale,
train for $3,000 to $10,000 radio positions,
secure a better position, take advantage of
the success-tested, money-making plans of
the Association. Your membership need
not cost you a cent if you act now.

Earned $500 in
Spare Hours

Hundreds earning $3 an hour as “*Radio Doc-
tors”’. Lyle Follick, Mich., has already made
$500 in his spare time. Werner Eichler, N. Y.,
eamns $30 a week spare time. F. J. Buckley,
Mo.; makes as much in spare time as he re-
ceives from employer. W. E. Thon, Chicago,
as result of Association, secured a position at
a 2204, salary increase. K. O. Benzing, Ia.,
went from clerk to owner and is now making
200¢, more.

A membership in the Association starts you in
business if you wish. It has increased salaries
of many. Scores of our members are now
with big radio companies.

Becomes A Radio Engineer
Quadruples Income

A year ago, Claude De Grave knew nothing
about Radio. Today, he is on the staff of a
famous radio manufacturer and an associate
member of the Institute of Radio Engineers.
He attributes his success to joining the Asso-
ciation. His income now is 3509, more than
when he joined.

If ambitious to become a Radio Engineer, to
fit yourself for a $3,000 to $10,000 opportunity,
join the Association and receive the compre-
hensive practical and theoretical training you
need and the aid of our Employment Depart-
ment. Learn of the amazing ways the Asso-
ciation can help you. Write today.

ACT NOW—i Jocot
Membership
Send for details of Special Membership Plan
that need not--should not—cost you a cent.
Write today for our book. Your Oppor-

tunity in the Radio Industry” that will open
your eyes.

—————————————1

i Radio Association of America l
I Dept. RBL-9, 4513 Rave: d Ave., Chi

Send me_your book and details of your Special I
Aembership Plan.

s

h——————-————-—
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For the
A.C.Set Builder

The name “WESTON” on any meter
you select is the highest guarantee of
long life and dependable service with the
lowest cost of instrument upkeep. The
following three models are recommended
for those having professional or technical
interest in radio set construction—build-
ers, transmitting and repairmen and all
others who demand the best obtainable
operating performance.

Use of Milliammeter in the
Plate Circuit

For checking plate current and plate and
grid battery conditions. Low B and C
battery voltages determined by direction
of fluctuation of the pointer when strong
signals are received. Placed in the B-
battery lead this instrument checks the
set as a whole, or it checks any one radio
or audio stage when placed in the plate
circuit of that stage.......... Price, $8.00

Model
489

LvorTmTEn
e e U
o 9&\{\; o

D. C. Portable Voltmeter— 1000 ohms
per volt resistance guaranteed. For
checking output of battery eliminators.
Also made in lower resistance models for
general D. C. testing service.

Price.....................$13.50 to $28.00

Triple Range A. C. Voltmeter

150/8/4 volts. A compact, lightweight,
portable instrument with red and black
mottled bakelite case for testing A. C.
supply and tube voltages of socket power
A. C. receivers. Also made as double-
range voltmeters up to 600 volts, and as
single-range ammeters and milliammeters.

Price. ...covviiiiiiiininnn $13 50 to $18.50

Weston Electrical Instrument Corporation

613 Frelinghuysen Ave.  Newark, N. J.

INSTRUMENTS
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Analysis of Detection

THE REASON FOR THE GRID LEAK

A METHOD of detection commonly used makes
use of a grid leak and condenser. The
operation of the circuit may be roughly outlined as
follows:

In the absence of incoming waves, the potential
of the grid is the same as that of the filament. In-
coming waves cause the grid to become alternately
more positive and more negative than the filament.
While the grid is more negative, nothing happens,
but while it _is more positive it attracts negative
electrons. These electrons cannot get off the grid
once they are on it (the grid is not hot like the
filament) except via the high resistance which is
called the grid leak. If, for the moment, we sup-
pose there is no grid leak provided, we can see that
after a very few waves have come in, the electrons
drawn to the grid will charge it to a steady negative
potential equal to the maximum instantaneous
gtemial of the top of the coil in the antenna circuit.

his steady negative potential causes a reduction
in the plate current. Even if the waves cease
coming in, or their amplitude is diminished, the
grid retains its negative charge since there is no
way for the electrons to get off it. So we put in a
very high-resistance path by which they may slowly
(compared to the wave frequency) escape so that,
if the amplitude of the incoming waves slowly (i.e.,
at_voice frequency) diminishes, electrons will leak
off until the grid potential drops to the new maxi-
mum value of potential at the upper end of the
coil. In this system, the greater the strength
of incoming waves the less the plate current.

The connections shcwn in the diagram are often
recommended.

The size of the gri¢ leak is more or less important,
If its resistance is tco great it is possible that the
grid of the tube will  Iock on strong signals, whereas
if the grid leak resistince is too low, the signal

l ,
P

- - +
A B
strength will be decrcased. For the ordinary
201-A type tube, = gric leak of about four megohms
resistance will give (he best results. If a soft
detector tube is used. = somewhat lower resistance
leak is generally required; about one half to two
megohms being about right.

O
O,

= +
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The Super-Heterodyne

INTERMEDIATE-FREQUENCY AMPLIFIER
N THE super-heterodyne there is a group of
apparatus termed the intermediate-frequency
amplifier which functions to amplify the beat notes
produced by the action of the first detector and
local oscillator (See Laboratory Sheet No. 36).
Characteristics which a good intermediate-fre-
quency amplifier must possess are discussed below.

In the first place, all of the transformers used in
the amplifier must be resonant at the same fre-
quency. Improperly matched transformers are a
cause of poor operation of a super-heterodyne,
since the overall efficiency of the entire receiver can
be considerably lowered if one of the transformers
is slightly different in characteristics from the
others. Matching of the transformers is not an
easy process since the matching must usually be
done with very low voltages in order to make the
conditions similar in every way to those found
during ordinary operation.

The resonance curve must be sufficiently broad so
that all side bands which make up the signal are
evenly amplified. On the other hand, if the res-
onance curve is too broad, the selectivity of the
system will not be good enough. Notrouble should
be met with as regards selectivity in the inter-
mediate amplifier when properly matched air-core
transformers are used, but these must be carefully
designed to prevent some of the side bands being
cut off, due to their (the transformers’) sharp peaks.
Iron-core transformers are often used in super-
heterodynes in conjunction with a filter. Since the

selectivity obtained from the iron-core transformer
is not great enough, it 's necessary to improve this
characteristic by placing, either before or after the
amplifier, a tuned circuit known as the filter, de-
signed to pass only those frequencies for which the
transformers give the maximum amplification,

Intermediate Intermediate Tuned
Transformer Transformer Filter
— —o
Input P Otmm"n
from n < n g Second
First 2 \!iL/) & / T Detector
Detector. =
— & >
—o
— o
—
T 7
L
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Regeneration in the intermediate-frequency ampli-

fier will considerably improve the selectivity and
sensitivity by sharrening the resonance curves of
the transformers.

The common method of connecting together in-
termediate-frequency amplifiers is illustrated in
the diagram, In which potentiometer control of
regeneration is used.

=
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Super-Regeneration

THE THEORY EXPLAINED

'W'HERE loud signals are required from a loop,
and the number of tubes is limited to one
or two, super-regeneration can be used. Super-
regenerative circuits are not very selective and
hence are not very good for working through inter-
ference. The principle of super-regeneration
is simply explained by a mechanical analogy.
Suppose a clock to be wound up and the pendu-
lum Elaccd carefully in its lowest position and
left there The clock will not start itself. But
now, suppose strong puffs of air come along at the
proper interval to start the pendulum swinginﬁ
slightly. Once it starts ever so slightly an ideal
spring and escapement mechanism would cause
its swinging to increase even if the puffs of air
stop coming in. The oscillations of the pendulum
““build up'’ and in due time the amplitude of swing
reaches a limit determined by friction, air resistance,
etc. But if we confine our attention to a suffi-
ciently short period of time after the swing starts
to build up, we will find that the amplitude attained
during this time is proportional to the strength of
the incoming puffs of air. At the end of this period,
let the pendulum be stopped and set again at its
lowest point so that the whole operation may be re-
peated. A great deal more swinging is done by
the pendulum if the clock is wound up and the
puffs of air are playing on it, than if the clock were
not wound ug, in which case the pendulum would
only swing the very small amount caused by the
air pulffs.

In the electrical sense, in super-regeneration,
we have a circuit all set to oscillate, 1.e., wound up
and balanced, so to speal. so that some incoming
ether wave is required to start it oscillating. This
is similar to our analogy, 1 which the puff of air is
necessary in order to start t1e pendulum swinging.
In the super-regenerative -cceiver, the oscillations
started by the incoming waves are permitted to
build up very rapidly .n th¢ same manner that they
would built up in an o=dinary regenerative re-
ceiver if the coupling was ;r2atly increased beyond
that necessary to make the detector oscillate.
However, before the circ:it can break into con-
tinuous oscillation the er.ire oscillation is auto-
matically extinguished 'y another oscillation
(generally about 10,000 cy :les) which opposes the
incoming oscillations every 20,000th of a second.
This 10,000-cycle oscillation may either be gen-
erated in the same tule or i1 another tube coupled
to the detector. During 1lf of each cycle, that
is, every 20,000ths of a se¢cond, the 10,000-cycle
oscillation has no effect u-on the incoming signal
and during the other half of the cycle its effect is to
prevent the production of any high frequency
oscillation in the detector circuit.

Consequently the cignal energy is very large
during half of each 10,300 cy:le oscillation, and on
the whole there is very muca more energy in the
detector grid circuit than »culd be present under
ordinary conditions. A comparatively large volt-
age is therefore impressed on the grid, which makes
a correspondingly large amouat of energy available
in the plate circuit.
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Field Intensity Measurements

DERIVATION OF THE FORMULA

LABORATORY Sheet No. 39 were
some data regarding the measurement of
field intensity of broadcasting stations. Further
informatjon concerning this subject is given on this
sheet, with regard, especially, to the derivation of
the formula which was given on the previous
Laboratory Sheet.

With the field intensity of some base station
known, from actual measurements at a distance of
ten miles, it is possible to calculate the field inten-
sity of the base station at any other distance up to
about fifty miles, by the formula given below:

iven
the

_lo
Fb= d Fu

Where Fb=field intensity of base station at distance
d; d=distance from station in miles; Fp=radia-
tion constant of base station.

The field intensity, F, of the station under test, is
determined by the relative deflections of a meter in
the plate circuit or the detector tube when signals
from the base station are being reccived and when
slinals from the test station are being received.
‘The two field intensities will be proportional to the
meter deflections; the greater the deflection, the
greater the field strength. Therefore we can write:

F=Fb -
Ib

Where F=field intensity of station under test; I=

meter deflection when signals from test station are
being received; ib=meter deflection when signals
from base stations are being received.

If the total amplification in the receiver is held
constant, the only other factor that would in-
fluence the results would be the antenna resistance,
and we can take account of it by placing in the
formula the ratio of the antenna resistances at the
two wavelengths (it is always best to use as a base
station one which is transmitting on a wavelength
quite close to that being used by the station under
test). Putting this ratio in the formula we have:

1 R
F FbleRb
which is the same as the formula given in the former
Laboratory Sheet.

A great deal of work has been done on this subject
and some very interesting data were given in the
August, 1926, issue of RaDI0 BROADCAST by Mr,
Albert F, Murray, who recorded the work done by
Doctor Pickard. The methods used by Doctor
Pickard must be used if the station whose field in-
tensity is to be determined is located at any distance
over about fifty miles. For distances less than fifty
miles, practically all the energy is received by what
is commonly called the ground wave, but for dis-
tances very much greater than fifty miles, ener;
is also received by other paths, so that a form
which only takes into consideration that enerfgy
received by the ground wave cannot be used for
very great distances.
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The R. B. “Local” Receiver

NECESSARY EQUIPMENT

IN THE August, 1926, issue of RaDIO BROAD-

CAST, there was described a high-quality local
receiver by Mr. Kendall Clough. This receiver
was designed particularly for local reception and
consists of a stage of radio frequency amplification
coupled to a non-regenerative detector and the
usual audio amplifier. Both of the tuned circuits
are contained in shields. The C battery form of
detection is used since this method of detection
permits the handling of loud signals without dis-
tortion. All tuning is accom%lished by varying the
two condensers. he only other controls are a fila-
ment rheostat and a volume control. The follow-
ing apparatus was used in the original model:

7 x 18,x fs-Inch Bakelite Front Panel.
7% x 17 x #,-Inch Bakelite Sub-Panel.
Pair Mounting Brackets.
3-Ohm Rheostat. R 3.
25-Ohm Rheostat, Ra.
n-Circuit, Jack, Ji.
Filament Switch.
0.00035 Condensers, Ci and Cs.
4-inch Dials, Zero Left.
Stage Shields.
Coil Sockets.
No. 115A coils, 1578-545 kc. (190-550 Meters).
Sockets.
1.0 mfd. Condenser, Cs.
0.002 Condenser, Cs.
2 Audio Transformers T; and Ts

et et B NS ND N0 OND DN 0t ot ot Bk ok ok bt

1 Qutput Transformer, Ts.

1 Coil Flexible Hook-Up Wire. )

6 4 x +-1nch Lengths Brass Tube for Mounting
Coil Sockets.

1 Filament Resistor 35 ohms, Ri.

An Assortment of %' Round Head Screws
and Nuts, together with Lugs. .

Home-made coils may be made up in accordance
with the following specifications:

For the secondaries marked Lz and Ls on the
diagram, Laboratory Sheet Number 45, wind ninety
turns of number 22 d.c.c. wire on a 2-inch tube.
The primaries, L1 and Ly, consist of 13-turn windin
wound over the centers of the secondarics. The

rimary and secondary windin are separated
Prom each other by layers of cambric tgjpg: or other
ijnsulation. Ifa 201-A tube is to be used in ther. f.
stage, an additional winding is necessary on the first
coil. This additional winding, marked Ls: on the
diagram, should consist of five turns of number 26
d.c.c.wire, The winding, L, can be ignored. It
is merely shown since it is to be found on the manu-
factured coils if they are purchased, It is not,
however, connected into the circuit in any way.
Shields should preferably be used and are indicated
in the diagram by a dot-dash line. The “Xs” of
the diagram indicate parts of the circuit that are
connected to the shields. The shielding may con-
sist of aluminum cans made to fit over the appar-
atus. Numberson the di‘z;fram correspond to those
to be found on the manufactured coil sockets.

|
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The R. B. “Local” Receiver

Ant.

Gnd.

Fil. Sw S

* A - B-
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B+45 B+90
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B+ C+ C€-Det
13510 300 -4 to7

C- Audio
+7t0-15

Data on the R. B. “Local” Receiver appears on Sheet No. 44
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Better

Volume Controls

and

Voltage Controls

OLUME controls are now

conceded by radio engineers
to be one of the most essential
parts of radio receivers. So much
of the success of a set—the quality
of reception—is dependent upon
them.

Centralab Volume Controls assure
absolute smooth-
ness of control—a
big factor in satis-
factory operatiomn.
This smoothness of
Centralab Controls
results from the tilt-
ing disc construction
— with no sliding
contacts in the elec-
tric circuit.

A Centralab Volume
Control, in one of
the many new tap-
ers, is ideal for any
set. Many promi-
nent manufactur-
ers specify them.
They areindemand,
also, for replace-
ment on old sets.

Centralab Wire-
Wound Resistors
will give better volt-
age regulation of
Power-supply units.
Their construction
is heat-proof and
warp-proof and pro-
vides for greater
current carrying ca-
pacity. The Cen-
tralab Heavy-duty
Potentiometers
have an additional
feature —they are
non-inductive.

Potentiometers and
Modulators

Power Rheostats,
Power Potentiometers

Fourth Terminal

Potentiometers

Heavy Duty
Potentiometers

Write for complete descriptions,
prices, etc., of Centralab Volume
Controls and other radio devices

Cen

CENTRAL RADIO

22 Keefe Avenue

LABORATORIES

Milwaukee, Wis,
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ERDKITS

for Building
Broadcast Receivers

Aero Broadcast Receiver Kits are supplied

complete to the last detail. Beautiful two-
tone metal cabinets, high-lighted with sil-
ver, set off a handsome escutcheon plate of
oxidized silver, beautitully etched with the
name of the receiver. Handsome walnut
finished knobs control tuning and volume
controls, and the foundation units include
every machine screw, piece of wire and
soldering lug necessary for the construction
of the receiver, leaving nothing whatever
additional to be purchased.

No expense has been spared to make each
kit the finest of its type. The coils are es-
pecially designed for the service to which
they are put. An illuminated micrometer
dial insures easy tuning. Audio frequency
transformers of a type heretofore used only
in broadcast station line amplifiers. Each
Aero Receiver is far superior to the finest
factory built set available at anywhere near
same price.

AEROSEVEN

TWENTY-NINE
SEVEN-TUBE SET

A deLuxe Receiver, even better than last
year’s “Aero Seven” which was deservedly
80 popular. This set under normal condi-
tions has an easy range of two thousand
miles and more, and its fidelity of reproduc-
tion is truly surprising. Four tuned stages
assure ample selectivity. The absolutely
complete foundation unit makes construc-
tion simple.

Aero complete kit No. 32 for shield grid
tubes, No. 33 for A.C. tubes, No. 34 for
D.C. tubes. Cabinet included.

Priceeach.................cooviiennn, $97.85

Aero complete kit No, 32-P for shield grid
tubes, No. 33-P for A.C. tubes, No. 34-P

—

for D.C. tubes. No cabinet, but drilled
panel included. Price each.......... $87.85
Aero

“CHRONOPHASE”

A Five-Tube Receiver, in which the inclu-
sion of the “Chronophase’” R.F. Amplifier
procures unusual selectivity. Extremely easy
to build, and sure to give excellent results,
The actual size wiring diagram makes mis-
takes very rare.

Aero complete kit No. 20 for shield grid
tubes, No. 21 for A.C. tubes, No. 22 for
D.C. tubes. Cabinet included.

Priceeach......... .......coiiieenens $74.50

Aero complete kit No. 20-P for shield grid
tubes, No. 21-P for A.C. tubes, No, 22-P
for D.C. tubes. No cabinet, but drilled
panel included. Price each..........$68.55

OTHER KITS

The Aero-Dyne, a six-tube set, the Metro-

litan, a four-tube receiver, and the Aero
g?rio, a three-tube set, are other new Aero
receivers of remarkable distance range, se-
I lectivity and tone purity. Kits are complete

and large schematics and pictorial wiring
diagrams make building easy. Ask your
dealer or write direct to us.

Send for the New 1929 Aero Green Book
Sixty-four pages of useful information

ERD PRODUCTS
INCORPORATED >
4611 Ravenswood Ave.
Dept. 1168 Chicago, I1l.

No. 46

RADIO BROADCAST Laboratory Information Sheet

Loud Speakers

SOME GENERAL CONSIDERATIONS

IT IS easy enough to fix a megaphone to a tele-

phone receiver to produce a loud signal, and
some loud speakers are merely refinements of this
idea. The horn concentrates the sound in one
direction, and the tapered column of air within_the
horn that fills the space about the small receiver
diaphragm at the small end, and swells gradually
out to join the open air at the flared end, supplies
somet.hmg for the diaphragm to work against.
The diaphragm is caused to set more air in motion
just as if a higger diaphragm were used, thus in-
creasing the volume of sound produced. But inas-
much as the best reproducers are only about 2 per
cent. efficient (that is, of 100 units of electric
energy entering them only about 2 leave in the
form of sound energy), only small efficiencies are
likely to be obtained even when good horns are
coupled to the diaphragm. The great sensitivity
of the human ear tends to make up for the in-
efficiency with which energy is converted from
mechanical to acoustical by means of vibrating

ies. In ordinary speech only about one erg
(the erg is the physicist’s unit of energy) per second
is converted into sound energy. How little this is
can be seen from the following calculation: Reckon-
ing that the average human being talks the equi-
valent of two hours steady talking per day, and that
the average population of the United States since

the Revolution is for:y millions, and that power is
worth two cents per kilowatt hour, then, from the
energy point of view 1ill the talking that has been
done in the histor y of oLr country is only worth $8.59!

In addition to the low efhciency of the conven-
tional loud speuker, -here is also distortion intro-
duced in this metlkxl of making radio signals
audible by the horn. An excellent method of
mitigating this is by the use of twoor three separate
horns, each with its own diaphragm. In the case
where three are used. for example, one is a very
long horn that respords well to low tones; the
second is an ordinary-sized loud speaker responding
fairly well over the middle range; and the third isa
very small horn giving the very high-pitched notes.
The three horns, all working at once, combine to
give a satisfactory uniform response over the whole
audible range. The three horns, of course, are
combined in a single box. The long horn can be
coiled to save space, i necessary.

Another type of loud speaker avoids such dis-
tortion as is due to the horn by using no horn at all.
This type of speaker usually, but not necessarily,
has a large, light. stiff paper cone for a diaphragm,
and this alone is sufficiant to give it a good ‘‘grip”’
on the air, At presen! only a few commercial types
of loud speakers give any sort of an approach to the
goal of quality, which s to have all frequencies
transmitted from speaker to listener with equal
efficiency.
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Trickle Chargers

DIFFERENT TYPES AVAILABLE

IT HAS been customary in general to operate a

radio receiver from a storage battery having a
very large capacity. However, during the last
year or so there has come into rather common use
the combination of a storage battery with a trickle
charger. This combination consists of a small stor-
age battery which is directly connected to the trickle
charger. The trickle charger, connected to the a.c.
mains, serves to keep the battery in a constantly
charged condition.

There are several types of rectifiers which have
been used in trickle chargers. In the bulb type of
rectifier, with which we are all familiar, a small
vacuum tube is used which rectifies the alternating
current and supplies it to the hattery. This type
is more familiarly known as the Tungar or Rectigon
trickle charger, and is very satisfactory and de-
pendable. i

The second form of rectifier is the electrolytic
type which consists of two electrodes suspended in an
electrolyte. It is very simple to construct and
works very satisfactorily. It is probahly more
efficient than the abhove type since it does not re-
quire any energy to light a filament.

The third type, which has onl%recently come into
prominence, uses a crystal. e are all familiar
with the crystal detector used in a radio receiver

which functions to rectify the small radio frequency

currents, and since the trickle charger need only
supply a small current it seems quite possible to use
a number of crysta! detectors in parallel. Several
models using this system a-e now on the market.

The battery used in conjunction with a trickle
charger need not be very large since, under normal
operation, it nced only be large enough to operate a
receiver for one day, af er which it may immedi-
ately be charged. However, it is wise to use a
tairly good size battery—a unit having a capacity
of about 40 ampere hours should give quite satisfac-
tory operation. With suct a battery in use, it will
be possible to operate the 1ecciver for several days
without charging, and in this way preparation is
made for any emergcncies that might occur.

When the st.ora%e battery is operated in conjunc-
tion with a trickle charger the only attention re-
quired is to see that t.ae water in the battery is kept
above the plates. I will ye best to examine the
battery about once = month. The rate of charge
should be adjusted so as 10 keep the battery fully
charged. This means that, when the charger is
first ~ purchased, frequen: hydrometer readings
should be taken to determ.ine the condition of the
battery. If the battery begins to run low the rate
of charge should be increasid; if the battery gases
considerably when on charge, it is an indication that
the battery is full and it .1l then be best to reduce
the rate at which the trickle charger supplies cur-
rent, so as to prevent excess:ve charging.

ADVERTISEMENT
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“Chronophase” Shield

ALRO COW. KIT U-203

AMSCO_TYPE D°S338
7

Grid Broadcast Receiver
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LIST OF PARTS
1—Aero Foundation Unit No. 20, including
Cabinet. 1—Aero Coil Kit No. 203. 2—Aero C-60
Noskip R. F. Chokes. 1-—Aero_Special Centralab
Resistance, AE-250. 2—Aero AE-770 Audio Trans-
formers. l—Amsco DS$-335 Triple Condenser,
.00035. 1-—Amsco No. 132 Midget Condenser,

wx. LY e .. “es
‘-’v”“‘/ IPLARLR

.00005. 1—Aerovox Mica (‘ondenser, .00025. 3—
Aerovox Mica Condensers, 101, 1-——Aerovox Mica
Condenser, .0015. 1- -Aero-ox Mica Condenser,
.003. 1--No. 669 Yaxley Cal: e Connector. 1—No.
810 Yaxley Resistance, | -No. 5 Daven Ballast. 1—
'ype E. National Dial. 2--Carter Shield Grid
Connectors, No. 342. 1—Ebv Binding Post.

—

Data Sheets Nos. 47kd 48 originally contained an index and were purposely omitted.
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Hard and Soft Vacuum Tubes

SOFT TUBES FOR DETECTOR USE

IF A vacuum tube, during manufacture, has left
within its bulb a small amount of gas, or if a
small amount of gas is introduced into the tube, it 1s
known as a soft tube. If every g:rticle of gas is
removed, the tube is known as a hard tube. Soft
tubes are particularly suited for use as detectors.
‘They generally require somewhat critical adjust-
ment of the filament and plate voltages but, once
these potentials are found, the soft tube makes a
very sensitive detector.

Recently some progress has heen made in design-
ing sensitive detector tubes, such as the 200-A, which
do not require especially accurate adjustment of the
operating voltages. The action of a soft tube de-
pends upon the fact that, at certain critical voltages,
the gas in the tube is practically in a state of ioniza-
tion. Then, when a signal is impressed on the tube,
the plate current is caused to change, due to the
increase in the flow of electrons from filament to
plate and due to the increase in the number of
ionized gas particles which also flow to the plate.
‘The plate current is therefore increased by these two
efiects, so that the total change in plate current is

eater than it would be if no ionization occurred.

Vhen a soft tube is used for a detector, the grid
return must connect to the negative end of the
filament instead of the positive, as is done when a
201-A tube is used for detection. Therefore, when
changing over from a 201-A to a 200-A, be sure to
alter the connections so as to have the return con-
nected to the negative filament.

Hard vacuum tubes are generally used as ampli-
fiers, and structurally, are the same as the soft tubes,
the only difference being that they have no gas

content. Amplifier tubes do not require any criti-
0.00025
l v‘v‘v/\/\Ml
2 meg.
©
P ©

0.001]

o 5

<A+ <B

cal adjustment and will operate on from 40 volts
up to the maximum that can safely be placed on
the tube.

A diagram of connections of a 200-A detector tube
is given herewith.

—l
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Overtones (Harmonics)

THEIR IMPORTANCE IN RADIO

A GREAT many of the fundamental notes used
in speech lie below a freci‘uency of 1000 cycles,
but it is the overtones (or harmonics) which de-
termine the quality and timbre of the sound. In
order to obtain perfect quality, the characteristics
of al. the amplifiers and reproducers used in a radio
receiving system must be absolutely flat, f.e., they
must transmit all frequencies with equal fidelity.
The overtones which were mentioned above are
harmonics which are produced by all instruments,
including the human voice, and the correct trans-
mission of the harmonic frequencies is essential
if the characteristics of the original sound are to be
maintained. In many cases it is the prominence of
certain harmonics which distinguish the different
instruments from others. Quite frequently over-
tones are confused with octaves. An example will
distinguish the lifference between these two units.
I'he fundamental sound of, say, 500 cycles has an
octave corresponding to 1000 cycles, another octave
at 2000 cycles and another one at 4000 cycles,etc.—
each octave being double in frequency to the one
preceding it. If two octaves are sounded at the
same time, it is rather difficult to distinguish be-
tween them. On the other hand, the fundamental

note of 500 cycles has overtones, or harmonics,
corresponding to 1000, 1500, 2000, 2500 cycles, etc.
In this case, the various tones are separated by
an amount equal to the fundamental frequency.
Whereas the difference between two octaves is
rather difficult to detect, it is quite easy to distin-
guish between various overtones. From the above,
it is evident that some octaves are also overtones;
for example, the octave at 1000 cycles corresponds
to the 2nd overtone of the fundamental note of 500
cycles. However, the next overtone is 1500 cycles,
but there is no octave corresponding to this pitch.
1t is evident that, starting with a certain note, all
octaves correspond to certain overtones but that
all overtones are not octaves. On Laboratory
Sheet No. 52 there is reproduced a diagram showing
the fundamental frequency range of various instru-
ments. In the diagram given, it will be noted that
an extra octave is shown at the high frequenc¥l end
of the piano keyboard. As experience has shown
that at least one harmonic must be provided for
when amplifying a signal near the top of the auditle
trequency scale, to obtain true fidelity, the extra
octave is included to indicate the frequency range
requirements of an amplifier to successfully repro-
duce the highest note of the piano, which has a
fundamental of 4096 cycles.

— -
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LIST OF PARTS
1—Aero Base Unit No. 9. 1—Aero Coil Kit LWT
~10. 2—Aero C-60 R. F. Chokes. 1—Aero C-
65 R. F. Choke. 1—Aero Special Amsco Conden-
ser, .00014. 1—Aero Special Centralab Resistor,
Type Al-8. 1—Aerovox Mica Condenser, 013,
1—Aerovox Mica Condenser, .001. 2—Aerovox

Mica Condensers, .003. 1-—Yaxley No. 520 Rheo-
stat, 20 Ohm. 1—Yaxley No. 500 Rheostat Switch.
1-—Yaxley No. 669 Cable Connector. 1-—Yazxley 10
Ohm Resistance. 1—Yaxley 15 Ohm Resistance,
1--Type E. National Dial. 1—Carter Shield Grid
Eg:kncctur No. 312. 1—Bradley 10 Megohm Grid
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ERD COIL
SUPER-SENSITIVE
INDUCTANCE UNITS

Broadcast Coil
Kits

Aero Coils have won an enviable place
in the world of Radio because of their
superior, low-loss construction and their
uniform characteristics, insuring consist-
ently good performance. The coils in
Aero four-coil kits are for use insix and
seven tube Aero Kits and in all other re-
ceivers employing three stages of tuned

radio frequency. All coils are matched

twice and are suitable for use with 199,

201, 112, 210, 226, 227, and also the new
shield grid tubes, Tuning range from
200 to about 550 meters. These kitsem-
body the latest methods of design. Coils
are wound on Bakelite skeleton forms,
assuring a 95¢; air di-electric and there-
fore lowest loss. Will make any circuit
better in selectivity, tone and range.

 ——

Aecro three-coil kits include three special
twice matched inductance units which

give excellent results when used either as
interstage couplers or antenna couplers.
Suitable for use with all types of tubes,

both A.C.and D.C. This kit, properly
employed,will result in the most sensitive
and selective tuned radio frequency am-
plifier which can be built with three tuned
circuits. The coils are of true low-loss
construction with 95¢ air di-electric.

Aero two-coil kits contain two induct-
ance units especially designed to give
maximum results when one radio fre-
quencyamplifying tube is used in connec-

tion with a regenerative detector. The
antenna coupling unit is designed to give

the maximum energy transfer compat-
ible with the necessary selectivity, and
the radio frequency transformer is sode-
signed as to build up the necessary re-
actance in the plate circuit. Coils are of
jow-loss construction and are twice
matched at both high and low ends of
the broadcast bands.

You should be able to get any of
these Aero Coils from your dealer.
If he should be out of stock,
order direct from the factory.

ﬂEQ PRODU

INCORPORATED

4611 Ravenswood Ave.
1168 Chicago, IlL

‘ Dept.
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SANGAMO

Mica Condensers

Are accurate—Stay accurate

Guaranteed to be within 10%
of rated capacity

ANGAMO Mica Condensers are ab-
solutely waterproof and unaffected by
dampness or the salt air of the sea, which
has a corrosive effect on exposed condensers.
Sustained accuracy in fixed condensers is of
the utmost importance. These condensers
are as finely made and as handsomely
finished as the most costly radio parts and
harmonize perfectly with beautiful work-
manship. The rounded edges and high ribs
give them great mechanical strength and
insure constancy of adjustment.

SANGAMO

Quality Audio
Transformers

Two complete lines of audio transformers
have been developed by the Sangamo Elec-
tric Company, and in each line units will be
found to match the impedance of any of the
power tubes now on the market with the
impedance of any of the loud speakers now
available. The standard “A™ line is well
known and needs no additional description.
The new “X™ line has just been developed
in the Sangamo laboratories, and these in-
struments are now being manufactured to
meet the great demand for a unit of this
type. The amplification curve and general
characteristics of the “X™ | ne audio trans-
formers very similar to that of the “A™ line,
with the exception that the low frequency
end of the amplification curve is somewhat
lower than the straight line amplification
curve of the “A™ units.

Write for prices and further description o.
Mica Condensers and Audio Transformers.

SANGAMO ELECTRIC
COMPANY

Springfield Nlinois
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Frequency Ranges of Musical Instruments

H
| 1
L -

|
NOTE  AyByC3D3E5FyGyA,BuC, D5 E,F, G, 4,B,C, OyEsF; G A B C D EF Galbicidie (g aBbieild o (B3 poigm o™ B gha"b e

FREQUENCY &} 3 § §
WINDS

%
~ <SS

o :"
£
’._ -

..
3
o]
-
3
=1
.

N
-
(2]

1024

i 8

8192

Finte
Piccolo

Oboe
English Horn

Clarinets
Bassoo!

n
French Horn

Trumpet

Cornet

Trombone

Bass Clarinet

No. 53

RaAD10 BroaDCAST Laboratory Information Sheet

Shunts

DETERMINING THEIR VALUE

SHUN’I‘S, as used in an electrical laboratory,

consist of an electrical conductor placed in
parallel with an indicating meter so as to increase
the range of currents that can be read with this

¥ R.

VYW

=
- R Switch
meter. We might have a 10-milliampere meter

and desire to read a current of, say, 50 milliamperes;
with the aid of a shunt, this can easily be done.
The method of calibrating a shunt is indicated in
the diagram.

Suppose we desire to calibrate a_10-milliampere
meter so that it will read 50 milliamperes. We
would connect a batery, B, as indicated on the
diagram, in series with a variable resistance, V.R.,
so as to limit the current passing through the meter
(without a shunt) to 10 miliamperes. The resist-
ance would be variec until the meter read exactly
10 milliamperes and then 1he rheostat R (the shunt)
would be switched across the meter and its resist-
ance altered until the meter read two milliamperes.
Under such conditions (w:_h the shunt connected),
a reading of 2 milliamperes on the meter would
mean that 10 milliamperes were flowing through the
circuit. Likewise, full scals deflection would in-
dicate a 50-milliampere flow although the necedle
pointed only to 10 miilian.peres. The same proce-
dure would %e followe«l in sh inting any instrument,
i. e., setting up a circuit wlich will pass suthcient
current Lo give a maximum cetlection on the meter,
then shunt the meter and reduce it a definite amount
such as one half, one third, or one fifth, then, in
order to determine the actual current flowing in
the circuit with the shunt connected, it is merely
necessary to multiply the meter reading by 2, 3, or
5, depending upon how much the original deflection
of the meter was reduced by the shunt.
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C Battery Detector

FORM OF PLATE CURRENT

IN THIS Laboratory Sheet we are going to discuss

some points regarding the operation of a C bat-
tery type detector. We are going to consider, in
particular, the form of the plate current of this de-
tector tube.

N (|

[
— e — o

When no signals are being received, the plate
current is constant and depends on the adjustment
of the C battery. For best operation of a detector
of this type, about four volts of C battery should be
used on_the 201-A when 45 volts are used on the
plate. When a signal is received, the plate cur-
rent varies and is then made up of two compon-

ents; one of these componerts is the pure d.c.
current that flows in the pizte circuit when no
signals are being received an” 'he other component
is an alternating current which 18 produced by the
audio frequency modulatior in the carrier-waves
that are being received. Aithough the detector is
a rectifier, the current ir. the glate circuit is not in
the form of a pulsating currer 1 .1s might be obtained
from such a unit as a B line upply device, which is
also a rectifier.

When the signal is being raceived, the voltage is
impressed across the input on tha accompanying dia-
gram. This voltage causes the yrrid to become alter-
nately more positive and then nore negative than the
voltage due to the C battery. Jowever, the C bat-
tery voltage is such that a grea 2 changeof plate cur-
rent takes place when the srid ecomes more positive
than jt doecs when the grid becomes more negative;
therefore, the current var:ations in the plate circuit
increase more than they decr:ase and the result is
that the average current in the plate circuit is
higher than when no signal is 2ing received. These
current variations in the plaie circuit can be de-
tected if they are permitted to pass through a tele-
phone. Also,if a transforner pr-riary is placed in the
plate circuit, the current variations will produce a
varying flux in the core and will cause corres; nding
voltages in the transformer secondary, and these,
in turn, can be impressed on a further tube and the
signal amplified.
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Tuning the Antenna Circuit

POSSIBLE METHODS TO USE

IN PRACTICALLY all receivers described to-day
no tuning is used in the antenna circuit. Gener-
ally the antenna circuit is of fairly high resistance
and therefore rather proad in tuning and, conse-
quently, it is seldom worth while to accuratély tune
the circuit. However, some increase in signal
strength can be obtained b¥ approximately tuning
the circuit to resonance. his tuning can be ac-
complished in several ways. The simplest method
is to use a tapped inductance as shown in sketch A.
‘The taps should be so designed that the antenna
circuit is tuned to approximately 1500 kilocycles
when the fewest numbers of turns are included in
the circuit, and resonant at about 500 kilocycles
when the total number of turns are in the circuit.

The antenna circuit may also be tuned with a
variometer, as shown in B. The variometer must
be capable of being varied in inductance sufficiently
to cover the broadcast band of frequencies.

The disadvantage of tuning the antenna circuit
is that it adds another control when the trend in
design is toward the climination of controls. Evi-
dently, then, the solution,is to design an antenna
tuning device that can be automatically controlled,
perhaps by attaching some device to the shaft of the
variable condenser, such as is done in the ‘‘Equa-
matic”’ system, to vary the coupling of coils between
tubes in an r.f. amplifier.

It should be understood that movements of the
condenser across the secondary winding has a tun-
ing effect on the antenna circuit if the coupling be-

tween the coils is close. As an example, the coll
used in the antenna ecircuit of a Browning-Drake
receiver has a tap at the center for connection to
the antenna. Consequently, the antenna capacity
(possibly reduced somewhat if a series condenser
is used) is across half of the coil and has a decided
_effect on the tuning of the secondary circuit.

~il

® > ®
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Radio Telegraph Transmission

DIFFERENT TYPES OF WAVES

IN TRANSMISSION work by telegraph there
are several different types of waves used, these
being illustrated in the accompanying drawing.

The drawing A represents the type of wave radi-
ated by a spark transmitter. This form of wave is
known as a damped wave since it gradually de-
creases in amplitude. One of these wave trains
is radiated each time that a spark takes place
across the electrodes of the spark transmitter.
Generally the spark frequency is about 500 per
second, so that, if the transmitter was turned on,
there would be 500 of these wave trains radiated
every second. This type of transmitter is grad-
ually being replaced by apparatus using vacuum
tubes for the generation of the high frequency
oscillations.

The second form of radiated energy is illustrated

inB, and is knownas 1. C. W., meaning Interrupted
Continuous Wave. In this system, the energy is
radiated in a series of wave trains similar to the
radiations obtained from a spark transmitter, the
difference being that the amplitude of the radiated
yvaxe is constant and does not decrease as shown
in A.
Energy of this form could be obtained by sup-
plying a transmitter from a plate battery in series
with which there was arranged some form of in-
terrupter which opened the circuit, say, 500 times
per second.

The third type of transmitted wave is known as
C. W. or Continuous Wave and in this system,

energy is radiated all the time that the key is
pressed and it is not broken up as was shown in the
two instances given. above. This form of trans-
mission is a very common one and is used by the
mz:iority of the high-powered transmitter stations
and in amateur work.
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What is Resonance?

AN ELECTRICAL ANALYSIS

IT HAS frequently been said that, in order to re-
ceive any particular station, we must tune the
various circuits of our receiver to resonance with
the incoming frequency. We shall endeavor, in
this sheet, to explain what is meant by resonance.
In the accompanying sketch, first refer to “A.”
Diagram No. | is a simple circuit consisting of some
source of alternating voltage, marked E, in series
with a condenser. The reactance or impedance
offered by the condenser to the flow of current de-
pends upon the frequency, and, if we plot a curve
showing the change of reactance with frequency,
we will get a curve similar to that marked C, in
“B.” As the frequency increases, the reactance of
the condenser decreases, and the curve approaches
the zero line. Capacitive reactance is
usually considered negative, as shown,

]
in order to indicate that it is opposite R
in effezt to the inductive reactance. E E |

If ne condenser in the circuit is re- \R {

are opposite in sign, we may add the two curves
together and the result will be a curve such
as that marked ““Total Reactance” in “B." At
one point we notice that the line passes through
zero, this point being indicated by the dotted line
marked R. In other words, at this point, the total
reactance in the circuit is zero, the reactance which
is due to the condenser cancelling out the reactance
due to the inductance.

When a circuit is tuned to resonance, the capacity
and inductance are so proportioned that their effect
in the circuit are nullified, and, as more current
will flow in a circuit of least resistance or reactance,
the combination will offer very little opgosition to
the currents having a frequency of R 'n the diagram
but will offer considerable resistance to any other
currents having a different frequency

placed by a coil of wire, or inductance,
as shown in No. 2, **A,” we find that 1
the inductive reactance increases with
an increase in frequency which is shown
by the curve marked L on “B.”
Now, if we connect both a con- E
denser and an inductance in a_circuit
as shown in No. 3, “A,” we will have
a combination of the effects produced
by both of them. Remembering that
the effective resistances or impedances

)
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35,000

copies already sold

The most
widely read
book in
radio today

The Radio Amateur’s Handbook was
first published in the fall of 1926, in re-
sponse to a growing demand upon the
American Radio Relay League for some
sort of manual of operation for experi-
mental radio work, The first edition met
with great favor and two reprintings
were necessary to supply the demand.
Since that time two subsequent editions
have been published.

The latest edition (third) is much larger
than the original, and has been entirely
rewritten. Necessary changes and addi-
tions have been made to bring the book
up to the minute.

We believe that The Radio Amateur’s
Handbook is the most valuable book which
any amateur or experimenter could own.
A few typical chapter headings—*Funda-
mentals”, “How Radio Signals Are Sent
and Received”, “The Receiver”, ‘The
Transmitter”, *“Antennas”, ‘“The Wave-
meter—Radio Measurements”, “The Ex-
perimenter”—indicate the thoroughness
with which each subject is covered, There
are twelve chapters in all, each occupy-
ing from ten to forty pages, In
addition there is an appendix con-
taining a fund of useful data. Then
there is an index, occupying six pages,
by which the valuable information
contained in the book is made available.
This is particularly important and it
has been compiled and cross-indexed
with great care and thought.

Anyone who is at all interested in the
technical side of radio can ill afford to be
without The Radio Amateur’'s Handbook.
It's the best dollar’s worth in radio.

256 Pages
POSTPAID
ONE DOLLAR ANYWHERE

American Radio Relay League
1713 Park Street Hartford, Conn.
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Behind the Porymer

The Trade Mark to look for—

on

Filter Condensers
Block Condensers
Mica Condensers
Molded Condensers

Strip Resistances
Metallized Resistances
Wire Wound Resistances
Filament Resistances

Potentiometers
Rheostats
Mountings
Phone Plugs
Polytrols

for

these produets are dependable — two-
thirds of the R. C. A. licensed manufac-
turers use them in their sets and power
devices. This engineering approval is
your assurance of their perfect perfor-
mance in your set or eliminator.

Standard parts for all uses—your dealer
can supply you—or write us mentioning
his name.

Send for our latest descriptive catalogue.

POLYMET

Polymet Manufacturing Corp..

599-A Broadway New York City

POLYMET
PRODUCTS
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Type 171 and 210 Tubes

A COMPARISON

BOTH of these tubes are suitable for use in the

last stage of audio amplification, but under
certain conditions one tube is to be preferred over
the other,

By glancing at the table, it will be seen that the
output resistance is lower for the 171 than the 210
for all values of plate voltage. The greatest trans-
fer of energy occurs between a tube and a speaker
when their impedances are matched. As most loud
speakers have very little impedance at low fre-

uerncies, it js advantageous to use a tube such as
the 171 which has a very low plate impedance.

This compensates to sor-e extent the low amplifica-
tion factor of 3. From -he figures given for the
maximum undistorted cuiput, it can %e seen that,
with 180 volts on the pla‘e, the 171 will deliver to
the load 700 milliwaitso rower. This is about the
same power as can be obtained from a 210 with
about 300 volts on the plate. However, at 425
volts, the 210 is capable of delivering more than
twice the undistorted power of a 171. It is quite
evident then, that the 171 is somewhat to be pre-
ferred for ordinary signal s_rength such as is needed
in the home, and that for unusual volume, such as
concert work in large halls, the 210 would prove
more satisfactory.

MAXIMUM
OUTPUT | UNDISTORTED |AMPLIFICATION | PLATE
TUBE | GRID VOLTS | PLATE VOLTS | pogicrance OUTPUT FACTOR CURRENT
(MILLIWATTS)
171 165 90 2500 130 3 10
27 135 2200 330 | 3 16
40 180 2000 700 | 3 20
210 | ¢ 4.5 90 9200 18 5 3
9 135 8000 65 b 4.5
10.5 157.5 7400 90 & 6
18 250 5600 340 £ 12
27 350 5100 925 | v € 18
35 425 | 5000 1540 | T 22
e ———
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What are Harmonice?

THEIR ELECTRICAL CHARACTERISTICS

PRAC’I‘ ICALLY none of the sounds that we
hear can be said to be pure, in the sense that
they contain only one frequency. Several different
persons could all sing the same note and yet the
different voices would be easily distinguishable.
A violin and a flute might play the same note, but
they would sound entirely different.

’I%me factor which causes this difference is the ex-
istence in practically all sounds of various harmon-
ics, or overtones, about which something has been
said in Laboratory Sheet No. 51. In the present
Sheet, we will explain, from an electrical stand-
point, what harmonics are.

Acoustically, the difference between a funda-
mental note and, say, its fifth harmonic is that the
pitch of the harmonic is five times as high as the
pitch of the fundamental. Electrically, the differ-
ence is that, for every time that the fundamental
note goes through one cycle, the fifth harmonic
goes through 5 cycles. This relation between a fun-
damental and any of its harmonics always is true,
i. e, while the fundamental passes through one
cycle, a harmonic passes through a number of cycles,
depending upon what harmonic it is; the second
harmonic passes through two cycles, the third bar-
monic passes through three, the fousth through
four, and so on.

A cycle comprises one complete alternation of the
wave and, therefore, tc preduce one cycle the wave
must start at zero, rise 10 a positive maximum,
decrease to zero, rise to 2 negative maximum
and again decrease (o zero.

The sounds created by instruments are practi-
cally always very conplicated and contain many
harmonics. The violin, as an example, produces a
very complex note containirg a very prominent
third harmonic, and many other harmonics as well,
while some of the notes’ p-oduced by a flute are
gerhaps_ the purest of any sour.ds that are generated

y musical instruments

Many amplifying systems are not capable of am-
plifying the low notes but for-unately a considerable
decrease in amPlitudc n these low frequencies is
hardly noticeable to the ear. It isalso generally true
that the harmonics of these low notes will have the
same effect on the ear as tlte fundamental note.
Consequently, if an organ sounded a chord which
contained a 30-cycle note and inly the second har-
monic, 60 cycles, of this nota was heard, it would
give the same effect to *he ear as the fundamental
note of 30 cycles. This characteristic, combined
with the fact that these low notes are very seldom
used, makes it hardly worthwhile to go to any great
expense to set up apparatus capable of giving exact
amplification of these low frec w:ncies.

iﬂ
|
1!

tend to eliminate the ripple, but that less ripgle
would be obtained by increasing C: rather than Cy

Both experiment and theory seem to indicate
that, with a certain total capacity in the current,
the best regulation and the least ripple are obtained
by making both of the condensers of the same value.

—
—
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Filter Circuit Data
OONDENSBR VALUES 250 T - Ehoke T
SOME interesting data were given in the General 110V L [ DR
Radio_Experimenter of July, 1926, regarding the 225 10 A AL €1 @ _
characteristics of filter circuits for use with Bicur- A. G ]' 2 4
rent-supplé/ devices. — 1 p
In the diagram, the condenser marked C; may ¢ Load
be called a reservoir condenser as its function is to 200 R
gtore up energy during the peak of the wave and ’ I
feed it back into the circuit at the lower values of
the wave. This condenser is especially valuable 175 N = CABACITY
in keeping the voltage more nearly constant with N4 la‘xm—(T
varying loads. A small condenser at this point o N — J i3
will cause the voltage to drop off very readily with £ jg4 | AN LA _j2mid. F3mid
increasing load. 3 RN _5 _[3mfd. }amfd,
The condenser marked C: is placed across the > \\\ L6 _|8mid, | 2mfd
output, and is especially valuable in eliminating J125 NN J—
| any ripple. The curves givcn on this sheet indicate I \\ ~ T
the effect obtained with different values of condens- \‘ I~ 8
ers in the two positions. It should be noted that | NG J
an increase in either one of these condensers im- 100 ] 1 SBTT=C
proves the regulation (curve B and C both showing ' N Y
a decrease over A in voltage drop), due to increasing | \\‘
the size of theload. Curve C shows the best regula- 75 1 - — —Q
I tion where C, is the larger. This indicates that an f ™~
increase in Ci is more effective in improving the )
voltage regulation than C,. An oscillograph would 50 L 1 L
show that an increase in either condenser wouid 0 10 20 30 40 50 60 70

Ig MILLIAMPERZ3

The curves shown are for a z%smm filter using
the Raytheon tube as a recti A multi-section
filter would, bowever, give the s me type of curves,

-
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The Intermediate Frequency Amplifier

CHOOSING THE BEST FREQUENCY
THE best operating frequencies for intermediate-
frequency amplifiers are, 45, 55, 65, etc. rather
than 40, 50, or 60. kc.

At the present time, broadcasting stations are
sup] to be separated by a frequency of
10 kilocycles. Consequently, it is quite possible
for any two stations to be separated, by, say, 40
kilocycles. If two stations, one strong and the
other weak, are separated by this amount, it may be
quite difficult to completely separate them by means
of a single tuned circuit such as a loop. Therefore,
both of these frequencies will be present in the loop
circuit, and will beat with each other to produce a
frequency equal to the difference between their
respective frequencies. That is, a station on 500
kilocycles would heterodyne a station on 460 kilo-
cycles to produce a 40-kilocycle note.

Should the intermediate-frequency amplifier
haPpen to be tuned to this frequency, both stations
will be heard in the output, even though the oscilla-
tor is removed from the circuit. If, on the other
hand, the intermediate frequency amplifier is tuned to
45 kilocycles, only the heterodyne beat between the
station wanted and the oscillator would be amplified.

We have endeavored to show this idea in the
diagram where a 40-kc. intermediate amPIiﬁer is
used: *A” is the interfering station, 'B” is the
station desired, and “C” is the wave produced by
the oscillator. C is tuned to 540 kilocycles and
produces a 40-kc. beat note or heterodyne with the
desired signal B which is fed to the intermediate-
frequency amplifier. However, at the same time,
we will suppose that there is a powerful local station
operating on 460 kilocycles (indicated at A), and

the interaction between A and B also produces a
40-kilocycle beat note. The result is, that the sta-
tion broadcasting on 4€0 kilocycles will also be
heard through the amplifier.. When stations
whose frequencies are multiples of 10 heterodyne,
they naturally produce a beat note which also is a
muiltipleof 10. By designing the intermediate am-

lifier for a frequency which is not divisible by 10,
it will, therefore, exclude beat notes of two hetero-
dyning stations if such are divisible by 10. Hence
the desirability of a 45-, 65-, or 65-ke. intermediate
amplifier,

h 3
Mh I *
460 Ke. 40 Ke.
¢ ( Produced by A&B*
<
l B
/
500 Ke, 40 Ke.
" Produced by B&C
c
7
540 Ke.

S
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Antenna Power Dissipation

==
DISTRIBUTION OF ENERGY

THE power supplied by an oscillator to a trans-
mitting antenna, is dissipated in three ways:
First, in the form of radiation; second, in the form
of heat due to resistance of the wires in the circuit;
third, in the form of heat due to dielectric absorp-
tion.

Only the first of these factors represents a useful
dissipation. This radiation is the power which
travels out from the antenna in the form of electro-
magnetic waves (as signals). Curve A in the accom-
panying drawing shows how the radiated power
varies with the wavelength, it being{proportional
to the square of the antenna current, and inversely
proportional to the square of the wavelength.

urve B represents the power used uE in the re-
sistance of the wires. This is a straight line and
does not vary with the wavelength. In actual
g:actice. the eddy current loss and skin effect might

slightty greater at the lower wavelengths, but
the variation is so small that it may be neglected.

Curve C illustrates the variation with wavelength
of the power absorbed in the dielectric, and, since
this absorption is proportional to wavelength, the
curve is a straight line. This loss is due to trees,
buildings, masts, or other objects in the vicinity of
the antenna which absorb power.

Curve D represents the total er in the an-
tenna, and is equal to the sum of the three separate
curves. In taking curves such as this on an an-
tenna, it is quite possibie to obtain humps at certain
wavelengths. is generally indicates the presence
of some circuit in the vicinity of the antenna with a
natural penod of oscillation at that wavelength.

N

WAVELENGTH

POWER
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Line Power-Supply Devices

CALCULATION OF RESISTANCE VALUES

IN ORDER to obtain four output voltages from a

line power-suggly device we will place four resis-
tances, Ry, R, Rs,” Ry, in series across the total
output of the device. One end of R will connect
to the negative B and one end of Ry will connect
to the maximum voltage terminal of the device.

The positive voltage tap, E, for the detector
(22} or 45 volts) will be taken off between Ri and
R.. The voltage, E; (generallﬂ 90 volts), for an
r.f. amplifier, will be taken off between R: and Rs.
Voltage E;, with a value of, say, 135 volts, will be
obtained from a tap connected between R: and Ru.
E, is the maximum volta%e of the unit.

In order to calculate these resistance values, we
must assume that a certain amount of current flows
through the resistance Ri.  An average value that
can be assumed is 5 milliamperes, or 0.005 amperes.
If we assume this current to flow through R), and
that we desire 22} volts for the detector, then
R, = 225 = 0.005 = 4500 ohms. Ii the voltage
r?lquired is to be 45, then R1 = 45 + ..005 = 9000
ohms.

The voltage across R: is 90 — 22} =~ 674, and
as the detector plate current at 224 volts is usually
about 0.0005 amperes, this current, nlus the 0.005
amperes loss current, flows in Rs hence R: =
67.5 + 0.0055 = 12,300 ohms apoioximately, In
the case of 45 voits on the detector. the Rs voltage
would be 45 (90 — 45) but the detector plate current
at 45 volts is now about 0.001 amperes, hence
Re = 45 = 0.006 = 7500 ohms.

To determine the current in Rs, we must know
the plate current taken by all the tubes operating
at 90 volts. Assuming there are two r.f. tubes
(Uv-201-A) only, the current taken by cach when
biased at 4.5 volts is 0.002, or 0.004 for both. The
voltage across Ru is 135 — 60 = 45, and the current
flowing in Rs is 0.005 + 0.0005 + 0.004 (for a
detector plate voltage of 224), therefore Rs = 45
+ 0.0095 = 4750 ohms approximately. In the
case of 45 volts on the detector plate, with 0.001
amperes flowing, we have R:s = 45 =+ 0.01 =
4500 ohms.

The current in Ry is the sum of all the currents
plus the current in the plate of the first audio tube
@v-201--a). The plate current in an Lv-201-A at
135 volts with 9 volts negative bias is 0.0025 amperes
and, in the case of 224 volts detector, the total cur-
rent in Ry is 0.0005 + 0 005 + 0.004 +- 0.0025 or 0.012
total. The voltage across Ry is 400 — 135 = 265.
Hence, R4 = 265 + 0.012 = 22,000 ohms approxi-
mately.

CAsE 1.

1 uv-201-A Detector, 22} volts.

2 uv-201-A R. F. €0 volts, Neg. bias 44.

1 uv-201-A A. F. 135 volts, Neg. bias 9.

1 Ux-210 A. F. 400 volts, Neg. bias 30.
Ry = 4500, R: = 12,300, Ry = 47£0, Ry =22,000

CASE 2.

Same as above except 45-Volt Detector.
R = €000, R: = 7500, Rs = 4500, R = 21,200

ABOUT

“B”> BATTERY
ELIMINATORS

® .
JOHN F. RIDER’S

“A Laboratory Treatise on
B Battery Eliminator
Design and Construction”

WILL SOLVE EVERY ONE OF YOUR
B ELIMINATOR PROBLEMS

THis TREATISE shows you how to
“adapt your B eliminator to various receivers”
“calculate B eliminator output resistances”
“get the most out of your B power unit”
“stop motor boating”
“solve all your B power unit problems”

tells you
“what every unit in the B eliminator does”
“how to select units most economically”
“EVERYTHING about B eliminators”
“EVERYTHING you should know about

your B3 unit”
88 pages 81" x 11”7 71 illustrations.
Price $1.00. Postage 15¢ extra.

This book will save you money!

RADIO TREATISE CO.
270 Madison Avenue
New York City

Hercismy $1.15for Name............c..coovviinnnien
whiﬁh you willll'or-
war postpaid a
copy of Johh I, Address. ................
Rider's B eliminator

treatise. (875 0000000000000 .State.. .....
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Cardwell @
CONDENSERS

‘““ONE FOR
EVERY TUBE
AND PURPOSE”’

(Also furnished in SLC.)
All Capacities

TAPER PLATE
S Sizes
0005 to .000075

DUAL AND TRIPLE
Style
Semi SLW and SLC

also

Transmitting Condensers for High,

Medium and Low Power Balancing

(Neutralizing) Condensers Fixed
(Air Dielectric) Condensers
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The Gang Condenser

CORRECT CONNECTIONS

SINCE the appearance on the market of gang

condensers, that is, condensers having a com-
mon shaft and working in unison, many readers
have requested information as to how they should
be connected. The difficulty in connecting them
usually arises from the fact that all of the rotor
plates are connected together, thus making it im-
possible to get a positive return lead for the detector
tube, while the radio frequency tubes of necessity
must be negatively baised.

By looking at the diagram, it will be noticed that
the filament return of the detector tube coil does
not connect to the variable condenser but to the
positive filament lead. A path for the radio fre-
quency current is provided through the bypass
condenser, as shown, to the tuning condenser. An
alternative way of connecting is to allow the coil
to be connected to the condenser, making the grid

there are bound to be some discrepancies, and it is
frequently necessary to use a separate conden-
ser in the antenna circuit, as outlined in Labor-
atory Sheet No. 33. 3Some gang condensers are
provided with small condensers’in parallel with the
main condensers, which may be used to bring each
circuit into exact resonance.

Output

25 By-pass_=
oo | || Joondense7]

Imids

positive by connecting the grid leak directly be- ==t ]
tween the grid of theg tube and the positive fila- — 4 1
ment. The grid condenser prevents the short cir- — S
cuiting of the batteries. .

When a gang condenser is used, the coils must be | $
carefully matched in order to minimize any inequal- o
ities between them. In spite of careful matching, SA+s +C - +B o

R ]
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The Vacuum-Tube Voltmeter

HOW IT FUNCTIONS

THE vacuum-tube voltmeter is a very useful
instrument and it finds wide use in an electrical
laboratory. The simpler type is not at all difficult
to make up, and with it some interesting measure-
ments can be made. For best results it should be
calibrated, but even without calibration it is still
possible to make many measurements with it that
will give a ngeneral indication of the comparative
merits of different coils, amplifiers, and other units,
etc.
. The circuit diagram of a vacuum-tube voltmeter
is given on this Sheet. The B-battery voltage need
not be more than 224 volts, and the indicating in-
strument in the plate circuit should have a maximum
scale reading of not more than 14 milliamperes. The

-battery voltage should be adjusted until the meter
reads about ysth of a milliampere whenjthe ter-
minals 1 and 2 are short-circuited.

The tube is now being operated on the lower
bend of its characteristic curve, similar to the con-
tion under which a C-battery detector operates.
Now, if any voltage, whether it be direct or alter-
nating, is impressed across the input terminals, the
plate current will change. If a calibration is to be
carried out, it is accomplished by impressing various
known values of voltage across the input terminals
and reading the corr&s?onding deflectionsof the plate
milliameter. Then, if the input terminals are con-
nected across any unknown voltage it is possible to
determine the value of this voltage by noting the

deflection of the plate :milliameter. The actual
voltage is obtained fror “he previously made cali-
bration curve.
As mentioned, even if instruments are not avail-
able with which a calibrution can be made, it, is
ible to make comparacive tests. For instance,
y placing the same infut on two amplifiers under
test and then connectirg the vacuum-tube volt-
meter across the outpu: of each, readings may be
obtained. Obviously, the amplifier which produces
the greatest deflect:ion has the greatest amplifica-
tion.

10 —
Input =

=
®

Send for Literature

THE ALLEN D. CARDWELL

MFG. CORP’N
81 PROSPECT STREET
BROOKLYN
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A Radio Frequency Oscillator

ITS USE AND CONSTRUCTION

ADIAGRAM of a simple oscillator that takes
all of its energy from the power mains is given
on this Laboratory Sheet. A unit such as this is
quite useful to the home-constructor in making
many tests on receivers. It sends out energy in
much the same way as any broadcasting station,
and it can be tuned to deliver this energy at any
frequency between 500 and 1500 kc. (600 and 200
meters). It makes use of a 201-A tube and will
operate on either 110 voltsa.c. ord.c. If the latter
is used, the device will only function when terminal
No.2 is connected to the positive side of the line.

The coils, Li and L, may be wound on a single
piece of tubing 3% inches long, having an outside
diameter of 2} inches. l. consists of 50 turns of
No. 26 d.c.c. wire, and Ls, spaced } inch from Li,
consists of 40 turns of the same size wire. Both
coils are wound in the same direction.

The condenser, C, should have a maximum capac-
itfy of 0.0005 mfd. An ordinary electric lilght bulb
of 25 watts rating is shown in the circuit. If by-any
chance the oscillator is to be used on a 220-volt
circuit, the electric light bulb should be replaced by
one suitable for use on this voltage, and should be
rated at 50 watts.

If this oscillator is supplied with alternating
current and is placed within a few feet of a receiver,
it will be possible to tune-i1 the signal generated by
it if the receiver is ir gooi condition. The note
heard will be a low-pitchc1 hum. If the unit is

]

1

| 9]

H gﬂ Tube

% N A

)

; Electric
' Light

| Bulb

Y

|
1 2
110 Volts

supplied with direct curren: it will not be directly
audible. However, if 1 1e receiver is of the regener-
ative type it will be poss.:le ' osroduce a heterodyne
whistle, when the set is osci lating.
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171 Tube Characteristics

PLATE IMPEDANCE

’I‘HIS Laboratory Sheet will explain how to de-
termine the plate impedance, or output resis-
tance, of a tube by using figures that can be obtained
from the static characteristics. Sgeciﬁcally does it
deal with the 171 the tube. The plate imped-
ance is equal to the change in plate voltage divided
by the corresponding change in plate current.
We will calculate the plate impedance of a 171
tube using the static characteristic curves given
on Laboratory Sheet No. 68

EXAMPLES:

No. 1. What is the plate impedance of a 171
tube with 180 volts on the plate and a negative
grid bias of 40.5 volts?

See curve 5 on Sheet No. 68. The X indicates
that point on the curve corresponding to the condi-
tion given in the example (¢. e., 180 voltson the plate).
The impedance is determined by first of all reading
from the curve two different plate currents corres-
ponding to two different plate potentials, with the
same grid Dbias in each case. Any plate voltages
may be taken provided we stay on the straight por-
tion of the curve. Therefore, we might take plate
voltages of 170 volts and 190 volts, corrx;sxunding
to plate currents of 15.8 mA. and 26 . The
change in plate voltage is 190-170 = 20 volts,

and the change in plate current is 26 - 15.8 = 10.2

Therefore, the plate impedance of the 171 is
equal to the change in plate voltage (20), divided by
the change in plate current (10.2 mA., or 0102
amperes) which equals 1961 ohms. This value
corresponds very closely to that given for the uX~-
171 (2000 ohms) in Laboratory Sheet No. 58, in the
January issue.

No. 2. What is the plate impedance of a 171
tube with 135 volts of B battery and a grid bias of
minus 27 volts?

Refer to curve No. 3 and take any two plate volt-
ages in the straight position of the curve, say 130
and 160 volts. he corresponding plate currents
are 13.8 mA. and 303 mA. The plate-voltage
change is 160 - 130 = 30 volts, and the plate-
current change is 30.3 - 13.8 = 16.5 mA. here-
fore, the plate impedance is 30 volts divided by
16.5 mA., or 0.0165 amperes, which gives 1818 ohms
as the l[;Iaue impedance.

Mathematically, it is evident that what we are
determining is the reciprocal of the slope of the
curve, The plate impedance is constant over the
straight position of the curve. It is also apparent
from an inspection of the curves that the output
resistance or plate impedance is practically the same
for all values of plate voltage, the slope of the curves
being nearly the same.

No. 68
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Curves for the Type 171 Tube
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Sources of Electrons

THE HEATED FILAMENT

HE commonest source of electrons with which

the home-constructor is familiar is the filament
of an ordinary vacuum tube. Present theory re-
garding metals indicates that they are made up of
atoms, which are, in turn, composed of electrons.
These electrons are in violent motion and it might
be expected that some of them would leave the
metal, but there is an opposing force which holds
them in position at ordinary temperatures. If the
metal is made hot, however, the velocity of the
electrons increases to a very great extent, and some
of them do leave the metal. The easiest way to
heat the metal is to make it in the form of a wire
and send an electric current through it. This
creates an excellent source of electrons. It is un-
questionable that, by far the most important way,
of obtaining electrons commercially, is through the
heating of a wire. This method is used to obtain a
source of electrons in vacuum tubes.

‘The vacuum tube was not a very useful instru-
ment at first until it was found that by placing a
metal grid between the filament and the plate, the
number of electrons passing to the é}lsate could be
controlled. Some years after this t discovery,

it was found that the vacuum tube would act as an
amplifier of weak electric impulses, such as tele-
phone currents. The three-element tube, as it is
called, has opened up an entirely new field of re-
search and is doubtlessly one of the most important
tools in the hands of science.

There are, however, other sources of electrons
which are used to a considerable extent in scientific
practice. It has been found that some'metals will give
off electrons if they are placed in a strong light.
Thisis true of zinc, as an example. Under ordinary
light zinc does not give off many electrons, but un-
der the influence of light of very short wavelength,
such as ultra violet light, it will give off electrons
quite rapidly. This effect is known as the photo-
electric effect. Other metals, such as potassium,
are very sensitive to light in the visible part of the
spectrum. Potassium is, therefore, used in some
photo-electric cells where its function is to control
electric currents in proportion to the amount of
light that is permitted to fall on it. The photo-
electric cell is one of the most important units used
in a picture transmitting system. The effect pro-
duced in the cell is of interest to physicists because
of the information it can give them regarding the
nature of the electron.
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Sockets - Adapters

Connectoralds—

Audio Amplification
and Television

THE MOST COMPLETE LINE OF
ITS KIND IN THE WORLD

In the laboratory engineers are con-
tinually confronted with the problem of
finding a product on which they can put
their stamp of approval and still depend
on thousands, perhaps millions, more
coming through like the sample they
passed on, so production can be main-
tained at an even standard of quality.
When you choose Na-Ald products you
have this assurance. It is made possible
for Na-Ald by their engineering ability,
plus the experience gained in building
millions of sockets—millions of adapt-
ers and CONNECTORALDS and multi-
millions of metal punchings and mold-
ings used in the manufacture of Na-Ald
Products.

There are a dozen different Na-Ald
sockets, a socket for every purpose, over
thirty-five different kinds of adapters
and CONNECTORALDS, as well as
audio amplification designed for those
interested in exceptional quality.

The No. 481-XS Na-Ald silencer socket is a cush-
ioned socket for 1adio frequency. detector and screen
grid tubes. Itis distinctly individual with molded-in
contacts made of special resilient metal and hent in
the form of an N. This double bend assures perfect
side wipe contact with ample flexibility in the springs
to prevent microphonic noises in the tube and to pre-
serve its delicate elements.

The No. 400 socket is a special heavy duty socket
recommended for rectifier, oscillator and power tubes,
where perfect contact and rigidity are necessary for
delicate measurements or even current supply.

Seven new A. C. sockets have just been put on the
marker. These sockets meet all the requirements of
the laboratory, set manufacturer and set builder.
Special features in these include contacts on the out-
side of the tube prongs to prevent capacity, contacts of
added area to carry the heavy current one piece con-
tact for direct wiring—special metals scientifically
shaped and bent— -compactness—single or douhle hole
mounting—ahove or below sub-panel mounting and
molded in locater rings in the tops of the sockets, mak-
ing it casy to insert the tubes, 'Fhese rings are cojored
red for all purpose, green for detector and orange for
power, adding beauty to equipment and acting as a
color code to simplify directions.

Why not put your socket problems up to Na-Ald?

ADAPTERS AND CONNECTORALDS
The Na-Ald line of adapters and CONNECTOR-

ALDS is complete. There are over thirty-five differ-
ent types made now and any special adapters will be
made to manufacturers’ specifications. Na-Ald adapt-
ers will put power tubes in sets not wired for them—
A. C. tubes in D). C. sets—adapt L'V-199 sockets to
UX tubes—put UY tubes in UX sockets--UX plugs
in UY sockets— attach A. C. or D. C. sets to power
amplifiers—electric pickups to A, C. or D. C. sets-—
control oscillation in radio frequency circuits— test
A.C tubes in D. C. testers test 222 tubes in set
analyzers- putshield grid tubes in D.C. sets-—convert
stationary sockets to spring sockets—add C batteries
to any tube in the set as well as a host of other
changes. Write for a complete adapter catalog.

AUDIO AMPLIFICATION
Na-Ald TRUPHONIC audio ?mp]iﬁer is a new

type of amplification using capacity and inductance
simultaneously, producing almast perfect quality and
ractically 100¢¢ as pure as the input signal. TRU-
HONIC is a three-stage amplifier put up in several
styles and designed for set builders and manufacturers
and for operation on A. C. or D. C. Also built as a
complete amplifier for phonographs, television and
dynamic cone speaker driver. Write for full details.

Alden Manufacturing Company

Brockton, Massachusetts, U. S. A.
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Symphonic Push Pulls
give great power
with quality

Clarity and tonal brilliancy without
overemphasis of low frequencies or the
shighting of high frequencies can be as-
sured by using Samson Symphonic Push
Pull Input Transformers, type Y. Type
Y will satisfactorily work into tubes up
to 50 watts capacity- Price $14.00.

We recommend our Symphonic Push
Pull Output Impedance which sells for
$5.50, for those who wish to use an
output impedance

For those who wish to use push pull
output transformers we have either
Samson Symphonic Push Pull Output
Transformer type 03 for two 210s in
Push Pull or Samson Symphonic Push
Pull Output Transformer type o4 for
one UX210 or two UX171s or two
UXz250s in Push Pull. Both have cor-
rect secondary impedance for the ma-
jority of loud speakers and sell for $10
each list.

For those desiring push pull output
transformers to work directly into the
moving coils of dynamic speakers we
have Symphonic Push Pull Output
Transformers type o7 for use with two
210s and Symphonic Push Pull Output
Transformers type o8 for two 250s or
two r71s.  Price $10.00 each.

You will desire to know how to ap-
ply R. F. and A. F. Chokes to 17 pop
ular circuits or your own receiver as
illustrated in our Make-Em-Better Sheet
Send 5 cents to cover cost of mailing.

Osr book—"'Andio Amplification®’
—accepted as a manual of audio
design by many radio engineers—
contains much original information
of greatest practical value to those
interested in bettering the quality of
their reproduction. Sent upon receipt
of 25 cents.

Samson Erecrric Company

Main Orrics:

Manufacturers
CanTon, Mass.

Since 1882

Factories at Canton and Watertown, Mass.

[ RO
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Soldering

ESSENTIALS FOR GOOD WORK

IF A receiver is to operate efficiently and quietly it
is essential that all of the soldered joints be se-
curely made. Soldering is an exceedingly impor-
tant operation in wiring a receiver and poor solder-
ing is doubtlessly a frequent cause of trouble.
he ordinary solder consists of a combination of
lead and tin, the percentages generally being 50
per cent. lead and 50 per cent. tin. In order to
make a good rjoint, the surfaces to be soldered should
be entirely free from oxides. Soldering flux will
prevent the formation of oxides while the heat is
being applied. The metal parts which are to be
soldered should be scraped clean before the flux is
apf)hcd and, under proper conditions, the solder
will flow very easily around the joint when the parts
have heen heated sufficiently.

If the soldering is correctly done, the solder will
appear bright after the joint is made, but a poor
joint made with a cold iron will generally leave the
solder with a somewhat crystaline structure. Some
fluxes should be used very sparingly in making the
joint, as they will conduct electric currents and will
also have a very detrimental effect on any insulation
with which they come in contact. Rosin is a very
excellent flux t. ase, although it is somewhat more
difficult to work with than the ordinary soldering

paste. It is standard vzctice in most large elec-
trical companies to use rosin flux almost exclusively,
since it has no bad efi:c s on insulation. When
rosin is the flux it is important that a very hot iron
be used, otherwise, vhat is called a rosin joint may
be produced, in which case there is a thin layer of
rosin left between the two metal surfaces. This
makes the clectrical conductivity of the joint very
poor if it does not completely prevent the flow of
current.

As mentioned ahcve, it s essential that the iron
be sufficiently hot il a grod job is to be done.
hot iron wilr also, in many cases, prevent other
troubles. If soldering is attempted with an iron
that is not hot enough. it is necessary to hold the
iron on the metal for a long time before the sol-
der becomes sufficiently hot to melt and, during
this procedure, much of the heat energy is wasted.
With a hot iron, the heat. although more intense, is
confined to a smaller spac= because the job is com-
pleted quickly. This is iraportant when we are,
as an example, solderine  lead to a lug on a trans-
former. In such a case s essential that the job
be done quickly so s tc prevent heating the lug
to such an extent that the lead from the winding
which connects internally to the other end of the
lug will not come unsolderxi and thus cause the cir-
cuit to be broken.

-
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Push-Pull Amplification

WHY IT IS USED

TRANSFORMERS are not the only source of
loss of quality in audio amplifiers. The tube

itself can introduce a certain amount of distortion,

although this distortion is generally quite small.

The effect of the curvature of the tube character-
istic is to introduce in the plate circuit, for each fre-
quency applied to the grid, a new current of
twice that frequency. The relative strength of
these double frequency currents must be kept small,
otherwise the quality will suffer. In order to
keep them small, a large impedance must be used
in the plate circuit, which wili tend to straighten
out the tube characteristic. It is also essential
that there be enough C hattery always to kee
the grid negative, and then again, enough lg
battery must be used to permit operation on that
portion of the characteristic curve which has the
least curvature. It should be obvious that, as
each successive tube in an amplifier has to handle
more current than the one hefore it, the tubes in
the last stage must be rated at, or must be capable
of, handling greater power than the earlier stages
of amplification.

The effect of the curvature of the plate character-
istic can be canceled out by using the so-called
push-pull transformers, The sketch on this Sheet
indicates the scheme of connections of a push-pull
amnlifier. Briefly, its usefulness is due to the fact

that the phase relations of the double frequency
currents produced by the tube characteristic are
such as to cause then to cancel out in the trans-
former primary and not to appear across the trans-
former secondary.

The design of a push-puil transformer is impor-

=2
Qutput

Secondary

tant, and unless the same care is taken in designing
as with an ordinary transformer, the actual results
obtained will not make the push-pull arrangement
worth while. It is essential tkat a push-pull trans-
former have a very high impedance primary and
that the frequency charucteristic of the transformer
be reasonably flat.
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A. C. Operated Power-Supply Devices

TROUBLE SHOOTING
TIIIS Laboratory Sheet will give briefl possible
sources of trouble in line power-supply devices
(B-battery eliminators).

Quite frequently it is found that a hum is audible
in the output of the receiver when it is operated
from a power device. This hum need not necessar-
ily indicate poor design, and may be due entirely
to mechanical vibration. It can be eliminated by
moving the device further from the receiver, or b
pllac}i‘ng the receiver on top of several layers of soft
cloth,

Trouble in the power-supply unit may be the
result of breakdown of one of the filter condensers,
the breakdown of one of the resistances controlling
the intermediate voltage taps, a defective rectifier,
or to open connections. In testing the device, a
voltmeter is essential. It should be connected be-
tween the negative post and the various taps, and
if one of the taps gives no reading, the trouble is
probably due to a defect in the resistance unit supply-
ing! that tap. This is not an uncommon cause of
trouble and, therefore. good resistances, capahle of
vl 1y iy L ey UL el Cuirent without excessive heat-
in?),erpust be used. X

ective resistances are also capable of creatin,
home-made “‘static.”” If reception is accompani
by considerabie noises when using the power-supply
device, the antenna should be disconnected and, if
the noise persists, and the connections and joints
should be carefuuP; examined. Be sure that the
A-battery terminals are not corroded. If possible,

substitute for the power unit zood dry B batteries,
and if there is no noise, i' is :. good indication that
the line power-supply device s czausing the trouble,
Defective resistances are the commonest cause of
this noise and they should be carefully examined.

If no_voltage readings car te obtained on any
terminals, the rectifier tube <kould be examined.
Make sure that the filament has not burred out, or,
if the rectifier is of the electrol- tic type, be sure that
it contains sufficient solu ion. The filter condens-
ers, if possible, should be tescad with phones and
B battery to make sure they h.avz not broken down.
The same test can also be ma-e on the choke coils
to be sure that they have not bern burned out, and
in this way an open circu t created.

If all the connections appear to be complete and
the apparatus in good cordition it will be best to
trry a new rectifier tube in ‘he correct socket. Rec-
tifters in which a filament s us:d are constructed in
the same manner as are ord nary receiving tubes, and
the fact that they light do:s not 1 ecessarily indicate
that they are functioning n a :atisfactory manner.
Rectifier tubes are countcd upo to supply com-
paratively large currents and Tust be extremely
well made with very sturd: filainznts if they are to
last any great length of time.

The fact that we are powerirg our receiver from
a line power-supply device docs: not mean that it
does not require attention. or that the parts are
going to last forever, The rectifier device may
wear out after considerable use, ind the condensers
will sometimes break down as they become old.
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An A. C. Operated Power Amplifier

CONNECTION TO AN ORDINARY RECEIVER

MANY standard a.c. operated power-supply de-
* vices available at present are capable o?' sup-
plying sufficient voltage for the proper operation of
a 171 type tube. When this tube is used in con-
junction with such a device in an ordinary receiver,
the filament is usually lighted from a storage bat-
tery, and a dry cell is used to bias the grid of the
tube. A few slight changes, however, will make it
possible to light the filament of the 171 from an
a.c. source and to obtain the necessary grid bias by
means of a resistance in the plate circuit of the tube.

The following parts will be required:

T—An ordinary bell transformer giving about 6
volis on the secondary.

P-—200-ohm potentiometer.

R~—500- to 5000-ohm variable resistance.

R1—25,000-ohm fixed resistance.

Cr—2- to 4-mfd. bypass condenser,

C—1-mfd. bypass condenser.

Rz—10-ohm rheostat.

L~—OQutput choke coil,

A circuit arrangement such as is shown makes the
one-stage power amplifier entirely independent of
any local supply of energy, since all the necessary

voltages are now being drawn from the a.c. power
lines.” In the operation of the unit, the potentio-
meter, P, should be adjusted to that point at which
the hum in the out})ut circuit is at a minimum,
Generally it will be found that the center point of
the potentiometer will give minimum hum.

. i} o
; €1 Loud Speater
N f “ L B-Power Supply Device
]
!
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‘The variable resistance, R, controlling the grid
bias, should not be lowered to a value less than
1000 ohms. Tt should be adjusted to that value
(something above 1000 ohms) which gives the best
quality of reproduction.
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Resistance-Coupled Amplifiers

GRID LEAK-CONDENSER COMBINATIONS

sOME information regarding resistance-coupled
amplifiers is to be found in an article by Sylvan
Harris published in the December, 1926, issue of the
Proceedings of the Institute o} Radio Engineers, and,
incidentally, the data given in the proceedings con-
firm some calculations and measurements made
by the Laboratory of RaD10 BROADCAST about a
year ago.

When a mathematical analysis is made of the
resistance-coupled amplifier, it becomes evident
that a very large coupling condenser nced not neces-
sarily be employed. It is the combination of the
ooup]in%l condenser and the grid leak which deter-
mines the quality that can be obtained from such
an amplifier. I{ the coupling condenser is made
large, the grid leak resistance may be made small,
and if the coupling condenser is small, the grid leak
resistance can be increased a proportional amount,
and the same frequency characteristic will be ob-
tained in each case,

In the article in the Institute’s organ, some curves
were given showing the relationship between the
value of the grid leak resistance and the size of the
coupling condenser for a 201-A type tube. From
these curves we can easily determine what value
of coupling condenser must be used in conjunction
with any particular grid leak, in order to obtain a
certain definite frequency characteristic.

If a 100,000-ohm resistance 1s used in the plate
circuit, the following combinations of grid leaks
and coupling condenser may be used to obtain a

practically flat characteristic curve down to 50
cycles:
GRID LEAK COUPLING CONDENSER
0.2 megohm 0.06 mfd.
0.5 megohm 0.025 mfd.
1.0 megohm 0.012 mid.
2.0 megohms 0.006 mfd,

The greatest trouble with resistance amplifiers is
due to the blocking of the tubes which sometimes
takes place. It is unlikely, however, that this
blocking will occur unless one of the tubes is being
overloaded. This makes it essential that the proper
C-hattery bias be used on the grids of the various
tubes. It is possible to calculate the required value
of the grid bias if the characteristics of the circuit
and the amplification constants of the tubes are
known. These calculations indicate that for a
20-mu tube the C battery bias on the first high-mu
tube should not be more than 1 volt, and that 4
volts is about right on the grid of the second high-
mu tube. These values are high enough to handle
a grid swing of 40 volts peak value on a 171 type
power tube in the last stage.
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Interference Finder

A PORTABLE RECEIVER

ON LABORATORY Sheet No. 76 is given a
circuit diagram ot a small portable receiver for
use in locating sources of interference. In order
to make up this receiver, the following apparatus is
necessary:

L—Any standard loop, tapped at the center.

Ci—Variable condenser esig:cd for oge;:ation
with the loop that is used. y value between
0.00025 mfd.and 0.0005 mfd. is satisfactory.

Rg~~1-me§0hm rid leak.

Cz —0.00025-mfd. grid condenser.

Cs—Midget condenser, 0.00015 mfd. max.

Ti, Tr—Audio-frequency transformers.
f J—Single-circuit filament control jack,

R—20-ohm rheostat.

Lr—Radio-frequency choke coil which may con-
sist of 400 turns of No. 32 or smaller wire wound on
an ordinary spool.

To operate this receiver the following accessory
equipment is necessary:

Three ordinary dry cells for the filament circuit;
one small 45-volt battery for the plate circuits of all
three tubes.

Three 199 tubes.

The receiver is of the ordinary regenerative type.
The condenser, Ci, controls the tuning, while con-
denser C: controls the amount of regeneration.
When C; is advanced near to its maximum position
the detector tube will oscillate so that stations may
be picked up by a heterodyning whistle.

‘he loop should be mounted so that it can be
turned in any direction. It will be found that the
loop is very directional and that, therefore, in inter-
ference investigations, the interference will be picked
up loudest when the loop is pointing toward the
source. In this way the actual source of interfe-
rence can often be located.

The receiver should be made extremely portable
and, for this reason, it is preferable to enclose the
batteries and loop, as well as the receiver, in a small
carrying 'case {that can be easily handled. The re-
ceiver should be equipped with a jack into which a
separate loop unit may be plu'gged.or the loop may
be wound inside the case itself. The filament rheo-
stat controlling the tubes should not be advanced
further than necessarﬂ to obtain satisfactory recep-
tion since excessive filament voltage on the 199 tube
is very detrimental. It will be found that three or-
dinary dry cells used for filament lighting will last
for many months.
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Interference Elimination

USE OF CONDENSERS AND CHOKES

WHEN interference is experienced from motors,
telephone ringers, or other similar apparatus,
it may frequently be eliminated by using some such
circuit arrangement as is illustrated on this Sheet.

This circuit is called a filter, and can easily be
connected to practically any giece of apparatus
that is causing interference. If, for example, a
motor is found to be causing the interference, such
may be eliminated by connecting two condensers
across the line terminals of the motor with the mid
point grounded, as illustrated in the sketch. The
values of the condensers should, in general, not be
less than 2 mfd., although smaller size condensers
will sometimes give satisfactory results,

In extreme cases of interference, where it is found

that the condensers shunted across the line with
their mid point grounded do not remedy the trouble,
the inclusion of choke coils in series with the line
is necessary. These choke coils must be fairly largle
and wound with wire large enough to carry the full
current in the line. The shunting condensers and
the choke coils, if they are used, should always be
glaced as close to the source of interference as possi-

le. The source of interference is not always ob-
vious, and, for that reason, it is advisable first to
make some simple tests to make certain of the cause.
In such an investigation the smail portable receiver

described on the Laboratoy Sheets Nos. 75 and 76
will be found very useful.

Before installing anv condansers, ane should make
certain that they have a rating sufficiently high
enough to withstand the voltages under which they

—

Choke Coil § — Source of
Pows: 4 7 Interference
b otor,
Supph 8 Ringer,etc
g
£ —ta
Choke Cou N T

—

Ground =

must operate. There will be little difficulty in ob-
taining satisfactory condensers for use on direct-
current circuits since there are many on the market
rated at as high as 1000 volts d.c. Frequently these
same condensers are no' satisfactory for use on a. c.
circuits, however, and conse - vently, if the device to
be shunted is operated from :v.c.. make sure that the
condensers have a satis{actory a.c. rating.
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The Volt, Ampere, and Ohm

DEFINITIONS

WE ARE giving below an explanation and
meaning of the common terms, the volt, the

ampere, and the ohm. Hydraulic analogies will be

used in explaining the first two of these terms.

AMPERE: A current of water in a pipe is measured
by the amount of water that flows through the pipe
inasecond, such as 1 gallon per second, or 10 gallons
per second, etc. Electricity is measured by the
amount of current that flows along a wire in one
second. This quantity is known as the coulomb,
and if this term is used we would express the current
as 1 coulomb per .econd or 10 coulombs per second,
etc. In electricity, however, we have a specia]
name for the rate of flow of 1 coulomb per second
which we call 1 ampere. Thus, 8 amperes is the
same as 8 coulombs per second. Ampere, then, isa
term defining the quantity of current that is lowing
per unit of time.

VoLT: The number of gallons per second of water
flowing in'a pipe, or the number of amperes flowing
in a wire, depends upon the pressure under which it
flows. The electrical unit of pressure is the volt.

A volt means the same thing in speaking of a current
of electricity that a pound -essure means in speak-
ing of a current of water fcllows then that the
greater the pressure (voitage at the supply, the
greater will be the flow of cucrent.

OnM: There is no hvdra:lic unit which corre-
sponds to the ohm, which is .1 measure of the resis-
tance of a wire to the flow of current. wire is
said to have 1 ohm of resistance when a pressure of
1 volt will cause a cuirent ¢f 1 ampere to flow
through it. If the resistarce were doubled, the
current would be halved. etc

According to the defiritions given on this Sheet,
then, we see that ampercs repr >sent the amount of
current, volts the pressure causing this current to
flow, and ohms the resis:ance i npeding the flow of
current. These three units | cer a definite relation
to each other, This relationship, named after the
scientist who discovered it, i« known as Ohm’s
Law, which states that the number of amperes flow-
ing in a circuit is equal to the voltage of the circuit
divided by its resistance. An = .planation of Ohm’s
Law is given on Laboratory ¢ heet No. 81.
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Regulating Voltage on B Power-Supply Device

USE OF RESISTOR

MANY_ commercial a. c. operated power-supply
YL devices are equipped with taps for supplying
different voltages suitable for use in conjunction
with the detector, amplifier, etc. The voltage oh-
tained from any tap on such a device is not constant
but varies with the amount of current that is drawn
from it. If an unusually heavy load is drawn from
any one of the taps, it will generally be found that
the voltage is somewhat less than the specified
amount. In such a case, it is possible to increase
the voltage on the particular tap which is low by
connecting an external resistance between the tap
whose voltage is low and the maximum voltage tap
on the device. The proper connections for this
resistance are indicated in the diagram, and, by
the proper variation of this resistance unit, it will
be found possible to obtain any value of voltage
that might be required. This method of increasing
the voltage on any tap is very simple, since it does
not require that the power-supply device be opened
and the internal resistances varied.

1t should be noted that the resistance does not
connect between the two adjacent taps but that it is

connected between the 45-volt tap and 135-volt tap
which, in this particular case, is supposed to be the
maximum voltage tap on the device. This method
of increasing the voltage on any tap was suggested

Power-Supply
Device

To Set

in the December issue of the General Radio Experi-
menler.

The resistance should be variable between 5000
and 50,000 ochms, and must be of a type satisfactory
for use in power-supply devices.
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Characteristics of Tubes

MEASURING THE AMPLIFICATION CONSTANT

LABORATORY Sheet No. 68 (February, 1927)
gave some characteristic curves of the 171
type tube, and Sheet No. 67 explained how the
plate impedance of the tube might be calculated
using these curves, The present Sheet will explain
how to calculate the amplification constant.

The amplification constant is the measure of the
effect of the grid voltage on the plate voltage.
Stau;eid as a formula, the amplification constant
equals:

CHANGE IN PLATE VOLTAGE
CORRESPONDING CHANGE IN GRID VOLTAGE

We are giving two examples below which will
make simple the calculation of the amplitication
constant of any tube provided its characteristic
curves are available.

ExawmpLE 1: Calculate the amplification constant
of a 171 using the curves given on Laboratory
Sheet No. 68. In this example we shall use curves
Nos. 2 and 3. Locate some point on curve No. 2;
in this example we are taking the point corres-
ponding to 100 volts, although any point might be
taken provided we stay on the straight portion of
the curve. We find that at this point, correspond-
ing to 100 volts, the plate current is 12.5 milliam-
peres. Following across the horizontal line corres-
ponding to this plate current until we come to curve

No. 3, we find that the corresponding plate voltage
on this curve is 128, We now have two voltages,
100 and 128, corresponding to two different grid
biases, 16.5 and 27. Both of these values are for
the same value of plate current. These values can
be substituted in the above formula as follows:

128 —100 28 _
27 —16.5 ~ 105

Solving this formula, we get a value of 2.67,
which is the amplification constant of this particular
171 type.

ExampLE 2: Find some point on curve No. 4,
taking that point corresponding to 160 volts as an
example. In this case a plate current of 20.3
milliamperes is obtained, ollowing across to the
corresponding plate current on curve No. 5 we find
that the plate voltage is 179. The difference in
plate voltage between these two points is 19 and
the difference in grid bias is 40.5 minus 33, or 7.5.
Dividing these two, we obtain a value of 2.54, the
amplification constant of the 171.

1t should be noted that this latter result is some-
what different from that given in the preceding
example due to the fact that the tube was consid-
ered to be operating under different voltages. The
amplification constant varies slightly for different
plate voltages, but the variation over the operating
range of plate and grid voltages is not usua ly more
than 10 per cent.
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Ohm’s Law

SOME EXAMPLES

IF A tube’s filament has a resistance of 20 ohms
and five volts are applied to it, a current of
am?cre will flow. If the filament resistance is one
half this figure (10 ohms), then the current, for the
same apphed voltage, will be twice as large, or %
ampere.

‘o determine these currents, we have used a
fundamental relationship regarding the current,
voltage, and resistance of any circuit, known as
Ohm’s Law, which states that the current in a
circuit is always exactly proportional to the voltage
and inversely proportional to the resistance. There-
fore, in the above example, halving the resistance
doubled the current, and doubling the resistance
would have halved the current. Inversely, doubling
the voltage doubles the current, and halving it gives
half the current.

These tacts can be expressed in the form of a
simple algebraic equation as follows:—

@M. 1= £

R
in which I is the current in amperes, E the voltage,
and R the resistance in ohms,

The equation shows that the current is equal to
the voltage divided by the resistance. It can be
rearranged so as to make it casy to solve for voltage
or resistance as well as current.

To determine an unknown voltage, use the
equation in the following form:

(2). E=IXR
For determining an unknown resistance:
R = —

3). i

Let us take up a few simple examples in which
these equations are used.

EXAMPLE 1:
A tube's filament has a resistance of 20 ohms, and
its rated volta%e is 5. What current does it require?
In the problem the voltage and resistance are
given and we can substitute in equation number 1
as follows

E . 5 _
1=?..1-20 0.25 Amperes

EXAMPLE 2:

1f a 199 tube filament takes 0.06 amperes at 3
volts, what is its resistance?

Using formula No. 3.

E . 3
R I "R =506 50 Obhms
EXAMPLE 3:

A filament is designed with a resistance of 4 ohms,
and its rated current is 1.25 amperes. What voltage
must be placed across the tube to make the rated
current flow?

Using formula No. 2, we have:

E=1XR.%E =125x4 =5Volts.

\\//
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Oscillation Control

A COMPARISON OF TWQO COMMON METHODS

IT IS the purpose of this Laboratory Sheet to

compare two methods commonly used to con-
trol oscillations in the radio-frequency amplifiers of
receivers.

The first method to be discussed is that using a
potentiometer to vary the bias on the grid of the
tube. This method is illustrated in Fig. 1, in which
P is the potentiometer, and C is a bypass condenser
functioning to bypass the radio-frequency energy
directly to the negative filament.

When the potentiometer arm is connected to the
negative side, the amplifier operates most efficiently
and the result is that it oscillates. To prevent the
oscillations from occurring, the potentiometer arm
is moved toward the positive side and this makes
the grid positive, lowers the efficiency of the circuit,
and thereby prevents oscillations.

The second method is indicated diagramatically
in Fig. 2, in which case the oscillation control is
a variable resistance, R, in the plate circuit of the
tube. In this case a bypass condenser is again used
to bypass the radio-frequency energy to the negative
filament. This oscillation control functions by
lowering the value of voltage impressed on the plate
of the tube. In this manner the plate impedance of
the tube is increased and oscillations prevented.

The second method is to be preferred over the

first since it has severz! distinct advantages. In the
first place the plate current consumption, using
the second methed, i+ quite low, whereas, in the
first method, in order to prevent oscillations it is
necessary to make the grid positive, which causes
the plate current to increase to comparatively large
values. The second me.hod does not lower the
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selectivity of the receiver. This is not true of the
first method because, when the grid becomes
positive, a load is placei on the tuned circuit, and
the resistance of the circuit is thereby increased.
The result is that it tunes broadly, or, in other
words, the selectiv ty of the receiver is lowered.

In practice, the resistance used in Fig. 2 generally
has a maximum value of about 500,000 ohms.
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Tube Characteristics

MUTUAL CONDUCTANCE

ON LABORATORY Sheet No. 84 is given a
group of curves for a 120 tube, while on this
Laboratory Sheet we will calculate the mutual con-
ductance of the 120 tube with the aid of these curves.
The mutual conductance is a measure of the effect
of a varying grid voltage on the plate current for a
constant plate voltage. Stated as a formula, the
mutual conductance equals:—

CHANGE IN PLATE CURRENT (AMPERES)

CORRESPONDING CHANGE IN GRID VOLTAGE

We are fiving below some examples that will
make simple the calculation of the mutual con-
ductance of any tube provided its characteristic
curves are available:

ExAMmPLE 1 B

Calculate the mutual conductance of a 120 t:

tube using the curves given on Laboratory Sheet
No. 84. te any point on curve No. 3, as for
example, that indicated by the cross. This point
corresponds to a_plate current of 3.4 milliamperes,
a plate voltage of 120, and a grid bias (Eg) of minus
25 volts. Follow along on the 120-volt line to curve
No. 2, and we find that the plate current is 5.4
milliamperes for a grid bias of minus 22} volts. We
now have two values of grid voltage and two values
of plate current for the same plate voltage. Chang-

ing the milliamperes to 2mperes, and substituting
in the formula, we have:
(0.005 — 0.0034 -- (25 — 22.5)

.001 .

= 2209 _ 0,004 m-08 = 640 micromhoe
EXAMPLE 2

Calculate the mutual corductance of the 120 tube
for a lower value of piate voltage, say 95. To do this
we will locate the poirt on curve No. 2, correspond-
ing to 95 volts on the plate, and this point, indicated
by a cross, gives a place current of 3.2 milliamperes
for a grid bias of minus 22! volts. This same volta
on curve No. 1 gives a fplzne current of 4.7 milli-
amperes for a grid bias of minus 15 volts. Substitut-
ing these values in the formula:

(0.0047 — 0.0032) + (22.5 — 15)

= o.<7)%15 = 0.0002 mhos = 200 micromhos

It is evident from these two values of mutual
conductance that the 120 give very low values
when low plate voltages are used. Practically the
only voltages which cin be used on the 120 tube
with satisfactory results arc 135 volts on the plate
and minus 22} on the grid

Readers interested in calculating the other con-
stants of a tube are reierred .o Laboratory Sheets
No. 67, February, 1927, and No. 80, March, 1927.
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The Type 120 Tube Characteristic Curv
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C Voltages

FACTORS DETERMINING VALUE

THE C-battery voltage that can be placed on
any tube indicates the amglitude of the signal
voltage that the tube can handle without seriously
overloading. For example, the 171 tube with 180
volts on the plate requires a 40.5-volt C battery.
Any signal can be impressed on this tube, therefore,
whose peak value does not exceed 40.5 volts.
Ordinarily we do not talk of the maximum values
of alternating current voltages but s instead of
the effective values, which are equal to 0.707 times
the maximum or, so called, peak value. In other
words, a voltage with a peak value of 40.5 has an
effective value of 28.6. If signals greater than this
are impressed on the tube, the grid voltage will
swing until at times it becomes positive and it will
then draw a small amount of grid current, which it
does not do when negative. Even very small grid
currents flowing through the secondary of a trans-
former have a very serious effect on their operation.
Consequently in amplifier work it is an axiom that
the grid voltage must never be permitted to swing
an amount exceeding the value of the C battery.
The handling capacity of a tube can be increased

by increasing the grid voltage up to a certain point.
Beyond this point an examination of the tube
characteristic would indicate that the signals will
cause the grid to operate on the lower curved por-
tion of its characteristic. The manufacturers’ C-
battery ratings are generally the highest that can be
used and still operate the tube on the straight
portion of the characteristic. As an example, when
the 201-A tube is used in an amplifier with 90
volts on the plate it is recommended that the C-
battery voltage be 44, and this can be taken as the
value of C-battery which will permit the tube to
handle the gieatest amount of undistorted power.

The C-battery voltage used on the last tube of an
amplifier determines what C battery is required on
the other amplifier tubes because it will take a
certain definite value of signa! voltage on the grid
of the preceding tube in order to place the maxi-
mum allowable signal voltage on the grid of the last
tube. See Laboratory Sheet No. 88. Consequently,
the voltage on the grid of the tube preceding the last
tube need only be sufficiently great to prevent its
grid from going positive on the maximum signal
necessary to give maximum voltage on the grid of
the second tul
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A Double Impedance-Coupled Amplifier

THE NECESSARY PARTS

A SCHEMATIC diagram of a double-impedance
amplifier is shown on Laboratory Sheet No.
87. The material required to build such an amplifier
is described below:—

Li—Impedances designed for use in the plate
circuit of an impedance-coupled amplifier. Four
of these coils are necessary. They should have an
inductance of at least 60 henrys; somewhat better
results will be obtained if the inductance js about
100 henrys, however. The exact value of inductance
is not verieimportant so long as it be at least 60
henrys. The choke coil in the plate circuit of the
power tube, T3, must be capable of carrying the
plate current drawn by this tube. For a 171 tube
with 180 volts, the plate current will be as high as
20 milliamperes.

L»—Grid impedances. These should have a value
of inductance of about 100 henrys. Three of these
coils are required.

C—Cougling condensers, having a capacity of
0.1 mfd. These condensers must be well constructed
since, if poor units are used, a certain amount
of leakage occurs across the condensers. Well-
constructed paper condensers are quite satisfactory.

C1—4-mfd. output condenser.

R—Fixed filament control resistance of a t
depending upon the kind of tubes used. It must

capable of passing the total filament current of the
three amplifier tubes.

J—Single-circuit jack.

S—Filament switch.

Ti, Te—Two high-mu tubes. Two 201-A’s may
be used but the am}:liﬁcation will not be as great.

‘Ts—Power tube of either the 112 or 171 type. The
C-battery voltage on the last stage will depend upon
the type of tube and the plate voltage that is used.

It will be found that an amplifier of this kind will
give cxcellent quality. It can be in conjunction
with any receiver, it merely being necessary to
connect the input of the amplificr circuit to the
detector circuit of the receiver. The terminal marked
plate on the input connects to the plate of the
detector tube and the B plus det. terminal connects
to the plus 45-volt B battery terminal. In those
receivers using a tickler, the B+ detector terminal
would connect to one end of the tickler winding
instead of directly to the plate of the detector tube.

People frequently ask if the primaries or secon-
daries of old audio transformers might not be used
as impedances in an amplifier of the type under dis-
cussion. This is not feasible, for the characteristics
which cause old-style transformers to give poor
quality, also make them unsuitable for use as
impedances. High inductance windings and well-
designed cores are not to be found in old trans-
formers, and it is desirable that an impedance unit
have both of these.
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A Dual-Impedance Coupled Amplifier

RADIO
BROADCAST

Here’s

Your Dollar
Back Again
—if you are NOT

a subscriber!

THIS offer gives you your dollar

back again and at the same time
introduces Radio Broadcast to you
for the next 8 months for only $2.00,
regular price $3.00.

Radio Broadcast is and always

‘has been a leader in its field and the

next eight issues will contain many
exclusive articles by well-known
writers and radio engineers which
you cannot afford to miss.

Radio Broadcast is noted for its
special departments such as the
“March of Radio” featuring edito-
rial interpretations of current radio
events. The “Home Study Sheets,”
the “Service Data Sheets,” and the
“Lab. Information Sheets,” all of
which constitute a veritable en-
cyclopedia of radio information in
each issue.

Mail credit coupon now with
two dollars for next eight months.

$ ONE DOLLAR $
CREDIT COUPON

Eight months for $2.00- Reg. Price $3.00

RADIO BROADCAST
Garden City, N. Y.

Gentlemen:

Enclosed is two dollars for which
please send the next eight months com-
mencing with .................. issue,
as per your purchase offer in connection
with the book of Radio Broadcast Lab.
Information Sheets.
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Plug-ln  Cuils,
Each. . . . .

SHORT-WAVE WORK

These coils are wound with a
definite space between turns
and supported by a thin film
of strong, efficient dielectric
material. By firmly anchoring
the wire to the dielectric,
short circuits are impossible.

Minimum resistance and distributed
capacity give sensitivity and sharp
tuning. The plug-in terminals are
widely spaced. Adjustable primary,
held in position by friction.

The standard three-coil set covers
the 15-107 meter range with a
.00014 mfd. condenser. Other coils
are available which extend the
range down to 8 meters and up to
215 meters.

A REAL

Made for either the ‘“Midline” or
“Straight Frequency-Line” tuning
curve.

Accurate capacity ratings; smooth
turning rotor with full-floating, re-
movable shaft; cone bearings; per-
manently aligned, soldered brass
plates with tie-bars; sturdy diecast
frame; Bakelite dielectric; large
phosphor bronze, non-shorting pig-
tail; friction brake.

Available in 5, 7, & 11 plate sizes
—$4.75 to $5.00 at your dealer’s.

Write for Folder

HAMMARLUND MFG. CO.
424-438 West 33rd Street, New York

Forv Bew Radioy

Hammariund

) PRECISION

PRODUCTS
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Audio Amplifying Systems

NO. 1, TRANSFORMER AMPLIFIERS

THE conventional transformer-coupled ampli-
fier consists of two stages. The over-all ampli-
fication of such a system is generally around 300,
and this is sufficiently high to give loud speaker
reproduction with a moderately strong signal avail-
able at the output of the detector. The transformer-
coupled system has the advantage that only two
stages are required and can, therefore, be made
quite compact. X
The plate current consumption of such an ampli-
fier is fairly low and only moderately high voltages
are necessary on the first stage. The quality of the
results obtained depends primarily upon the trans-
formers used and for this reasor a certain amount
of care is necessary in choosing the transformers
that are to be incorporated in such an amplifier.
The transformer feeding out of the detector stage
should have a primary impedance that is somewhat
higher than is necessary for that transformer used
in” the second stage. The higher impedance is
necessary in the transformer feeding out of the
detector tube due to the fact that the detector
place circuit generally has a somewhat higher
impedance than the plate circuit of a tube used as an
amplifier.
f two transformers of different ratios are to be
used, the rule is almost invariably to place the low-

ratio transformer in the first stage and high-ratio
transformer in the second stage. For commercial
reasons, most mar.ufacturers put a fixed number of
turns on the secondares of their transformers
irrespective of the ratio required. The different ratio
values are then obtained by windin% on-the neces-
sary number ot primary turns, this latter figure of
course varying proportionally with the ratio. Thus,
the lower the ratio, the greater the number of
primary turns and likewise, the greater the primary
impedance,
roper C battery on the amplifier tubes is abso-
lutely essential if good qualitty is to be obtained.
The C battery voliage or. the first stage should not
be higher than is necessary to prevent overloading.
Placing an unnece:sarily high hias on the first tube
increases the plate impedance of the tube, and it is
essential that the plate impedance be kept low.
If a 171 tube is used in the last stage with a 40
volt C bias, we can impress signals on the grid of this
tube which have a peak value up to 40 volts. If the
transformer has a ratio of 4:1, the peak value of the
voltage in the primary will be 10 volts. If a 201-A
tube is used in the interstage, we can obtain the
value of peak voliage or its grid by dividing the
voltage in the plate circuit, 10, by the amplification
constant of the tube, &, which gives 1% volts. It
follows then, that = C battery bias of 14 voltson the
first tube will be suffciens to prevent overloading.

—
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Short-Wave Coils

SOME DATA ON THEIR RESISTANCE

THERE are, at present, a great many excellent
coils on the market for use in short-wave re-
ceivers. They are generally of the “plug-in” type
so that different coils are used to obtain the various
ranges required.
ese coils should have as low a radio-frequency
resistance as is possible, consistent with a construc-
tion sufficiently rugged to prevent their being dam-
aged if they are handled somewhat roughly. It
would be preferable if the coils could be wound on
some solid form but the question then arises whether
or not a form can be used without increasing the
resistance of the coil to a considerable extent.

The General Radio Company has conducted
some experiments along this line to determine just
how much the form used affects the coil's resis-
tance and also to determine what size wire is best
to use. Tests were made using a standard bakelite
form having a diameter of 23'". The curve given on
this Sheet indicates how the radio-frequency resis-
tance of the coil varies with the size of the wire
used. Evidently, from the curve, the wire size is not
especially critical but best results are obtained with
a wire size of about No. 12 or 14 gauge.

It was found that the use of good binders to hold
the turns in place has no appreciable effect upon the
resistance. A coil was wound in such a manner that
a form could be slipped in and out of it without
disturbing the wire. Measurements on the coil with
and without the form indicated that the difference
in efficiency was negligible.

Tests were also made with regard to shielding

R.F.RESISTANCE IN OHMS

and it was found that the shielding could be placed
very near the coil aind have no appreciable effect.
;I‘he result of the tests may be summed up as fol-
ows:

When designing a co for use on the 40-meter

20 —

15 — A

| /|

16 — V4
7

\ .——-{
8 10 12 s 18 20 2 M 2
B&S WIRE GAUGE

(7500-kc.) short-wa'e band (all these tests were
made at this frequency), it is well to (1.) use about
No. 12 to 14 wire; (2)) use a coil form if desired;
(3.) use any good dope zs a binder; (4.) use any
reasonable amount of shielding where advanta-
eous; (5.) keep the form factor (diameter divided
y length) around 1 to 2.5,

These data are taken from the February, 1927,
issue of the General Radio Experimenter.

5

SHORT-WAVE CONDENSER
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Loop Antennas

SOME OF THEIR ADVANTAGES

THE operation of a transformer is usually ex-

plained by saying that the current flowing in
the primary sets up an alternating magnetic field
which in turn causes a current to flow in the secon-
dary. This is also the simplest way to explain the
operation of a loop antenna, the only difference
being that the alternating magnetic field that
causes the current to flow in the loop is in the form
of radio waves.

The number of volts induced in a loop by the pas-
sage of radio wavesis:

27fnAHx10-8
where H is the amplitude of the wave, f the fre-
quency, n the number of turns in the loop, and A the
area of the loop. The voltage calculated from this
formula is only correct when the plane of the loop
is vertical and’ perpendicular to the direction of the
magnetic field. That is, the loop must be pointing
toward the transmitting station. If rotated about
a vertical axis only a quarter of a turn, no voltage
will be induced.

This feature is the most important advantage of
a loop, for two stations using exactly the same wave-
length may often satisfactorily be separated (pro-
vided they do not lie in the same or exactly opposite
directions) by simply turning the loop at right

angles to the interfering station. Loops are com-
ing into greater use as Irznsmitting stations be-
come more powerful, and they will probably ulti-
mately be used almost exclusively on account of
the small space required, =use of installation, por-
tability, lack of necessity to safeguard against light-
ning, and the improvement of the ratio of signal
s;renfzth to interferirg no sss, due to their direc-
tional properties.

If a loop is compared in size to an antenna of the
ordinary type it would appear that the amount of
energy intercepted by the locp would be exceedingly
small indeed. The fact is, however, that a good
loop antenna, tuned with 1 condenser having low
insulation losses, will pick vp signals much better
than might be expected from a comparison of its
size to that of an outdoor aitenna. This is due to
the fact that the loop has » very much lower resis-
tance than an elevated an _enna.

The loop type antenna has been used most fre-
quently in conjunction with super-heterodynes be-
cause, with this type of recciver, it is easy to obtain
a large amount of radio-"-¢quency amplification.
During the last year, however, several receivers of
the neutrodyne type have heen placed on the mar-
ket designed for ‘use with a loop. These receivers
are generallgecompletoly shiclded so as to prevent
interaction between the loop and the coils in the
receiver.

S—— — ﬁfw
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A Simple Tube Tester

HOW TO GET CHARACTERISTICS OF TUBES

CONTRARY to the opinion of many experi-
menters, a set-up of instruments to measure
the characteristics of vacuum tubes is not exces-
sively costly nor is it complicated. The diagram of
connections of a tester is shown on lLaboratory
Sheet No. 92; this Laboratory Sheet will explain
how to measure tube characteristics using the tester.
The procedure can be explained most easily by
taking an actual example.

Suppose we desire to measure the characteristics
of a 201-A tube. We would first place the tube in
the socket and then, with switch ?\'o. 2 in position
B and switch No. 3 in position A, the rhcostat
would be adjusted until the filament voltage, as
read on the voltmeter, is correct. In this case the
correct voltage would be 5. Then, with switch No.
3 in position B the plate voltage is adjusted to 90
volts. The grid bias is next adjusted to 4.5 volts
by throwing switches Nos. 1 and 2 to the A positions
and adjusting the potentiometer P. The milliam-
meter will now read about 0.002 amperes (2 m A.).
Note down the plate voltage, the grid voltage, and
the resulting plate current.

Now adjust the potentiometer until the grid
bias is, say 3.5.,and read the plate current. It should
read about 0.0C3 amperes (3 mA.). Leaving the grid
bias at 3.5, next adjust the switches to read the
plate voltage, Reduce the plate voltage so as to
make the milliammeter read exactly the same as

before (2 mA.). The new reading of plate voitage
may be 82. We now have all the necessary data to
calculate the constants of the tube.

The amplification constant will be equal to the
difference of the two plate voltages, 90-82, or 8,
divided by the difference of the two grid voltages,
4.5—3.5 = 1. The amplification constant is there-
tore 8. The plate impedance is equal to the differ-
ence of the plate voltages divided by the difference
in the plate currents, or 8divided by 0.001. The quo-
tient is 8000, which is the plate impedance. The mu-
tual conductance is the plate current difference
divided by the grid voltage difference, or 0.001
divided by 1 = 0.001 mhos or 1000 micromhos.

In measuring tube factors with this apparatus,
care must be taken that the actual changes in volt-
ages—and the corresponding current changes—are
small. If the plate-current meter, and the grid-
voltage meter, can be read with sufficient accuracy,
very small changes should be made—say a plate volt-
age change of 5 volts. This, however, would make it
necessary to read grid bias changes of less than a
volt. The investigator, then, is between two fires
in his endeavor to measure his tubes accurately.
If he takes plate current readings resulting from
large voltage changes, he gets a factor which repre-
sents working the tube over a large part of its char-
acteristic curve. On the other hand, if he uses small
voltage chanies, the accuracy depends upon the
aﬁuracy ot his meters and his ability to read
them.
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Circuit Diagram of Tube Tester
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Audio Amplifying Systems

DUAL-IMPEDANCE COUPLED AMPLIFIERS

ON THIS Sheet we give some facts regarding
dual-impedance coupled amplifiers. A circuit
diagram of such an amplifier will be found on Lab-
oratory Sheet No. 87 (April, 1927).

. Double-impedance amplifiers are capable of giv-
ing excellent resuits if care is taken in the selection
of the apparatus and in the layout of the parts.
The plate impedances should have an inductance
around 100 henries; if the inductance is much less,
the low frequencies will be lost. Well-made 0.1-mfd.
blocking condensers are essential to prevent leak-

age.

The amplification of each stage is generally equal
to about nine tenths of the amplification constant
ot the tube. If we lose one tenth on each stage,
then the total amplification in three stages will
equal to 0.9 x 0.9 x 0.9 = 0.73 times the product
ot the amplification constants of the three tubes con-
cerned. Suppose two 201-A’s, each with an ampli-
fication of eight, and one 171 with an amplifica-
tion of three, are used. Then the total amplification
will be equal to 8 x 8 x3x0.73 = 140.16. This value
is rather too low for best results, and for this reason
high-mu tubes, having an amplification constant
of anything up to about thirty, are generally used
in this type of amplifier.

From some tests made in the Laboratory, it ap-

rs possible to overload the power stage of an
impedance amplifier to a considerabl. .xtent, with-
out introducing ver?' objectionable distortion. This
comes about in the following way.

In a transformer-coupled amplifier the maximum
signal that can be placed on the grid is limited by
the fact that, if the signal voltage is too large, grid
current will flow in the grid circuit of the power
tube. This current flowing through the secondary
ot the transformer saturates the core and prevents
the transformer from properly amplifying the sig-
nal. In an impedance amplifier there are no trans-
formers, and the grid current only has the effect of
slightly lowering the inductance of the impedance
unit in the power tubes’s grid circuit. Slight over-
loading is therefore less noticeable in an impedance
amplifier than in a transformer-coupled one.

As stated above, the amplification obtained at low
frequencies depends upon the use of high-inductance
impedances in the plate and grid circuits. There has
however been a recent development in the design of
double-impedance amplifiers by which it is possible
to obtain very good low-note amplification without
using very large coils. This design feature consists in
so determining the inductance of the plate and %:;d
coils and the capacity of the coupling condenser, that
the entire combination tunes or resonates at about 30
cycles, with the result that the amplification of these
low frequencies is unusually good.

A New Note
In Audio

Amplification

AUDIO TRANSFORMER

Supreme in musical performance, the new
Thordarson R-300Audio Transformer brings
a greater realism to radio reproduction. In-
troducing a new core material, “DX-Metal”
(a product of the Thordarson Laboratory),
the amplification range has been extended
still further into the lower register, so that
even the deepest tones now may be repro-
duced with amazing fidelity.

The amplification curve of this transformer
is practically a straight line from 30 cycles
to 8,000 cycles. A high frequency cut-off is
provided at 8,000 cycles to confine the
amplification to useful frequencies only,
and to eliminate undesirable scratch that
may reach the audio transformer.

When you hear the R-300 you will apprec-
jate the popularity of Thordarson trans-
formers among the leading receiving set
manufacturers. The R-300 retails for $8.00.

THORDARSON
STANDARD AUDIO
TRANSFORMERS

These transformers are de-
signed to meet the require-
ments of a compact, nex-
pensive, yet highly effi-
cient audio unit. Unusually popular with the
home constructor. R-151, 6 to I_ratio,
$4.50. R-150, 3} to I ratio, $4.00. R-152,
2 to I ratio, $5.00.

THORDARSON
Z-COUPLER
The Thordarson Z-Coupler

is a special audio coupling
medium designed for use
with screen grid tubes in the
audio amplifier. May be
used with either screen grid
connection or space charged connection.
Provides amplification equivalent of from
two to three stages of ordinary coupling.
This instrument has a wide tonal range pro-
viding realistic reproduction. Z-Coupler,
$12.00.

THORDARSON ELECTRIC MFG. CO.

Transformer Specialists since 1895

Huron & Kingsbury Sts.

Chicago
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1 The Principle of Reflexing

The
Premier Parts
Manufacturer

The majority of present-day custom- or
factory-built sets contain CARTER parts.
The latest developments, the newest dis-
covery finds Carter ready to supply vour
requirements. The care and origiality of
design keeps Carter parts'alwaysup to date;
the first part we ever made is to-day the
most satisfactory for its purpose.

The Carter line includes:

Tube adapters
Plugs
“B"” Condenser Blocks
Buffer Condensers
By-Pass Condensers
Filter Condensers
Mica Molded Condensers

Adjustable Resistors:
Rheostat Type
Potentiometer Type
Heavy Duty Pot. Type
Jacks:
“Hold-Tite”
Portable
Short
Tip
Receptacle
Outlet Plates:
Aerial and ground
Louds“‘peaé:(erse (@erial )
. C. Set (aerial, ground
A. C. Power

Potentiometers:
“Hi-Pot”’
“Hi-Watt”
“Imp”
“Midget”
Tapered
Resistances:
Adjustable
Filament
Fireproof
rid
Steel Tube Vitreous
Tap,
ire Wound
Rheostats:
“Hi-Ohm*”
“1i-Watt”
--Im "
“Midget”
apered

Shielded Grid Connectors
(for shielded grid tube)

Steel Tube Vitreous Resistors
five types, also ta

Switches:
Aerial and ground
Automatic Power
Battery (**Imp’") 3
Filament switches combined
with potentiometers or rheostat
Dial Light
Filament
Inductance
Jack

Pilot
Power
Tube Shield (for shielded grid tube)

Volume Controls:
Aerial and Ground
“Hi-Ohm'" (carbon type)
“I1i-Pot” (carbon type)
Portable auxiliary

Speaker T
meapermwire wound)

Send for Catalog. Address Dept. D. P.

“(T&}t_ér Radioi(a
A aeCH] ORT)

In Canada:
Carter Radio Co., Ltd. Toronto

Offices in principal cities

! of the world

AN EXPLANATION OF THE ACTION

“UIEN a_tube capable of amplifying a fairl
strong signal is used to a.mpﬁfy a ves me
one, it is evident that its power amplifying :la—gi]ity is
not being made use of to the fullest possible extent,

“‘Reflexing’’ is a system for getting more out of
a tube by making it amplify two things—the ine
coming signal, which is a radio-frequency current,
and the detected signal, which is an audio-fre-
quency current. The accompanying diagram indi«
cates a simple receiver using one stage of reflexed
amoplification.

In this receiver, the radio-frequency current en~
ters the receiver via the antenna and is impr
on the tube by the tuned circuit, A. It then passes
through the tubes and into the tuned transformer,
B, the output of which is impressed on a crystai
detector. The audio-frequency currents resultin
from the detecting action of the crystal ;igss throu,
the primary of the audio transformer, T. The volte
age induced in the secondary of this transformer ig
impressed on the grid of the tube and is amplified.
A pair of phones is used in the plate circuit of the
tube for receiving the signal.

So long as the variations of potential due to these
two different signals do not cause the tube to overe
load, neither interferes with the other. Some cirs
cuits use a reflex principle consisting of several
stages of radio-frequency ampl tion and several
stages of audio-frequency amplification. In such
sets it is advantageous to use the system due to
David Grimes and known as the Inverse Duplex

system. In this systein, the tube handling the small-
est amount of radio-frequency energy is made to
handle the largest amount of audio-frequency en-
ergy and, vice versa, the tube handling the greatest
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amount of radio ener iy handles the smallest amount
of audio energy. In this way the point of overload-

ing is not reached as (ickly, and it is possible to
obtain high efficiency from such a receiver.
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Storage Batteries

NECESSARY CARE

THE storage battery has been developed to a

remarkable degree of perfection so that it will
function over a long period of time with only a
small amount of attention, Such attention consists
more than anything else in keeping the battery
properly filled with pure distilled water and cor-
rectly charged at all times. The efficiency and the
life of the battery will decrease considerably if these
two points are not carefully watched. The charg-
ing rate should be as close as possible to that recom-
mended by the manufacturer, this information gen-
erally being given on the name plate of the battery.
Although the state of charge of a battery can be
measured with some accuracy by means of a volt-
meter if the proper precautions are taken, the read-
ings made in this way are not generally to be relied
upon. A better method for use in testing a storage
battery is to determine the state of charge by means
of a hf\;dromcter. The specific gravity, which is
what the hydrometer measures, will be found to
increase the reading of the hydrometer as the bat-
tery is charged, up to a certain point. The specific
gravity reading for full charge is not the same for
all batteries. For this reason, an endeavor should be

made to obtain from -he manufacturer of the bat-
tery information regarding the hydrometer reading
which should be obta.wd using his battery when it
is fully charged and when it is fully discharged.
Frequently, but not always, these same data will
be found on the name plate. In the event that this
informatjon cannot be ubtained, it is a safe rule to
charge the battery uniil the hydrometer reading
does not change uring a period of one hour. When
this condition holds truz, the battery has absorbed
a]l the charge possible. It will generally be found
also that, when this condition of constant specific
gravity reading throughout an hour is reached,
the electrolyte w1l also begin to gas or bubble.

Care should be tasen in charging the battery
to make certain that its positive terminal is con-
nected to the positive terminal of the source bein
used for chargmg purxxes. If the battery is charg
in the opposite directior the plates will be reversed
in chemical character, .and if the charging is con-
tinued for any freat lengsth of time, the battery will
be destroyed. If a batt:ry has only been charged
in the wrong direction far'a short length of time it
can generally be brought back to normal by charg-
ing in the right direction for » very long time at a
low charging rate.

:‘
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Analysis of Voice Frequencies

RELATIVE IMPORTANCE OF LOW AND HIGH FRE~
QUENCIES

MANY investigations have been made to de-

termine the relative importance of the various
frequencies that are found in the human voice.
For these investigations a high-quality audio
amplifying system must be employed over which it
is possible to hear equally as well as by direct trans-
mission through the air,

Tests have been made by the Western Electric
Company using such an amplifying system to de-
termine the relative importance of different fre-
quencies in the voice frequency range, and the re-
sults of these tests are shown in the curves on this
sheet. These curves were obtained by inserting in
the circuit low-pass (L.P) filters, which will only
pass low frequencies, and high-pass (H. P.) filters
designed to pass no frequencies below a certain
point. First of all let us consider the curve marked
“Articulation H. P.” The curve shows that the
articulation was 40 per cent. when a high-pass filter
was used that eliminated all frequencies below 2000
cycles. The articulation rises to 70 per cent. when
a high-pass filter was used to cut off all frequencies
below 1400 cycles. The curve marked °*‘Energy
L.P.” shows that 60 per cent. of the total energy
in the voice remained when a low-pass filter was
used to cut off frequencies above 500 cycles.

These curves irdicate then, that the lower fre-
quencies furnish most of the energy in the voice
and that the higher frequencies are most important
for proper articuation. If frequencies below 500
cycles are eliminated 11 energy is reduced 60 per
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cent., and the articulution is only reduced 2 per
cent. Eliminating all fre juencies above 400 cycles
leaves remaining 60 per cent. of the total energy
but the articulation is on.y about 5 per cent.

he curves on this shect were traced from an ex-
cellent book by K. & Johnson entitled: Trans-
mission Circuits for Tele»h%one Communication. P
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Nerve Center

of Your ‘Radio

Because Cunningham Radio Tubes |
carry the true tone and reproduce |
pure harmony, they are rightly |
called the nerve center of your |l
radio. l

Tubes that have had long, constant ||
use should be replaced with new,
correct Cunningham Tubes to enable ||
you to enjoy modern broadcast re- ‘
ception.

Never use old tubes with new ones—. |
use new tubes throughout. i

E. T. CUNNINGHAM, INC.

New York Chicago San Francisco

-
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HAMMARLUND- ROBERTS DATA SHEETS
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HAMMAR LUND Circuit Diagram of the Hammarlund-Roberts Hi-QQ 29. Master
“¢Midline”’ Model for Battery Operation

CONDENSER
Used in the o
NeW “Hi Q-29” ADVERTISEMENT ADVERTISEMENT

and a Score of Other
Famous Receivers

Hammarlund-Roberts ‘“Hi-Q 29”
FOR two years the Ham- Master Model

marlund “Midline” Con-
denser has led its field. Today
its leadership is even more
firmly entrenched. It is rec-
ognized  throughout  the
radio world as a precision e
product without a peer. Hammarlund Mfg. Co., Inc.

Hammarlund No. ML-17 .00035 mfd. Midline
Condensers.
Hammarlund No. Hi-Q-29 Coil Set.

1 Durham Metallized Resistor, 13 megohms.
International Resistance Co.

1 Yaxley No. 660 Cable Connector and Cable.

Hammarlund No. SDW Knob-Control Drum 1 pr. Yaxley No. 422 Insula:=d Phone Tip Jacks.

Dials (Walnut). . Yaxley Mfg. Co.

Hammarlund No. RFC-85 Radio Frequency 2 Amperites No. 1-A.
1
2
1

W N= N

Amperite No. 112.
adiall Co.

ecial shaped plates avoid 5 Benjamin Cle-Ra-Tone Sockets, No. 9040. Eby Engraved Binding Pos:s.
Spd?la SP ped p o hl Benjamin Electric Mfg. Co. H. H. Eby Mfg. ng
i crowding of stations on either 1 Sangamo .00025 mid. Fixed Mica Condenser. “Hi-Q 29" Master Founda“icn Unit (containing
the upper or lower bands and 1 Sagagamo .OOFEl m{q. E‘;ed Mica Condenser. dnlleld l}z:nd engralvevlal“‘cstinghnl:jged Micarta
5 . . ngamo Electric Co. panel, three complete alumiaum shields, d illed
’. retain normal separation 1n 1 Carter No. 11-S “Hi-Pot” Potentiometer with steel chassis, sha'f)ts, hinding post s]tiipss, l-szlxhn-
the middle of the scale. g;:::h éog,oog:hms. stock cllgs, 2xed resistarce units, resistor
q er Radio Co. mounts, brackets, clips, wire, screws, nuts,
Soldered, non-corrosive 2 Thordarson No. R-300 Audio Transformers. washers, and all speci:la:'ls lLardware rizuir:du t,so
brass plates with tie-bars; o Thordarson, Electric Mig. Co. ¢ Cond completc recelver).
rib-reinforced aluminum alloy 4 Papvolt & e Cor PR ensers s
frame; minimum dielectric;
one-hole mounting with an-
choring screw; bronze clock-
spring pigtail; friction band
brake; adjustable ball and : =
cone bearings and a full-
. ﬂoatm%‘ removable  rotor |
shaft. This shaft supports no ADVERTISEMENT ADVERTISEMENT
weight. It may be entirely
removed and a lorllgef shaft Hammarlund-Roberts “Hi-Q 29”
inserted for coupling other
condensers in tandem. Master A. C. Model
Avmlable in all standard 5 H lund No. ML-17 .00035 mfd. Midli 1 P 1t 4 mfd. Series 200 Fil:er Cond A
: . ammarlund No. -17 mfd. Midline arvolt 4 mfd. Series 200 Fil:er Condenser.
sizes, from 5 to 23 p lates Condensers. . . 1 Parvolt 2 mfd. Series 40t Filt:r Condenser.
$4.75 to $5.50, at your 1 Hammarlund No. * Hi-Q 29" Coil Set. Acme Wire Co. )
deal ’ 2 Hammarlund No. SDW Knob-Control Drum 1 Durham Metallized Resistor. 1} megohms.
calcigs Dials (Walnut) X 2 Durham Metallized Resistors. : megohm.
3 Hammarlund No. RFC-85 Radio Frequency International Resistance Co
Chokes. 1 Yaxley No. 612 Cable Conne« icr and Cable.
Hammarlund Manufacturing Co., Inc. 1 pr. Yaxley No. 422 Insclated >hone Tip Jacks
6 Benjamin Cle-Ra-Tone Sockets, No. 9040. Yaxley Mfg. Co.
w Benjamin Electric Mfg. Co. 1 Electrad “Truvolt” *“H:-Q 29" type Resistor.
1 Sangamo .00025 mifd. Fixed Mica Condenser. Electrad, Inc.
'ﬂ 1 Sangamo .001 mfd. Fixed Mica Condenser. 2 Eby Engraved Binding Posts.
. Sangamo Electric Co. . H. H. Eby Mfg. Co.
Write for Folder <p 1 Carter No. 11 “Hi-Pot” Potentiometer, 100,000 1 * Hi-Q 29" Master Founcatio: “Jnit (Containing
i %hms. Radio Co dnllelcl gnd engrz;ved Wes ngho}:xsglzd Mdica{t?l |
| arter Radio Co. panel, three complete a:uminum shields, drille
HAMMARLUND MFG. CO- {2 Thordarson No. %-39()8 éudli(o ’(I:ga]nsformers, sleelkchélssis. s}fxlafle;, bir\dinulpost strips, Fahn- |
. 1 Thordarson No. R-1 hoke Coil. stocl ips, fixed resistarnce units, resistor
424438 W. 33rd St. New York 4{ 1 Thordarson No. R-171 Power Compact. mounts, brackets, clips, w'r:, screws, nuts,
| 1 Thordar?nn No. T-2610 Filament Transformer. washelrs, and all )specia hardware required to
¢ o + Ra dior It 15 Volt. complete receiver).
- Forv B‘wﬂh’ ( _, w Thordarson Electric M(% Co. . Hammarlund Mfg. Co.. Inc
6 Parvolt .5 mfd. Series 200 By-Pass Condensers. 2 Arcturus Tubes No. 22 A-C Sh.11 Grid.
a m m a r u n I 1 Parvolt 4 mfd. Series 200 By-Pass Condenser. 1 Arcturus Tube No. 46 A-C Detcctor.
1 Parvolt 3 mfd. By-Pass Block. 1 Arcturus Tube No. 48 A-C Ampl fier.
PRECISION 1 Parvolt 1 mfd. Series 200 Filter Condenser. 1 Arcturus Tube No. 32 A-C High Mu

1 Parvolt 2 mfd. Series 200 Filter Condenser.

. TPRODUCTS
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Radio
Headquarters

Ofhicial Distributors for
LeadingRadio Products

As the world’s largest distributors, jobbers and
wholesalers of a varied line of radio products,
the W. C. Braun Co. offers to manufacturers,
dealers and custom set builders, a most useful
and necessary service.

For example, the various parts, accessories and
supplies mentioned throughout the information
sheets in this book are al] available to the trade
from the W. C. Braun Co.

For the dealer and custom set builder this fact
is of prime importance, for it furnishes a quick,
easy, convenient and economical means of secur. -
ing any merchandise desired on instant notice by Bt Y quariens
letter, wire or in person. To be able to secure ™ Cheaso

such service, all under one roof, without oing to the .. )
] . Distributors of these Nationally

trouble of buying from a dozen or a hundred different - Radio Li

sources, certainly 1s a service that is well worth while to nown Radio Lines

the manufacturer as well as to the Radio Trade. Aeyamerican  Balkite N rlund-Reberts
iewel %;ld:in ﬁeiqile'l

. * * ms:o ordarson axtmite
Selectlons—Vanety—S ervice Pacent Trimm De Jur

glrlev::'e-;\;l.la‘r:ll!lll E: 'c“e’l‘l::' IJV‘I,: :r:nvox

The list of well-known radio lines shown at the right includes practically Raythean Thorala Jensen

all the famous names in the radio industry. Besides carryirg large selec- Rowning-Drake okl Jemple

tions of varied lines of products of leading parts, equipment and accessory Cockaday Pilot R.F.1.

9 q g 2 elden Cardwell Potter
manufacturers, we distribute well-known lines of radio sets and co- Lynch Mathieson Peerless
operate with our dealers in advertising, window and store displays and Sesch eCullough Seweomb-Hawley
in furnishing proper sales aids to Insure successful business. In the Kuster Aalco Lund

. 5 0 Pioneer Burgess Pierson
small-town field as well as in larger radio centers, Braun service means Hammarlind  Bodine Showers
much to the dealer and professional radio man. LD Homier e

Xilley écme . lA,erov;n
. enjamin ontinental arvolt
Headquarters for Haommarlund Hi-Q Parts b thiwende e
. cner. ignal rnis
We are headquarters for the parts of the country’s ten leading parts Dubiter Uttradyne Br:.thd Robart
manufacturers’ products, used in the Hammarlund Hi-Q circuit. Parts Eveready Madison-Moore Hprg oberts
and supplies for any published radio circuit, whether short wave or Sterling Eroie Qengan
broadcast, are immediately available from our stock. grun: ll:al'i._onl:l Abox
onatron . F. on
Manufacturers _desiring a distributing outlet furnishing world-wide Coptnslarmer B facon
service, are invited to take up their problems with us. Dealers and K. C. A. Tubes X B M.S
custom set builders will ind here an organization keyed to fill their Ellay 0% futler-Hammer RETL
iently and a request on their letterhead will Xursch-Kasch Porham Erard-Losnard
un's Radio Buyers’ Guide—the bible of the Centralab Muter Goodell-Pratt
Marco US i And Many Others
G\
)
IRYANIININE SRR ‘
W.C. By Guppss?
PN A
4?’))14 oneers in hadio

599 W. Randolph St.

GlENGO
ILLuNOIS
e —— EEa e
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“Supreme” Service Instruments
Make More Money
for Radio Service Men - -

YOU get more than a simple radio testing machine when vou buy a Supreme

Service Instrument. You get a laboratory-made accurate irst-ument that will
save hours of time—insure a 1009, correct diagnosis of any radio trouble—point
the way to the quickest and best repair—and make money for you every day
you work.

You guess no longer. When you analyze radio troubles w 'th -he Supreme you
KNOW what the trouble is. Because you do KNOW, your custoraers have more
confidence in you—you get better prices for service—you build up more business.

Makes Any Test on Any Set

When you go out on a service call you may find anyth ng from a
home-made “mongrel” sct to a fine new A.C. set. They are all
alike to the Supreme. You can test tubes for current-pass and oscil-
lation—make all continuity tests—test condensers batieries, loud-
speakers, eliminators, audio-transformers, trickle-ctarcers, power
tubes. or any other radio instrument. Make any test on aay set and
KNOW what is wrong right away.

Rejuvenates Tubes

In servicing a set you can make a good profit anl win a perman-
ent customer by rejuvenating or reactivating the tl o-iate] filament
tubes. Supreme Instruments will rejuvenate up to 1z tubes in rhe
set at one time—in 10 minutes,

No. 400 A

A Complete Portable '
Radio Testing Laboratory A Real Broadcast Station

Each Supreme Instrument is a miniature broadcist - ation, You

A fully equipped laboratory in a handsome brass-trimmed can use it 24 hours a day to test sets when there is 19 o her carrier
leatherctte carrying case. Has all service tools and supplies wave on the air. Plugged into an A.C. socket it broadcasts a high-
necessary to step out on the job. Worthy of the ﬁncst.rndio frequency wave (modulated) and enables you to tes: radio sets
engineer. Makes any test on anyv radio—and makes it ac- at any time.
curately. FULLY GUARANTEED.

Has—

A complete built-in power plant from A-C line. DCmOHStratiOHS SatiSf:V

Various fixed condensers from .oo1 to 2 mfd.

A 30-ohm rheostat. A300.000-0hm. ~

A113 o-10-100-600 WESTON voltmeter, 1,000 ohms CuStomCrS and Make balCS
er volt.
4 An 0-125 mils-274 amps WESTON milameter.

An 0-3-15-150 WESTON A-C meter.

Selector type push button testing for selecting any scale
on any reading.

Also Pin-jacks give access to all apparatus.

The Supreme Instrument, plugged into the set ta “e tested, act-
ually becomes a part of the set. With it you can lem instrate the
etfect of new equipment—show the customer how 1w con-
denser or other new picce of apparatus would imprc ¢ his set.
Your demonstration satisfies him that you know wh:t vou are
talking about and makes sales of new ‘tubes—new crulensers—
other new parts.

LIBERAL TIME PAYMENTS

Let vour Supreme Tnstrument pav for itself in time-sa ing and actual added

Supreme No. 99-A
A Practical Set Tester

. : . fits. You can pay $38.50 cash and 10 monthly pavments of ¢ o.00 each for the
he A is equal to the 400A in accuracy and quality PIO £ y2 ‘ v pay ¢
bu;rit d?);).: ot h‘a\'e the lnbzrntory equipment. Tes?s sets, 400A; $28.50 cash and eight monthly payments of $r0.0¢ cac1 for the 99A. If
rejuvenates tules, broadecasts sound waves from A.C., etc. you prefer to pay all cash the prices are $124.65 for 400 A $97.65 for 9g9A.

A practical service man's instrument. Very easily handled,
even by scrvice men who have not had extensive technical

training. Equipped with a o0-10-100-600 WESTON volt- Examlne Either Set Free

meter, 1.000 ohms per volt; WESTON o-125-2%% amps . ) .

milameter; 0-3-15-150 WESTON A.C. meter, etc. Selec- Make scttlement with your cxpress agent cither on tim* pajyment plan or all
tor type push button testing for selecting any scale reading. cagh as you prefer. T.r_\' set out }hor()ughlx for six days. If vcu are not entirely
Oscillator and power plant. In handy durable case; brass- satisfied return set within the six-day period, prepay return “haiges, and your
bound leatherette. FULLY GUARANTEED. express agent will return {Tic settTement you have depositd aith tim.

SUPREME INSTRUMENTS CORPORATION

GREENWOOD, MISS.

SUPREME
e )
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Methods of Generating High-Frequency Energy

THE ARC

BEFORE the invention of the three-electrode
tube, and its subsequent use as a source of
large amounts of high-frequency energy, the arc
was a common Lype of continuous -wave generator.

In the drawing on this Sheet is given the circuit
diagram cf a simple arc. The ordinary arc light used
for street lighting might be used, but much more
efficient operation is obtained from an especially
designed arc. The elementary theory of the arc is
given below.

The drawing indicates the simplest arrangement
of the apparatus. *“G’ is a direct current generator,
“r” is a resistance to control thc current, L1 and Lz
are two choke coils to keep the r. f. energy out of
the generator and to keep the current practically
constant, “K’’ is the arc, and “C,” “L,” and “R” are
respectively, the capacity, inductance, and resis-
tance of the oscillating circuit.

The arc, which consists of two electrodes, is differ-
ent from ordinary electrical conductors in one
important respect, which is that its resistance is not
a constant quantity but a variable one, depending
on the current flowing through it. At high current
values the resistance is low and at low current the
resistance is high. Consequently, an increase in
current will produce a decrease in resistance.

Now, when the switch is closed, certain currents
flow and the condenser begins to charge, and,
therefore, part of the current is diverted from the
arc. Since the current through the arc is decreased

by this action, the voltage across the arc must rise,
and it continues to rise as long as the condenser con-
tinues to charge. As soon as the condenser becomes
fully char%:.l, the arc voltage stops rising and the
condenser begins to discharge itself through the arc.

When the discharge is complete, the cycle of charge
and discharge repeats itself with a frequency deter-
mined by the constants of the inductance L and
the capacity C. By carefully choosing these values,
laggq :;lnounts of high-frequency energy can be
obtained.
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Audio Amplifying Systems

RESISTANCE-COUPLED AMPLIFIERS

A VERY satisfactory method of audio amplifi-

cation is that employing resistance coupling.
The usual resistance-coupled amplifier requires three
stages of amplification in order to obtain sufficient
overall gain to satisfactorily operate a loud speaker.
The introduction, however, of a new tube with a
very high amplification constant, makes it possible
in some cases to obtain sufficient amplification using
only two stages. This new tube is known as the
type 240 and data en it will appear on Laboratory
Sheet No. 106 (July, 1927).

Several factors must be given attention if satis-
factory results are to be obtained from a resistance-
coupled amplifier. The mere fact that it is resistance
coupled will not insure good quality. A poorlY de-
signed resistance-coupled amplifier is capable of
creating as much distortion as can be obtained from
a poorly designed amplifier of any other type.
Some data regarding the constants of a resistance-
coupled amplifier were given on Laboratory Sheet
No. 74 (March, 1927). The constants given were for
an ordinary tube for use in the resistance-coupled
amplifier with an amplification constant of about 20.
For the new trvpe high-mu tube, however, with an
amplification factor of about 30, it is necessary to
use somewhat different values of resistance. See,
Laboratory Sheet No. 106.

The coupling condenser is a very important
factor, and it is essential that this condenser have
a ver hi%h insulation resistance, other wise some of
the B voitage will leak through the condenser to
the grid circuit, and the amplifier will no longer
function satisfactorily. In building up a resistance-
cg:gled amplifier the best condensers should be
u

It is essential that high-quality plate and grid
resistances be used to prevent noise in the amplifier.
Also, the plate resistor should be capable of carrying
the plate current of the tube without overheat-

ing,

Another important point is the amount of plate
voltage used. It should be realized that most of the
plate voltage supplied to the amplifier is lost in the
resistance in series with the plate circuit of the tube.
For this reason, it is necessary that fairly high
voltages be available in order that there will be
sufficient voltage left at the plate of the tube to
obtain satisfactory operation. At least 135 volts
should be used, and it should greferably be 180.
The C-battery voltages should be kept as low as
possible. It will generally be found that in an
ordinary resistance-coupled amplifier a C-battery
voltage of about 3 volts will he necessary on the
grid of the tube preceding the last tube, if the latter
is of the 171 type. The C voltage on the first tube
of the ampifier need not be more than one voit.
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Data on the “Universal” Receiver

PARTS REQUIRED

ON.LABORATORY Sheet No. 100] is given the
circuit diagram of the new “Ugnliversal"
receiver which was described in the December, 1926,
issue of RADIO BROADCAST. In constructing this
receiver, the following parts are necessary:

Li—Antenna coil consisting of 13 turns of No. 26
d. s. ¢. wire wound at one end of a 21-inch tube.
L,—Secondary coil consisting of 50 turns of No.
26 d. s. c. wire wound on the same tube as Li. The
separation between L; and L should be } inch.
Ls—Primary of interstage coil constructed in same
manner as L1 and tapped at the exact center.

L+—Secondary winding constructed in same
manner as Lz and taFBed at point No. 9, the 15th
turn from that end of Ly which is nearest to Ls

C1, C-—Two 0.0005-mfd. variable condensers.
mI(é;——Neutralizing condenser, variable, 0.000015

Cs—Regeneration condenser, 0.00005 mfd,

Li—R. F. choke coil, made by winding 400 turns
of No, 28 wire on an ordinary spool.

Ti, Tr—Two audio-frequency transformers.

—Interstage double-circuit jack.

+—Single-circuit filament-control jack.

R1—30-ohm rheostat.

R.—Fixed filament-control resistance for two
201-A tubes,

R:—Fixed filament-control resistance for one
power tube. One 0.00025 grid condenser with
3-megchm grid leak.

Four Sockets.

Eleven Binding posts.

In operation, condensers C; and C: will control
the tuning, and Cs will control the amount of
regeneration. Various values of volta%:! should be
tried on the plate of the detector tube, and that
voltage used which gives smoothest regeneration.
Frequently 22} volts is more satisfactory than 45.
Make certain that excessive C-battery voltage is not
used on the grid of the r. f. tube, since the amplifica-
tion obtained will be decreased considerably under
such conditions. If there is an% tendency toward
regeneration or howling in the audio-frequency
stages, reverse the connections to the primary of the
transformer, Tz,

[ 4
WHETHER in factory-made or custom-built

radio receivers, whether in battery eliminator
circuits, whether in power amplifiers or in television
circuits—DURHAM Resistors, Powerohms and Grid
Suppressors are the first choice of men who seek first
quality results. DURHAM Powerohms are recom-
mended for use in the sensitive resistance-coupled
amplifiers in the photo-electric cell circuit of

Television apparatus.

They are specified in the

popular Cooley Rayo-Photo Equipment. They are
used by the U. S. Government and by such
experienced organizations as General Electric,
Western Electric, Westinghouse, Stewart-Warner,

Bell

Laboratories. and practically every important

radio service station and experimental laboratory in
the country. Made in all ranges for every practical
requirement. Follow the lead of the leaders in radio
and tie-up to DURHAMS—radio’s leading resistance
units.

INTERNATIONAL RESISTANCE CO.
2006 CHESTNUT STREET, PHILADELPHIA, PA.

1
2
3
4
5
6
7
8
9
10
11
12

Durham Resistors——500 Okms to 10 Megohms; standard
brass end tip, mould or pigiail type.

Durham Grid Supfn:mrx-—ZSO Ohms to 3000 Okms in
steps of 100; standard brass end tip.

Durham Powerohm—1 I¥at; 250 to 1,000,000 Ohms;
standard brass end tip or piglail type.

Durham Potwerohm—23 W atts; 500 to 250,000 Ohms;
standard brass end tip type.

Durham Powerokm—2}% I¥ atts; 500 to 250,000 Ohms;
knife-end type.

Durham Powerohm—2% Watts; 500 to 250,000 Ohms;
soldered end tapped type.

Durham Powerohm—2% Watts; 500 to 250,000 Ohms;
screw-end type.

Durham Powerohm—5 Watts; 250 to 250,000 Ohms;
soldered end tapped or screw-end type.

Durham Powerohm—10 Watts; 250 to 250,000 Ohms;
soldered end tapped or screw-end type.

Durham Powerohm—25 Watts; 250 to 250,000 Ohms;
soldered and tapped.

Durham Powerohm—50 Watts; 250 to 250,000 Ohms;
soldered and tapped.

Durham Mounting supplied in various lengths to carry
any required number of Powerokms where quick change
of resistance is necessary.

ABOVE — V5 Actual Size
BELOW — ¥4 Actual Size
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A Radio Book
For All

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

FJYHREE years ago,
Walter VanB. Roberts,
famous the world over

as the designer of the
Roberts Circuit, wrote for
Rapro Broapcasrt 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 hest text-
book, How Radio Receivers
Work, by Walter Van B.
Roberts is 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
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Circuit Diagram of the “Universal” Receiver
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Lightning Arresters

HOW THEY WORK

AN ESSENTIAL part of any radio installation
is the lightning arrester, which should be
connected in the circuit as indicated in the diagram.

The arrester should preferably be located outside
of the building at that point where the antenna
lead-in enters the building. One terminal of the
lightning arrester connects to the antenna and the
other terminal connects to a good ground. A light-
ning_arrester is a very simple device and actually
consists of two metal electrodes which are spaced
to within ahout five thousandths of an inch of each
other. A radio-frequency current is too weak and
too low in voltage to jump across these points which
form the ﬁap in the arrester and hence there is no
path for the signal except that through the antenna
to the receiver and thence to ground. The receiver is
therefore actuated by this radio-frequency current
and a signal is produced in the telephones, or the
loud speaker, as the case may be. Suppose, however,
that a high-potential atmospheric electrical dis-
charge takes place near the antenna. Such dis-
charges are always erratic in character and of high
frequency. The antenna coil of the set therefore
exerts a powerful choking action upon them even
though the coil is quite small, For this reason, and
also due to the very high voltage of the lightning

discharge, it jumps acroes the small gap in the
arrester and passes to ground without causing an
more effect on the set than a loud static crash whic[‘-:
will possibly drown out the signal for a moment.
Also, during electrical storms, or while they are

approaching, there is a considerable amount of
static electricity lprosent in the atmosphere which
tends to accumulate on the ar.tenna system until
such time as the voltage is high enough to jump
across the small gap in the ariester. This discharge
voltage is generally about 500 volts.

Ity

{ RADIO BROADCAST i
I Doubleday, Doran & Co., Inc. l
I Garden City, N. Y.

Gentlemen: . 1
I I enclose my dollar for one copy of How Radio |
' Receirers Work by Walter Van B. Roberts, I
I Name.. .......coviiiiiiiiiiiiiiiinnnnnn, I
§ Address................. 000000DOBE0000000 I
1 1
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Efficiency of Amplifying Systems

ARTICULATION

IN AUDIO-amplifying systems, efficiency must
be judged from two standards. One of the
standards is, in the terminology of telephone engin-
eers, the *volume efficiency” of the system. which
tells us how much increase in loudness of sound
is produced by the system. The 9ther standard
is known as ‘‘articulation efficiency.” The “articu-
lation efficiency” of any system is a measure of its
effectiveness in the transmission of detached speech
sounds. In these tests, sounds are grouped into
meaningless monosyllables and the efficiency is
measured by the percentage of sounds which are
correctly received.
In actual tests on a system the monosYlIabla are
spoken into the input of the system and listeners at
the output record what sounds they think were
spoken. In very high quality systems it is possible
to obtain an articulation efficiency of almost 100
per cent.

The articulation efficiency depends upon the fre-
quency distortion in the system, the amount of
noise, and the volume efficiency. On this Sheet is an
interesting curve the data for which were taken
from a paper by Mr. R. L. Jones in the April, 1924,
issue of the A. I. E. E. Journal, which shows how
articulation varies with variations in intensity of
sound. At the zero point the intensity of the received
speech is equal to the intensity of the speech as it
leaves the mouth and the articulation is about 91

per cent. With an intensity 100 times greater (102),
the articulation falls to 87 per cent. If the intensity
is decreased to a million times less than when it
leaves the mouth, (10%) the artizulation is still very
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good, being 85 cent. These tests were made

under quiet conditions and. of < »urse, under noisy
conditions the results would ha'¢ been somewhat
different.
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Audio Transformers

HIGH-IMPEDANCE PRIMARY NEEDED

THIS Sheet will explain why better quality is ob-
tained from transformers with high-impedance
primaries.

. Drawing A shows how a transformer is connected
in the plate circuit of a tube. Now, a voltage, Eg,
on the grid of a tube is equivalent to a voltage of
Eg (amplification constant times Eg) in the plate
circuit of the tube. Also, the plate circuit of a tube
acts like a resistance equal in value to the plate
impedance of the tube (12,000 ohms for a 201-A
t{pe tube). These two facts were used in drawing
the equivalent circuit diagram, B. In this diagram
WwEg indicates the voltage acting in the plate circuit
and Rp represents the plate impedance of the tube.
It isevident that the total voltage, (LEg, availablein
the circuit, must divide itself between Rp and T,
the transformer, and therefore the percentage of the
total voltage across the transformer, increases
with increased im-

pedance in _the pT

the percentage of the total voltage across the trans-
former will also vary with frequency, and if this
variation is very great it will be a source of distor-
tion. Practically, the result will be that, at the low
frequencies where the transformer impedance is low,
very iittle of the total voltage will be across the
transformer, most of it being across the tube. As a
result, the low frequencies will not receive as much
amplification as do the moderate and high frequen-
cies. The problem then is to so design the trans-
former that this variation of amplification with
frequency is as small as possible consistent with
economy of manufacture. The problem evidently
comes down to one of designing a transformer to
have as large an impedance as possible at the low
frequencies for, since the impedance increases with
frequency, there is no difficulty in obtaining high im-
pedance at other than the low frequencies.

The impedance at low frequencies depends upon the
inductance. The larger the inductance the greater
the impedance. In
order toget a large

transformer. Now,
the impedance
varies with the
trequency, be-
coming greater as
the frequency
rises and decreas-
ing as the fre-
quency _becomes
lower. It is evi-
dent, then, that

1% T

inductance,a large
number of prima-
ry turns are re-
quired. It is also
essential that the
core of the trans-
former be very ef-
ficient so that the
turns will have
as much induc-
tance as possible.
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Socket Power Units

VOLTAGE OUTPUT CURVES

AT THE present time, it is common practice
in rating B power units, to specify the voltages
at various current drains which the unit will deliver
from the high-voltage tap. These data are obtained
by connecting a variable resistance, in series with
a milliammeter, between the negative B and the
terminal giving the highest voltage, and then
measuring the outgut voltage with different values
of current through the resistance. The data may
be collected in the form of a table or a curve may
be plotted. It is best to plot a curve for, from it,
we can determine the voltage at any current drain.
Also, the slope of the curve gives us visually an idea
of how constant the voltage is.

If full benefit is to be obtained from such curves,
it is essential that we thoroughly understand what
they signify. We must first determine the total plate-
current drain of our receiver. This information can
be obtained by connecting a milliammeter in series
with the negative B lead, where it will measure the
total plate current. Suppose the reading to be 35
milliamperes. This value of current is now located
on the curve and we find that the corresponding
glkz:te voltage is (in this particular case) 135 volts.

is is the maximum voltage that the socket-power
unit will sup{)ly at 35 milliamperes. If you require a
maximum of 135 volts for your receiver, then the
unit is satisfactory. If you cannot use as much
as 135 volts and there is no adjustment on the device
to lower this volta%, then the unit is not satis-
factory; or you might want to use a 171 type tube
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with 180 volts and in this case also the unit will be
unsatisfactory for it can only deliver 135 volts at the
reglgisite current drain.

he curve tells us nothing concerning the voltages
supplied by the other terminals on the power

CURRENT DRAIN IN mA.I
unit. These other voltages are generally controlled
by variable resistances so that any voltages from
zéro to maximum can be obtained.
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Measuring R. F. Resistance of a Coil

NECESSARY EQUIPMENT AND PROCEDURE

THE job of measuring radio-frequency resistance
is not an especially difficult one, although it
requires considerable apparatus. The circuit dia-
gram of the test circuit is given on this Sheet. The
a;:paratus used should have the following character-
istics:

OsciLLATOR—This represents a source of radio-
frequency energy which should be adjusted to the

Od

Oscillator

frequency at which the measurements are to be
made. It should have plenty of power. In the Lab-
oratory a 210 tube with at least 300 volts on the
plate is generally used, but it is doubtlessly possible
to use a 201-A as an oscillator with about 100 volts
on the plate. The important point is that adjust-
ments in the test circuit should produce no change
in the energy delivered by the oscillator.
A-—This is a radio-frequency milliammeter with
a range of about 200 milliamperes or preferably

somewhat less. It may bea hot-wire or thermocouple
meter, or an ordinary crystal detector used with a
low-range d. c. milliammeter.

C—The condenser should be a very carefully
constructed one because it is essential that its
resistance be low and constant. It should preferabl
be a laboratory type instrument although a weﬁ
made receiving condenser can be used.

R—This resistance must be continuously variable
and must be non-inductive. A decade resistance box
is well suited for this purpose.

 Pick-up CoiL—The pick-up coil functions to
pick up energy from the oscillator and feed it into
the test circuit, It may consist of just a few turns
of wire coupled just close enough to the oscillator
S0 as to give a good deflection on the meter, A

The procedure in making a test is quite simple.
Start with zero resistance at R and once the test
has started make no changes at all in the oscillator
or in the position of the pick-up coil. The oscillator
should be turned on and the condenser varied until
the circuit is in exact resonance, this condition being
indicated by a maximum reading noted on meter
A. Points 1 and 2 are now short circuited and the
condenser readjusted so as to again bring the circuit
into resonance. The reading of the meter will now
be greater than before because the resistance of the
coil under test is no longer in the circuit. Now add
resistance to the circuit at R until the meter reading
is decreased to the same value as was noted above,
and under such conditions the resistance R is equal
to the r. f. resistance of the coil under test.

List Price $125.00

PAM 16 & 17

without tubes

A ““Pam’’ Amplifier is a

Sound Investment

Pam 16 for magnetic and Pam 17 for dyna-

mic type speakers, for which

the latter sup-

plies field current, are two-stage, all electric,
audio amplifiers—which utilize AC tubes
and Symphonic and Symphonic Push Pull

Transformers

— having approximately 7

watts undis’ orted power output.

PAM 19 & 20 List Price $175.00
without tubes

Pams 19 & 20 are 3-stage transformer
coupled amplifiers similar to “Pam” 16 & 17,
but have 2} to 3 times the undistorted power

output.

PAC 2 List Price $175.00
without tubes

PAC2, a combined 2-stage transformer
coupled amplifier and A, B & C Eliminator

is ideal for use with an AC
unit. Its external voltages
135 B, -4} C. and raw A

two 227 and five 226 tubes.

or DC tuning
are 45, 20 and

for filaments of

All units are designed to meet AIEE stand-
ards and Underw:iters’ requirements. Write

for bulletin BP which more
these units.

Samson EvLecTric

Main Orrice:
CANTON, Mass.

tully describes

Company

Manufacturers
Since 1882

Factories at Canton and W atertown, Mass.
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A VERSATILE
TUBE
for Your Laboratory

Of course you are familiar with
Raytheon B.H., the rectifying
tube, which is original equipment
in more than a hundred different
makes of power units.

But do you know that its long
life, and efficient and uniform
performance have made Ray-
theon one of the most widely used
tubes for laboratory work !

Among the many uses, to which
this highly versatile tube is be-
ing put, may be mentioned:

1. Supplying oscillator circuits.
2. Charging storage “B” batteries.

3. Supplying electro-magnet and relay
field currents.

4. Supplying field currents for electro-
dynamic speakers.

S. For use in series to supply a high
voltage source in testing or ampli-
fier equipment.

Those interested in technical data
are invited to write to our Tech-
nical Service Department for
further information.

Raytheon Manufacturing Company
Kendall Square Building

CAMBRIDGE, MASS.

fRaytheon BH%

LONG LIFE RECTIFYING TUBE
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The 240 Type Tube

GENERAL CHARACTERISTICS

THE 240 type tube is designed for use in re-

sistance-coupled amplifiers and under proper
conditions will give an effective amplification of
about 20 per stage. The plate resistor used with
this tube should have a value of 250,000 ohms and
the B and C voltages should be 180 volts or 135
volts and 3 or 1.5 volts respectively. The couplin
condensers should have a value of 0.05 mfd. an
the grid leak resistance should be of 2 megohms.
these values are correct when the tube is used as
an amplifier. It can also be used as a C.battery
type detector in which case the C voltage should be
3 volts for a plate voltage of 135 or 4.5 volts for a
plate voltage of 180. The plate resistor, coupling
condenser, and grid leak should have the same
values as given above.

The general characteristics of this tube are as
follows:

Filament Voltage 5.0 Volts
Filament Current . . 0.25 Amperes
Maximum Plate Voltage 180 Volts
Amplitication Constant 30

Plate Impedance. 150,000 Ohms

Plate Current 0.2 Milliamperes

This tube can be used in any existing resistance-
coupled amplifier provided the resistances used are
of the proper value and the tubes are supplied with
the proper A, B, and C voltages.

impedance will cause tte transformer to have a
rather sharp peak zt somne frequency. This fact,
however, makes the tub¢ very satisfactory as an
amplifier for ¢. w. recepti-n in short-wave receivers
where we are interested in ¢btaining high amplifica-
tion around 1000 cyc .es and very poor amplification
at all other frequenc.es. The tube can also be used
as a detector in a shart-wave receiver.

hi — 24
| mapio BROADCAST | 1
T  LABORATORY — —— T—T 1
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PLATE CURRENT

It is not possible to use this new tube in a trans- Negative Positive
l former-coupled amplifier because its high plate GRiD YOLTAGE
= =
E___
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Neutralization

EFFECTS OF MALADJUSTMENT

AT THE present time there is only one known

way whereby a very high-gain high-frequency
amplifier can be obtained, and that is by using sev-
eral well-designed tuned radio-frequency amplifiers
with each stage properly neutralized. Manufactured
receivers are neutralized at the factory and con-
sequently the problem of neutralizing a receiver or
the effect of improper neutralization does not gen-
erally concern those who buy their receiver ready
made. The home constructor, however, must
neutralize his own receiver, and for this reason it is
rather important that the effect of improper neu-
tralization be known.

The first and most obvious manifestation of
incorrect adjustment of the neutralizing device is
oscillation in some or all of the radio-frequency
circuits. These oscillations as a general rule become
more severe as the frequency is increased, and a
loud squeal or whistle will be heard as the tuning
controls are adjusted to receive some station that is
transmitting.

Such an effect will make it difficult for the user of
the receiver to obtain satisfactory reception and
the oscillations will be radiated from the antenna
attached to the receiver and cause interference on
other receivers located in the neighborhood. Such
oscillations can be prevented by correct adjustment,

and it is essential that the proper setting be de-
termined in order to nake it possible to obtain best
results from the receiver

A second detrimer. al eect of maladjustment of
the neutralizers is pcor quality, which is generally
due to the existence of too much regeneration. The
guality under these conditicns will generally sound

rummy, indicating that the various frequencies

in the carrier are heing unejqually amplified by the
radio-frequency amplifiers To preserve good
quality, the radio-frequency amplifiers must am-
plify without distortion a tand of frequencies ex-
tending about 5000 cycles above and 5000 cycles
below the carrier freq iency, and this condition does
not exist unless prope- neuiralization is obtained.

Another effect of :mproper neutralization is to
causc one or more of the tuned circuits in a single-
control receiver to be¢ thrown out of synchronism
so that the set loses u great deal of its sensitivity,
and as a result it is not possible to tune-in distant
stations with satisfactory votlume

These three major effect= of improper neutraliza-
tion indicate how essential i s that neutralization

always carefully and coripletely accomplished.
There are several satisfactory methods of neutral-
izing a receiver, and info-nmation regarding them
can be found on Laborator v $heet No. 38, published
in the October, 1926, issue
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High Voltage Supply for 210 Type Tube

THE DOUBLE TRANSFORMER METHOD

IF HIGH voltages up to 400 volts are required
for operation of a 210 type power tube, it is
generally best to use a B power unit incorporating
a 216-B single-wave rectifier tube. This tube is
capable of operating satisfactory at the high trans-
former voltages which must be used. It is possible,
however, by using a somewhat complicated arrange-
ment, toobtain the high voltage by usm%{low-voltage
rectifiers such as the ﬁaytheon and Q. R. S,

An arrangement whereby 400 to 450 volts can be
obtained using two gaseous rectifiers is shown in the
drawing on this Sheet. Two power transformers,
Ti1 and Te, are necessary, each
supplying about 220 volts each
side of the center tap. They are
connected into the circuit as
shown and supply two rectifiers
which in turn feed a common
filter system. The maximum
permissible current drain is 20
milliamperes using Raytheon
type B tubes and 35 milli- P
amperes using type BH tubes. S
Condcensers Ci, Cs, Cy, and Cy =Y
each have a capacity of 0.1 mfd; =
Cs and Ceare of 2 mfd. capacity,
and C7,8 mfd. All the condensers
should have a working voltage of
750 volts d. c.

Filament current for the 210
tube should be obtained from
a separate filament transformer

T3 capable of supplying 1 2 amperes at 7.5 volts.
The transformer should b« tapped at the center
as shown and a 1500-ohm ' «sistance, Ry, connected
between it and the negative B of the filter system.
This resistance will supply C bias to the tube. Its
bypass condenser should have a value of 2 mfd.
A 50,000- or 100,000-ohm resistance should be
connected from B+ to B--if the unit is only to
supply B potential to the :10. but if it is also to
be used to supply B voltiiz: to other tubes in a
receiver the output should bte shunted by several

fixed resistors with taps at verious points to obtain
the desired voltages.

=% ‘To Filament
R o> of 210 Tube
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The Threshold of Hearing and Feeling in the Ear

ENERGY REQUIRED FOR AUDIBILITY

GREAT many important experiments in sound
have been made in the various large labora-
tories. An interesting experiment is to determine
how much energy is required by the ear in order to
just hear tones of various frequencies between about
30 and 5000 cycles. Data of this sort can be plotted
on a curve, a typical one being given on this Sheet.
Such a curve is called a curve of ““threshold audi-
bility " because it indicates the amount of sound
energy required to just produce an audible sound.
At 32 cycles a sound pressure of somewhat more
than one dyne per square centimeter is required to
produce an audible response, while at 2000 cycles
only about 0.0003 dynes per square centimeter are
required to produce an audible sound. The sound
pressure required to produce a sound of minimum
intensity is fairly constant between about 500 and
5000 cycles. Good speech articulation can be ob-
tained within a frequency range of 250 and 2500
cycles; this band can, in fact, be narrowed to
exclude all frequencies below 500 cycles and good
articulation will still be retained. In the reproduc-
tion of music, however, it is necessary to include
a much wider band having an upper limit of 5000 or
6000 cycles and a lower iimit of ahout 32 cycles.
‘There is also an upper limit of sound pressure at
which there is produced a sensation of feeling in the
ear and it serves as a practical limit to the range of
auditory sensation. At low frequencies the two
curves of feeling and hearing meet each other, which
indicates that these frequencies give a sensation

of feeling which is difficult to distinguish from a
sensation of hearing.

The power in microwatts in each square centi-
meter of the sound wave under average conditions
is related to the effective value of the pressure in
dynes as follows:

Power = (Prmure in Dynes\?
20.5

Using this formula we can calculate the avera;
power required to produce a minimum audible
sound at frequencies between 2000 and 4000 cycles,
which will be found to be about 4 x 10 — micro-
watts per square centimeter.
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Dry-Cell Tubes

BEST FILAMENT VOLTAGE

ALTHOUQH dry-cell tubes are generally op-
erated with 3 volts on the filament, somewhat
better results can be obtained if 3.3 volts is used
instead.

The two solid curves on the accompanying dia-
gram are obtained by measuring the plate current
at various values of negative grid bias with 3.0 and
then 3.3 volts across the filament, If the tube is
functioning properly this curve will he a straight
line over most of ‘its length. The 3.0-volt curve
slopes off at low values of grid bias and this indicates
that the filament emission is too low and a signal
would be distorted. The 3.3-volt curve, however, is
straight over a large portion of its length and there-
fore this same tube with somewhat higher filament
voltage is capable of amplifying without distortion.

The two dotted curves show the plate impedance
of the tube first with 3.0 volts and then with 3.3
volts on the filament. With 3.0 volts, and therefore
a low filament emission, we obtain an erratic_plate
impedance curve, which rises to values as high as
80.000 ohms at zero grid voltage. The plate im-
pedance curve taken with 3.3 volts again indicates
the value of using this voltage, for it shows the plate
impedance {o be com aratiivelyhconstant and low
over a greater part of its length, and this i i
stouta be: pal g this is as it

This recommendation that 3.3 volts be used on
the filament is the result of many tests made in the
Laboratory, and the Cunningham Tube Company
has also recommended that this voltage be used.
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Circuit Diagram of
The Skyscraper

FERRANTI

Audio Frequency
Transformers

“In the Ferranti Audio Frequency
Transformers the primary inductance
is made large by using a great number
of primary turns, a core of large cross
section and a short mean core path.
The mean core path is made as short
as possible and is at the same time
not short enough to make the D. C.
saturation appreciable. The core loss
has been made negligible by the use
of a laminated core of ample cross-
section with properly insulated lamin-
ations of high resistance alloy steel.
The leakage inductance was made
very small by interleaving the second-
ary coil between two sections of the
primary coil. The mutual capacity is
kept low by the use of air as the prin-
cipal insulation. The dielectric con-
stant of air is 1 as against 3 or 4 for
paper and oiled cambric insulators.”

Send 15¢ in coin for copy of
the Ferranti 1929 Year
Book from which the above
is an abstract.

FERRANTI TRANSFORMERS

are specified for the
SKYSCRAPER
Principal parts for the SKY-

SCRAPER, including aluminum base,
three shields and front panel correctly
drilled, one Ferranti Audio Frequency
Transformer Type A-F 5, one A-F 5C
and one O-P 8C for magnetic type
speakers or O-P 4C for dynamic cone
speakers, and three special radio fre-
quency coils. Complete instructions
for building, with necessary photo-
graphs and drawings.

List Price $95.00
Instructions separate
net price $1.00

FERRANTI, Inc.

130 West 42nd Street
New York, N. Y.

Data Sheet No.|111 originally contained an index and was purposely omitted.
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NATIONAL
RADIO PRODUCTS

NATIONAL
TONE FILTER

A Power-Tube
Output Unit

—as recommended
for use by R. C. A.
and other makers of
power tubes and by
loudspeaker manu-
facturers universally.
Contains choke and
large capacity con-
denser. Instantly
connected to any Ra-
dio set without tools,
phone cord being provided with each TONE
FILTER for this purpose. Protects speaker
and improves tone.

List Price, withcord......c.ovivveenrnennns $8.50

NATIONAL AUDIO
TRANSFCRMERS

The new NATIONAL
Audio Transformer in-
corporates the latest
advances in audio
transformer design. It
uses the new nickel-
steel high permeability
core and special split
secondary winding. The result is a transformer
ot small size with unusually fine frequency
characteristics. The transformer has a tum
ratio of 4 to 1

List Price. ....covviiviiiuiinennnns

ceeeen...$9.50

PUSH PULL
TRANSFORMERS

The Transformer is
constructed witha
special nickel-steel al-
loy core and novel
method of coil winding,

. resulting in unusually
fine frequency charac-
teristics without being
unduly cumbersome. A test made in the labora-
tory of the largest radio set manufacturer in the
country showed a curve of the frequency c_har-
acteristics of this Transformer to be essentially
a straight horizontal line from 30 to 5000 cycles.

List Price.....coiviiiiiieiineiniaiennanens $9.50

NATIONAL PUSHPULL
AMPLIFIER

This unit, completely wired, comprises our new

base. All wiring is very neatly concealed. Owing
to the fine characteristics of the Trans-
formers used, the results obtained from the
Amplifier are most gratifying. It is so con-
structed that it may be completely A.C. oper-
ated from either of our High Voltage Power
Supplies by the use of an UX-227 Tube in the
first stage. An additional first stage socket is
also provided to permit use of UX-112A oper-
ated from six volt Storage Battery when so de-
sired.

Either the UX-210 or 250 Power Tubes may be
used in the last stage of Amplifier. Proper re-
sistance is provided as an integral part of Am-
| plifier to automatically supply correct Grid bias
voltages regardless of plate voltage used.
This Amplifier is particularly adapted for use
in electrification of Phonographs and for attach-
ing to two tube tunersor for modernizing present
sets by replacing the audio end of the receiver.
List Price, completely wired without
Tubes ......o. oiiviviiiiienees...$40,00
Write for Bulletin No. 130

NATIONAL

RADIO PRODUCTS
NATIONAL CO., Inc., Malden, Mass.

W. A. READY, Pres.
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Output Circuits

THREE POSSIBLE CIRCUITS

IN THE sketch on this Sheet are shown three out-

put arrangements that can be used to couple a
loud speaker to a power tube in order to prevent the
direct current in the plate circuit of the power tube
from passing through the windings in the loud
speaker and aﬂ'ectinlg its satisfactory operation. In
sketches ‘A" and *‘b,’” the inductance of the choke
coil, “L,” should be at least 60 henrys and these
coils should have a low resistance so as to prevent
any great loss in voltage which would occur if the
resistance was very high. A good unit should not
cause a loss in voltage of more than 15 or 20 volts
and this means that its d.c. resistance must not be
greater than 750 ohms. The blocking condensers,
‘C,” should have a capacity of from 2 to 4 mfd.
The larger size theoretically gives somewhat better
reproduction but practically little difference will
be no::liced with_most loud speakers whichever size
is used.

The arrangement shown at ‘“‘A” has the ad-
vantage that, if the condenser breaks down, it will
not result in any damage to the loud speaker be-
cause a breakdown in the condenser will merely
cause the loud speaker to be shunted across the out-

ut choke ‘L’ whereas, with arrangement “B,” a
reakdown of the condenser will cause the B battery
to be short-circuited through the loud speaker and
it is possible that the latter will be burned out.
A disadvantage of arrangement ‘A" is that the
a.c. current flowing through the loud speaker must

flow throu%h the B supply in order to return to the
negative filament, and a comparatively small
amount of resistance in the B suf)ply will frequently
cause a how! in the amy lifier. In the arrangement
shown in *“B,"” the a.c. currents in the loud speaker
return directly to the negaiive filament and do not
have to traverse the B ~ower unit; consequently,
with this latter arrangement, there is less danger
of oscillation in the audi amplifier.

In one particular case, during experiments in the

w [+

1
!

LR s
1 g
Laboratory, a resistance of 37 ohms in the B power
unit, using circuit “"A.” produced continuous
oscillations, whereas a resistance of 600 ohms was
necessary in circuit "“B" before oscillations were
produced.

The arrangement at “‘C ”* shows an output trans-
former which is also a satisfactory method of
coupling a loud speaxer (o a tube. It is essential,
however, that the transiormer be very carefully
designed to prevent magnetic saturation because
it_must carry comparatively large direct current

- e
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The Transmission Unit

DEFINITION

ANY electrical system having anything to do

with the transmission of electrical energy
which is finally to be changed into sound energy
should have its performance rated in some manner
which bears a relation to the sensitivity of the ear,
Two audio amplifiers might give power outputs of
800 milliwatts and 1000 milliwatts, and it appears
from these figures as though the second amplifier
would be capable of giving a considerable increase
in volume over that obtained from the first ampli-
her, but actually this would not be so; the difference
between the two amplifiers could hardly be de-
tected by the ear. Evidently it would be of ad-
vantage to express the relation between the power
outputs of the two amplifiers by some unit which
would indicate their relative value as measured by
the ear. The telephone companies have worked out
such a unit, known as the transmission unit,
abbreviated ““Tu.” It is possible for the ear to just
distinguish the difference between two powers that
differ 1n intensity by 1 Tu.

The two powers mentioned above, 800 and 1000
milliwatts, are in the ratio of 1.25 to1. The Tu differ-
ence between these two powers is equal to ten times
the natural logarithm of the ratio of the two powers:

TU = 10 ;logs !

The ratio in this case is 1.25 and the natural

logarithm is 0.097, which, muitiplied by ten, gives
0.97 Tu. The minimum perceptible change in loud-
ness is 1TU and therefore the difference between the
two amplifiers would not be audible.

The equation given in the preceding paragraph
ives the TU when two powers, or their ratio, are
nown. If instead of powers we deal with voltages,

Ej and E,, then the formulz s E
1

TU = 20 logw ;.

‘When using currents, I) and I, the equation is:
TU = 20 logw {r:

The logarithm of the ratio of two voltages differ-
ing by 12 per cent., is 0.05. and 20 times this gives
1 Tu. Therefore, if two audio transformers differ in
amplification by 12 per cent., they will give equally
good results because a 1 TU change is not audible to
the ear.

The natural logarithm of rumbers can be found
by using a slide rule or they czn be determined from
tables of logarithms which 1re frequently found
in the appendix of text books.

Push Pull Transformers mounted on a metal |
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Wave Traps

DIFFERENT TYPES

IN MANY cases where difficulty is experienced in

eliminating the signals from a nearby powerful
broadcasting station it will be found advantageous
to use a wave trap in the antenna circuit.

A wave trap is a simple device consisting of a
condenser and a coil, the latter with or without a
primary, depending upon whether the circuit shown
at A" or *'B" is used. In either case the wave trap
should be tuned to the frequencg of the interfering
station. It then offers a very high impedance to the
flow of currents of this frequency and in this way
reduces their strength.

The circuit shown in “A"™ will give most com-
plete elimination of undesired signals but has the
disadvantage that it will also reduce somewhat the
signals trom other stations operating on frequencies
adjacent to that of the station causing the inter-
ference. In cases of severe interference, however,
the circuit shown at A" must used. The
capacity of the variable condenser may be anfrthing
from 0.00025 mfd. to 0.001 mfd., and the coil must
naturally contain sufficient turns so as to tune the
circuit to the frequency of the interfering signals.
There is no reason why a standard condenser and
coil, designed for reception on the broadcast fre-
quencies, cannot be used and it will then be possible

lt:'«x téme the trap to any frequency in the broadcast
nd.

The circuit shown at “B" tunes much sharper
than the circuit showr at A" but does not give
complete elimination of the undesired signals.
This circuit can be used wih satisfaction when the
interference is not ver¥ severe. The coil may be any
ordinary tuned radio-frequency transformer.

(A) (B)
> ‘
— :,’:
>
=
| SS—
o7
Receiver rl?ece' e
=) i
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Static

POSSIBILITIES OF ELIMINATION

NATURAL electrical disturbances occurring in
the atmosphere are known as “‘static” or
~strays” and Irequentiy cause serious interference
during the reception of signals. The subject **static”’
has been broken up into the following divisions by
DeGroot in an article in The Proceedings of the
Institute of Radio Engineers.

(A)—Loud and sudden clicks occurring inter-
mittently. These do not serjously affect reception
and apparently originate in nearby or distant
hghtning discharges.

(B)—A constant hissing noise giving the im-
pression of softly falling rain or the noise of running
water. This form usually occurs when there are low-
lying clouds in the neighborhood of the receiving
antenna.

(C)—A third form produces a constant rattling
noise which sounds somewhat like the tumbling
down of a brick wall!

These three forms can be considered as forms of
natural static. The problem of the elimination of
static is a difficult one u(f:on which a great deal of
work has been done and many different schemes
have been devised, most of these schemes making
use of two receiving antennas feeding a common
receiver. The static signals present in the two
antennas are made to balance out each other

whereas the desired signals are not balanced out. In
Morecroft’s book, Principles of Radio Communi-
cation, it is suggested that one of the most promis-
ing lines for the development of a static eliminator
has to do with a vacuum-tube detector which can
only produce a limited response and therefore even
with very heavy static the response cannot be more
than the definite peak response of the tube.

Reception is also interfered with to a great ex-
tent in many localities by sounds produced by
electrical apparatus, in which category can be
classed the interference caused by various electrical
motors and generators, x-ray apparatus, oil burners,

recipitators, clectrical transmission lines, etc.

heir elimination is best accomplished at the source
of the trouble by means of filter circuits such as
those described in Laboratory Sheet No. 77, in the
March, 1927, RAD10 BROADCAST.

At the present time it appears_that the best
method to overcome natural static is to use a
receiver in conjunction with a loop or a very short
antenna, because with a loop or short antenna a
high signal-to-static ratio can be obtained. Also, to
prevent serious interference with broadcast pro-
grams, high power at the transmitting station is
coming into more common use so that even under
fairly bad conditions of static satisfactory reception
can still be had.
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Super-Heterodynes

THE OSCILLATOR

IN A super-heterodyne receiver it is necessary to

have one tubeacting asan oscillator and function-
ing to produce radio-frequency energy which, in
combination with the incoming signals, will produce
a third frequency capable of being amplified by the
intermediate frequency amplifier. The amplitude
of the locally generated oscillations, in comparison
with the incoming signals, has a very definite effect
upon the strength of the signal which is finally
detected and some care should therefore be taken in
adjusting the circuit for most efficient operation,
i.e., loudest signals.

In sketch ““A” is given the circuit used, probably,
in a majority of super-heterodynes. It has the dis-
advantage that both sides of the variable condenser
are at high potential and therefore some hand-
ca&)acity effects will be experienced.

n sketch “B’ is shown an oscillatory circuit
which is not open to the disadvantage of circuit
“A’ and is capable of giving just as good results
in actual practice. In this circuit the rotor plates of
the variable condenser connect to the low-potential
side of the grid coil instead of across the entire coil.
The “low” end of the grid coil connects to the fila-
ment and is therefore at ground potential and conse-
qucntl{ there is no hand capacity. 1f a 0.0005-mid.

e

either case, of 60 turns of No. 28 wire wound on the
same tube and spaced from the coil “L” by }". La
is the pick-up coil which should be connected in the
circuit of the first detector tube; it should consist of
10 turns of No. 28 wire ;)rcfcrahly wound on a tube
slightly larger than 2}” so that it can slide over
the other form and the coupling be varied in this
way. Either a 201-A or 199 type tube may be used
in the oscillator without changing the coil constants.

"‘éﬁ-.."%h (B)

w

variable condenser is used, then coil “'L” should

contain 52 turns of No. 24 wire on a 24" tube; © o © Y

for a 0.00035-mfd. condenser the number of turns Br A- A+ B+ A~ A"

should be 65. L;, the plate coil, should consist, in 45 B- B-
ADVERTISEMENT ADVERTISEMENT
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LIST OF PARTS

1—Aero Base Unit No. 8. 1—Aero Coil Kit LWT
-10. 2—Aero C-60 R. F. Chokes. 1—Aero C-65 R.
F. Choke. 2—Aero AE-770 Audio Frequency
Transformers. 1—Aero Special Amsco Condenser.
.00014. 1- —Amsco S. L. ‘I'. .00025 Condenser, 1—
Aerovox Mica Condenser .00015. 1-—Aerovox Mica

Condenser .001. 2—Aerovox Mica Condenser .003.
1— No. 520 Yaxley Rheostat, 20 Ohm. 1-— No, 500
Yaxley Rheostat Switch. 1— No. 669 Yaxley Cable
Connector. 1—10 Ohm Yaxley Resistance. 1-—15
Ohm Yaxley Resistance. 1—Daven No. 2 Ballast
without mounting. 1—Type E. National Dial. 1—
Carter Shield Grid Connector No. 342. 1—Eby
Binding Post. 1—Bradley 10 Megohom Grid Leak.

Now Receive
Broadcast

These are the new
Aero L.W.T. Coils

used in

Aero International

Broadcast reception on short waves is
remarkably clear and free from static.
Programs are brought in from greater
distances with the utmost simplicity
of control.

You can easily assemble the Aero International.
This remarkable sct is built around the new
Aero L.W.T. Coils—the acknowledged leaders
in the short wave field. The foundation unit
for this receiver comes with holes already
drilled, assuring ease of construction and
L)roper placement'of all parts. As an aid to
ome builders, Aero Kits include both large
schematics and actual size pictorial wiring
diagrams.

Ask your dealer for a complete Kit of all parts
for the Acro International. If he can’t supply
you, writé us, giving his name.

Uses Aero Coil
L.W.T. 10 Kit

If you wish to purchase only the Aero Coils
for this short wave receiver, order the L.W.T.
10 Kit. The price is $10.50. These coils are
designed to be used with our foundation unit.
If you prefer to furnish your own foundation
unit, order the LW.T. 11 Kit, price $11.50.
This Kit includes mounting base.

on Short Waves

= |

The New Aero

L. W.T. 12 Coils

iy 4

Here are the newest Aero Coils—the
L.W.T. 12 Kit. These coils are small in
diameter, providing a much smaller exter-
nal field, and improved efficiency. Order
this Kit if you want the very maximum
results from your short wave receiver.
Consists of three Aero Interchangeable
Coils and base mounting with Primary

/

short wave programs on your present set. No
extra tubes needed. Just plug into detector
socket of your set. Ask your dealer for com-
plete Kit of parts or write us. We have com-
plete Kits for shielded grid, A. C. or D. C.

fERD PRODUCTS

4611 Ravenswood Ave.

* Data Sheet'No. 112 originally contained’: a;lindv:and was purpo;ely omitted.

INCORPORATED
Dept. 1168
Y —

Coil. Price, $12.50.
Convert Your Present
g Build the A Short Wav:
Recelver C:;Wetrt:r er;)nd onrcc:i:/:

Chicago, 1l.
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Samson Chokes

(Helical Wound)

Stop Howling and
‘“ Motorboating ”’

Due to mixing of R.F. and A.F. currents
in common B battery or B eliminator

Samson Helical Wound Chokes hold
this field exclusively because their
patented winding makes them act like
chokes at all frequencies and not like
by-pass condensers at some frequen-
cies. This wind.ng reduces distributed
capacitance etfect to a negligible mini-
mum and prevents any self resonant
points.

Much better results from UX222 tubes
can be obtained by the proper use of
Samson R. F. chokes.

Play safe and specify “helical wound.”
You will then ger a Samson Choke
even though it be encased by another
manufacturer and sold under another
name.

You will destre to know how to apply
R. F. and A. F. chokes to 17 popular
circuits or vour own receiver as illus-
trated in our Make-Em-Better Sheet.
Send 5c¢, to cover cost of mailing.

No. 85 Samson R. F. Choke
(85 millihenries)
No. 125 Samson R. F. Choke
(250 millihenries) siav
No. 500 Samson R. F. Choke
(500 millihenries) ... ... ...
No. 3 Samson A. F, Choke
(3% henrys) .......$325

Those who desire to know how to get
supreme coil efficiency can obtain our
new “Inductance Units Bulletin”
which will be sent on receipt of 10 cts.
to cover cost of mailing.

.. $2.00

$2.25

.$2.75

Our book—*Audio Amplification”

-accepted as a manual of audio
design by many radio engineers—
contains much original informa-
tion of greatest practical value to
those interested in bettering the
quality of their reproduction. Sent
upon receipt of 25 cts.

SAMSON ELECTRIC COMPANY

e

MAIN OFFICE: Manufacturers
CANTON, MASS. Since 1882
Factories at Canton and Water-
town, Mass.
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Audio Amplifiers

FREQUENCY AND LOAD CHARACTERISTICS

NY audio amrlifying system has two character-
istics, equally important, which determine
how well it will function. They are generally known
as the frequency characteristic and the load charac-
teristic. .

The frequency characteristic indicates the
relative amplification of the amplifying system of
various frequencies between the limits over which
the amplifier is to be operated. The frequency
characteristic is generally shown in the form of a
curve and, of course, a flat curve indicates equal
amplification at all frequencies. Slight rises and
depressions in the curve in the order of 10 per cent.
can be neglected because they are too slight to be
noticeable to the ear.

The load characteristic of an amplifier, while not
in such common use, is just as important as the
frequency characteristic. The load characteristic
will show how the total amplification of the system
varies with different input voltages at a constant
frequency generally of about 1000 cycles. If the
amplifier is a good one the amplification will remain
constant over the entire range of input voltages at

which the amplifier would normally be worked. If a
two-stage amplifier s opx=rated with a 201-A t
tube in the output v ith %) volts on the plate, it will
overload very quickly :cause a 201-A cannot
deliver much pover. Consequently, the load
characteristic curve of such an amplifier would begin
to fall off comparat vely quickly, but if a 171 tube
with the proper voltage, were to be used in place
of the 201-A, then the icad characteristic would
indicate that it was pos. tle to obtain much more
power from the amplifiec without overloading it.

Both of these charac:eristics depend upon the
type of tubes used and the voltages with which they
are supplied, and upon the design of the coupling
devices connecting the output of one tube to the
input of the next. I'requency and load character-
istics can be taken on any part of the complete
amplifier but such curves may have very little in
common with the characteristics of the complete
system. Consequen'ly, although curves on in-
dividual units are useful r designing an amplifier,
curves on the completed system should always be
made to make cert..in rhat some factor, such as
common coupling in the Jitteries, is not seriously
altering the overall « haracteristic.

e ——
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Radio-Frequency Choke Coils

THEIR PLACE IN CIRCUIT

IF A very high-gain radio-frequency amplifier is to

be constructed, it is essential that radio-f; requency
choke coils be used in the amplifier to prevent it
from oscillating. Neutralization will prevent the
production of oscillations due to feed-back through
the_tube but will not prevent the production of
oscillations due to coupling in the battery leads or
inaB socket-power. device. To prevent instability
due to these effects it is necessary that choke coils,
L, and bypass condensers, C, be used in the plate
circuits of the radio-frequency tubes, as indicated
in the diagram on this Sheet. These choke coils offer
a very high impedance to the flow of radio-frequen-
cy currents and all these currents therefore flow
through the bypass condenser connected between
the choke coil and the negative filament, instead of
through the plate battery.

What size choke and what size condenser should
be used? To keep down the cost they should both be
as small as possible whereas their effectiveness be-
comes greater as their size is made larger.

The plate impedance of a 201-A type tube is
about 12,000 ohms and it is essential that the con-
denser which is incorporated to bypass the r.f. cur-
rents does not introduce in the plate circuit any
great amount of impedance. A 0.003-mfd. condenser
will increase the total circuit impedance from 12,000
to about 12,120 ohms, a negligible amount. This
value is correct at 500 kilocycles, the lowest fre-
quency used in broadcasting, and at higher broad-
cast tirequencim the effect of the condenser will be
even less.

The choke coil’s impediance must be large in
comparison with that of the condenser so as Lo cause
practically all the curreni to flow through the con-
denser and not thriugh the choke. If the choke
coil's impedance is rnade 1000 times greater than
that of the condenser only one-tenth of one per cent.
of the total radio-freq 1nc, current will flow through

the choke coil and therefore good filterin,
will be obtained. If thie choke coil’'s impedance at
500 kilocycles is to be 100U imes greater than the
impedance of the concienser hen it must be 12,000

action

ohms. The inductance of z choke coil with an
impedance of 12,000 ohm: zt 500 kilocycles is 38
millihenrys. Most radio-frequency choke coils have
an inductance of much mor2 than this.
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A-Battery Chargers

TRICKLE VERSUS HIGH-RATE CHARGERS

THERE are many different types of A-hattery

chargers now available; some of them are
satisfactory for use as trickle chargers and others
only efficient when used to charge the battery at
comparatively high rates of charge. The char%cr
employing an electrolytic type of rectifier, for
example, is very well adapted for use in trickle
charging. It is very efficient, requires little attention,
and has long life.

Another very satisfactory type of rectifier for a
trickle charger is the so-called drK crystal, which
was_developed rather recently. third type of
rectifier that can be used for trickle charging is the
Tungar but it is not especially efficient as a trickle
charger, because of the comparatively large amount
of ,})ower required to heat its filament.

‘here are three types of rectifiers that are satis-
factory for use in high-rate charging. They are the
Tungar, the Vibrator type, and the new cartridge
recently developed by Raytheon. All of these
chargers are capable of delivering fairly large
amounts of rectified current for charging a battery
and are fairly efficient when delivering these cur-
rents.

graduaily taper off as the batzery

There is little to be said regarding the com-
}}arative eﬂ‘iciencgf the twd methods of charging.

rickle charging has the advantage that it requires
somewhat less attention than does high-rate charg-
inﬁ_but it has the disadvaniage that it is somewhat
difficult to determine just ~hat the best rate of
trickle charge should e in order to prevent the
battery from being ov rchurged or undercharged;
also slow rates of chaige used in trickle chargers
are hard on a battery. ith « “rickle charger, a low-
capacity storage batte:y car be used because it is
not called upon to supply any great amount of
current for a long pericd of time.

With high-rate charg ng, on the other hand, it is
usual to charge the bat ery evary one or two weeks

and also a fairly lar%e ‘torage battery is necessary

in order that it will have saifficient capacity to
supply the receiver bet\.cen clarges. It seems to be

generally agreed among hattery manufacturers,

owever, that the high cha yging rate is somewhat
better for the battery in that it makes possible
longer life. For best resuits the charging rate should
becomes charged.
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The Hertz Antenna

CHA ACTERISTICS

ONE of the commonest antenna systems used by
amateurs for transmitting pur is the
Hertz system. This antenna, in its simplest form,
consists of two straight wires located diametrically
opposite each other as indicated in the drawing
on the accompanying curve. The length of the two
wires bears a definite relation to the fundamenta
wavelength at which the antenna system will tune
and this relation is indicted by the curve, which is
reprinted from QST of May, 1926. The relation
between the length of the antenna system and the
fundamental wavelength is a constant; the length
% :;s equal to the wavelength divided by a constant,

Tt is possible to obtain radiation on any wave-
length by using different lengths of antenna and
counterpoise. Suppose we wish to transmit on 40
meters (7500 kc.) and tlie antenna system is to be
operated on the fundamental wavelengthA Then from
the curve the length of the antenna “A” would be
31 feet and the length of the counterpose “B”
would also be 31 feet. It would also be possible
to transmit on 40 meters using the third harmonic
of the antenna, in which case the antenna would
of such a size as to have a fundamental wavelength
equal to 40 times 3 or 120 meters. If supplied with
energy at a frequency corresponding to 40 meters,

however, the antenna would radiate energy at this
frequency very efficiently even though its natural
wavelength is 120. If such a system of transmission
were to be used, the length of the antenna and the
counterpoise would each be 93 feet.
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Testing Radio Receivers

FEATURES TO CONSIDER

IT IS obviously of distinct advantage to test
radio receivers in accordance with some stand-
ardized test procedure so that the results obtained
from different receivers can be readily compared.
if such a method is used the manufacturer will be
able to have before him information which will tell
him definitely just how his product compares with
those of other manufacturers and also the buyer of a
recciver will have certain definite data upon which
to base his decision in buying a receiver. Consider-
able information on methods of testing radio re-
ceiving sets is given in the Technologic Paper of
the Bureau of Standards, No. 256. In this paper it
is suggested that the following tests be made on
a receiver:

(A) Frequency range. i

(B) Vibration test, which determines how well
the set has been constructed mechanically and
whether it will be able to withstand the ordinary
shocks obtained in transportatiop.

(C) Sensitivity.

(D) Selectivity.

These tests are especially effective in indicating
how well the set has been engineered from an
electrical standpoint. A test should also be made
of fidelity, to determine how well the receiver is
capable of reproducing voice and music.

rom the standpoint of the average user these
tests are not conclusive because he is interested in

other things besides the electrical efficiency of the
receiver or its fidelity of reproduction. In a labora-
tory test one receiver might show up much better
than another in regard to sensitivity and selectivity
but the good results might only be obtained with
very accurate adjustments. Obviously, a single-
control receiver lacking somewhat in sensitivity
and selectivity in comparison with another receiver
might actually give somewhat better results when
operated by an ordinary buyer with little knowledge
of the circuit. As is stated in the paper mentioned
above, it is really very difficult to judge the per-
formance of any particular receiving set on the basis
of any one trial of its operation, largely due to the
widely different types of receivers and conditions
under which thef' are best operated. The skill of the
operator very largely determines the degree of
satisfaction that will be obtained trom any given
receiver. In practice it will very likely be found
best to just make available to the prospective pur-
chaser some figures of merit indicating the sensiti-
vity, selecr.ivit{. and fidelity and then to let him
determine for himself whether the receiver in his
hands gives satisfactory results.

Many letters are received from readers requesting
comparisons_ between different receivers but to
give conclusive information of this sort is impos-
sible. The choice of the receiver which one finally
gurchases after trying out many sets is governed

y many factors on which no laboratory measure-
ments can be made.
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Characteristics of 171 Type Tube

STATIC AND DYNAMIC

ON LABORATORY Sheet No. 124 are given
several curves for the 171 tube. It wiﬁ1 be
noted that one curve is marked static and another
dynamic. The dynamic characteristic is, as its name
implies, a curve indicating how the tube will
function under actual operating conditions. The
static ~characteristic curve, a though valuable
in giving an idea of the general characteristics of
a tube, gives no indication at all of the tube’s actual
performance. Under actual operating conditions
a tube always operates with a certain load in its
plate circuit and consequently a curve taken to
indicate the tube’s performance should be made
with some load in the plate circuit. The curve
marked ““dynamic” was taken when the tube had
4000 ohms resistance in its éxlate circuit. The differ-
ence between the static and the dynamic curves is
considerable.

The curves were taken with 180 volts on the plate
and 40.5 volts on the grid. In order that an amplifier
may give good quality, its plate-current grid-voltage
characteristic must be straight from zero grid vol-

tage to twice the d. c. voltage on the grid. The static
characteristic, although straight from 40.5 voits
to zero volts, is very curved at voltages greater
than 40.5. It might be judged from this curve that
the tube’s performance would be very poor. How-
ever, if a dynamic characteristic is taken, we find
that the characteristic remains straight from zero
grid voltage down to about 85 volts and conse-
quently the tube would actually give good results.

The other curves on Sheet No. 124 are dynamic
characteristics taken with different resistances in
the plate circuit. Curve No. 1 was made with 1000
ohms resistance, No. 2 with 2000 ohms, and No. 3
with 8000 ohms. It will be noticed that as the resist-
ances increase the straight portion of the curve
becomes greater and greater. The curves all cross
at about 40 volts because this grid voltage repre-
sents the initial d. c. potential placed on the grid
and the curves are made by increasing and decreas-
ing the grid voltage about this average value. it is
necessary in taking the curves to adjust the plate
voltage cach time so that with the different resist-
ances the same plate current is obtained at 40.5
volts on the grid.
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NORDEN-HAUCK

Electrophonic

A NEW 8-TUBE
AC ELECTRIC MODEL

Powerful

Selective
Perfect quality.

reproduction
Lse SPeo F.O.B.
Price Phila.

Salient Features

No Balleries
No Eliminalors
No Power Unils of any Kind

Uses standard Radiotron AC
Tubes

Three stage tuned R. F. Amplifier

Push-Pull Power Audio
Amplifier

Tolally shielded
Illuminaled drum dial
Only two conlrols
Heavy cas! bronze trimmings
Super selective
Sensilive—Long range
Highes! qualily conslruclion
Compact in size
Moderalely priced at $125

Attractive illustrated literature will
gladly be sent upon request.

Write, telegraph or cable today.

Norden-Hauck, Inc.
Engineers
Marine Building, Philadelphia, Pa.

Builders of the Highest Class Radio
Apparatus in the World

Cable—Norhauck
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CONDENSERS

AND

RESISTORS
To Endure

|

—

Quality and Strength are inbuilt beneath the
attractive exteriors of Aerovox Filter Con-
densers and Filter Blocks. They do Endure!

Aerovox Pyrohms, (Vitreous enameled re-
sistors) arc unaffected by atmospheric con-
ditions, will not oxidize, will last longer and
give better all around satisfaction.

*
The Research Worker is a free monthly pub-

lication. A post card puts your name on the
mailing list.

EROVOX

“‘Built Better”’

78 WASHINGTON STREET
BROOKLYN, NEW YORK

|
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Curves of the 171 Type Tube
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Wave Traps
THREE CIRCUITS if the tuning condenser C; has a capacity of

0.0005 mfd.; with a (*.0003¢ condenser coil 1. should
THE trend of broadcasting, for sometime, has consist of 60 turns With either size, col L, may
been toward the use of hig| power, and this has  consist of about 15 t irns wound at the b end of the
made the problem of selectivity a serious one for seeondary coil. Wit 1 arrangement B taps should
many listeners located within a few miles of a high- be made at about e: ery 1C turns,
power broadcasting transmitter. When difficulty
_.T i

1s experienced in satisfactorily tuning-out such a
p )
7 =0
L £ = t, él -
b

station, it will be advisable to incorporate a wave
Tl L_,Ant At
Gnd. = Gnd. Gnd.

trap in the antenna circuit. Wave traps are very
easily constructed and cost little. They consist of
any ordinary coil and a condenser, connected in
the antenna circuit, and adjusted to absorb a large
amount of the energy being received from the inter- i
fering station. The traps may be connected in -t
several ways, as indicated on the diagram. The L
arrangement shown at A will give most complete
elimination of the undesired signal but may also
cause a considerable decrease in volume of stations
operating on adjacent channels. The arrangement
shown at B is probably the most flexible manner in
which to connect a wave trap. If the coil is arranged
with several taps an adjustment can be arrived at
which gives most satisfactory results. Arrar 1t

C is only useful in case of mild interference. The RECEIVE RECEIVER RECEVER
circuit tunes very sharply and will effectively elimi-
nate interference provided it is not oo great.
In constructing a wave trap, coil L may consist \/
of 47 turns of No. 22 wire on a 3-inch diameter form
- pe— . -

— AT SS T e =g
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Condenser Reactance

HOW IT IS CALCULATED In many calculatiors it '« 1ecessary to know the

reactance of a partic 1lar condenser at some fre-

IF A condenser is connected in series with an a.c. quency, and for this i casor, on Laboratory Sheet
ammeter to a source of alternating current, a  No. 137, isgiven a tabl~ of -o1denser reactances for
certain amount of current will flow in the circuit, capacities between 0.001 ar«|_ 10 mfd. at frequencies
depending upon the size of the condenser and the from 60 to 1,000,000 c; cles. #-om the formula given
frequency of the current. If the voltage of the source herewith it is evident ‘hat .he reactance of a con-
is divided by the current, the quotient will be the  denser is inversely proportisial to the capacity of
‘*reactance’” of the condenser in ohms. For example, the condenser and in.ersdly proportional to the
if the frequency of the current being supplied by the frequency. Coubling t! ¢ siz - f the condenser there-
source of potential wasSOcI\"cles and the voltage was  fore gives half the riactarg e, and doubling the
110 volts and the size of the condenser was I mfd.  fr uency of the current al-c halves the reactance
we would find that 0.412 amperes of current would  of the condenser. Rem« mbe 11.g these two facts it is
flow through the circuit. Then 110 voltsdivided by a simple matter to calc ulate nientally the reactance
0.412 gives 2666, which is the reactance in ohms at of almost any capacit: not given in the table on
60 cycles of a 1 mfd. condenser. The reactance of a Laboratory Sheet No. 127. Fot example, a 3-mfd.
condenser depends upon its size and llejgon the  condenser at 100 cycle: has } of the reactance of a
frequency of the current. It can be calculated by 1 mfd. condenser at 10« cycles. Since the reactance

means of the following formula: of the latter size at 110 c:cles is 1600, then the
reactance of a 3-mfd. (ond-1ser must be 1600 di-

Reactance — —10° vided by 3, or 533} ohms. A ).001-mfd. condenser

6.28 FC at 1,000,000 cycles has a renctance of 160 ohms, A

. A 0.0001-mfd. condenser it this frequency therefore
Where F is the fre?uency in cycles per second ard  has a reactance of 1¢00 o1ns and # 0.01-mfd.
C is the capacity of the condenser in microfarads, condenser likewise has = reactance of 16 ohms.
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Condenser Reactance

CONDENSER CAPACITY | REACTANCE IN OHMS AT VARIOUS FREQUENCIES
1N MFDS. 60 | 100 | 250 | 500 | 1000 |10000 | 100,000 | 1,000,000
0.001 1600000 | 640000 | 320000 | 160000 | 16000 | 1600 160
0.005 533200 | 320000 | 128000 64000 32000 3200 320 32
0.01 266600 160000 64000 32000 16000 1600 160 16
0.1 26660 l 16000 6400 3200 1600 160 16 1.6
0.5 5332 3200 1280 640 320 32 &) .32
1.0 2666 1600 640 320 160 16 1.6 0.16
2.0 1333 ‘ 800 320 160 80 8| o8 | o008
4.0 666 400 160 80 40 4 0.4 0.04
8.0 333 200 80 40 20 2 0.2 0.02
10.0 267 160 64 32 16 1.6 0.16 0.016
This table shows how the reactance of various capacities
varies with different frequencies. The reactance of a
condenser varies inversely with its capacity and with the
frequency. See Laboratory Sheet No. 126
No. 128 RADIO BROADCAST Laboratory Information Sheet

B Power Units

DESIRABLE CHARACTERISTICS

B-POWER unit is essentially a device to sup-
ply plate voltage to a radio receiver but such
a unit has several characteristics besides the ability
to supply proper voltages that are important in
determining how satisfactorily it will operate.
Modern batteries for the plate supply of a receiver
can hardly be improved on. Their voltage is con-
stant, they are perfectly quiet in operation, and
leave little to be desired as a source of plate po-
tential. The expense of operating a multi-tube
receiver using power tubes from batteries is con-
siderable, however, but a B power unit, properly
designed, affords an excellent source of high plate
potential at moderate cost.
What are the desirable characteristics of such
a unit? It must first of all be capable of supplying
the proper voltages to a receiver. Either insufficient
or excessive voltage will adversely affect the opera-
tion of a receiver in many cases and it is therefore
essential that some care be taken to make certain
that the voltages being supplied are correct. )
The power unit must deliver those voltages with
a minimum of a. ¢. hum. Low hum output is only
obtained with a properly designed transformer and
filter system, The various filter chokes should be
shielded so that magnetic coupling between them
will not be possible and it is also necessary that some
means be used to electrostatically shield the high-

voltage secondary windings from the primary
winding to prevent any line noise from the power
mains getting into the filter system, and making the
output of the unit noisy. This shielding between
the primary and secondary may be accomplished
by means of a grounded copper shield between the
primary and secondary windings or the shielding
may be accomplished quite effectively by placing
the filament winding, supplying the power tube,
between the primary and high-voltage windings.
The filament winding, being at ground potential,
therefore acts as a very effective shield. A noisy
plate supply unit generally indicates the lack
of Kroppr magnetic shielding, or improper filtering.
i third desirable characterisctic of a power unit
is good regulation, which determines how much
the output voltage will change with changes in the
amount of current being supplied by the unit. A
particular plate supply device might give exactly
90 volts at the 90-volt tap with a load of 10 mA.
If, however, the regulation was poor and your re-
ceiver only required 4 mA. from the 90-volt tap,
the actual voltage at this tap might rise as high
as 130 volts; if the unit had good regulation the
voltage would not be more than 98 at a load of
4 mA. Power units with poor regulation frequently
cause receivers to *‘motor boat ' or distort the signal
in some other way, and good regulation, i. e., small
variation of output voltage with output load, is
therefore a very desirable characteristic.
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The Type 874 Glow Tube

HOW IT FUNCTIONS

THE type 874 tube is a special voltage regulator
designed for use in B power units to maintain
the voltages, supplied by the unit, constant. An
ordinary B power unit operated without a glow tube
has a comparatively poor regulation, {.e., the volt-
age changes considerably with changes in_the
amount of current being drawn from the unit. It
would obviously be of decided advantage if this
voltage could be made to remain practically con-
stant at all loads. The power unit could then be used
with any receiver irrespective of the amount of
current being drawn by it (within reason) with the
knowledge that the actual voltages designated on
the binding ts of the B device were being su;
plied. How the glow tube functions to maintain the
voltage constant may be underst by reference
to the curve A. This curve is plotted by measurin,
the voltage across the glow tube with various loa
currents and it should be noted that the voltage
across the tube is practically 90 at all loads up to
more than 40 mA. In ordinary operation, when
there is no current being drawn from the 90-volt
tap. the glow tube current is about 45 milliamperes.
Then, if current is drawn for a receiver from the
90-volt tap, which would ordinarily cause the volt-
age to go down, the current through the glow tube
automatically decreases, providing for the current
required by the set. The voltage thereby is main-
tairied at exactly 90.

Curve B illustrates the curve of output voltage

that might be obtained from a B power unit not
using a glow tube. At no load the voltage is 123,
while at a load of 10 mA. the voltage drops to 90.
1f, however, the receiver requires 20 milliamperes,
the actual voltage available would be only 60 volts.

120 l T
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A New

Power Unit

R-280
POWER COMPACT

Thordarson introduces a new number to
their line of power compacts for the home
constructor. The R-280 type is designed
for power amplifiers using either a single or
two 171 power tubes. Rectification is sup-
plied through a single UX-280 full wave
tube. The Power Compact R-280 includes
a high voltage supply, a § volt filament
supply for the power tubes and two 30 henry:
filter chokes. Capacity, 85 M.A. Ter-
minals are arranged to provide great ease
of assembly of complete amplifier.
R-280, list price $17.00.

THORDARSON R-171
POWER COMPACT
A unit similar to the R-280, designed for a single
or two 171 power tubes, employing a Raytheon
BH Rectifier. Buffer condensers are also in-
cluded in this compact. R-171, list price $15.00.

THORDARSON R-210
POWER COMPACT
This compact is similar to the types above, but
is designed to operate through a UX-281 type
half wave rectifier and supplies a single UX-210
power tube as well as plate voltages for the re-
ceiver. R-z10, list price $20.00.

THORDARSON
T-2098 POWER
TRANSFORMER
A power supply transformer
designed to supply A, B, and
C current to two UX-210
power tubes and plate current
Rectifies through two UX-281

T-2098, list price $20.00.

THORDARSON T-2099
DOUBLE CHOKE

This choke unit consists of two indi-
vidual choke coils in one compound
filled shielded case. Each choke 30

: 4" henries, 130 M.A. Designed for use
with transformer T-2098. T-2099, $14.00.

THORDARSON ELECTRIC MFG. CO.

Transformer Specialists since 1895

tubes.

Huron & Kingsbury Sts. Chicago




48 RADIO BROADCAST'S DATA SHEETS

— s

— —

Authorities

No. 130

RADIO BROADCAST Laboratory Information Sheet

Data on Honeycomb Coils

Agree

that the best choice for tele-
vision reception is the type
of amplifier that can be built
from the

LYNCH

TELEVISION
Amplifier Kit

ITH this precision-built kit

you can assemble at mini-
mum trouble and expense an ef-
ficient amplifier for securing quality
reproduction in your television re-
ception apparatus.

The audio amplifier is an ex-
tremely important part of television
receivers. Where the signal to be
received contains frequencies of
from 18 to 20,000 cycles, the audio
amplifier must be able to amplify
all frequencies within these limits.
Such an amplifier is available at
your dealer in the Lynch resistance
coupled amplifier kit.

'LYNCH PRODUCTS

are universally accepted where the
Best is Standard. They include
Filament Equalizors, Non-induc-
tive and non-capacitative Supres-
sors, Dynohmic Resistors, Leak
Proof Single and Double Mount-
ings and the popular Lynch Deck
which simplifies receiver construc-
tion.
Your dealer has a Lynch precision-

built resistor for every resis-
tance need. Send for free book.

ARTHUR H. LYNCH, INC.
General Motors Building
1775 Broadway, at 57th Street
New York, N. Y.

| N3
No. oF I&I)%U((STANCE. AT WNATURAL l():ls‘mmurm | WAVELENSTH RANGE‘_METERS
. YCLES, IN AVELENGTH, APACITY IN 9
TurNSs MILLIHENRIES METERS MMED., 0.0005-MFD. CON- | 0.001-MFD. CoN-
DENSER DENSER
25 .039 65 30 120 to 245 120 to 355
35 .0717 92 33 160 to 335 160 to 480
50 .149 128 31 220 to 485 220 to 690
75 .325 172 26 340 to 715 340 to 1020
100 .555 218 24 430 to 930 430 to 1330
150 1.30 282 17 680 to 1410 680 to 2060
200 2.31 358 16 900 to 1880 900 to 2700
249 3.67 442 15 1100 to 2370 1C00 to 3410
300 5.35 535 17 1400 to 2870 1400 to 4120
400 9.62 656 13 1800 to 3830 1800 to 5500
500 15.5 836 13 2300 to 4870 2300 to 2000
600 21.6 1045 14 2800 to 5700 2800 to 8200
750 34.2 1300 14 3500 to 7200 3500 to 10400
1000 61 1700 13 4700 to 9600 4700 to 13800
1250 102.5 2010 11 6000 to 12500 6000 to 18000
1500 155 2710 13 7500 to 15400 7500 to 22100
=
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Resistance-Coupled Amplifier

DATA ON CONSTANTS

ON_LABORATORY Sheet No. 132 is given a

circuit diagram of a resistance-coupled ampli-
fier using the new type 240 high-mu tube (Cunning-
ham type 340). To obtain satisfactory operation
from such an amplifier it is essential that several
points be given careful consideration. In the first
place it is essential that excessive C bias is.not used
on any of the high-mu tubes. The following values
should be used in combination with the voltage shown
in the circuit diagram to prevent overloading: 1 volt
on the first stage, 3 volts on the second stage, and
40.5 volts on the 171 power tube. The second con-
sideration of great importance in the construction
of such an amplifier is that the coupling condensers,
Cy, G, and G;, be of the best quality that can be
obtained. Even a small amount of leakage across
the condenser, due to faulty insulation, will permit
some of the plate potential to leak through it to the
grid of the next tube and this will not only cause
distortion but very frequently will make the ampli-
fier absolutely inoperative. Use only the best of
mica condensers.

It is, of course, also essential that the plate and
grid resistance be noiseless in operation but it isnot
necessary that they be exactly of the values given
in the circuit. A variation of tén or twenty per cent.
in these values is quite unimportant. The plate
supply for the amplifier may either be a well con-

structed B power unit or batteries. No trouble what-
soever should be experienced when operating the
unit from new batieries. but it is possible that
“‘motor-boating’’ troubles will develop when the
amplifier is used with some B power units. The
overall gain is cor.paratively high and difficulties
of this sort become more pronounced as the amplifi-

RADI{ BROADCAST
§ LADORATURY
§ |1 N
ol | )
g A
.
i 2 -9 100 50 1000 10.000
FREQUENCY

cation is increased. Large bypass condensers across
the output of the power unit will frequently be
necessary in order to prevent the occurrence of
‘“motor-boating.” The requencg' characteristic of
the complete amplifier is shown by the accompany-
ing curve.

No. 132 RaD10 BrROADCAST Laboratory Information She-t
Resistance-Coupled Amplifier Circuit
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Data concerning resistance-coupled amplifiers appear
on Laboratory S‘fleet No. 131 P v
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Care of Power Supply Units

FREQUENT CHECKING NECESSARY

ANY modern radio receiver installations
employ a B power unit for the plate voltage,
and a storage battery in conjunction with a trickle
charger for the filament supply, the entire combi-
nation being controlled by means of an automatic
relay. If well manufactured units are used through-
out, such an installation should require practically
no attention other than the addition of water to the
storage battery and the trickle charger, if the latter
is of the electrolytic type.

In order to make certain that the entire power
plant is functioning satisfactorily, it is a good idea
to make some simple tests every six months or so.
Little can go wrong with the B power unit without
it becoming noticeable in the operation of the re-
ceiver. If the rectifier tube deteriorates the volume
produced by the receiver will be lowered and
the quality will be impaired. A total failure of the
power unit will, of course, mean that it will be im-
possible to hear anzthing at all on the receiver.

‘The simplest check to make on the A power unit
in order to make certain that it is functioning
satisfactorily is to take a hydrometer reading of the
storage battery. If the batter{ reads **fully charged”
it is possible that the trickie charging rate is ex-

cessive and it will be a good idea to somewhat re-
duce the rate and then make frequent tests with
the hydrometer to determine how the battery is
standing up. If the total charge in the bhattery
now gradually .decreases it will be best to increase
the rate of trickle charge again. If, on the other
hand, the battery continues to remain in_a fully
charged condition, we have a good indication that
the previous rate of trickle charge was too high
and that very probably the battery was bein
continually over charged, which is very harmfuf
If a hydrometer reading of the battery indicates
that the battery is very low the trickle charge rate
should be increased so that the battery is brought
up to practically full charge and then the rate
should be adjusted so as to maintain the batte
in this condition. The contacts in the relay control-
mg the installation should be inspected every so
often. There is a certain amount ot sparking at the
contacts which tends to pit them and it might be
necessary to smooth them with a piece of emery
cloth. Badly pitted contacts in the relay might at
times prevent the unit from closing the trickle
charger circuit and consequently the battery will
not always be charged while the receiver is not
being operated.
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Loud Speaker Horns

THE EXPONENTIAL TYPE

A CORRECTLY designed horn makes a very
good type of loud speaker. The best horn is
one which radiates most uniformly over the re-
quired range of frequency and it has been proved
mathematically that the exponentially shaped horn
conforms closely to this requirement. A horn is of
the exponential type when its cross section area
doubles at equal intervals along its length. For
example, a horn would be of the exponential type
if at the orifice it had an area of } square inches
and an area of } square inches, 1 square inch, and
2 square inches, at distances of 1, 2, and 3 feet
respectively from the orifice. The rate of expansion
determines the lowest frequency of which the horn
will bea good sound producer. A horn which doubles
in area every foot will reproduce down to about 64
cycles, and a horn which expands twice as rapidly
will only reproduce well down to 128 cycles.

A properly designed horn should be free from
noticeable resonance, and to prevent this the mouth
of the horn should be made large enough to trans-
mit the sounds coming from it without any great
amount of back pressure. In the design of loud
speaker horns it has been found that, if the mouth
is made comparable to i of the wavelength corre-

sponding to the low fre%llxency cut-off point of the
horn, the resonance in the horn will be n?ligible.
The wavelength in feet is determined by dividing
the velocity of sound in feet per second, which is
1120, by the frequency. For example, a horn whose
cut-off frequency is to be 32 cycles, correspondin;
to a wavelength of 39 feet, should have a mouth o
39 divided by 4, or 94 feet. These facts indicate
definitely that a horn, to be a good one, must be
large. Small horns, whether they are or are not

nential, cannot radiate the low frequencies.

he horn makes it possible for a comparatively
small diaphragm to get a good grip on the air and
thereby produce a large volume of sound. The small
diaphragm and the large horn may be replaced by
a large diaphragm, as is done in a cone type loud
speaker.

The material of which the horn is made is im-
portant. Although a horn may be well designed
and constructed to the correct size, total length an
expansion per unit length, it may still fail to give
really good results because of resonant effects in the
material used in the construction. The material
used should have no marked resonant frequency
unless it is very low, where it might help to increase
the low note radiation.
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Closely Coupled Circuits

RESONANCE CURVES

IF TWO circuits are cousilcd together by a con-
denser, as shown in the sketch, and they are both
adjusted so that they are tuned to slightly different
frequencies, we will find that a resonance curve of
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the combination has the form shown by the solid
curve. The resonance curve of either separate circuit
alone would have the form indicated by the dotted

curve. It is evident from the resultant curve that the
combination of these two circuits produces a resul-
tant characteristic curve which is quite broad and
flat on the top in comparison with the quite sha
f)eak of either circuit alone. This double peaked ef-
ect is a characteristic of closely coupled circuits and
has been used to some extent in radio receivers.
An ordinary resonance circuit consisting of a

single coil and condenser huas a comparatively sharp
resonance curve and thercfore frequencies slightly
above or below the resonant frequency are not
amplified as well as the latter and, therefore, the
tuned circuit tends to cut down the amplification of
the side bands of the incoming wave and this causes
some loss of high frequencics. If a receiver is made
up, however, with two coupled circuits, such as we
have indicated, this cutting of the side bands will
not take place because the flat top of the resonance
curve can be made sufficiently broad so as to give
equal amplification over a band 10,000 cycles wide
and therefore practically equal amplification can be
obtained at all frequencies 5000 cycles above or be-
low the carrier frequency. The circuit has not been
used in actual practice to any great extent because
of the difficult tuning required and because of the
careful adjustments necessary.

W
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EXPONENTIAL
HORNS

without
vibration

Type OB No. 1315

Air Column ro4 in.
Bell 18x24 in.
Depth 13 in.
Weight 8 pounds

Racon Exponential Air-Column Horns give
natural reproduction with well rounded tone
quality of unsurpassed volume and clarity.

Racon Horns are strictly of the exponential
type, scientifically designed and skillfully
produced by the Racon Processes and Mate-
rials Patented: made of impregnated and
hardened fabric which supplies absolutely
non-porus vibrationless and one-piece con-
struction that is unequalled.

Complete freedom from vibration assures no
interference with the delicacy of tone and
fidelity to timbre as given by their great air-
column depth which has an expansion per-
unit-length of micromillimeter exactness.

Racon Horns are made in all shapes and sizes.
Hundreds of stock models to select from.
Equip your set with a Racon and get a “grip
on the air’’ such as to astonish you.

The Radio Surprise
of the Year

The New Racon Dynamic Air-Column Unit,
the Wonder of Radio and a triumph of Racon
Engineering, raises audio amplification to the
highest degree of efficiency. This powerful
unit with its superior tonal reproduction
combines the admittedly
superior qualities of a horn
with thevolumeland depth
of a dynamic unit.

Write for Catalog

Consult'our Acoustical
Engineers

RACON ELECTRIC CO., Inc.

Specialists in Acoustic Chambers

FACTORIES
18 Washington Place New York, N. Y.
Toronto, Canada—Slough Bucks, England
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ABOUT

A C TUBES

John F. Rider’s
“A C TUBES—HOW

TO USE THEM”

a laboratory treatise on A C tubes,
will give you ALL the data you need
about A C Tubes. . ..

Modern—up to the minute—combin-
ing the practical with the theoretical,
it will supply the information you
need to solve all your A C tube prob-
lems. . . . It is the only book of its
kind—written expressly for the users
of A C tubes. ... Every one who
uses or contemplates using A C tubes
NEEDS this book.

Basic design of A C tubes—choice of
associated equipment—filament su
ply for A C tubes—the A C tube in
operation- -operating characteristics
of A C tubes -adaptation of A C
tubes,—are sections of this treatise.
LEARN THE SECRET OF
A C tube operation.

70 pages 83" x 11" profusely
illustrated and the price is only
$1.00. 15 cents postage extra.

RADIO TREATISE CO.
270 Madison Avenue
New York City

—— S —— - —————— — e S S w—— .

Hereismy $L.15 for Name . .. .....................

which you will for-
ward postpaid a

copy of John F. Address.......................
Rider's A C Tube
treatise. City................State. ...

== =
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Carrier Telephony

THEORY AND USES

’I‘HE use of power lines for the dissemination ot
intelligence is becoming increasingly common
throughout the country. rge power companies
have in many cases installed radio equipment for
inter-communication between various power plants;
these radio-frequency signals are transmitted over
the power lines rather than through the air, and, in
this way less interference is encountered. The sys-
tem has also been used in some communities in
order to make it possible to receive musical pro-
ams at home by connecting a suitable device
irectly to the power socket.

For commercial use, this system has certain
advantages, such as lack of interference, which
make its use valuable, but it is unlikely that the
system will ever replace broadcasting. The number
of different stations that can be “‘tuned-in” by a
subscriber using the system is naturally limited,
and this is a definite disadvantage.

The system actually differs very little from that
of ordinary broadcasting, the major difference
being that the power of the transmitter, instead

of being radiated into the air by means of an an-
tenna, is coupled direcils to the power line. The
coupling between the irausmitter and the power
line is generally rade t}rough high-voltage coup-
ling condensers and soecial filter and protective
circuits. At the rcceiv.ys end an ordinary radio
receiver can be uscd to detect the signals. It also
must, of course, be coupled in some way to the
transmission line. The system is generally operated
in duplex so that transtutting or receiving can be
accomplished at any of the various terminals of the
system.

In carrier telephony it has generally been found
best to use carrier frequencies somewhat above
50,000 cycles. For comparatively low radio fre-
quencies, around 10,000 cycles, there is considerable
loss in the various power transformers in the line,
and at frequencies intermediate between about
10,000 and 50,000 cycles there will very likely be
sharp resonance peaks causing excessive loss at
particular frequencies. Above 50,000 cycles an
ordinary transmission lie is fairly satisfactory
as a transmitting medium.
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Operating Vacuum Tubes in Parallel

METHODS AND RESULTS

IT IS sometimes desirable to operate several tubes
in parallel in order to obtain a greater power
output, and it is of interest to know how efficiently
this may be done.

If two tubes are to be used in parallel in the
output of an audio amplifier the two sockets are
wired so that the grid of one tube connects to the
grid of the other tube and the two plates connect
together. The two filaments are also connected
together. The result is that from these two tubes
we will have only four leads—-one from the grids,
another from the plates, and two others from the
filaments.

The amplification constant of the combination
will be equal to the constant of a single tube, pro-
vided both of the tubes have the same constant. If
one of the tubes had a low amplification constant
and the other a high constant the resultant amplifi-
cation constant o¥ the two would be equal to the
arithmetic mean. If the amplification constant of
one tube is six and the other four, the resultant
amplification constant will be five.

The resultant plate impedance will be equal to
one half the impedance of a single tube, and if unlike
tubes are used, the total impedance can be calcu-
lated by the simple laws governing resistances in

?aral]el. ‘The combined impedance can be stated as
ollows:
Imped. of one tibe < Imped. of other tube
Imped. of onet ibe + Imped. of other tube

The greatest power output is obtained when the
two tubes have identical plate impedances and
amplification constants. Fortunately, bowever, a
very large fraction of the total power of the two
tltx)tlws can be obtained even if they differ consider-
ably.
’lyo illustrate, two tubes might be connected in
parallel, the amplification constants of which are
n a ratio of 2 to 1 and the plate impedances of
which are equal, and fron. the combination we could
obtain 90 per cent. &:s much power as could be ob-
tained if the tubes wvere operated in separate cir-
cuits. If, with equaa! amplification constants, the
plate impedances arc in a 1atio of 2 to 1, the total
power will be about 90 per cent. of the maximum
possible value. It is evident, therefore, that the
total power will not be decreased by any great
amount even if tubes quite widely differing in
characteristics are used. From two perfectly
matched tubes, feeding nto a load resistance
equal to their combined plate impedance, we can
obtain twice as much power as can be obtained from
a single tube feeding into a load resistance equal to
its plate impedance.
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The Unit of Capacity

CALCULATION AND FORMULAS

’I‘HE capacity of a condenser is stated in terms of
the quantity of electricity it will hold per volt.
When a condenser stores a specific quantity of elec-
tricity known as a coulomb and there is an elec-
trical pressure of one volt across its terminals then
the capacity of the condenser is one ‘“farad.” A
condenser must be very large to bave a capacity of

where C = capacit” of -ondenser in microfarads
K = dielectric congtant
A = total area of dielectric between
plate- 1 square inches
d = thickness of dielectric in inches
Example:

What is the capacity i1 microfarads of a con-
denser having 2000 plates: "The dielectric consists
of paraffined paper 0.02 1ch thick. The part of

Vaseline | Ebonite | Glass | Mica Ipav{g‘f" Porcelain | Quartz | Resin | Shella | C#§tor | Olive | Petroleur
20 | 30 |70 [60 | 25 | 40 | 45 | 25| 35 | 50 | 30 | 20

a farad and therefore a millionth part of a farad
has heen adopted as the practical unit and it is
called the " microfarad,’” meaning one-millionth of
a farad. Capacities smaller than one microfarad can
be expressed in micro-microfarads, corresponding to
a millionth of a microfarad.

The capacity of a condenser may be computed
from the general equation:

2250 AK

€ ="oma

each sheet of dielectric actiixly between the plates
has an area of 6.3” x ¢

From the table in thi: sheet it will be seen that the
constant of the dielectr ¢ is 2.5
The total area, A, of the dielectric is:—
A .3 x8x
100,000 s juar: :nches, approximately

2250 x 100,000 X 2.5
10w x 0.002
= 28.1 ricrofarads

Therefore
C
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Inductive Reactance

HOW IT IS CALCULATED

IF AN inductance coil is connected in series with an
a. c. ammeter to a source of alternating current,
a certain amount of current will flow in the circuit,
depending upon the size of the coil and the fre-
g_uqncy of the current. If the voltage of the source is
ivided by the current, the quotient will be the
“reactance” of the coil in ohms. For example, if
the frequency of the current being supplied by the
source of potential was 60 cycles and the voitage was
110 volts and the coil had an inductance of 1.0
henry, we would find that 0.292 amperes of current
would flow through the circuit. Then 110 volts
divided by 0.292 gives 377, which is the reactance in
ohms at cycles of a coil with an inductance of
1.0 henry. The reactance of a coil depends upon its
inductance and upon the frequency of the current.
}t cauln:‘1 be calculated by means of the following
ormula:

gergeoond,andl.-theindwmneeofthecoilin
enries.

In many calculations it is necessary to know the
reactance of some particular coil at some frequency
and for this reason on Laboratory Sheet No. 140 is
given a table of reactance for inductance coils be-
tween 0.01 and 100 henries at frequencies from 60
to 100,000 cycles. From the formula given herewith
it is evident that the reactance of a coil is directly
proportional to the inductance of the coil and also
directly proportional to the frequency. Doubling the
size of the coil gives twice the reactance and twice
the reactance is also obtained if the frequency is
doubled. If these two factors are remembered it is a
simple matter to calculate mentally the reactance
of any coil not given in the table on Laboratory
Sheet No. 140. For example a 10-henry coil has one
third the reactance of a 30-henry coil at, say, 100

— |
CETRON AC TUBES

Cetron AC tubes are designed
for long life and quiet operation.
Life tests on hundreds of Cetron
heater type tubes have shown a
life of 5000 hours or longer with-
out  burnout. Years of expe-
rience in tube design and develop-
ment by Cetron engineers makes
this possible.

Cetron AC tubes have been made
experimentally for three years.

cycles. Since the reactance of a 10-henry coil at
100 cgcla is 6280 ohms, it follows that the reactance
of a 30-henry coil at the same frequency must be
18,840 ohms,

Reactance = 6.28 FL. .,
where F = the frequency of the current in cycles
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Coil Reactance

CorL INDUCTANCE REACTANCE IN OHMS AT VARIOUS FREQUENCIES
1N HENRIES 60 100 250 500 1000 10,000 | 100,000
0.01 3.77 6.28 15.7 314 62.8 628 6,280
0.05 18.8 31.4 78.5 157 314 3,140 31,400
0.1 37.7 62.8 157 314 628 ,280 62,800
0.5 188.5 314 785 1,570 3,140 31,400 314,000
1.0 377 628 1,570 3,140 6,280 ,800 628,000
20 754 1,256 3,140 6,280 12,560 125,600 1,256,000
5.0 15 3,140 ,850 15,700 31,400 314,000 3,140,000
10,0 3,770 6,280 15,700 31,400 62,800 628,000 6,280,000
20.0 7, 12,360 31,400 . 123,600 1,236,000 | 12,360,000
30.0 11,310 18,840 47,200 94,200 188,400 1,884,000 | 18,840,000
40.0 5, 24,720 61, 123,600 247,200 2,472,000 | 24,720,000
50.0 18,850 31,400 78,500 157,000 314,000 3,140,000 | 31,400,000
100.0 37,700 62,800 157,000 4,000 628,000 6,280,000 | 62,800,000

This table shows how the reactance of various inductance coils varies with different frequencies. Labor-
atory Sheet No. 139 explains what inductive reactance is and upon what it depends,

. l
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A. C. Tube Data !
“HEATER’ AND FILAMENT TYPES wire be used. Determine the total current required ||
. by all the tubes and table No. 1 below will you
ONhTHIS Laboratcgeys Sheet 25337 gw;n data 22c'Gn what size of wire to use.
the new a. c. tubes, type and type o
The former tube is of the heater t*pe whereas the i TasLE No. 1 c
latter is of the a.c. filament type. The heater tube ®B& Suéa urrent
requires a special five-prong socket whereas the 12 uge) 20
type 26 may be used with any standard socket. 14 i amperes
’lyhe filament voltage and current of the type 27 16 6 amperes
are 2.5 volts and 1.75 amperes respectively. The 18 3 amperes
t 26 requires a filament voltage of 1.5 volts and 20 i.5 :;‘g;’:

the filament current is 1.05 amperes. The filament
current of these tubes is quite large, especially so

: s Table No. 2 on this sheet gives the characteristics
in a multi-tube receiver, and for this reason it is i

of these tubes under various conditions of plate and ||

essential in wiring the filament leads that heavy  grid voltage.
TaBLE No. 2

UNDISTORTED

TYPE PLATE NE&':;‘;':E PLATE PLATE MutuAL POWER
oF TUBE VOLTAGE VOLTAGE IMPEDANCE | CONDUCTANCE Ouv"l;xzur';s IN

227 90 5 3 11,300 725 0.020

135 5 10,000 0.055

180 13.5 6 9,400 870 0,140

920 6 3.7 9,400 875 0.020

26 135 9 6 7,400 1100 0.070

180 13.5 1.5 7,000 1170 0.160

During this time of development
all impractical processes and ma-
terials have been eliminated and
only those used that have stood
the test of time.

The Cetron AC line of tubes in-
clude the following types:

CETRON C-27, a heater type detector
and general purpose tube.

CETRON C-26, a filament type ampli-
fier tube,

CETRON C-80, a filament type recti-
fier tube.

CETRON C-80H, a heater type rectifier
tube of superior life and power.

CETRON C-271, a heater type power
tube of long life and high output.

CETbRON C-714A, a filament type power J
tube.

CETROXN C-88, a special type rectifier
tube for power units. This tube will
deliver 200 volts from a 110 volt AC
line without the use of a stepup trans-
former. The advantages of this are
numerous. No transformer is required
for “B” supply units. The condensers
are worked at 110 volts ins’ead of the
usual 250 or 300 volts. This makes
for longer life on the condensers with
a less expensive condenser. The size
of the unit is much smaller. Less con-
denser is needed to filter the output of
the tube. This is the ideal tube for
the experimenter or Power Unit manu-
facturer.

All CETRON TUBES are guar-
anteed.

We develop tubes in combination
with sets for set manufacturers.
In designing your sets consult us
about the proper tubes to use
with your circuit. Every circuit
functions best when it is worked
with the tube of the proper char-
acteristics.

For additional information on
CETRON TUBES and products

write us.

The Continental
Electric and Manufacturing Co.

| East 40th and Perkins Ave.
Cleveland, Ohio
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Simplifying
Power Plant
Construction

TRUVOLT
DIVIDER

Reg. U. S. Pat, Off,

A

A Universal Voltage
Separator

HE Truvolt Divider offers the

radio engineer or builder of
eliminators for the first time, a
complete wire wound resistance
unit so arranged with five adjust-
able contacts that all required volt-
ages may be obtained with any set
or eliminator combination.

This device removes the guesswork
and saves time and trouble in con-
structing an eliminator. By divid-
ing the filtered voltage into usable
values, it eliminates the necessity
of mathematical calculations. Tt
does away with a great deal of
wiring and the need of regulator
tubes.

The Truvolt Divider is not only
flexible to all receiver current con-
ditions, but it is possible, because
of its inherent design, to calibrate
the adjustable contacts. By the
use of tables or graphs, which are
provided, the Divider may be ad-
justed to give the desired voltages
without the use of a high resist-
ance voltmeter.

Case made of genuine bakelite,
Can be mounted on baseboard or
sub-panel, or used as the front
panel of a metal cabinet, at the
same time providing binding posts
for all B and C Voltages. Price,
$12.50,

Electrad specializes in a full line of
resistance Controls for general
Radio Purposes.

Tear out and mail coupon

—emem e e — = Cut Here)m == ———— =~

ELECTRAD, INC,

Dept. CA 9,
175 Varick Street, New York

Please send me FREE Booklet and information on
the Truvolt Divider, also FREE circulars and cir-
cuit data on Electrad Resistance Controls.
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Obtairing Various Voltages from a B-Power Unit

VALUES AND CURRENT-CARRYING CAPACITY
IT IS comparatively simple to calculate the resis-

tance values required in the output circuit of a
B-power unit in order to obtain any specific vol-
ta%es. This Laboratory Sheet will explain how to
calculate the values of these resistances.

Consider the fundamental output circuit of a
B-power unit as illustrated in the shetch. The dia-
gram of the rectifier and filter has been omitted
since they play no important part in the calculation
of resistance values. Suppose tap No. 1 is to be 45
volts and is to be used to operate a detector tube.
We will assume that the loss current through Rsis 3
milliamperes, or 0.003 amperes. This is an average
figure for the loss current and can generally be used
in this type of calculation. If the voltage at tap
No. 1 is to be 45, then the voltage drop across re-
sistance R, must be 45. The resistance of Rz will
be equal to the voltage across it divided by the
current through it or, in this case, 45 divided by
0.003, which gives 15,000 ohms as the value of Rs.
The voltage at tap No. 2 is to be 90. Since the volt-
age drop across Rj is 45, it follows that the voltage
drop across R: will also be 45 in order to mahe the
total voltage between the negative B and tap No. 2
equal to 90. The current flowing through the resis-
tance Rz will be equal to the loss current at 3 milli-
amperes plus the current drawn by the detector
tube, which is 1 milliampere. Therefore the value
of resistance R: will be equal to the voltage across
it, 45, divided by the current through it, which is
0.003 plus 0.001, or a total of 0.001 amperes. This
gives a value of 11,250 ohms for Ra. Suppose that

the total drain from tte 90-volt tap is 10 milliam-
peres. Then the total current flowing through R:
will be equal to 10 plus 1 plus 3, or 14 milliamperes.
If the maximum voltage available from the power
unit is 180 and the voltage at terminal No. 2 is to
be 90, it follows that "h2 voltage drop across Ry
must be 90. Ninety volt: livided by 0.014 amperes
gives 6400 ohms as the vzlue of R,.

o- T — ——ONo. 3
i R,
From ; e ——0No. 2
Filter 3 ;‘R,
-1
| " 90No.1
i EE R3
o p —0O B~

Resistance units for B power units are usually
rated in watts and it is essential that the resistances
used be capable of carrying the necessary load
without overheating. The load in watts being han-
dled by a resistance can be cetermined by multiply-
ing the resistance n o-ms by the square of the
current in amperes. In this particular example:

Watts through R; = 15000 X 0.003
= 0.135 watts

Watts through R: = 11250 X 0.004
= 0.18 watts

Watts through R, = 6400 < 0.0142
= 1.25 watts

L]
1
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Solenoid Coil Data

UNITS FOR THE BROADCAST BAND
THIS Laboratory Sheet gives the data necessar

to wind the secondaries of solenoid type coils
for use with 0.0005-mfd., 0.00035-mfd., or 0.00025-

mfd. variable condensers. The wavelength range of

the coil will be approximztely 200 to 550 meters.

The coils may be wound on hard rubber or bakelite

&bir;ga or some type of self-supported winding may
used.

| NUMBER OF TURNS OF D.C.C. WIRE REGUIRED WITH VARIOUS

DIAMETER OF S1zEs oF TuNING CONDENSERS
TuBE IN INces | SIZE OF WIRE _
0.0005 mfd 0.00035 mfd 0.00025 mfd.
3 . 28 ' 28 ‘ 3¢ 50
26 31 42 54
24 34 4€ 58
22 38 5( 64
20 42 58 72
3 28 ’ 35 48 62
26 39 52 67
24 43 56 73
22 I 47 61 81
20 51 67 88
(¥ 23 28 42 54 63
26 45 58 73
24 48 63 80
22 51 70 90
20 53 78 98
) N
h
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The Transmission Unit
CORRECTION OF LABORATORY SHEET NoO. 114 T — | 8l
TWO errors occurred in LABORATORY SHEET No, i r |
i 114 published in the August, 1927. Rapio T AT
BRroADCAST. In the last line in the first column, the 3 4 4
| word "natural” should be changed to read ‘‘com- E") L + | }Z_ _1[:
mon,” and in the first line in the second column, the | N
same change should be made. . [ I
J The chart on this sheet makes it possible to deter- 28 o ——‘/ t T+
{I mine easily the number of telephone transmission 26 + s
il units if the current or voltage ratio is known, For 2 I N _/' 1
i example, from the curve it i1s evident that if two 1 | |
voltages or two currents arc in a ratio of 5, then the 2 I 7 1 {
TU difference between them is 14. If we are dealing 20 T T/ — 1
with powers rather than currents or voltages, it is 218} A 11 111
merely necessary to divide the number of TU ob- 16— pA IR
tained from the curve by 2 in order to determine | REL
| the TU difference of any two powers. For example, 14 D _‘—r! I
two powers in the ratio of 8 to 1 have a TU differ- 12 = ——
ence of 9. To determine this value we look up the 1 | NEl
number of TU corresponding to a ratio of 8 which | /I L | 1]
gives 18 and then divide by 2, ) " |
To illustrate the use of the curve we might take 6 Sy ————
an audio amplifier requiring a tenth of a volt input 4— _—t - 4 1.
to produce three volts at the output. If we wanted A L R | g
to know the overall gain in TU we would divide = | ﬁ |
three by 0.1, which gives 30. This ratio on the curve o1 2 3 45¢ 8 20 30 40 60 80100
CURRE/TOR vOLTAGE RATIO

corresponds to a 29,5 TU voltage gain.
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Loud Speakers

GENERAL CONSIDERATIONS

IT.HAS been realized for some time that a large
diaphragm type of loud speaker is capable of giving
somewhat better frequency response than can be
obtained from a short horn. 1hese large diaphragm
loud speakers have generally been called cones
because the large diaphragm in most cases takes
the form of a right circular cone.

There are certain essential characteristics which
must be striven for in designing a loud speaker of
this type. What we desire in the diaphragm is to
obtain a large surface of great stiffness or rigidity
and, at the same time. extreme lightness. 1f such a
material can be obtained, a very satisfactory loud
speaker could be made consisting simply of a sheet
of the material freely supported at the edge. Such
a material havinslz a high ratio of stifiness divided
by mass is difficult to obtain, and it has been neces-
sary to devise diaphragm shapes which will give the
necessary stiffness and which will still be light. This
is the reason why a cone shape has generally been
used, for it will give the necessary characteristics.

Recently there was described in RADIO BROAD-
casT the Balsa wood loud speaker, which repre-
sents an attempt to obtain a large flat diaphragm
using a light material, with the required stiffness
obtained through the use of slats radiating from

the center. Because of the extreme lightness of Balsa
wood it is possible to obtain in this way a very high
ratio of stiffness to mass.

It is, of course, essential that any loud speaker,
if it is to radiate sound efiectually, be made as light
as possible so as to require only a small amount of
energy to move it. It is desirable that the entire
diaphragm shall move and that the major resis-
tance it encounters. in moving should be that due
to the energy required to move the air about the
diaphragm and_set up sound waves in theair.
Any of the available energy that is used for other
purposes represents a loss, 3

An excellent book, Wireless Loud Speakers, 1s
published in England by Iliffe and Sons and writ-
ten by N. W. cLachlan. The author says, in
speaking of cone type loud speakers:

“There is a wide field for mathematical and ex-
perimental work regarding the behavior of dia-
phragms of various shapes and sizes. By exact
measurement, coupled with analysis, it will be
possible to pave the way to better reproduction
and to evolve a diaphragm with qualities superior
to those now used. Until this is done we must re-
main in ignorance of the action of diaphragms at
various frequencies. The human ear may judge one
diaphragm to be better than another, but it cannot
give exact data.”

Why Variable Resistance
Means Fixed Voltage

There are many variables or uncertain factors in
any radio circuit—the types of tubes, the dif-
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-
ayes 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.
All of which spells CLAROSTAT.
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B Power Device Characteristics

TYPICAL CURVES

ON THIS Laboratory Sheet are given a_group
of curves, supplied by the Raytheon Manu-
facturing Company, which show how the output
voltage of a typical B power unit varies with the
transformer voltage. The circuit diagram of the
rectifier and filter system used in making these
tests is given on the curve. The curves apply when
a type BH or similar tube is used as the rectifier.
hese curves indicate the following facts:

(a.) That the slope of all of the curves is the
same. This is to be expected because the
slope & determined entirely by the resis-
tance of the circuit, which does not vary.

(8.) That an increase of 50 volts in the trans-
former voltage is effective in producing an
average of 75 volts increasc in the output
voltage.

(c.) That the output voltages of the system

at no load have approximately the same
value as the Lransformer voltages.
That the total resistance of the rectifier-
filter system is about 1340 ohms. (This
value is determined by dividing the dif-
ference of any two voltages on the straight
portion of any one curve by the differ-
ence of the corresponding load currents.)
The resistance of the choke coils used was
known to be 600 ohms so that the effec-
tive resistance of the rectifier is about
740 ohms.
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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
so on.

Standard
CLAROSTAT

A micrometric resistance of uni- €
versal range—practically 0 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.
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“Gain”

SIMPLE MATHEMATICAL CALCULATION

THE diagram on_this Sheet shows an ordinary
tuned circuit with a source of high-frequency
voltage, e, in series with it. The voltage ¢ can be
considered to be the voltage induced in the tuned
circuit from another coil, the primary of a radio-
frequency transformer for example. This voltage
will cause a current to flow in the tuned circuit
and the ratio of the voltage E, developed across
the entire circuit, to the voltage e, induced in the
circuit, is known as the " gain” of the tuned circuit.
The more efficient the tuned circuit is, the greater
will be the "gain.”” We will now derive a mathe-
matical expression for the *gain’ of a tuned circuit.

The current, I, flowing in a tuned circuit at re-
sonance is:

1=z )

where e = the voltage induced in the circuit and
R = resistance of the circuit. The current flowing
through the inductance coil, L, generates a potential
across the coil, determined as %ollows:
E = wLI (2.)
where = 6.28 times the frequency of the current,
= inductance of coil in henries, and I has the
same meaning as in equation (1.) Substituting in
equation (2.) the value for I given in equation (1,)
we have:
wLe

E-7% @)

and dividing through by e we get:
E _ ol
e R

But, as stated previously, the ratio of Etoeis
the gain of the circuit. Therefore:

. wL
Gain = b3 4.)

This final expression indicates that, to obtain
greatest efficiency from a tuned circuit, it is essen-
tial that the ratio of the inductance reactance (wL)
to the resistance of the coil should be made as large
as possible.

1

|

L

L e
|

2O 5

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
usualily 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-
Holds any setting. Noiseless. 40-

quirements. A
watt rating. Ideal for motor control in television
reception.

There’s ¢ CLAROSTAT
for Every Purpose—

Whether your set is bome-built, custom-made, or
&a?{tory product; %ld or newd: goo?}.l bad, or ;2-
iflerent; it can be improved by the proper ap
plication of one or more _ROSTAT.S. 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.

cL AROSTAT
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ABOUT

AUDIO AMPLIFIERS
POWER AMPLIFIERS

THEN READ

John F. Rider’s

“A Laboratory Treatise on
Audio Amplification”

a treatise unparalleled in the radio field. . . . An
absolute requisite for the person building or design-
ing audio amplifiers.

Everything you wish to know about audio fre-
quency amplification is in this treatise. Resistance
—impedance and transformer audio amplifiers and
amplification are discussed to the “nth™ degree.
The book contains theoretical and practical data
of unsurpassed detail.

Every phase of audio amplification from the design
of the coupling units to the energy transfer between
the tube and the coupling unit is discussed. . . .
Learn how to get the most volume and best quality
from your audio amplifiers. . . . EVERYTHING—
ABSOLUTELY EVERYTHING about audio am-
plifiers is contained in this laboratory treatise .. .
It is sold with a money back guarantee. . . . If you
are not satisfied, your money is refunded.

Space does not permit a resume of the contents
of this book. . . . If you are interested in quality
audio amplification—If you are constructing audio
amplifiers—If you are designing audio amplifiers—
you NEED this book, since several complete
audio amplifiers are shown.

120 pages 83" x 11" profusely illustrated.
. . . Vital information on every page. . .
Information you cannot obtain in text-
books. . . . Price $2.00, postage 25¢c extra.

RADIO TREATISE CO.
270 Madison Avenue
New York City

Here is my $a.25 for
which you ;vill for-
ward postpaid a copy
of John F. Rider's
Audio amplifier trea-
tise.

Name .....
Address . ..
(efi370 000000 6000000000

No. 148

WHAT PARTS TO USE

THE introduction of the new a. c. tubes makes

possible the construction of an a. c¢. audio
amplifier with the necessary A, B, and C voltages
supplied directly from the light socket. The list
of parts necessary to construct such an amplifier
is given on this Sheet. The circuit diagram is given
on Laboratory Sheet No. 149.

JAn amplifier of this t. is well suited for use
with a small receiver consisting of one or more stages
of radio-frequency amplification and a detector.
The circuit_has been so designed that B voltages
for the r. f. and detector tubes can be obtained
from the audio amplifier device.

The following parts are necessary to construct
this amplier:

A[—A. . Tube, Type UX-226 (cx-326) or Equiva-
ent.

B—ux-171 (cx-371) or Equivalent.

T), Te—Two High-Quality Audio Transformers.

Tz?l;‘)iéall\nem-hghtmg ransformer to Supply
u 0

Te—Power-Supply Transformer Designed for use
in 171 Type Bpgower Units.

RADIO BROADCAST Laboratory Information Sheet

An A. C. Audio-Frequency Amglifier

L, L—Filter Choke Coils.

Ls+—Output Choke Coil

G, C—1-Mqd. Ig_y;,am Cendensers,

Cs, C—2 Mfd, Filter C ordensers,

Cs—4-Mfd. Filter ¢ ond:nser.

Ce C1, Cs—1-Mfd. Filter Condensers.
Ci—2-4-Mfd. Fixed Condenser.

Rr—30-Ohm Center-Tapn:d Resistance.
Rz—1500-Ohm Fixed Res.s:ance Capable of Carry-

ing 4 mA.

R;—2000-Ohm Fixed Resis:ance Capable of Carry-
ing 20 mA.
Rc—Tapped Resistance for Use in Output of B

Power Units.

In wiring this amplifier, be sure to twist the fila-
ment leads to the two tubes, to prevent hum, C
bias for the first tube, A, is obtained from resis-
tance Ry, and resistance R; supplies the output
tube with grid bias.

The input terminas of the amplifier should con-
nect to the output of the «etector tube, terminal
No. 1 connectiné to the plate and terminal No. 2
to the detector B plus.

To prevent hum it is essential that the negative
B be carefully grounced.

No. 149
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Circuit Diagram of an A. C. Audio Amplifier

1o

Input

2

o= |

To 110 Volts l

60 Cycle A.C. |! AR
— 1 Rg

Here is the circuit diagram of an all a. c. audio amplifier, The list of parts isgiven on Sheet No. 148.

No. 150

THE USE OF NEUTRALIZATION

IT HAS been pointed out many times that an or-
dinary three-element tube has an inherent ten-
dency to oscillate due to the feed-back that occurs
from the plate circuit to the grid circuit through the
grid-plate capacity, indicated by dotted lines in
the accompanying diagram. This diagram repre-
sents the circuit of a single-stage of tuned radio-
frequency amplification, using the Rice system of
neutralization, and the following explanation will
make clear why the tube tends to oscillate and why
the tendency to oscillate can be overcome by using
some system of neutralization.

When a tube acts as an amplifier, the voltage
developed in the plate circuit is greater than the
voltage originally impressed on the grid circuit

, consequently, if the plate circuit is coupled
to the grid circuit in any manner whatsoever, cur~
rent will tend to flow from the point of high poten-
tial, that is the plate, to a point of lower potential,
in this case the grid. If this current flowing to the
grid circuit has the same phase as the original sig-
nal impressed on the grid, then the grid voltage
will become somewhat greater and will be equal to
the original signal in the grid circuit plus the volt-
age induced in the grid circuit from the plate. An
increase in the grid voltage again produces an in-
crease in plate voltage which in turn reacts back
on the grid until the voltage is increased to a point
where the losses in the circuit are overcome, and
then the tuhe breaks into continuous oscillation.

It should be evident that if we can place in the
circuit some device that will impress a potential

RADIO BRoADCAST Laboratory Information Sheet
Oscillation Control

on the %rid kind of an equal and opposite to that
caused by the coupling be ween the grid and
plate, then the resultan: efi:ct will be zero and
the tendency for the circuit t- >uild up and break
into continuous oscillation w.l be nullified. The
Rice system of neutraliz:tion it one way of doing
this, the c::.ircuit fo’i_ hwhic :{ ;sl shown in the achcom-
nying diagram. The gi:d-plate capacity is shown
gIadottcd lines and t_l'ﬁs is the capacity through
which current flows from the plate to the grid cir-
cuit and which ordinarily cau-as the tube to oscil-
late, This capacity is neutralized in the Rice sys-
tem by connecting condenser (Cn as indicated.

Grid-Pla‘e Ca:acity

——taag
H "

ili-
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Single-Control

BOOSTING SENSITIVITY

ON LABORATORY Sheet No. 33, October, 1926,
some facts were given regarding the tandem
tuning of several condensers, to decrease the number
of controls. It was pointed out that, to obtain
single control, it is necessary to overcome the
effect of the antenna circuit in some manner,
and that a common method of doing this is as in-
dicated in sketch A on this Sheet. The owner of a
receiver of this type may greatly increase its sen-
sitivity by connecting a variometer between the
antenna and ground posts as indicated in shetch
B. This, of course, adds one more control to the set
but in those cases where greater sensitivity is neces-
sa{lz', the additional control is justified.

(he increase in sensitivity that results when the
variometer is used in the antenna circuit is due to
the fact that it brings the antenna into resonance
with the signals being received and the resultant
gain in amplification is practically equal to that
which would be obtained from an additional stage
of radio-frequency amplification.

In some cases when thic variometer is used, it
will be found that the receiver tends to oscillate,
or actually does oscillate, when all of the circuits
are brought into resonance. Fortunately, however,
most single-control receivers have a volume control
in the radio-frequency system and it will be found
that, by cutting down the volume control, <. point
will be reached where the set will stop oscillating
and usually the actual volume obtained with the
antenna circuit tuned will be mich greater than

that obtained before with the volume control turned
to the “maximum” position. The tendency of the
circuit to oscillate can also be lessened by some-
what decreasing the r. f. plate voltage.

1st.RF. 2nd. RF.

Np

[

®

alf
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Speech

SOURCES OF INFORMATION

THE nature of speech has been the subject of
many scientific inquiries and many of the in-
vestigations in connection with speech have been
recorded in various scientific_journals.

Back in 1873, Alexander Graham Bell, familiar
to us as the inventor of the telepnone, did con-
siderable work in analyzing speech and
vising methods of exhibiting the vibrations of
sounds opticallly,”” and much of the recent research
has been done by engineers and physicists associated
with the laboratories of the telephone companies.

A bibliography is given below of some of the im-
portant articles’ and books on the subject with
which we are familiar. This bibliography is by no
means complete in itself but if the references given
are studied it will be found that some of them con-
tain many references to other papers on the sub-
ject. I. B. Crandall’s article, in the October, 1925,
Bell System Technical Journal, in particular, con-
tains about twenty-six references to other sources
of information on speech and related subjects.

REFERENCE SOURCES
Bell System Technical Journal

C. F. Sacia and C. J. Beck; “The Power of Fun-
damental Speech Sounds.” July, 1926.

in “de-"

19%.5 B. Crandall: “Sounds of Speech.” October,

C.'F. Sacia: “Speech Power and Energy.” Oct-
ober, 1925.

Irving B. Crandall: *Dynamical Study of the
Vowel Sounds.” January, 1927.

C. R. Moore and A. S. Curtis: “An Analyzer
for the Voice Frequency Range.” April, 1927.

Journal of the American Institule of Electrical
Engineers

Jones; “The Nature of Lan, U:Fe." April, 1924.
Martinand Fletcher:"}ligh-(gu ity Transmission
2113514Reproduction of Speech and Music:” March,

Maxfield and Harrison: “Method of High-
Quality Recording and Reproducing of Music and
Sgggch Based on Telephone Research.” March,
1 .

Books

Miller: Science of Musical Sounds. Second Edi-
tion. Macmillan.

Sabine: Collected Papers on Acoustics. Harvard
University Press.
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Standard- and Constant-Frequency Stations

BROADCASTERS WITH ACCURATE FREQUENCIES

THE Radio Service Bulletin, published monthly
by the Radio Division of the Department of
Commerce, Washington, District of Columbia,
contains a list of standard and constant frequency
broadcasting stations as determined by the Bureau
of Standards. This bureau makes measurements on
an average of about three times a month on the
transmissions of a small number of stations and as
a result of these tests data are published in the
Bulletin on those stations which have been found to
maintain a sufficiently constant frequency to
useful as standards. These are known as **Standard
Frequency Stations.”” The list of *standard fre-
quency stations” is supplemented with a list of
“constant frequency stations.” No regular tests
are made on these latter stations but each station
in the list employs a special device, such as a crystal,
to maintain its frequency accurately so that they
can be generally relied upon to maintain their cor-
rect frequency.

STANDARD FREQUENCY STATIONS
Call Lelters Frequency Kc.

WEAF 610.00
WRC 640.00
wiz 660.00
WGY 790.00

WBZ 900.00
KDKA 950.00
WBAL 1050.00

CONSTANT FREQUENCY STATIONS
Call Letters Frequency Ke.

WMAQ 670
WJAD 670
wCCo 740
WTAM 750
WEAR

WBBM 770
KGO 780
KTHS 780
WCAD 820
WJID 820
WLS 870
WSM 880
WKAQ 880
KOA 920
KFAB 970
WBAA 1100
WHK 1130
WMBI 1140
WABQ 1150
WEB]J . 1170
KWUC 1230
KFVS 1340

YOU NEED ONE

If Your Line Voltage
is Unsteady

An Acme VR-2 automatic volt-
age regulator will keep your
quality good, your volume con-
stant, and save your money by
protecting the A.C. tubes in your
set from dangerous voltage
surges.

Many of the troubles with A.C.
operated radio sets are caused by
unsteady or fluctuating line volt-
age. Sets do not give proper
volume or good quality; tubes
burn out due to excessive line
voltage. A five percent overload
is claimed to decrease the life of
an A.C. tube sixty percent. Fad-
ing, due to changes in line voit-
age, is experienced and in some
cases howling or squealing is
caused by too low line voltage.

If you have any of the troubles
mentioned above, get an Acme
VR-2 automatic voltage regula-
tor. There are no tubes, liquids,
or moving parts to give out. It
delivers 110 volts to your set
constantly even though the line
may vary between 90 to 130
volts.

We are receiving letters daily
telling us of the wonderful im-
provements the YR-2 has made
in A.C. operated sets. Give your
set a fair chance to produce its
best. Besides, with tubes at two
fifty and five dollars each, the
purchase of an Acme VR2 is a
money saving proposition.

Buy an Acme VR-2 automatic
voltage regulator today and get
results.

List Price................CA $20.00

Acme Apparatus Corporation
37 Osborn St.
Cambridge, Massachusetts

ACME APPARATUS CORPORATION
37 Osborn Street Dept. RB
Cambridge, Massachusetts

Gentlemen:—1 am interested in your VR-
2 Voltage Regulator. Please send me
the following information;

[0 Address of nearest Acme dealer.

[J Bulletin No. 100 describing VR-2 in
detail.

—
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VITROHM 507-109

LONG LIFE

from AC.TUBES

It takes but a moment to in-
stall the Vitrohm 507-109 Unit
on your set. When it is there,
You are certain of longer tube
life and better reception from
any a.c. tube circuit. The
whole cost of this protection
is only $2.00.

This Vitrohm Unit automatic-
ally reduces excessive line
voltages to a safe value for
the a.c. tube filaments. It has
no moving parts, no manual
adjustments, does not get
dangerously hot, and, once
installed, may be forgotten.

The Vitrohm 507-109 Unit
consists of a special Vitrohm
(vitreous enamelled) Resistor
mounted in a sturdy, perfo-
rated metal cage. It is equipped
with a receptacle and plug.

Full protection from line volt-
ages to 135 is given by this
unit for all a.c. sets drawing
0.4 to 0.6 amperes primary
current.

Write for free information on this
and other Ward Leonard Radio
Products. Also see our advertise-

ments on pages 72 and 73 of this
book.

WARD LEONARD

A.C. TUBE INSURANCE

MOUNT
VERNON

ELECTRIC CO. new yonk

No. 154
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Resistors

DETERMINING WHAT SIZE TO USE

IN 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 X

(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 supply

C-bias to a 171-A type 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? i

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

MILLIAMPERES

Referring to the chart Jelow, we find that the
vertical line corresponding to 2000 ohms crosses the
horizontal line cor-espunding to 0.020 amperes
(20 milliamperes) a! the point indicaled between
the curves of 1.0 and 0.25 watt resistors. In such a
case we must, of course, arways use the larger size
and therefore in this case we should use the 1.0-
watt resistor.

70; T T

| |
! Relation Between l
MILLIA} "ERES,OHMS AND WATTS ~ |

= I O
. INEE
30 —'—— ——

. Voltage |
Reslﬂt&nceacunent in amperes 10} 4\@\_1 |
|
-.ﬁ)_. d | 0.125 Wali :1 [
D020 0 2000 4000 600. 80.0 10,000 12,000 14,000 16,000
=2000 ohms RESIT TANCE [N OHMS P
-
- =
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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 operaled, for voltages slightly above normal
produce a marked decrease in life. This is true of all
types of tubes, a. c. or d.c, storage-battery or
dry-cell-operated. In a battery-operated recciver
we are able to control the filament vollage 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 oblained 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 transformers are designed for a line
voltage of about 115 but in many communilies,
rural ones especially, vollages in excess of this are
frequently encountered. This higher line voltage
of course affects the output voltages of the filament
transformer so that the tubes are subjected to a
filament vollage above normal.

It is sugeested that experimenters workingon 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 norm al ‘and al other times normal
or below normal, it will be preferable to include in
the circuit a variable resistar ce in Lhe primary side
of the filament transformer having a value of about
25 ohms. In those cates where Lhe line voltage is
found to be above normal but constant at this value,
a fixed resistance may he placec! on the primary side
of the filament transforme- 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 wiil generall give satisfactory service on
somewhat less than the operzting voltage at which
they are rated.

When remedies for excessive line voltage, such
as we have suggested here, are made uce of, each
case must be treated rore or less individually, and
when, as is usually Lhe case, the line voltage 1s not
constant, a manually control ed resistance may be
essential. These facls have been appreciated by
many receiver and parts manufacturers. It is prob-
able that devices will soon he available Lo home
constructors which when placec in the primary side
of a transformer will automatically control the
voltage actually applied to 'he receiver, so that the
tubes will always receive rated voltage despite fluc-
tuations in the actual line v.| age.

e
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Wavelength-Frequency Conversion

A TABLE FOR THE BROADCASTING BAND

ON LABORATORY Sheet No. 157 is given a
wavelength-frequency conversion table cover-
ing the broadcasting band. Broadcasting is assigned
to channels 10 ke, apart on frequencies that are
divisible by 10. It is simple to use the table, If
we knew that some station was transmitting on
1000 ke, we can determine from the table the cor-
responding wavelength, which in this case is ap-
proximately 300 meters. The wavelength corre-
sponding to any given frequency can be determined
by dividing the frequency in ke. into 300,000,

A 10-kc. separation between broadcasting stations
is necessary to prevent bad interference between
two stations on adjacent channels. When a broad-
casting station is transmitting it actually uses a
band of frequencies (side bands) 10,000 cycles wide
—-5000 cycles either side of the * carrier* frequency.
The carrier frequency is the frequency assigned a
station by the Federal Radio Commission, but as
mentioned above, in the ordinary process of modula-
tion a frequency band 10,000 cycles wide is used.

When a station is transmtt:ng it also radiates a
frequency exactly double its czrrier frequency. The
additional wave is called the sacond harmonic, being
equal in frequency to the ca-ier frequency multi-
plied by two. Careful design and operation of the
transmitter will keep (hesc harmonics small in
amplitude and this is essent.al if interference is to
be J)reventedA If a station transmits on, say, 600 kc.
and also radiates a strong seccnd harmonic with a
frequency of 1200 ke., it will :nterfere with another
ls(t.at.ion transmitting on a carrier frequency of 1200

c.

Any radio station might be considered to have
two ranges; first the broadcast.ng range, being the
distance area over which the program on the station
may be received satisfactorily and, secondly, the in-
terfercnce range, being the area over which a station
causes interference due to tte production of a
heterodyne whistle between its carrier and the
carrier of another station. The first range is much
smaller than the seconc and 2 station having a
service area of 100 miles wil. have an interference
range of probably about 1000 miles.
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CIRCUIT CONSTANTS

THERE have been many requests from readers
for further information on the Roberts 3-tube
receiver illustrated in the August, 1927 issue of
RADIO BROADCAST on page 204. This recciver is a
reflex set consisting of a stage of r.f. amplification,
a regenerative detector, one stage of reflexed
transformer-coupled audio amplification, followed
by another straight audio stage. The circuit, which
was not given in the article mentioned above, and
which many readers have requested, is published
on Laboratory Sheet No, 159. The list of parts is
given below.

L, Lr—R. F. transformer. L, may consist of 45
turns of No. 24 wire wound on a 3-inch
tube. L1 should contain 40 turns of No. 24
wire with a tap at each 10 turns. L, should
be wound alongside the filament end of Lz.

Ls, Li, Li—Interstage r.f. transformer. Li and L4
have the same specifications as L1 and L,
with the exception that Li should be wound
with No. 26 or No. 28 wire and should only
be tapped at the exact center instead of at
every 10 turns. That end of Ls nearest the
grid ‘end of L should connect to the plate
of the r.f. tube, the center tap connects to
transformer T, and the other end of L con-
nects to the neutralizing condenser. Ly is a

No. 157 RaDIO BROADCAST Laboratory Information Sheet
Table for Wavelength-Frequency Conversion

Kc. METERS Kc. METERS l Kc METERS Kc. METERS
550 545.1 800 374.8 1,050 285.5 1,300 230.6
560 535.4 810 370.2 1,060 282.8 1,310 228.9
570 526.0 820 365.6 1,070 280.2 ,320 227.1
580 516.9 830 361.2 1,080 277.6 330 225.4
590 508.2 840 356.9 1,090 275.1 1,340 223.7
600 499.7 850 352.7 1,100 272.6 1,350 222.1
610 491.5 348.6 1,110 270.1 1,360 220.4
620 483.6 870 344.6 1,12 267.7 1,370 218.8
630 475.9 880 340.7 1,130 265.3 1,380 217.3
640 468.5 890 336.9 1,140 263.0 1,390 215.7
650 461.3 333.1 1,150 260.7 1,400 214.2
660 454.3 910 329.5 1,160 258.5 1,410 212.6
670 447.5 920 325.9 1,170 256.3 1,420 211.1
680 440.9 930 322.4 1,180 254.1 1,430 209.7
690 434.5 940 319.0 1,190 252.0 1,440 208
700 428.3 950 315.6 1,200 249.9 1,450 206.8
710 422.3 960 312.3 1,210 247.8 1,460 205.4
720 416.4 970 309.1 1,220 245.8 1,470 204.0
730 410.7 980 303.9 1,230 243.8 1,480 202.6
740 405.2 990 302.8 1,240 241.8 1,490 201.2
750 399.8 i 299.8 1,250 239.9 1,500 199.9
760 394.5 1,010 296.9 1,260 238.0
770 389.4 1,020 293.9 1,270 236.1
780 384.4 1,030 291.1 ,280 234.2
790 379.5 1,040 288.3 1,290 232.4
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The Three-Tube Roberts Reflex

movable tickler coil consisting of 20 turns of
No. 26 on a 1} inch tube.

T, Te—Any good audio transformers.
Ts—Any good output transformer.
C1, C—0.0005-mfd. variable condensers.
S;——Antenna tap switch.
S: —Filament switch,
Ji—Double-circuit interstage jack.
Ja—Single-circuit jack.
V—Volume control, 50,000-ohm variable resistance.
Csr Neutralizing condenser, 0.000015 mfd.
Cy—Grid condenser, 0.00025 mfd.
Ry—4-megohm grid leak.
R:—10-ohm rheostat.
Rs—O0.5-ampere fixed filament control resistance.
C+—0.001-mfd. fixed condenser.
Cs—0.0001-mfd. fixed condenser.
Cs—0.00025-mfd. fixed condenser.

Eleven binding posts

Three sockets

Hook-up wire

For best results a power tube should be used in
the last socket. If a 171 type tube is used with 180
volts on the plate, the C bias required is 40.5 volts.

When the receiver has been completed it should
be neutralized by tuning-in some station, adjusting
the tickler until the detector oscillates and a whistle
is heard and then varying the neutralizing condenser
until the whistle changes in pitch the least amount
(its, lgudness will change considerably) as C is
varied.

I
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The Three-Tube Roberts Reflex

VITROHM
RESISTORS

FOR EVERY REQUIREMENT

You can now choose a perfect re-
sistor combination for any standard
power pack from the new Ward
Leonard radio line of 9 units.

This complete line is listed below.
If your requirements are special,
or if you require resistor informa~
tion, bear in mind that Ward
Leonard will gladly fill any order
regardless of size, and will freely
give information on this subject
without obligating you.

Fixed Voltage Dividers.
and Bias Resistors

VITROHM VOLTAGE DIVIDER

For use in 400-500 volt circuits.
Supplies approximate voltages of
45, 67, 90, 135, Max.

VITROHM VOLTAGE DIVIDER

For use in 180-250 volt circuits.
Supplies approximate voltages of
22, 45, 67, 90, 135, Max.

VITROHM BIAS RESISTOR
2250 ohms, 507-16............$1.25
For use in the plate return of 112A
and 171A tubes for supplying the
correct grid bias voltage.

VITROHM BIAS RESISTOR
375 ohms, 507-82............. $1.75
A tapped resistor for supplying low
bias voltages. Used in the common
plate return. Consists of 25, 50, 100,
and 200 ohm steps in series,

VITROHM RESISTOR
20 ohms, 507-53........ vee.. . 81,25
A center tapped resistor for use im
all circuits.

Adjustable Voltage Dividers
and Bias Resistors

VITROHM DUAL ADJUSTAT...$8.50
A universal voltage divider described
on page 72.

VITROHM BIAS ADJUSTAT
1000 chms................... $3.000
For use in the plate return of single
and push-pull 250, push-pull 171 and
push-pull 210 tubes for supplying
correct grid bias voltages.

VITROHM BIAS ADJUSTAT
2000 ohms................... $3.50°
For use in the plate return of single
and push-pull 112, single 171 and
single 210 tubes for supplying correct
grid bias voltages.

WARD LEONARD MQUNT
ELECTRIC CO. new York
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WARD LEONARD

e Vizrofom
Dual A djustat

R

UNANANY %
AT
oLl £

;

A UNIVERSAL VOLTAGE
DIVIDER FOR RADIO
POWER-PACK CIRCUITS

The Ward Leonard Vitrohm *Dual
Adjustat is a voltage divider for use
in circuits where adjustment of
intermediate voltages is desirable.

It consists of two fixed sections,
each in series with an adjustable
section. This fixed section has 16
steps of resistance which are cov-
ered by two contact arms. Adjust-
ment is made by means of a screw-
driver.

The Dual Adjustat is arranged for
either back of panel or base mount-
ing. It is, of course, wire wound and
vitreous enamelled — assurance of
long life and satisfactory service.

e _
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Line Voltage Variations

EFFECT ON TUBE LIFE

LETTERS 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 type tube
should be at least 1000 hours. The probable cause,
in many cases, of such short life is excessive filament
voltage. L X
The transformer in a power unit is designed gener-
ally to operate with a line voltage of 110 volts a.c.
With this voltage across the ?nmary the voltage
across 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
across 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 voltage 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 guarded against
however, if a norn al length of life is to be obtained
from any tube.

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

These problems, brought about by inconstancy
of line voltage, are beconing 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 the
voltage actually appiied to a power unit. The type
886 tube is a devic: of the sort, designed to insure
constant input to power operated radio receivers,
despite fluctuations in 1 ne voltage. Several devices
to accomplish reguiation by other means are also
being developed by other manufacturers and will
probably be available shortly.

No. 161
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Comparing the 112, 171, and 210 Type Tubes

THEIR RESPECTIVE OUTPUTS

ON LABORATORY SHEET No. 162 are shown
_three curves that indicate an interesting re-
lation between the three most common types of
power tubes, i.e, the 112, 171, and 210 types. The
curves indicate the relation hetween the power out-
put of the tubes and the value of the signal voltage
impressed on the grid. The plate impedance and
amplification constants of the 112 and 210 t{ge
tubes are practically identical and, therefore, the
curves for these two tubes coincide from zero up
to that point corresponding to the maximum output
power of the 112, which is approximately 195 milli-
watts, or 0.195 watts,

If a vertical line is drawn at any point on the
curve, for example, at A, the points at which this
line crosses the various curves will indicate the
power output obtained from the particular tube
associated with the curve being examined. In this
particular case, line A, drawn at the point corre-
sponding to a signal voltage on the grid of 15 volts
indicates that, with this value of signal voltage,
the power output of a 210 tube with 425 volts on
the plate is approximately 0.34 watts. The power
output of a 171 at the same point is approximately
0.1 watts, The maximum grid voltage that can be
impressed on a 112 without resultant output dis-
tortion is about 10.5 volts and, therefore, a 112
tube cannot be used if the signal input voltage is
greater than this value. At B we have drawn

another line corresponding to a signal on the grid
of 8 volts. Here we find that the power output of a
112 is approximately ().1 watts and the power out-
put of a 171 about 0.0 watts. It is therefore evident
that at low values )f input voltage a 112 tube is
capable of putting more power into the loud speaker
than is a 171. If the signal voltage, however, is in
excess of 10} volts, he 112 cannot be used and the
cboice then lies between the 210 and the 171. The
curves indicate that the 210 will give much more
power output than a4 171 but it should be realized
that much greater plate voliages are necessary on
the 210 than on the 1 71. With 180 volts on the plate
the 171 can deliver approximately 740 milliwatts of
power, but 250 volts on the plate of the 210 will
only permit this tube to hundle signal voltages l:ﬁ
to 18 volts and the maxirmum output power wi
be only 460 milliwat s. From these data the follow-
ing conclusions can he arrived at:

(1.) For input signals or. the grid of the power
tube of 10 volts or less the 112 tube will deliver
the most power to the loud speaker.

(2.) When more rower oulput is required and only
moderate plate voltages are available (not in excess
of 200 volts) a 171 is capable of giving greater
output than can be o"tairec from a 210 under sinmi-
lar conditions of plate voitage.

Where high plate v»jtages around 400 volts
are available the 210 should be used and under the
same input signal it wil give approximately 2}
times as much power as can e obtained from a'171,

=

*Two types of Dual Adjustats are avail-
able: One for circuits having outputs of

e

approximately 425 volts, and another for No. 162 SRS L SR E g P T B
circuits having outputs of approximately
200 volts. In both types, all common fixed 112, 171, and 210 Tube Curves
and adjustable voltages are available with ]
the standard hookup. 16 1 ,
Write for free information on the 14 B & — %
Dual Adjustat and other Ward RADIO BROADCAST /.70,
Leonard Radio Products. Our other 12 LABORATORY — 2 =
advertisements on pages 71 and 73 - ’
will interest you. 5 10 "’
& 7’
™ ::; 08 e
[ & het T
o ’ 71
0 E 27 (160 Voits)
z 06 " 4 —
”
» PRe
04 112 l;*'—— 210
(137.Volts) , P (250 Volts) [
02 i T —
-— {-*
o
) 0 10 20 X 40
PEAK SIGNAL VOLTAGE ON GRID OF TUBE
WARD LEONARD MOUNT indi
VERNON the 115, 171, 30 310 13 pe-tubes varies wirh By
', ) S W i
-E LE CTR l C CO- NEW YORK ent values of signal volt};ge on the grid of the tube

The significance of these curves is explained in de-
tail on Laboratory Sheet No. 161.

ELECTRIC CONTROLS

Enem—
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No. 163

Get the Most Out
of Your Tubes

Use This Table
For Tube Information

Testing Receivers

detector lead on this receiver and terminal No. 2
on the modulated oscillator to B — on the receiver.
Turn on the receiver and audio circuit of the modu-
lated oscillator and adjust potentiometer P to
give an output of medium intensity from a loud
speaker connected to the output of the audio
amplifier. A defect in the amplifier is indicated if

USING THE MODULATED OSCILLATOR

THE accurate determination of the characteristics
of a radio receiver requires a careful lahoratory
test, but it is possible to construct comparatively
simple apparatus of much practical value for the
testing and repairing of receivers. The instrument
that will enable us to make such tests is the modu-

1 at: ed-oscillatoc:l'. F{"m a Julated ?lscglator ‘g: ‘%33 the output is low or distorted or both. - : -
obtain an audio-frequency tone which can { R i ament e
into the input of the audio amplifier in a radio re- (2.) Radio-Frequency Amplifiers. | TUBE Current A_F;pf‘r:e m TUBE
ceiver and the functioning of the audio amplifier A test of the r.f. amplifier of a receiver is accom- “Voits™
thus checked, or by turning on both r.f. and al.  plished by first placing all the tubes in the receiver | Radlotron Amperite Canclngham
oscillators we can obtain a modulated wave which  and connecting all the batteries, and then windin A 2 No. 1A s CXx301 A
can be used to test both the r.f. and a.f. circuits, fi 5 ; -201 A i C-301 A
Al o Ust . about two turns of insulated wire around the coil Radiotron - T
| The circuit diagram of a modulated-oscillator  on the oscillator, connecting the other end of this UX-200 A 25 Amperite . XSO0 A
will be found on Laboratory Sheet No. 164. The  yire to the antenna post on the receiver. The Ux-240 No.14 ©X-40
following p?ragraﬂp'hs will explain how to use the  qgcillator should be located about ten feet away from R I Amperite anninghar
instrument for testing recelvers. }.he éeceiw(tl:ln If the a.f, ar;g r.f. Lubgs 1}111 the modu- UX-171 A No.1A ¢ XA
A R ated oscillator are turned on and the receiver’s Radiotron , ]
(1) Audio Amplifiers tuning circuits adjusted to resonance, an audio- HBlH -5 ‘&’:‘f‘ﬁ‘{ . S
Place all the tubes in and connect all the batteries  frequency tone should be audible in the output, = ks €x-311
to the amplifier. Do not place the detector tube in Since the a.f. amplifier in the receiver was tested "ﬁ;'('fz"é" 125 /l{:,npent; . Cunningham
its socket. Connect the Jplate terminal of the de-  previously, any defect in the operation of the re- | o. 622 Cx-
tector tube socket to audio output terminal No. 1  ceiver must be located in the r.f. amplifier or de- “ﬁ;‘j’z‘g" 108 ’g’::”‘z’i,%' 1.5V | Cunningham
on the modulated oscillator. Connect both the B - tector circuit. ack Tan Cx-328
Radiotron Amperite 25V Cunningh:
uv-227 178 No. 227 Tan i
Radiotron - Cunningham
i Amperit g
et %l NG 4 V.109 || dords | CXzse
X158 08 Amperite A unnlfznh.ml_'
[ —— — Uv-199 No. 6V-199 C-299
- uX-120 Amperite 2018 on
CX.220 12 No. 120 o8 | “gvons
No. 164 RADIO BROADCAST Laboratory Information Sheet oy Amperite . ungingharm
WX.12 No. D-11 CX-12
. Any 14 Amp, 25 Amperite Any 201 A
A Modulated-Oscillator - S No. 14 $ | TeTune
e | % | NorTis L A
0.0012 mfd. gy AF. Oscillator AB'V‘r‘L'}" = Amperite R !F‘MA:\."y
. Tul 4
Push-pull Output (P " prer No: S'A Coatra}
é Transformer g’ - _s’v'/ fuoe | 0 Rmperite [ Elctric
0 Any 200 A Amperi
S g | e b4 013 Tyve Tube No 1A & | 1o Fube
oS L= -]
z = o9 —— i £
g0 O we l B 0.001 mfd. Q23 :
3 I3
= AF.
= | There is an AMPERITE
~ Sw.
< ) | For Every Tube
All the constants of the apparatus used in the part
instrument are given on the diagram. Some in- | -
formation on the use of this instrument will be wi t h a
found on Laboratory Sheet No. 163. The frequency
of the audio-frequency oscillations can be varied by
using various values of capacity across the push- B I G
pull transformer.
AMPERITES take little
Zah i, space, but they control
No. 165 RaDIO BrROADCAST Laboratory Information Sheet gt the very life blood of
] B your receiver hyl auto-
matically regulating
Audio Amplification [ the tube filaments.
5 It pays to use AMPERITE—
Jetglan] pay
. . ] aey the only self-adjusting resis-
GENERAL CONSIDERATIONS design two units to have a flat characteristic and | 5 el
then arrange the circuit so carefully that regenera- ‘ tance for "A” current. Muin
AN AUDIO system can be considered satis- tive effects will not be present. This necessitates tains filament temperature at
factory if it amplifies the signals impressed on  feeding all the grid and glate circuits through resist- proper voliage despite varia-
its input sufficiently to operate adequately a loud  ances or choke coils and bypassing all the circuits tiona in supply. Essential with
speaker and does so without distorting the signals with condensers, eliminators. Entirely unlike
to an extent sufficient to become apparent in the Some recent audio transformers are designed to fixed resistors. Instantly inter-
output of the loud speaker. Such performance can have a fairly sharp cut-off at about 5000 cycles to changeable. Banishes hand-
only be realized when the amplifier has been cor- reduce the effect of various extraneous sounds, i B’ i 11
rectly designed and is operated properly. such as tube noise, high-frequency heterodyne rhe“‘f“"- cautiliespane’ lny-
The overall frequency characteristic of an ampli- whistles, etc., which are composed mostly of fre- out. Saves wiring. A type for
fier is frequently quite dissimilar to the characteris- uencies above 5000 cycles. Frequencies above every tube —battery or A. C.
tic of a single stage. This is especially true of trans-  this value add little to the quality of the speech or $1.10 with mounting (in U.S.
former- or impedance-coupled amplifiers and is  music and can therefore be eliminated without in- A.), at all dealers.
probably due. in most cases, to coupling in the plate troducing noticeable distortion. It is doubtful
supply. Regenerative effects are thereby introduced whether the majority of broadcasting stations them-
into the circuit, which may produce considerable  selves transmit notes of more than 5000 cycles in /1‘2' adiall eompatp/
changes in the frequency characteristic of the audio  frequency. . 50 FRANKLIN §T., NEW YORK
system. Such effects are also present, at times, in Also many amplifiers have a tendency to oscillate
resistance-coupled amplifiers and generally cause at very .hi%h audio_freguencies and sometimes at EREE
such an amplifier to *“motor-boat.” i supersonic frequencies. If the amplifier is designed, ** Amperits Bluo
The solution of such difficulties is either to design however, to give little or no amplification to fre- Book''  of mew
the amplifier so that with the regenerative effect av_.‘x:ncxes ‘much above 5000 cycles, this tendency of f;.'i]'.‘.’f:'&ﬁfa'.'""' /
present the system has a flat characteristic or to amplifier to oscillate will be nullified. W;:-‘L Lll-lpb.
PERITE
MECGN, & T c.-p'/
e, 2 9
The "SELF-ADJUSTING” Rheastat
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I NORDEN-HAUCK

SHIELDED

Super-10

Licensed under Hogaun
Pat. 1,014,002

“Highest Class Receiver
in the World”

10 Tubes
Totally shielded
Long range
Super-selective
Unlimited Power

Removable R. F. Transformers
for all wave lengths up to 25,000
meters

Five 222 screen grid R. F.
amplifiers

200A detector

4-stage Power Audio Amplifier
Push-Pull System

Meters on Panel
Electric or Battery Operated

A precision laboratory instru-

ment. Material and workman-

ship conform to U. S. Navy
standards

Complete attractive illustrated
literature sent on request.

Full size genuine Blue Prints
$2.00 Postpaid.

Write, telegraph or cable today.

Norden-Hauck, Inc.

Engineers
Marine Building, Philadelphia, Pa.

Builders of the Hijhest Class Radio
Apparatus in the World

Cable—Norhauck
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No. 166

Acoustics

DAMPING AND REVERBERATION

THE quality of reproduction from any loud

speaker depends to a considerable extent upon
the room in which it is used and upon the room’s
furnishings. The reason why the room and its
furnishings influence the output of the sound gener-
ator, whether it be a piano, phonograph, or a loud
speaker, is not difficult to understand, and will be
explained briefly here.

n an average room the sounds from a piano, for
example, are somewhat damped by the hangings,
carpets, furniture, etc, so that they decrease to
inaudibility quite rapidly. When the furniture,
rugs, etc, are removed and the piano is permitted to
stand on the bare boards, the sounds from it will be
prolop%ed and the music will become jumbled,
especially when playing forte. This effect is due to
the ahsence of the furniture, which normally acts
as a damping agent, and alsodue to the fact that the
piano is resting directly on the floor so that the latter
acts to increase the effective area of the sound board.
The sounds produced by the piano when it isin direct

.
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contact with the floor will be somewhat louder than
usual, indicating increa<ed efficiency.

Under any given rocry conditions the rate at
which a sound die: away is the same whether the
sound at its beginning s loud or soft. However,
the time taken for the sound to become inaudible
depends upon tbe loudness of the original sound and,
of course, the louder the sound, the longer it will
take to decrease in volume to a point where it is
inaudible. In a rcom coataining furnishings that
cause considerable damping, we may, therefore,
play much louder than in an unfurnished room,
without causing any excessive blurring.

A room can be too comérlctely damped, when the
glaying will sound “dead.” A certain amount of

lurring or intermingling of succeeding chords is
considered good, for it adds coloration tothe music.

The importance of these matters in relation to the
design of the studios in broadcasting stations is
evident. The correct amount of damping must be
obtained to prevent deadening the music (too much
damping) or to obviate ditficulties due to reverber-
ation (too little damping )

-
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Resonant Circuits

GAIN AND SELECTIVITY

THE current at resonance in a tuned circuit is
equal to the voltage induced in the circuit di-
vided by the total resistance of the circuit. The
actual capacity of the condenser or the inductance
of the coil used in the circuit do not enter into the
calculation once the induced voltage and the
resistance are known. The voltage across the
coil in the circuit is equal to a
constant times the current times

RADIO BROADCAST Laboratory Information Sheet

‘The selectivity of a tuned stage in a receiver de-
pends upon the series resistance of the circuit;
with low-resistance circuits_the selectivity is good
while with high-resistance circuits the selectivity is
poor. The curves on this Sheet indicate the effect of
resistance in the tuned circuit. Curve 1 shows the
characteristic of a very low-resistance tuned circuit
and curve 2 a comparatively high-resistance circuit.
Since practically all of the resistance in a tuned
circuit is in the coil, it follows
that carefully constructed, faisrelg

the inductance of the coil and,
the voltage is, therefore, larger
the greater the inductance of
the coil. Since a vacuum tube is
a voltage rather than a current
operated device, it might appear
that best results, i.e., greatest
amplification, would ob-
tained by making the coil very
large. When we increase the in-
ductance of a coil by adding to
the number of turns, however,
we also increase the resistance
and the increase in resistance
nullifies to some extent the ad-

VOLTAGE ACROSS TUNED CIRCUIT

“low-ioss* coils should be u

in a radio-frequency circuit.

A coil can made soO g

&s to cat “side-bands,” how-

ever, and thereby distort the

received signal head-band su

F'msi(n results in the loss of t
igh audio frequencies in the

modulatad wave.

If the ratio of the inductive
reactance of the coil (6.28 times
the frequency times the induc-
tance of the coil) to the radio-
frequency resistance of the coil
at the sume frequency is made

vantage gained through the use 0 2
of a larger coil.

1 much more than 250, distortion
of the “side-bands™ results.

No. 168

The Ear

ITS CHARACTERISTICS

THE characteristics of the human ear have been

determined and investigated by many different
scientists, and some of these characteristics are
given below: i .

(a.) There is a minimum sound intensity below
which the ear cannot detect any sounds. A curve
was published on Laboratory Sheet No. 109, in-
dicating how this minimum audible intensity varied
with frequency.

(b.) There is a maximum intensity of sound above
which the auditory sensation is one of pain rather
than sound. The intensity and its vanation with
frequency was also explained on Lab Sheet No. 109,

(c.) There is a lower limit of the pitch of a sound
below which the ear will not respond. This lower
limit is about 20 cycles. )

(d.) There is an upper limit to the pitch of a sound
above which the ear will not respond. The upper
limit is about 20,000 cycles.

RADIO BrOADCAST Laboratory Information Shee:

(e.) The ear can distmyuish between about
300,000 separate sensation: of sound.

(£.) The ear can respond to pressure changes be-
tween the pressure required to produce a minimum
audible sound and a pressire 100 million times
greater. These two pressures correspond to an
energy ratio of 10,000 trillion

(2.} The ear can distinguish between the loud-
ness of various sounds At lcw levels of sound in-
tensity a change of about 23 per cent. is necessary
to be distinguishable. A eater intensities a
c}}:ange of 10 per cent. in loulness is detectable by
the ear,

(h.) The ear can distinguish between the pitch of
various sounds. At medium frequencies a change in
frequency of about 0.0 per cent. can be detected;
at low frequencies a change ¢f about 1 per cent. is

necessary. L

A knowledge of these characteristics is useful to

I.ihe student interested in problems of sound repro-
uction.

-
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The Type 222 Screened-Grid Tube

CONSTRUCTION

’I‘HE new type 222 screened-grid tube is de-
signed especially for use as a radio-frequency
amplifier and when used as such it is capable of

iving greater amplification than can be obtained
ﬁom other tubes. A receiver using these tubes does
not have to be neutralized. This Laboratory Sheet
gives details regarding its construction.

The arrangement of the ele-
ments as we look down on a
type 222 tube is indicated in
the drawing on this Sheet. At
the center is the filament, A,
consisting of a single straight
wire. Surrounding the filament
is the control or signal grid, B.
The plate, D, is located be-
tween C and E, which are two
comparatively coarse ‘‘screen
grids,” The filament terminals,
the plate term.inal, and the extra
grid terminal (grids C and E are
connected together inside the
tube), are brought down to a

The amplification constant of this new tube is of
the order of 200 to 300, the mutual conductance is
about 300 micromhos, and its plate impedance is
around one megohm. These values will vary widely,
depending upon the voltages. The amplification of
the tube in an r, f. circuit may average about three
times that possible with a 201-A type tube. Three
times as much amplification in the r.f. stage is equiv-
alent to 81 times as much power in the loud speaker.

When a 201-A type tube is
used as an r.f. amplifier there is
a strong tendency for it to oscil-
late, due to feed-back through
the grid-plate capacity. The
plate of the type 222 is shielded
from the signal grid by the
screen grid C-E, and the tend-
ency toward oscillation due to
feed-back through the tube is
practically nullified,

The general characteristics of
the tube, and the correct volt-
ages to employ when it is used
as an r. f. amplifier, are given
below:

standard four-prong base. The Filament Volts. . .......... 3.3
signal grid, B, is connected to a Plate Voltage ....... 90 to 13
small brass cap on top of the Screen-Grid Voltage. . . ... +45
tube. Signal Grid Bias —1 to-1.5 volts
No. 170 RADIO BROADCAST Laboratory Information Sheet

Selectivity and Sensitivity

+ DESIRABLE CHARACTERISTICS

’I‘HE ideal receiver should be as selective as is
possible; that is, it should receive a channel of
frequencies 10,000 cycles wide (or only 5000 cycles
wide in the case of single side-band transmission)
equally well, but should not receive other frequen-
cies at all. A receiver for reception of broadcast
programs cannot be made any more selective than
this without impairing the quality of reproduction.
When a receiver is this selective, it will offer a bar-
rier to all frequencies except those lying in the chan-
nel to which it is tuned.

The ideal receiver should not need to be any
more sensitive than is necessary to amplify inter-
fering noises to more than tolerable loudness under
conditions of least interference, When the inter-
ference is greater, the sensitivity should be cut
down to keep these noises from becoming objection-
ably loud. In summertime the interfering radio
waves manufactured by nature are generally the
strongest.

Assuming that an ideal radio receiver is available,
there is only one way left (other than the invention

=

of a static eliminator or reducer) to reduce inter-
ference to any further extent and thereby increase
the distance over which satisfactory reception is
possible. This second method of reducing interfer-
ence is through the use of increased power at the
transmitting station. If the signal strength at any
given location is increased, the ratio between the
signal and the static is thereby increased and re-
ception in this way made freer of interfering noises.
Just as in the case of land wire telephony, however,
we will probably never be able to put enough power
into the ether to give good transmission across the
continent in spite of bad interference.

In so far as sensitivity and selectivity are con-
cerned, the super-heterodyne type of receiver is
probably the most desirable, These characteristics
in a receiver of this type depend, however, in large
measure on the design of the intermediate-frequency
amplifier. This amplifier can be designed only to
amplify a very narrow band of frequencies (a good
design for reception of code signals), or, by the use of
band-pass filters, the equal amplification of a band of
frequencies can be accomplished (a satisfactory de-
sign for the reception of ordinary broadcast signals).

No. 171
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The Type 112 and 171 Tubes

FURTHER COMPARISONS N

’I‘HE two types of power tubes best adapted for
medium B voltages are the type 112 and the
type 171. The former tube, introduced first, came
into immediate favor, and for a time was more
popular than the type 171. This initial preference
was due to several factors, the most important ornes
being, first, the fact that the voltages re uired by
this type were identical with those required by type
201-A tubes, and therefore, the tube could be sub-
stituted without battery changes. Secondly the horn
type loud speaker, generally more sensitive than the
cone loud speaker, was still popular, and there was
less necessity for the greater power output given
by the 171. A third factor was the misapprehension
ut battery voltages, many not realizing that
although the 171 could be used to best advantage at
the maximum voltage of 180 volts, the quality eof
reproduction was equally good at 135 volts, and
the volume ample for average home service.
During the current season the standing of the
two tubes is rapidly being reversed, the type 171
assuming the leadership, partly because of the large

number of new receivers for which the tube is
specified, and partly because of better facilities for
using the tube to its best advantages. As improve-
ments in audio amplification and in loud speaker
design are made, the advantage of using this type
of tube becomes increasingly apparent. The higher
frequencies are usually reproduced satisfactorily by
any type of output tube, but to secure full undis-
torted reproduction of low frequencies, or the bass
notes, a tube having low internal resistance, such
as the 171 is required,

In installing the 171, the first precaution with
which the user has to become familiar is the use of
a high grid biasing, or C, battery voitage—from
164 to 40} volts, depending upon the B voltage used.
With general purpose tubes, which the power tubes
replaced, the use of a C battery was to a large extent
optional with the user, although the fact that better
quality was obtained with this battery was gener-
ally recognized.

boratory Sheets Nos. 161 and 162 gave some
interesting data and curves on the type 112 and 171
tubes. The 210 type tube was also covered in these
latter sheets.
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Sensational

New Tubee

Sonatron 171 AC to Replace
the 171 or 171A in AC Sets

Offered only by Sonatron

Recognizing that the X171 and
X171A did not give perfect re-
sultsin AC sets, especially in the
matter of long life, Sonatron’s
engineers have perfected a tube
based on the requirements of
AC circuits. This tube has a
special platinum oxide coated
filament, and retains all the
characteristics of the X171. This
new tube offers far longer life,
greater volume and a correspond-
ingly improved tone quality.

ALREADY
A Sensational Success!

Many thousands of these tubes
are already in actual use, and it
is significant that there has not
been a single instance in which
these tubes have been returned
because of dissatisfaction.

The World’s Largest
Radio Tube Line

| SONATRON TUBE COMPANY
88 Eighth Avenue |

16 Hudson Street
New York, N. Y. Newark, N. J.

108 W. Lake Street, Chicago, Illinois

|
’|.

|
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AME TRAN PF-250

-Power Transformer
for
UX 250 Power Tubes

A husky transformer built for doing
the job, not for looks. At a plate volt-
age of 450 and a negative grid bias of
84 volts a single UX 250 power tube
takes 55 milliamperes plate current,
and two of these tubes connected
push-pull would take 110milliamperes.
Add to this, 30 to 50 milliamperes
which may be required by other tubes
in a receiver, the plate supply should
be capable of delivering 160 milli-
amperes. When the plate voltage is
450 and the grid bias 84 volts, the
maximum D. C. output of the filter
circuit should be 534 volts. Two UX
281 rectifying tubes operating full
wave with a plate voltage of 600 to
650 each, are required to handle this
current and voltage.

AmerTran Power Transformer Type
PF-250 rated-at 1200-600 volts A. C.
plate winding, delivers sufficient ex-
cess voltage for the maximum require-
ments with a winding capacity in
excess of 160 milliamperes. There are
two 714 volt center tapped filament
windings, each having a capacity of 3
amperes continuously. The primary is
designed for use on 50 or 60 cycle, 115
volt circuits and has taps for 100, 110,
115 and 120 volts.

AmerTran power transformers are all
designed with low core density which
results in minimum hum due to stray
magnetic fields, minimum mechanical
vibration of laminations, and low core
loss. These desirable features are not
possible in small, cheaply designed
transformers. All AmerTran power
| transformers are provided with ;
copper ground shields be- |
tween the primary and
\ all other windings.

sprass==—

—

Ask for Bulletin No. 1033 describing
fully the PF-250.

Price, each—$30.00
Slightly bigher West of Recky Mountains

American Transformer Co.

| Transformer Builders for more than 28 Years

286 Emmet St., Newark, N. J. l'
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A Simple Wavemeter

CONSTRUCTION AND CALEIBRATION

AWAVEMETER is a very useful asset to the
laboratory of any radio experimenter. A coil of

wire and a condenser, connected together properly,

are all that is required to make this instrument.

The circuit diagram of a wavemeter is given on
the curve published herewith. It is evident from the
diagram that the coil is simply connected across
the condenser, The coil should preferably be a
solenoid wound on a piece of tubing so that it will
be able to withstand some abuse without an
alteration in its_inductance, and should have suﬂ‘z
cient number of turns tocover the frequency band it
is to be used on.

The construction of the wavemeter presents no
problems. The method of calibrating it and plotting
a calibration curve may, however, require some
explanation. The procedure is as follows:

(1.) Set the wavemecter at a distance of about
two feet from your radio receiver.

(2.) Take the lcad from the antenna and wrap
one turn around the coil of the wavemeter and
then run the antenna lead over to the regular
antenna t on your receiver.

3.) urn on the receiver and tune-in the
signals of some station. Now slowly revolve the
dial on the wavemeter and at some point on the
dial the signal output of the recciver will de-
crease. Note the reading on the wavemeter con-
denser dial which cuts out the signal most com-
pletely. Make t he same test on some other stations.

(4.) Now draw the curve, using the data ob-
tained, in a manner similar to that indicated on
this Laboratory Sheet. The wavelengths, or fre-
quencies, on which 1 e various stations are trans-
mitting can, of course, be obtained from any list
of broadcasting stations.

Such a wavem: ter a:ds materially in the identi-
fication of station: hea-d on a receiver which is not
calibrated.
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The Regulator Tube

WHY IT IS USED

THE voltage regulator tube, or glow tube, as it is

sometimes called, has found rather wide use in
the design of B power units, making them capable
of celivering a voltage output that is practically
constant over a wide range of load. The output of a
power unit not using a glow tube will, of course,
vary with the load, although the magnitude of this
variation may be held to comparatively low values
by good design. A power unit supplying an output
voltage that does not depend upon the load may be
used with practically any receiver with a knowledge
that the voltage actually delivered to the receiver
will be correct. Constant voltage output is, how-
ever, only one of the advantages accruing from the
use of a regulator tube,

The action of the tube in holding the voltage of
the output circuit constant serves also to eliminate
the small ripples which may be present as a result
of incomplete filtering, and this action makes possi-
ble a reduction in the capacity, and therefore the
expense, of the final filter condenser. In fact, the

tube, when in oper: t:on. has many properties in
common with a larg: fixed condenser. One of these
properties is extremely low a. ¢. impedance which,
when combined with its instantaneous response as a
voltage regulator, entirely climinates the annoying
“motor-boating™ etiect which generally results
when an attempt is made tc use one of the ordinary
B power units with 'nan: forms of amplifiers.

he fact that the r-gulator tube keeps the output
voltage constant alsc perm ts the safe use of con-
densers of a lower \oitage rating than would be
permissible if the tub- we 2 not used. The rating of
the condensers used in ar. ordinary power circuit
is fixed by the max mum values of voltage that
they must handle. Th: vol age output of some units,
at no load, rises to tomparstively high values and |
the condensers must therefore have a rating suffi-
cient to withstand the: e voltages. The output voltage
of a power unit with a regilator tube is limited,
even at no load, to values nly shghtly above rated
voltage and, therefore. " condensers are not
called upon to withst:nd +>tages greater than the
rated output of the unit.

i
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Grid Bias

WHY IT IS USED

’I‘HERE are apparently many, as indicated by
letters to the Laboratory, who still feel that the
major reason for using C bias on a tube is to reduce
the plate current. Although negative bias on the
&rid of a tube does decrease the plate current, this is
not really the most important reason for its use.

C bias is used primarily to reduce distortion
and make the tube operate more efficiently. In an
ordinary receiver, C bias is most important in the
audio-frequency amplifier and we will, therefore,
discuss on this Laboratory Sheet the effect of using
various values of C bias on the grid of a tube

The curves A, B, C, and D indicate the distortion
of signals which results when too little or too much
bias is used. Curve A represents the voltage on the
grid of the tube. Curve B shows how the plate cur-
rent of the tube varies if the bias on the tube is cor-

rect. It should be noted that the

i8 no distortion being created by
the tube. If too little bias is used,
the positive halves of the input
voltage wave will cause the grid

and this causes the neca-ive half of the signal to be
flattened out, as shown in curve D. To prevent
disg)rtion, therefore, vroper C bias must be
used.
It is especially im}- oriant that the bjas on the
last tube be correct, for this tube must handle the
reatest amount of siynal current and will, there-
ore, overload and distort nest easily. As a matter
of information the corr xct tias for a 112 or 171 type
tube is given below:

TUBE PLATE VOLTS C BIAS

9 6.0

112 % 136 9.0
157 10.5

90 16.5

171 3 136 270
180 40.5

Positive

A\

to become positive when the
grid draws current, and the posi-
tive peaks are then cut off as
indicated at C. If the bias is too
great the tube operates on the
lower bend of its characteristic

form of this curve is the same

ascurve A, indicating that there
w
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Filter Choke Coils

EFFECT OF AIR GAP

IF THE filter circuit of a B power unit is tc elimi-

nate satisfactorily all hum, it is essenitial that the
filter choke coils have sufficient inductance under
actual operating conditions. The value of the induc-
tance of a choke coil as measured without any direct
current flowing through it will differ from the value
obtained with direct current, so all measurements
on choke coils should, therefore, be made with d. c.
flowing in the winding.

When direct current flows through a filter coil it
produces a certain amount of magnetic flux, or
“lines of force,” in the core. This flux tends to
saturate the core of the choke and, when this occurs,
the unit will no longer function satisfactorily in
eliminating the hum.

Manufacturers are always willing to supply data
on the maximum amount of d. ¢. current their filter
choke coil can handle and this value should not be
exceeded in practice.

When the filter coil is constructed, the core may
be clamped tightly together or a small air-gap
may be left. As the current capacity rating of the
coil is increased, the air-gap should be increased
also, and this tends to prevent magnetic saturation.
The group of curves on this Sheet show this effect.
‘The conditions under which they were obtained are
given below:

T—No air gap

A—Average air gap

B—-Air gap at one end, 0.01 inches

C—Air gap at both ends, 0.005 inches each

D--Air gap at both ends, 0.0075 inches each

E—Air gap at both ends, 0.01 inches each

If the g c. current is to be 10 milliamperes,
construction type T is best, while type C is best at
a curcent of 30 milliamperes, or if the current throu%eh
the choke is to be 55 milliamperes, type E should
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How the Plate Circuit Affects the Grid Circuit

REVERSE ACTION

N WORKING with tubes, we normally consider
that the plate circuit iscontrolled by the grid and
that there is no reverse action. This, however, is not
strictly true, for the plate circuit does affect the grid
circuit in two ways.

In the first place the plate acts as a grid with
respect to the regular grid in the tube and large
variations in plate voltage have the same effect with
respect to the grid as has slightly varying the grid
voltage. The reverse effect is generally not ap-
preciable so long as the grid is held negative, as is
the case in an amplifier. The reverse effect is im-
portant in oscillator circuits, however, where the
grid is not always negative. In making an accurate
analysis of the action of an oscillator, it would
be necessary to consider this effect.

The second manner in which
the grid is controlled by the plate
is through the grid-plate capac-
ity of the tube. At (A) in the dia-
gram on this Sheet, we have in-
dicated the circuit of an ordinary
r.f.amplifier and at (B) isshown
the equivalent circuit with the
inter-electrode resistances and
capacities indicated. Rg is the
grid-filament resistance of the
tube, Cg the grid-to-filament
capacity, Ci the inter-electrode

capacity between the grid and the plate, Rp the
plate filament resistance, Cp the plate-filament
capacity, and L the load impedance. Probably the
most important of the capacities shown is the rid-
plate capacity, Ci, for it is this capacity which
permits the grid circuit to be affected by what
goes on in the plate circuit. In radio-frequency
amplifiers it is this capacity which causes the tube
to oscillate. .

The diagram at (B) should give some idea of the
complexity of the network represented by a tube,
and the action of this network of resistances, con-
densers, and inductances must be understood if the
action of a tube in any %articular circuit is to be
accurately foretold. J. M. Millen, in Seientific
Paper of the Bureau of Standards No. 351, carefully
and completel}' determined the dependence of the
input circuit of a tube upon the output circuit.
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Characteristics of Speech

ARTICULATION

CLEAR.speech is only possible when the person
~ speaking uses careful articulation, Articula-
tion 1s especially important in radio for if we do not
understand something, we cannot have it repeated.
In analyzing speech sounds a clear understanding
of how the various sounds are produced is essential.

. The human voice consists of sustained and tran-
sient notes and noises. The sounds which are ordi-
narily difficult to recognize (and which therefore re-
quire careful articulation), are the transients such
as are associated with the sounds “t” and “d” or
“p’ and “b.” These sounds are hard to reproduce
accurately for they contain many of the highest
fre(}uencxcs found I1n sounds of speech.

If we examine the manner in which the sounds
“p' and “b," for example, are produced, they will
be found to have much in common. They are both
produced by first compressing the lips together and
then rapidly opening them. To pronounce the word
“pa,”” we first produce the “p’* sound by suddenly
opening the lips and permitting the air to rush
through them and then the voca chords are set in
motion to produce the vowel sound “a.” The sylla-

ble “ba,” is produced with a very similar motion
of the lips but the vocal chords are set into motion
and the lips open at the same instant and also there
is only a slight rush of air from between the lips.
The “pa” sound is characterized by an initial
sound of high intensity; the ““ba” sound does not
have this feature. If the radio loud speaker cannot
reproduce accurately the strong portion of the
‘fogmer sound, “pa,’” it will sound very much like
ba.”

Some of the sounds most difficult to reproduce
accurately are noises such as the dropping of a book
on a table, for these sounds contain frequency com-
ponents extending throughout the entire range of
audible sounds.

The study of how words are formed is very n-
teresting and can best be done with the aid of an
oscillograph, which is an instrument with which
we can obtain photographic records of the wave
form associated with any sound. An analysis of
these records, which are sometimes termed *““audio-
grams,” is helpful in determining the range of fre-
quencies which must be handled by a radio broad-
casting system if the reproduction is to sound nat-

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 pro vides the exact
grid leak resistance. The latter calls for the
Volume Control CLAROSTAT.

i 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.

i
“The Gateway to Better Radio”

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

ner. And to the end of guiding you in both
these respects, “The Gateway to Better 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 Notth Sixth St. Brooklyn, N. Y.

CLARQSTAT-
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EXPONENTIAL
HORNS
True
ToeasNo. 0 LO

Type

Air Column 84 inches
Bell 14 inches round
Depth ¢ inches
Weight 3'4 pounds

Racon Exponential Air Column Horns are de-
signed with all bell-openi i

and ex;
factors as adyocated by recognized authori-
ties on acoustics.

You will appreciate the finer and better
music, both vocal and instrumental, with
which a Racon Exponential Air-Column Horn
charms your ear.

Only through Racon Exponential Air-Column
Horns as developed ty the Racon Processes
and Materials Patented, is it possible to have
non-porus, vibrationless, one pijece con-
struction having so great an air-column depth
in so small a space and through which the
highest to the lowest notes are rendered mel-
odiously clear.

Racon Exponentisl Air-Column Horns can not
be approached for faultless performance.
Absolute freedom from distortion of any kind.
Climatic conditions do not affect them. No
attention is required. Rejuvenate your set
with a Racon Horn.

The Radio Surprise
of the Year

The New Racon Dynamic Air-Column Unit,
a triumph of Racon Engineering, with its su-
perior-quality tonal reproduction is the radio
surprise of the year. It is an advanced step
in reproduction, combin-
ing the admittedly su-
perior qualities of a horn
with the volume and
depth of a dynamic unit,

Write for Catalog

Consult Our Acoustical
Engineers

RACON ELECTRIC CO., Inc.

Specialists in Acoustical Chambers

FACTORIES
18 Washington Place New York, N. Y.
Toronto, Canada—Slough Bucks, England
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The Exponential Horn

THE CUT-OFF FREQUENCY

THE LOWEST frequency transmitted bg' a horn

of the exponential type is determined by the
rate of expansion of the cross sectional area of the
horn, and to eliminate reflection the diameter of the
mouth of the horn (if it is round) must be made
equal to one-quarter of the wavelength correspond-
ing to the lowest frequency to be transmitted.

e velocity of sound in air is 1120 feet per second
and, therefore, the wavelength (in feet) correspond-
ing to any particular frequency ma be found by
dividing 1120 by the frequency. e diameter of
the mouth of the horn in feet must then be equal to
this wavelength divided by 4. 3

The accompanying curve shows phically the
relation between the diameter of the mouth of a
round horn and the cut-off frequency. It should be
realized that the diameter of the mouth is not the
only factor determining the lowest frequency that
the horn will satisfactorily transmit and that the
size of the mouth is an indicator of this frequency
only if the remainder of the horn has been correctly
designed. As shown by the curve, to transmit fre-
queneies down to 64 cycles, for example, it is neces-
sary that the horn’s mouth have a diameter of
about 4.5 feet. .

If the horn is square rather than round, it will
be satisfactory to make the area of the mouth equal
to t! at of the equivalent round horn.

T
\

o
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DIAMETER INFEET OF MOUTH OF ROUND HORN
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] 2 64 96 128 160 102
CUT-OFF “REQUENCY
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A Problem in Audio Amplification

THE EFFECT OF TRANSFORMER RATIO

PROBLEM:——The audio amplifier in a receiver
~ comprises a 3:1 transformer in the detector
circuit, followed by a 201-A type tube in the first
audio stage, a 4:1 audio transformer for the second
stage, and a power output tube. What will be the
efiect on the amount of signal voltage supplied to
the grid of the power tube of substituting a 6:1
transformer for the 4:1 transformer?
ANSWER:—Let us first calculate the gain of the
original amplifier. The total amplification to the
grid of the rpower tube will be equal to the turns
ratio of the first transformer multiplied by the effec-
tive amplification of the tube times the turns ratio
of the second transformer. The effective amplifica-
tion of a tube in a properly designed transformer-
coupled audio amplifier can be taken as about 80
r cent. of the amplification constant of the tube;
or a201-A type tube, therefore, we take 80 per cent.
of 8, which is 6.4. The total gain of the amplifier is,

therefore:
3x64x4 =768

Similarly the an':_g‘laiﬁmtion with the 6:1 transformer
substituted for 4:1 will be:
3x64x6=1152

The substitution of the 6:1 transformer, therefore,
has increased the voltage {:ain by 50 per cent.; this
re%esents a gain of 3.6 TU.
. Now, the power into the loud speaker is propor-
tional to the square of the signal voltage on the
id of the power tube fceding the lou speaker.
hen the voltage gain s increased 50 per cent.,
therefore, the power into the loud ﬂ)eaitr is in-
creased 125 ’Iper cent. This corresponds to a power
gain of 3.5 TU which, while not very great, is ap-
i)r’tle_clljagﬂe. (The minimum gain audihle to the ear is

If the power tube isa 171 t with 40 volts on
the grid, then using the nr‘ginmmpliﬁer, approxi-
mately 0.5 volts (40 divided by 76.8) are required
out of the detector tube in order to place 40 volts
signal voltage on the grid of the 171. When the
6:1 transformer is used, only 0.3 volts (40 divided
by 115.2) are required from the detector in order to
“load up”’ the power tube.

No. 180
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B Power Unit Characteristics

EFFECT OF TRANSFORMER VOLTAGE

THE CURVES published herewith were made

by the Raytheon Manufacturing Company
using one of their BH type tubes with an ordinary
filter, as indicated in the accompanying circuit
diagram. The curves show the relation between
the voltage, Et, across the secondary of the trans-
former and the input voltage, Eo. 1he output load
in milliamperes as measured by the meter I is
plotted along the horizontal axis and along the
vertical axis has been plotted the difference be-
tween the effective value of the transformer voltage
E: and the average value of the voltage Eo into
the filter system. The line marked +20, for ex-
ample, indicates the voltage E: to he 20 volts
greater than r.0; the line marked 20 indicates the
converse.

These curves show that (to take an example)
with a transformer voltage of 200 volts per anode,
the average value of the voltage into the filter is 27
volts higher than the tiansformer voltage when the
load is 10 milliamperes, At a load of Z8 milliamperes
the voltages are equal and at a load of €0 milliam-
peres the input voltage to the filter has dropped to
a value 25 volts below the transformer voltage.
During these tests the transformer voltage, Et, was
held constant.

Other data showing the effect of various trans-

former voltages, obtained with the same circuit
used here, were given on Laboratory Sheet No. 146,

published in the mber, 1327, RADIO BROADCAST.
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R.F. vs. A. F. Amplification

A COMPARISON

THE SIGNAL output from a radio receiver may
be increased by aurmenting either the audio-
frequency or radio-frequency amplification or by
boosting the detecting efficiency. Cn this Labora-
tory €heet we give briefly the comrparative merits
of audio-frequency and radio-frequency amplifica-
tion. In the accom panying table is shown the
effect on the power ir to the loud speaker of increas-
ing the a.f. or r.f. an plification. The first column
gives the increase in amplification and the second
column the increase in power into the loud speaker
if this extra amplification is introduced in the audio
amplifier. The third column shows the increase in
power into the loud speaker if the extra amplifica~
tion is placed in the r.f. arplifier.

This table is based on the fact, first, that the
power into the loud speaker is (fro rtional to the
square of the voltage on the grid of the power tube

and, secondly, that the output of the detector is
proportional to the square of the voltage on its
grid. When the audio-frequency amplification is
multiplied by 10, for example, the power into the
Joud speaker is 100 times greater. When the radio-
frequency amplification is multiplied by 10, how-
ever, the output of the detector is 100 times greater
and the power into the loud speaker is 10,000 times
greater. It is evident from these figures, therefore,
that increases in r.f. gain are much more effective in
roducing greater signal than increases in audio-
equency gain.

Added Increase in Power into Loud Speaker
Amplification A. F. R. F.
2 4 16
5 25 625
10 100 10,000
20 400 160,000
50 2500 6,250,000
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Filter Condensers

HOW TO CONNECT THEM IN SERIES

IF WE desire to place a filter condenser across,
for example, a 1000-volt source of direct cur-
rent and we have available two large-capacity
500-volt condensers, it is ordinarily not possible to
cennect them in series across the 1000-volt leads
with safety. Why this is so will be explained on this
Laboratory Sheet.

At A in the diagram is shown the connection of
two condensers, C; and C,, in series across the 1000~
volt source. Now, a condenser has a definite d.c.
resistance, which is generally very high but never-
theless finite, and this resistance is represented as
R; and R: in B as external resistances across each
condenser. A small amount of current will flow
through these resistances and the voltage drop
across the two resistances will be in dire.t propor-
tion to the resistances. The resistances of condensers
vary widely and therefore it is extremely unlikely
that we would have two condensers with the same
d.c. resistance. For example, condenser C: might
have a d.c. resistance of 100 megohms while the
d.c. resistance of condenser C: m.ght be 900 meg-
ohms. The d.c. voltage drops across the two conden-
sers being proportional to the resistances there would
then be 100 volts across C; and 900 volts across Cs.
If the two condensers were both rated at 500 volts,
the obvious result would be that condenser Cz would

have a very short life because of the overload being
placed on it. The solution for this difficulty is to
connect external resistances Ri and R across each
condenser as indicated at C with a sufficiently low
value in comparison with the internal resistance of
the condenser (which is always very high) so that
the voltage drops will be determined by the external
resistances rather than by the internal resistances

$ .I_ c B M H ..L
logosen :E:. 1 n . ¢
LT T T

A B C

of the condensers. If we have two 500-voit con-
densers connected to a 1000-voit source, we might
equalize the voltage across them by connecting two
100,000-ohm resistances in series across the source,
as indicated at C. There would be 500 volts drop
across each resistance and, therefore, 500 volts
across each condenser, and the latter would then
be satisfactory in operation and have normal life.
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The Type 280 and 281 Tubes

THEIR CHARACTERISTICS

TH‘E' characteristics of the type 280 and 281
rectifier tubes are given below. These tubes
are for use as rectifiers in B power units, the 280
in circuits designed for full-wave rectification and
the 281 in half-wave circuits., Two 281 tubes may
be used, if desired, to give full-wave rectification:

TypE 280 FULL-WAVE RECTIFIER

Filament Voltage . . .. .......... 5 Volts
Filament Current .. ......c.c .. 2 Amperes
A.C. Plate Voltage (Max. Per

Plale) . .....covovvvvvvsanns 300 Volts
Max. D.C. Qutput Current...... 125 Milliamperes
Max. D.C, Output Vollage . .... 260 Volts
Heightof Tube.. .............. 5% Inches
Diameter of Tube........cccone 2% Inches

Type 281 HALF-WAVE RECTIFIER

Filament Voltage. ............. 7.5 Volts
Filament Curvent ... .coecoovene 1.25 Amperes
A.C. Plate Voitage (Max.)...... 750 Volls

A.C. Plate Voltage (Recommended) 650 Volls
D.C. Outpul current (Recom-

wended). ....................... 65 Milliamperes
D.C. Output Current (Max.).... 110 Milliamperes
D.C. Quiput Vog]age (Max.) .... 620 Volls
D.C. Output oltage (Recom-

mended) . ... .oiiieeiiiinans 620 Volts

The type 280 tube may be used in circuits de-
signed especially for it or may be used in circuits
designed for the type 213 tube. The characteristics
of these two tubes are similar with the exception
that the former tube is capable of somewhat greater
output than the 213. If a 280 tube is used in place
of a 213, the 280 will be operating at less than full
load and will consequently have a very long life.
These facts are also true with regard to the 28],
which may be used satisfactorily in place of a 216-B

tyfe tube.

__If more than about 65 milliamperes at 600 volts
is ne to operate a radio installation, it will
be a good idea to use two type 281 tubes in a full-
wave circuit with about 650 or 700 volts a.c. on the
plate of each tube. With this arrangement an output
n e.Tcg?s of 100 milliamperes at 600 volts will be
available.

Follow the Lead

of the

LEADING
MANUFACTURERS

et i——

PAY MORE
GET MORE

with

DUBILIER

SOCKET POWER

CONDENSERS

After exhaustive tests, the engin-
eers of the leading manufactur-
ers, have standardized on Dubi-
lier Condensers. They pay more
for them —but they have the
assurance
that their
sets are go-
ing to stay
sold and
they know
thattheam-
ple factor
of safety
meanslong
life. They

Type PL-666 and PL-667 are
chance—and standard equipment on high

voltage AmecTran, Samson,
save a few Thtirdars lfl andut;zhesrlpovégz
packsspecifying 281or
Cet.\tS. And 381 type rectifier tubes. Type
neithercan PL666— 2 mfd. 1000 volts—
] $6.50: Type PL-667—4 mfd—
you. 1000 volts—Price $11.00.

You can forget the Condensers—
if they are Dubiliers.

Dubilier
LIGHT SOCKET AERIAL

If it does
not work
on your

set—your
money back

And we mean it! If it
doesn’t give you smooth recep-
tion, reduce static and interfer-
ence and give you plenty of
volume the dealer will give you
your money back within 5 days.
Uses no current. Just attach to
your set and plugin to a conven-
ient light socket. Price $1.50.
Write for free booklet

Dubilier

CONDENSER
CORPORATION

4377 BRONX BLVD., NEW YORK

-
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Power

For 250 Tubes

JORDARSON

POWER TRANSFORMERS

‘Transformer T2900. A power supply trans-
former, designed to supply A, B, and C current
to a single UX-250 power tube and plate cur-
rent for the recetver. To be used with two UX-281
‘tubes in full rectification. Operates the power
tube at full capacity. T-2900, list price $20.00

‘Transformer T-2950. A transformer similar to
type T-2900, but with additional capacity, de-
signed to handle two UX-250 tubes in push-pull.
“T-2950, list price $29.50.

DOUBLE CHOKES

These Thordarson double choke units
contain two 30 henry chokes in one
compound field shielded case.

T-3099, designed for use with trans-
former T-2900, capacity of windings
160 M.A. T-3099, list price $16.00.

T-3100, designed for use with transformer 1-2950,
capacity of winding 200 M.A. T-3100, list price
$18.00.

SPEAKER COUPLING
TRANSFORMERS

Thordarson Speaker Coupling
Transformers supply every
coupling possibility between all
current types of power tubes
into either high impedance or
dynamic type speakers.

R-76, designed to couple a single 171 power tube
into a high impedance speaker. Case same as
that of R-300 Audio Transformer. R-76, list
price $6.00.

- T-2876, a transformer designed to couple a single
- 210 power tube into a high impedance speaker.
. Same case as R-76. 'T-2876, list price $6.00.

~T-2901. This transformer in a case as illustra-

ted, couples the output of a single 250, power
+tube into a high impedance speaker. T-2901,
* list price $12.00.

T-2902. This transformer is similar to T-2901,
i but designed to couple the output of a single
+UX-250 tube into a low impedance dynamic

speaker. T-2902, list price $12.00.

- T-2908. A push-pull output transformer for
. coupling the output of two 250 power tubes into
. a dynamic speaker. T-2903, list price $12.00.

' T-2629. Designed to couple the output of a

» push-pull 210 stage into a dynamic speaker.
T-2629, list price $10.00.

"THORDARSON ELECTRIC MFG. CO.

Transformer Specialists since 1895

. Huron & Kingsbury Sts. Chicago

No. 184

THE EFFECT OF DISTRIBUTED CAPACITY

A RADIO receiver to cover the broadcasting

band must be able to tune-in signals from
550 ke. to 1500 kc.,, a ratio of 2.73 to 1 in frequency.
It can be shown mathematica]lfy that, in order to
[l obtain this range, the ratio of the maximum to
minimum of the capacity across a tuning coil must
be 8.6 to 1 approximately. If we use a tuning con-
denser with a maximum capacity of 0.0005 mfd.
then the minimum capacity across the coil must
theoreticallg be (if the desired tuning range is to
be obtained) 0.0005 divided by 8.6, or 0.000058
mfd. An ordinary condenser might have a minimum
capacity of about 0.000025 mfd. and, therefore, it

10

Tube’s Input

B+
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Tuning

appears that we -hou'd be able to cover the broad-
casting band ver easily. In the circuit, however,
there is another -apacity across the coil which has
an important effect. 1'us additional capacity is the
effective input vrid-to-filament) capacity of the
tube, indicated as C' ir the diagram, and this capac-
ity varies with the amouant pf amplification the tube
is produclpg in the ci:cuit. This capacity, Ci, is in
parallel with C, the tuniag condenger, and its effect
must therefore be added to that of C. The result is-
that the actual minimura capacity of the circuit is
greater than that of the minimum capacity of C,
and this will tend to restrict the tuning range of
the receiver unless the precaution is taken that a
variable condenser with a low minimum capacity
is used to tune the circuit, that the coil itself does
not have much distributed capacity, and that lon
leads in the circuit do not introduce objectionai
capacity.

f a station transmitting on the lowest frequency
(lolr:gst wavelength) used in the broadcasting
band tunes-in on the sc. with the condenser plates
all in (as they should be) but it is found impossible
to tune-in a station operating on the highest fre-
quency (shortest wavelength), it is possible that the
cause may be due to a tuning condenser with a large
minimum capacity or excessively long leads con-
necting the coil with the condenser.

> -

To next
I No. 185

EFFECT OF INCORRECT VOLTAGES

DURING recent years many familiar types of
radio tubes have played the réle of *Jack of
all trades,” and as a result have frequently been
placed in service under conditions never intended or
. contemplated by the manufacturer.
What constitutes “overload” on a tube, re-
| sulting in shortened life? It might be imagined that
the last tube in a receiver tuned-in on a strong local
station, and with the volume turned up beyond the
point wherc the music sounds clear, would fall
under this classification, but this is not the case,
This is a form of overloading, but one which only
results in distorted music, and in general the tube is
not affected at all. A severe overload permanently
affecting the tube occurs, however, when the manu-
facturer's specifications_as regards filament, plate,
and grid voltages are disregarded and higher volt-
ages are used.
One of the popular tube types affords a good illus-
tration of this condition. The voltages recommended
for type 201-A tubes are a filament voltage of 5.0
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Tube Overloading

volts, and plate voltages of 90 to 135 volts, with the
grid bias specified as —4.5 and —9.0 volts respec-
tively. If the grid bias of 4.5 volts recommended at
90 volts is omitted it is equivalent to adding about
35 volts to the plate voltage, or in other words, is
equivalent to operation of the tube at 125 volts
with—~4.5 volts bias. The overload is, of course,
correspondingly more severe if the plate voltage is
raised. This is clearly shown in the table below:

PLATE GRID CURKRENT EXTENT OF
VoLTts VoLts MA, OVERLOAD
4.5 2.0  Below maximum
135 9.0 2.5 orm;
90 0 6.0 58%
120 0 9.8 2409,
135 0 12.0 3809,

The 201--A type tube is capable of withstanding
some overload more successfully than other tyges
of tubes, but as a gencral rile it is always advisable
to follow the manufacturer s ratings regarding tube
voltage.

No. 186

A NEW POWER AMPLIFIER

THE type 250 is the latest tube designed for use

as a power amplifier to supply large amounts of
undistorted power for the operation of loud speak-
ers, The large output obtainable from this tube
prevents any possibility of overloading of the last
stage of an audio amplifier.

‘he filament rating is 7.5 volts, 1.25 amperes.
' The material used in the filament is the rugged
|| coated ribbon form, similar to that used in the type
280 rectifier, the filament operating at a dull red.
The filament current may be supplied from the
7.5-volt winding of a power transformer. The low
operating temperature and the increased size of this
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The Type 250 Tube

typehof filament result: in minimum ripple voltage
“hum.”

It should be noted that, zlthough the filament
and plate voltages arc the sime as those for the
type 210 tube, the plaie cu-rent is 35 milliamperes
at a plate voltage of 40t vol's whereas under similar
conditions, the plate current of the type 210 is
only 18 milliamperes. The grid voltages for these
two tubes, at a plate voitaze of 400 volts, are re-
spectively —70 and —:1 5 the larger voltage being
necessary on the type 250 tibe. Because of the
higher plate current and grid bias required by this
new tube it cannot always Ix used to replace the
type 210 tube without chanzing the circuit.

Plate Voltage
Negative Grid Bias
Plate Current
Plate Resistance (a.c.)
Mutual Conductance
Voltagﬁ Amplification Factor
Max. Undistorted Power Output
Filament

Large

7.5 Volts 1. 25 Amperes
Max, Overall Height 61" Diameter 2 1}
Base: tandard UX (cx)

RECOMME "DED Maximum

250 300 37 0| 450 Volts

45 54 63 70 84 Volt

28 35 45 &S] 55 Milliamp.
2100 2000 193 1800 | 1800 Ohms
1800 1900 200) 21€0 | 2100 Micromhos
3.8 3.8 3.3 .8 3.8

900 1500 2350 3250 | 4650 Milliwatts

SRS
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No. 187

Grid Bias

HOW TO CALCULATE BIAS

THIS Laboratory Information Sheet gives some
information regarding grid bias and how it
depends upon the voltage of the grid battery and
the manner in which the filament circuit of the
tube is wired.

The bias voltage on the grid of a tube is alwa
?_lllaeciﬁcd with respect to the negative end of t

ament. In drawing A of the diagram on Sheet
No. 188, the grid voltage is zero.

In drawing B, the filament resistance R has been
placed in the negative leg of the filament, and since
the drop across this resistance is 1.0 voit, the grid
bias is also —1.0 voit.

In drawing C, a 4}-volt battery has been intro-
duced in the circuit so that the grid bias is now equal
to the voltage of this battery plus the voltage drop

RaADIO BRoADCAST Laboratory Information Sheet

across the resistance R. The bias is therefore — 4}
plus — 1.0 or —5} volts.

A positive grid bias of +6.0 volts is obtained if
the resistance R is connected in the positive leg of l
the filament and the grid return is connected to the
+A terminal of the battery. See sketch D. If the
grid return was connected to the other le%of the
resistance, the grid bias would be equal to the volt-
age drop in the filament or +5.0 volts.

A variable l§r‘d bias from —1.0 to +5.0 volts can
be obtained by means of the potentiometer P in
drawing E. With the potentiometer at the extreme
left-hand position, the bias is —1.0 voit (due to the
voltage drop in R) and with the arm moved over
to 1the extreme right-hand position the bias is +5.0
volts.

From the information given in this Sheet it
should be possible to determine the grid bias with
any circuit arrangement.

No. 188 RaDIo BroADCAST Laboratory Information Sheet
Grid Bias Calculations
(7] ® {©) (D} (E)
|
i & . +
R % R
P
-aAt - A +
Laboratory Sheet No. 187 explains these five circuit arrangements. De-
termination of the grid bias of any circuit arrangement is a simple matter
once the information contained on these sheets is mastered
No. 189 RADIO BROADCAST Laboratory Information Sheet

The A. C. “Universal” Receiver

PARTS RE{UIRED

LABORATORY Sheet No. 190 gives the circuit
of the “Universal” receiver wired for a.c.
operation. The d.c. receiver was described in the
December, 1926, RaD)0 B:0ADCAST and the circuit
of the d.c. receiver was also given on Laboratory
Sheet No. 100, June, 1927. The a.c. circuit is pub-
lished in response to many requests from readers.

Li—Antenna coil consisting of 13 turns of No. 26
d.s.c. wire wound at one end of a 2}-inch tube.

Ly—Secondary coil consisting of 50 turns of No.
26 d.s.c. wire wound on the same tube as L.. The
separation between L, and L. should be } inch.

Lo—Primary of interstage coil constructed in same
manner as L, and tapped at the exact center.

L—Secondary winding constructed in same man-
ner as L, and tapped at point A, the 15th turn from
that end as L« which is nearest to La.

C1, Cr—Two 0.0005-mfd. variable condensers.
mrg;—Neutralizing condenser, variable, 0.000015

C¢—Regeneration condenser, 0.00005 mfd.

Ls—R.F. choke coil, made by winding 400 turns
of No. 28 wire on }* dowel.

Ty, Te—Two audio-frequency transformers.

R,—Fixed resistance, 1000 ohms,

Rs, Rs, Ru—Cenler-tapped resistances for a.c.
tubes.

Ri—Fixed resistance, 2000 ohms,

Re—Grid leak, 2 megohms.

Cs, Ce—Bypass condensers, 1-mfd.

Cr—Grid condenser, 0.00025-mfd.

Cs—OQutput condenser, 200 volts, 4-mfd.

L¢~—Output choke, 60 henries.

VTi, V15226 type a.c. tubes.

VTr—227 type a.c. tube.

VTi—171 type lube.

Three standard four-prong sockels.

One five-prong sockel.

Binding posts.

C bias for the tubes is obtained from resist- |
ances R, and R. i

The 227 type detector tube requires about 30
seconds to heat up and begin functioning and there- |
fore about this length of time must lapse between
the time the power is turned on and the set begins
to operate. The receiver must, of course, be carefully
neu

—

|\ TRANSFORMERS of T

TR ¢ ~ | AL

(raf LL9) > N
QUALITY PRODUCTS

No.7568~-Transformer

Parts Designed

for use with the

UX 250
Power Amplifier Tube

No. 7568 Designed for full wave rectification
using two UX 281 or similar rectifier tubes
to supply B and C power to receiver and
power for two UX 250 tubes. Use one No.
6551 double choke n filter circuit. Ap-
proximate D.C. output from filter 525V 130
mils. Secondary voltages 650-650V 170
mils., 73V 24 amp. C.T. 73V 2} amp.
C.T 0000 3.50

No. 6551 Double Choke. May be used where
current does not exceed 250 mils.. . .$15.00

D-600 Power Amplifier Condenser Unit has
been designed for use with the CX 281
rectifier tubes, and CX210 or 250 power
tubes. Having a working voltage of 1000
volts and mounted in crystal iacquered
steel cases they will be found unsurpassed
for reliability and stability. Unit contains
sections of 22-4 Mfd 6.50

D-307 contains condensers of 4-2-1-1 Mfd-
sections with a working voltage of 400 volts
for use in connection with D-60o. . . $10.00

No. 1177 A splendid straight power amplifier
output transformer designed for use with
UX 250 P. A. Tube. One of several power
supply and output transformers.. . . .$12.00

No. 1176 Similar to No. 1177 but of the Push
Pull Type..... 508000000000 .....$12.00

With the above parts use
Type H Dongan Audio
Transformers. This is a
super transformer with
plenty of volume. 2-1, 331

and 51 ratios.  $4.50 each

Send check or money order for imme
diate delivery of any of the above items.
Complete information on Transform-
ers, Chokes and Condensers for all
types of power units sent upon request.

DONGAN ELECTRIC MFG. CO.
2991-3001 Franklin St. Detroit, Michigan

FIFTEEN YEARS ]/
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Radio
“First Aids”

When that radio set of yours does not act
as it should, there are two first aids at_ your
immediate command: First, 2 means of
obtaining greater signal strength, no mat-
ter where the set may be located, in the city
or suburb or advanced rural community;
Secondly, 2 means of obtaining the neces-
sary control of volume, sensitivity, select
ivity, and applied voltages, as the case
may be.

The CLAROSTAT Antenna Plug is an im-
proved form of light socket antenna. Con-
verts any electric light socket or conven-
ience outlet
into a suitable
antenna. Eh-
minates  di-
rectional limi- ¢
tations. Re-
cognizes no
“‘dead spots”
or shadows. Tt
places a2 Bev-
erage type an-
tenna, many
miles 1n length, at your command.

The Table Typc CLAROSTAT is micrometric resis-
tance in the most convenient form. Serves to control
loud-speaker volume or tone. May be applied as a
plate voltage control for volume and sensitivity. Reg-
ulates volume and sensitivity as well as selectivity
when shunted across antenna and ground binding
posts. Can be emgloyed to control regeneration where
1t now exists, with razor-sharp precision, or to intro-
duce regeneration in circuits lacking in sensitivity.

And How to Apply Them

Yet these devices, as well as the remaining members
of the CLAROSTAT line, mean little if they are not
applied properly. Therefore, there has been prepared
an unusual manual of 36 pages and cover, with over
20,000 words of practical, understandable, concise
text, supplemented by 88 diagrams and pictures—

Radio

=T
alit

Get Your Copy NOW!

Available at your radio dealer or direct
from us at a minimum cost of 25 cents per
copy to defray part of the mechanical costs
of publishing. No matter what other prac-
tical radio literature you may have on hand,
this manual will give many new aids to
better radio results.

CLAROSTAT MFG. CO., Inc.

Specialists in Variable Resistors

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

—CLARQSTAT

il
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No. 190

A revised ar-
rangement of lhe
well-known
“Undversal” cir-
cuit which pro-
vides for the use
?’a.c. tubes. It is
wully described
on  Laboralory
Sheet No. 189

5.0 Volts

v
To Filament Lighting
Transformer

1.5Volts 2.5 Volts

I
|

[
|

|

ADVERTISEMENT ADVERTISEMENT

CLAROSTAT LABORATORY INFORMATION SHEET

Improving the Usual B-Eliminator

WH'EN an additional or adjustable voltage tap is desired with the usual I3-eliminator, the arrangement
shown in the left-hand diagram may be carried out. This provides a vol: age tap of practically any
voltage from almost zero to almost maximum.
. To obtain C or grid bias voltage from the usual radio power unit, it is necessary to have a voltage drop,
which in turn depends upon the resistance value employed. The simplest means is shown in the

a]t. the r:ght. 0b;lincehmost B- agram
B~ B45 B+30 B35 ;;;:;‘52 ‘{{iix‘imt%& li’,zl’,ﬁ:é‘é B- OF SET. B- OF EUMINA (-
[@ @ @ ptgx:ere.—tlubg.r thee-volttggg o TOR ?
drop introduced by this

l 2 MFD. OR
LARGER

method will, if anything,
prove desirable 'in protect-
ing the power tube.

If it is necessary to in-
crease the voltage from a
given tap, this may be ac-
complished by placing a
Standard Clarostat between
the plus B or maximum
voltage tap, and the tap
from which increased volt-
age is desired.

The tone quality of any set operating on a B-eliminator may generally be impreved b

STANDARD OR POWER
CLAROSTAT

VAR. 0 - MAX.
STANDARD CLAROSTAT

adding capac-

ity across the plus maximum and minus inding posts. Anywhere from 4 to 3

d. of additional capacity
may be connected externally.

ADVERTISEMENT ADVERTISEMENT

CLAROSTAT LABORATORY INFORMATION SHEET

Volume and Tone Control

THE VOLUME and the tone of any loud-speaker or combination of loud-speal. 2rs may be controlled
for the most pleasing accoustical results.

The fist diagram indicates the simplest form of volume control for a single loud.speaker, comprising
a Volume Control Clarostat shunted across the loud-speaker input circuit.

[ _ HORM
REC. SET. REC.SET, g
= M %
s CONE
o
\ e [©)
—
LOUD-SPEAKER CONTROL TONE CONTROL MIXING PANEL

The second diagram indicates a tone control which, while having little influence on volume, serves to
mellow or apparently deepen the loud-speaker tone b shunting more or less of the higher frequencies be-
fore they can reach and actuate the loud-speaker. The condenser may be of ¥ or !, mfd. capacity, and
a Volume Control Clarostat is employed.

The third diagram indicates an ingenious acoustic blending arrangement for two loud-speakers, one
preferably of the horn type, with predominant high-frequency response, and the other of the cone type
with predominant low-frequency response. A single Volume Control Clarostat s-rves to adjust the com-
bination for the desired tone.
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Radio Broadcast’s Home Study Sheets

Determining the Capacity and Inductance of a Radio Circuit

COILS and condensers are the foundation on which every radio circuit
is crected. The coils possess an electrical quantity known as Inductance,
and as every radio experimenter knows, the quantity that makes a condenser
useful is its Capacity for storing electricitv. When a current flows through
the coil, lines of force surround it; the sum total of these lines is known as an
electromagnetic field. The word magnetic is important here, for a compass—
which normally points one end of its swinging needle toward the earth’s north
magnetic pole-—will be deflected when brought near such a coil. When a
current flows through a condenser, lines of force surround it. The total of
these lines is known as the electrostatic field. It can be detected, not by a
compass needle or any other device using the magnetic principle, but by a
charged body such as a small bit of paper which had been rughed onthe sleeve.

The unit'of capacity is the farad, named after Michael FFaraday, a distin-
guished Linglish experimenter. In radio circuits, however, the millionth
of a farad, a microfarad, is ordinarily the quantity dealt with, or even the
micro-mi¢rofarad, the million-millionth of a farad. The unit of inductance
is the henry, named from Joseph Henry, a2 famous American experimenter.
In radio circuits the unit deait with is the milli- or microhenry, thousandths
or millionths of henries. The table on this page shows how to convert farads
and henries to microfarads or milli- or microhenries. For example, to change
henries to millihenries, you multiply by one thousand. To convert mmfd.
to mfd. you divide by one thousand; and so on.

We have demonstrated that knowing the wavelength to which a coil-
condenser combination tunes, and knowing the inductance, we may calculate
the capacity. This is one means of calibrating a condenser, that is, determining
the re?alion between dial degrees or divisions and microfarads of capacity.
The accuracy with which we determine the capacity by this method is none
too great, but for all practical purposes it is good enough provided, a. we make
no error in our arithmetic; b. we know the wavelength accurately; ¢. we can
set the condenser dial accurately to the wavelength of the receiver or wave-
meter, and d. the capacities being measured are fairly large, say 250 mmfd.
and more. This latter proviso is because the actual capacity across the coil is
made up not only of the capacity of the condenser but of the leads connecting
coil and condenser and the distributed capacity of the coil. This latter capac-
ity is a bothersome factor in all experimenters’ calculations and experiments.
It is discussed in the Signal Corps book, Principles Underlying Radio Com-
municalion, page 244, in the Bureau of Standards Bulletin 74 on pages 137-8
and in Morecroft’s ﬁrincipl:x of Radio Communication, page 230-235.

The capacity of the condenser used in the l.aboratory, a2 General Radio
“tin can” Type 247E, was actually 300 mmfd. at 55° while our calculations
showed it to be 270 mmfd.—an accuracy of 10 per cent. The coil as measured
on a bridge had an inductance of 280 microhenries instead of 292 as calculated
~—an accuracy of 95.6 per cent.

[t is the size of the coil and the condenser that controls the wavelength or
frequency to which a circuit tunes. The designer of the world’s best receiver
must know within very close limits what the inductance of his coils must be;
he knows how large a capacity he must have to cover a certain band of fre-
quencies. [1 is always important to know the exact value of these two elec-
trical quantities, capacity and inductance. The following experiment will en-
ab]lce anyone to find out the capacity of a condenser, and theinductance of 2
coil.

APPARATUS REQUIRED

1. A coil of wire. The dimensions of the coil used in the Laboratory are
given in Fig. 1.

2. A variable condenser fitted with a dial. About 500 mmfd. is the best
size of condenser.

3. A radio receiver, preferably with an oscillating detector; or a tube
wavemeter.

PROCEDURE

1. Connect the coil and condenser across each other and bring the coil
near the coil in the receiver or that of the tube wavemeter.

2. Tune the receiver to a known station near the center of the broadcast
band, or if a wavemeter is used, set its wavelength to about 300 meters.

3. Change the setting of the variable condenser across the coil whose
inductance is unknown, until resonance with the receiver is indicated by a
decrease in signal strength, or by a click if the oscillating detector is used,
or by a dip in the indicating needle of the tube wavemeter. A good meter is
the modulated oscillator in the June, 1927, Ranlo BroADCAST.

4. Tune the receiver, or wavemeter, to other wavelengths above and
below the first medium wavelength setting until the whole of the condenser
has been used, at each wavelength noting down the data as is shown in Table
.

. Compute the inductance of the coil from the following formuia—
which is one used by Professor Hazeltine.

0.2 X d? X N?
3d+9b
where d'is the diameter of the coil in inches

N _is the number of turns of wire
b is the length of the winding in inches

Inductance in Microhenries =

As an example below is the manner in which the inductance of the coil il-
lustrated in Fig. 1 is calculated.

2 2 "
Inductance = 0.2 X3.062X 642 _ .2X 38400 _ 7630

3X306+9X 1875 0.8+ 1685 26.03

6. Compute the capacity of the condenser at each of several of the long
wavelength settings from the formula

= 292 Wh

‘ wavelength = 1884 ]/L X C

where L is the inductance in microhenries
C is the capacity in microfarads
For example, the 202-microhenry inductance tuned to 527 meters at 55° on
the condenser dial. What is the capacity of the condenser at that point? To
simplify the problem let us change the above formula to read

(wavelength)? = 3.54 X 108 X . X C
5272 = 3.54 X 108 X 202 X C

- 527° - o

354 X 108 X 292 270 mmid.

To provide additional examples, the capacity column in the data Table 1
has been left blank. L

. Plot this data as shown in Fig. 1 X

g Make a tap at the center of the coil and repeat the above calculations
and experiment.

9. Pick out some condenser setting on each set of calculations, say 6o
degrees, and see how nearly the calculated capacities check.

DISCUSSION

IN THE experiment we have demonstrated the phenomenon known as
resonance: that is, a circuit composed of inductance and capacity absorbing
energy from another also composed of inductance and capacity, to which
it is properly tuned. We have calculated the inductance of 2 coil by means
of a formula which will give us a result accurate to within two or three per
cent., provided, a. we measure the dimensions of the coil accurately: b. we
make no mistake in our arithmetic, and ¢. provided the length and diameter
of the coil are not too different in dimensions. The formula will be most
accurate when the length of winding equals the diameter of the coil,

TABLE 1

condenser condenser capacily in wavelength  frequency (wavelength)?

selling in mmfd. (calculated)  in meters n kilocycles
degrees
78.5 270 621 483 385,000
55.0 527 568 277,000
41.0 458 655 210,000
32.0 408 735 166,600
26.5 370 810 133,700
22.0 338 888 114,
TABLE 2
Name of unit abbreviation
farad >
microfarad mfd.
micromicrofarad mmfd.
henr .
milli{tcnry mh.
microhenry t+h,
TABLE 3
f. = one million mfd. = 10% mfd.
f. = one million million mmf{d. = 10* mmfd.
mfd. = one million mmfd. = 10% mmfd.
mfd. = one millionth f. =10-8f.
mmfd. = one millionth mfd. = 10-°% mfd.
mmfd, = one million millionth f. =10-~12f,
h. = one thousand mh, = 10 mh.
h. = one million wh, = 108 gh.
mh. = one thousand :h. = 108 h.
mh, = one thousandth . =10-3h.
t+h. = one thousandth mh. = 10 -2 mh.
tth, = one millionth h. =10-%h.
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Get These Home Study Sheets

Two of these Home Study Sheets with Problems ap-

pear in Radio Broadcast each month, They are written
by Keith Henney, Director of the Radio Broadcast Lab-
oratory in which the Laboratory Information Sheets
were prepared,

These Home Study Sheets give you a complete series

of radio experiments which you can perform at home
to gain a valuable knowledge of all radio circuits.

Why not subscribe to Radio Broadcast and get these

HomeStudy Sheets regularly each month? See pages
28 and 29 for our _special Dollar Back subscription offers.
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Practicable

Serviceable
Available

When selecting radio parts, above
every other consideration they should
stand the test of practicability, ser-
viceability, and availability.

The Original

Air-Cooled
Rheostat

¥ With a velvet smooth
action and the fine ad-
justment of a master
instrument, each $1.35
Yaxley not only originated many of
radio’s most useful parts and acces-
sories, but has kept in the forefront
of contemporary design to either an-
ticipate or meet radio’s requirements

Convenience
Outlets

Singly or in gang com-
binations to meet every
radio wiring require-
ment. $1.00 up

with the most practicable devices
obtainable.

That these products are not only prac-
ticable but serviceable is attested by

Cable

@ Connector Plug

For greater set utility—either

A.C.octD.C, $3.00 up
the fact that for years they have
been the choice of the foremost de-
signers in the original hookups of
their most prominent and most suc-
cessful circuits.

Colored
Phone
Tip Jacks

Red for Posi-
tive and Black
for Negative.

25c¢. pr.
And it naturally follows that Yaxley
approved Radio Products may be se-
cured from all radio and electrical
jobbers and dealers,

Midget Battery
Switch

Used in over a million
sets, each 50c.
For full information on the wide
range and usefulness of Yaxley Ap-
proved Radio Products send for our
new illustrated catalog.

Yaxley Mfg. Co.

9 So. Clinton St. Chicago, Il
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TRADE MARK

TOBE A-FILTER

A New Development

which for the first time makes possible continuous and
reliable A. C. filament operation without the necessity
of changing to A. C. tubes with consequent expense of
harnesses or rewiring and the uncertainty or satisfac-
tory set operation when changed to A. C. tubes.

The TOBE A-FILTER consists of two TOBE A-
CONDENSERS 4000 Mfd. each Capacity and two .035 Henries chokes, properly
connected.

Attach a TOBE A-FILTER to any good two ampere charger to make a complete
A-ELIMINATOR. A Tungar, Rectigon, or even a good Electrolic Charger will do.

TOBE A-FILTER............ ... .. oo, $18.00

A complete rectifying unit assembled within one case,
includes a step down transformer and DRY rectifying
unit with a 3 ampere capacity. Fits neatly and quickly
on a TOBE A-FILTER as shown. Complete with
cord and plug ready to plug in. A receptacle is also
provided for your B Eliminator.

TOBE TransAformer............... $15.00

For Sale at Your Dealers

Tobe Deutschmann Co.

ENGINEERS, MANUFACTURERS AND IMPORTERS OF TECHNICAL APPARATUS

CANTON, MASS.
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from obscurity to the position of dominant leadership
in the radio parts and kit field—interestine, you say,
-~ 'L but just what does that mean to vou?

S-M leadership means just one thing—better radio for
less money. Ask any one of the thousands of listeners aad
experimenters who have used and recommended S-M into supremacy.

They’ll ail tell you that S-M leadership means better radio at less cost.

And S-M will lead again in 1928 and 1929 by giving you new develop-

ments that enable made-to-order or home-built radio sets to equal in
external finish the finest factory productions, parts that place the
performance of such sets utterly beyond competition, and, th-u

knock-down kits, radio receivers that will consistently outperform
all ready-made sets at unywhere near their amazingly low prices.

New S-M Offerings Now Ready

Never has there been a design which so perfectly fulfills the re-
quirements of the setbuilder as does the new Silver-Marshall 720
Screen Grid Six—successor to the famous Shielded Grid Six of such un-
paralleled popularity during early 1928. The 720 Screen Grid Six is a
six-tube dual (ontrol screen grid receiver using three screen grid tubes
in individually copper-shielded r. f. stages and two audio stuges with the
marvelous new 8-M transformers—a set absolutely unequalled at th-e prize.

On a summer evening test in Chicago, 41 stations (two on West Coast)
were logged, 5 of which (in N. Y., N. J., Fla., Ga., and La. respectiv aly)
were on adjacent chanpels (only 10 kc. apart) to locals then or the air.
The 720 Kit, complete without cabinet, is priced at $72.50. Custom-built
complete in cabinet as illustrated, it costs $102.00.

And at $51.00 S-M offers the 740 “Coast to Coast” Screen Grid Four
—a kit that is a revelation in four-tube results. Type 700 metal shiclding
cabinet as illustrated is but $9.25 additional, for either set, finished in
duo tone brown; it marks a new standard of style and distinction.

The Sargent-Raytaent Screen Grid Seven, type 710, is the worder set

= f} IN four short years Silver-Marshall, Inc. has forged up

Are vou receiv-

ing “The Radiobuilder”
regularly? Published every
month, this little magazine
provides you with the earliest

information on forthcoming
S-M developments and with
operating hints and kinks that
will help vou to get the most
out of radio.

You can’t afford to be with-
out *“The Radiobuilder,” for
besides general news of in-
terest to cvery setbuilder it
gives advance notice and pre-

views of new products and
detailed constructional and
operating duta on new appa-
ratus before the information
aﬂwurs in the SM DATA
SHEETS.

To $M Authorized Service
Stations, “The Radiobuilder”
is mailed each month, jree of
charge, together with all new
Data Sheets and Service Bul-
letins as they come from press.
To all others a nominal charge
is made; see coupon.

If you want to keep abreast
of the verv newest and most
practical in radio building de-
velopments, be sure to mail

of the scason, and S-M offers, exclusively, the approved kit at $120.00.
It is complete with aluminum shielding cabinet and will bring in 100
stations on any average evening.

The S-M “Round the World” Short Wave sets are the trimmest, niost
efficient short wave sets yet, priced from $36.00 to $51.00 complere v-irh
shielding cabinet. New 8-M condensers are marvels of rigidity and f >«-
ibility in Universal single, and triple types. The 685 Public Add:ress
Unipac—the first really high-powered amplifier yet offered—is pri.ed
at only $160 wired, or $125 for the kit. It will turn out music or voice that
can be heard by 1000 to 10,000 people. Other Unipacs and Power Supplics
take care of every power need.

Of course, the most startling audio development of the last two years
would logically come from S-M laboratories, as it did two years ago. The
new Clough audio transformers were deservedly the sensation of the
June radio trade show. In open comparative tests, S-M 255 and 256 (36.00
transformers) have excelled the performance of all competitive types test e,

the coupon today.

regardless of cost. The 225 and 226 transformers at $9.00
each simply leave the most skeptical marveling.

- L L L L LD L L] ese and many other startling new S-M parts leave
B Silver-Marshall, Inc. 1 small wonder at S-M leadership. They prove that you can
f 838.D W. Jackson Blvd., Chica(;'_u, U.S. A. 1 get the best radio for the least cost from S-M.
............ Please send f ch. L the i iy g .
: complete S-M Ca:’ali:g-sen ME, Tee 0f Chatge, the : If vou don’t wish to build, vet want your :‘qu‘n to be
For enclosed. . . ... oue.. in stamps. send me the custom-made, with all the advantages that this implies,

B foliowing: 1 S-M will gladly refer yowr inquiry to un Authorived
[] ... /30c) Next 12 issues of THE RADIOBUILDER g Silver-Marshall Service Station near ou. If, on the other

... (81.00) Next 25 issues of THE RADIOBUILDER 1 hand, you build sets professionally, and are inter-
e 8§-M DATA SHEETS as follows, at 2¢ each: ested in learning whether there are valuable Service Sta-
LG -%"- % 2;9% gl;jOAABﬁ R""l‘}".""" Power Units 1 tion franchises yet open in your territory, please write us. \
. ...NO. 2. 2 Public A¢ rNs nipac . » l

...No. 3. 730. 731, 732 ' Round-the-World" Short
) “vave Sets | ‘7 M S G
a No. 4. 223, 225, 226, 255, 256, 25t Audio Trans- g SILVER- ARSHALL ’ Inc. i

formers N ’ 7
] Mo 5. 730 Screen Grid Six Recciver 1 838D W. Jackson Blvd., Chicago, U.S. A.
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