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Flrst High-Fidelity Earphones

For monitoring a broadcast program, where the operator cannot be in

a speaker-equipped control room, he has to rely on earphones. Until 25c
now there have been none that satisfy high quality requirements of

the best stations. See page 46 for article about this new development. Per Copy
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FREE EQUIPMENT LIST

|
Listed below are some of the things you can have free with
your purchases of National Union radio tubes. If you don’t see
what you want, ask for it!

Equipment You Can Have Tubes You Buy Per Weck
Carrying Case ... ... it 2 for 1 Year O
Clough-Brengle OM-A Freq. Modulator. .................. 11 “ 2 Years [
Clough-Brengle 81-A Freq. Modulator..................... 6 “ 2 Years [
Clough-Brengle Signal Generator.......................... 6 “ 2 Years [
Clough-Brengle 85-A ......c.oiiii it 5 “ 2 Years [
Clough-Brengle CRA Oscillograph......................... 15 “ 2 Years [J
Clover Remote Control Cable Kit......................... 4 “ 1 Year [O
Communication Inst. Audio Oscillator..................... 3 “ 2 Years [
Electric Clock .....ocoiuiiii it 4 “ 1 Year O
Hickok OS-11 Oscillator................cooiiiienii.... 8§ “ 2 Years [
Hickok No. 99 Tube Tester...........covvvvienenennnn.. .. 8§ “ 2 Years [
Hobart Cabinet (100 Drawer)..............coovvivnnn.... 5 “ 2 Years [
J.F.D. Remote-O-Cable Replacer.......................... 7 “ 2 Years [
Precision No. 600 Electronometer......................... 7 “ 2 Years [J
Ranger 640-740 Volt-Ohm-Milliammeter................... 4 “ 2 Years [J
Ranger 557 Signal Generator...................ccovuiu.... 3 “ 2 Years O
Ranger 735 Volt-Ohm-Milliammeter ...................... 3 “ 1 Year [O
Readrite No. 430 Tube Tester..............cccvvvrinnenn.. 3 “ 2 Years [J
Royal Portable DeLuxe Typewriter....................... 10 “ 2 Years [
Service Manual (any volume except 2and 7).............. 3 “ 1 Year [
Simpson All-Wave Signal Generator...................... 8 “ 2 Years [J
Simpson Set Tester No. 225. .. .. ovntiniinineiinnannnnn, 5 “ 2 Years [
Simpson Set Tester N0o.250.............coovviniennnnnn... 6 “ 2 Years [
Simpson Roto-Ranger Tester No. 220..................... 9 “ 2 Years [
Simpson Roto-Ranger Milliammeter No. 201.............. 5 “ 2 Years O
Simpson Roto-Ranger Milliammeter No. 202.............. 5 “ 2 Years O
SHOP €0at . eueneit it e 2 “ 1 Year [
Supreme No. 525 Soldering Tool ..............ccovvvnn... 2 “ 1 Year [
Supreme No. 450 Set Analyzer ........................... 6 “ 2 Years [J
Supreme No. 510 Meter Kit ..........covuiiriiinrinnnn... 3 “ 2 Years [
Supreme No. 400 Tube Tester ...........covveenenen..... 7 “ 2 Years [
Supreme No. 590 Multi-Meter .............coovvvvnunn... 8 “ 2 Years [
Supreme No. 580 Signal Generator .................o..... 10 “ 2 Years [J
Supreme No. 550 Radio Tester .................covvvnn... 10 “ 2 Years []
Supreme No. 500 Automatic ............coovvveinnennnnn. 12 “ 2 Years [
Supreme No. 585 Diagnometer .............c.ouvvvunenn.. 17 “ 2 Years [
Supreme No. 585 Diagnomoscope 26 “ 2 Years [
Triplett 1503 Multipurpose Tester 8 “ 2 Years [J
Triplett 1250 Vacuum Tube Voltmeter.................... 6 “ 2 Years [
Triplett 1240 Condenser Tester ............ooeuevneenn.... 4 “ 2 Years [
! I want the items checked! How can I get them? RW-937 I'
DoName oo !
| |
I Address .......................ll City oo State ;
1

CHECK! FILL IN! MAIL TO 57’ (exineron'ave, new vorx ciry
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DEVELOPED for
HIGH FIDELITY

AND ONLY

§17.45

FROM FACTORY
TO

YOU!
A 30 WATT AMPLIFIER

COMPLETELY ASSEMBLED BUT NOT WIRED

SES the new 1221 Sylvania non-microphonic input pen-
tode which permits full gain of this powerful FOUR-
STAGE AMPLIFIER to be atilized.

Push-pull 6L6 beam power output with two input channels
and faders for any type of microphone, radio or phonograph
pick-up.

A RARE OPPORTUNITY FOR THE SERVICE MAN

Just what you need for rentals. Delivers anything from a whisper to full auditorium
volume and handles from one to four speakers, maintaining its perfect clarity at
full volume. This powerful K-30 amplificr has an overall gain of 114 DB with
a curve which is practically flat from above 10,000 cycles to well below 100, being
only 2% DB down at 50 cycles.

If your PA income is being limited by lack of power equipment here is your
chance to get in the real moncy with some heavy duty installations which will
make a reputation for you.

K.-3.0 HIGH .FIDELITY AMPLIFIER; assembled complete less onlys 45
wiring, chassis cover, and less tubes............. ... ... .ol 1 7-
Wiring diagram and instructions supplied.

Ventilated heavy gauge chassis cover, as illustrated......................000. $3.25
Complete set of matched Sylvania tubes—(1) 1221, (3) 6CS, (2) 6L6G, (1) 5Z3.. $4.10

EASTERN RADIO & TELEVISION COMPANY

136 Liberty St., New York, N. Y.—Dept. RW-9
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“I'll show you how to get the jobs that

other Radio men can’t handle”

MAKE $40-560 a WEEK

with this New Kind of Radio Training

It Actually Sets You Up In Business!

Now there’s a new kind of Radio training
every man should know about 1f he wants to
get tn on the money end of the Radlo industry.
Men taking my training right now are actually
earning $10, $15, $20 a week and more in
epare time—while they learn. Men who have
graduated are holding down jobs paying $60 s
week and up.

Make More Money Quick

My course is arranged so that you get prac-
tieal lessons right at the start. Quickly, you are
ready to begin servicing sets. Useful, simple
job sheets show you every step to take. And you
have the equipment to handle these joba prop-
erly. Time and time again my students write in
to tell me they are handling jobs other Radic
men couldn’t handle. That’s because my easy
to understand lessons and professional equipment
make you a real Radlo expert.

No Experience Needed

Ofd-timers and new-comers are taking this
new kind of training and making real money in
Radio. If you are a Radlo man now, you know
now 1s the time to get extra training and bigger
pay. If you are just about to enter Radio. now
i3 the time to start taking this thorough,
easily-learned course. Everything 1s clear. Every-
thing practical. You learn business methods,
gain self-confidence, get the satisfaction that
nothing but quick cash in the pocket can give
you.

Get the Facts

Your future in Radio can be rich and happy
it you get started on the right track, get the
kind of instruction that puts you ashead of
others from the start. My new book, entitled
“MORE MONEY IN RADIO” tells about
Radio’s spare-time and full-time opportunities,
tells you about my unusual new type of prac-
tical Radio training, shows you letters from
men who have found success this way, shows how
YOU can do the same. Send for this book today
and get the facts. Act now! Fill in and mail
this coupon at the right.

Big Professional OQOutfit Sent

You learn at home, in your spare time, you
train on real Radio parts, with real professional
tools and implements., I send them to you as
part of your course. This big professional out-
fit is practically an entire Radio shop fn itself.

SPRAYBERRY'’S
MASTER SERVICE COURSE
FOR SERVICEMEN ONLY

A new 45 lesson Course on Radio Service work.
Describes the actual how to do it way. Prae-
tieal, modern and easy to understand. Every
serviceman needs this Special Service Course.
Nothing like it in print. Represents years and
yo:krl of experience at actual Radio Service
work.

SEND TODAY FOR CATALOG. FILL IN
COUPON AT RIGHT—CATALOG DESCRIBES
BOTH COURSES.

Terms as low as $3 per month.

A. H, LANOIE, Northbridge, Mass., writes: °‘Since
enrolling I have cleared a net profit of more than
$150 In spare time alone , . . and I am not half
through the course yet. Honestly, I cannot understand
how you can give so much ‘dope’ for so little money.'*

EOWIN A. GAMMON. Auburn, Maine, writes:
*“Your course 1s so thoroughly good and practical that
it 1s hard to pick out one part that is better than
any other. Due to the knowledge I have gotten from
it T have been deluged with work for the fast month,
schieving good results with radlos which had been
unsu.cessfully tackled by other service men. You
deserve all the credit, and I can tell you how mueh I
appreclate your course.””

WALTER O0AVIS, Raltimore, Md., writes: “Thanks
to the Sprayberry Practical Course (for which I would
not take anything or any price). I am now making
on an average of from $10 to $25 per week in spare
time work, and if this keeps up I may go in for full
time radlo servicing and sales, Thank you again.”’

NOW SEND FOR

FREE BOOK!

My free book has started
hundreds of men on the
road to success in Radio
and happiness in life. It’s
crammed with facts you
can’t afford to miss—filled
with TRUE STORIES of
men that I put into
Radio. Get this book and
read it. If others can
succeed in Radio, so can
you — it’s all in getting
started right. So get the
right start TODAY—mail
this coupon for YOQUR
copy of this great FREE 15
BOOK! A

WAL GOUPON 10 WASHINGTON TODAY
SPRAYBERRY ACADEMY OF RADIO,

F. L. Sprayberry, President,

35-K University Place, N.W.,

Washington, D. C.

Please sond me, without obligation, “More Money in Radio’’ and complets
facts sbout vour new type of tralning.

NAME...

(Paste this coupon on a penny posteard and mail TODAY,)
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The Importance of

CONSTANT IMPEDANCE

Controls in
Public Address
Circuits

W HY use constant impedance controls? A
good question, and one that most radio
servicemen and many public address installers
would find difficulty in answering. We shall
endeavor to explain why constant impedance
controls must be used if performance commen-
surate with the investment is to be realized
from a public address installation. We shall
also explain how to connect such controls in
circuit.

For purposes of explanation consider any
source of power, an ordinary dry cell, for ex-
ample. All dry cells generate voltage, or elec-
tromotive force, and possess internal resistance.
Now if no load is placed across a dry cell’s
terminals, a high resistance voltmeter will
measure the electromotive force (e.m.f.) gen-
erated by the battery with negligible current
drain. Now let a heavy-duty variable resist-
ance of low value be connected across the cell

FIG. |
E is a cell or
battery  across
which is a low-
ohmage  rheo-
stat, so that con-
siderable current
flows. The am-
meter | reads
the current.

and be varied from maximum to minimum
values while current values for each resistance
setting are observed. OQur circuit would look
like Fig. 1. In this illustration I is the ammeter
for reading current at various settings of R,
the external variable resistance. The internal
resistance of the cell is indicated by r. The bat-
tery e.m.f. is indicated by E.

CURRENT AND POWER DETERMINED

By Ohm’s law, the current drawn from the
battery will equal the no-load e.m.f. of the
battery divided by the total resistance of the
circuit. This can be expressed by the equation

Knowing the e.m.f. and the internal resist-
ance of the cell, we can calculate or observe

By William H. Fritz

Centralab

the values of current that correspond with dif-
ferent settings of R, also the power dissipated
in this load resistor. The general equation for
power is

P=TR ....................... 2)

For our particular case, the'power dissipated
in the load resistor can be written

E
1P = ( )”XR ............. 3)
R+4r

This is obtained by substituting for I from
equation (1) in equation (2). The internal
resistance of a typical dry cell is about .05 ohm
and the no-load e. m. f. about 1.5 volts. We can

12

71 <

) N

3

/ MAX. POWER OUTPUT

/ ORY\CELL _'I"

p-r%e-[ 22130

~N

POWNER OUTPUT /N WATTS
Qo ©
N

1 1 1

6
0 02 03 .04 .05 .06 .07 .08 .09 A
EXTERNAL LOAD RESISTANCE IN OHMS

FIG. 2
Output power is compared to various settings of
the rheostat in this curve. This illustrates the prin-
ciple that if maximum power is to be transferred,
the resistance of the load must equal the internal
resistance (.05 ohm) of the generator.

substitute these values in equation (3). So do-
ing, gives us

1.5
= ()
R +.05

(Continued on following pagc)
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(Continued from precedmg page)
Substituting values for R in equation (4),
we get the following tabulation for values of
output power, P, corresponding to different set-

tings of R.

R P

Ohms Watts
.01 6.25
02 9.2
03 10.7
04 11.1
05 11.25
.00 11.2
07 11.0
.08 10.7
.09 10.4
10 10

MOST POWER WHEN R — r

These values, when plotted with power out-

FIG. 3
Simplest form of typical

alternating current is considered. It would be
something like this: If maximum power is to
be transferred from an alternating current
source to an external load, the numerical value
of the load impedance must equal the numerical
value of the internal impedance of the gener-
ator. Now that we have some idea of the im-
portance that impedance matching bears in pub-
lic address circuits, we can proceed with the
application of the principle.

Fig. 3 illustrates a typical sound installation
of the simplest form. A carbon microphone with
an internal impedance of 200 ohms is connected
to the input of a conventioral amplifier. The
master gain control, usually connected as a
grid potentiometer in the first or second ampli-
fier stage, controls the volume in a perfectly
satisfactory manner. A 200 ohm to grid input
transformer is used at the amplifier input, and
a plate to 8 ohm output transformer is used

SPEAKER
wIiTH &1

sound installation. A
microphone feeds a
transformer primary.
The secondary works
into an amplifier. The

Voree coil
MASTER GAIN
CONTROL

&

speaker is' con'r:ec'reﬂ 2000
to the amplifier throug

a matching transformer. MICROPHONE
put as a function of external load resistance,
form the curve shown in Fig. 2.

This curve illustrates a very important prin-
ciple, namely, if maximum power is to be
transferred from a generating source into its
load, the resistance of the load must equal the
internal resistance of the generator. Now how
does all this apply to public address circuits?
We have been talking about direct current bat-
teries and load resistors. The currents flowing
in microphones, transmission lines, amplifiers
and speakers are alternating at voice and music
frequencies.

Fortunately the same principle applies,
whether we are dealing with direct current and
plain resistance, or alternating current and com-
plex impedances. The principle as stated for
direct current would be altered somewhat when

|

A
i -
e TR
| | | \
] ] 1 t
| boors
[} [}
d *:—Z [ '

y

FIG. 4

Z is the impedance of the source of alternating

voltage, and to this source is connected a load

impedance, Z, of equal value. Dotted line in-

dicates the usual place for injecting an attenua-
tor at A,

2000

AMPLIFIER
INPUT 7

2
ouTPUT

between the last stage tube plates and an 8 ohm
speaker voice coil. At every junction of the
three components in Fig. 3, impedance match
is maintained. Under these conditions maximum
output will be realized for any input at the
microphone.

MORE COMPLEX EXAMPLES

If all sound installations were as simple as
the one illustrated in Fig. 3, there would be
no need for constant lmpedance attenuators,
for all attenuating is done by means of the
master gain control, which is a part of the
amplifier proper. Most sound installations in-
clude two or more microphones or two or more
speakers, in various combmanons at mput and
output circuits. This is where constant impe-
dance controls come into play. Before show-

a
[}
4

e e o -

——— - —

——————

FIG. §
The same source and load are present as in Fig.
4, but a constant-impedance control is inserted
in the line. Volume now may be controlled from
maximum to zero, yet the impedance in either
direction through the control is constant and equal
to Z ohms,
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ing actual circuits with controls in place, we
shall digress a little to illustrate how a con-
stant impedance control operates.

Consider an alternating source of voltage
of Z ohms internal impedance. This is con-
nected to a load impedance of the same value.
Fig. 4 illustrates this circuit. If the source is
a microphone and the load is the amplifier in-
put, it is frequently desirable to put an antenu-
ator in the circuit at the point indicated by the
dotted line, A-A, to control the volume level.
While volume is varied from zero to maximum,

-—- FIG. 6
Middle Z is always
V4 z in series with the
z line voltage, except
for maximum and
- zero voltage set-
tings, hence impe-

=== dance is inconstant.
the impedance looking in either arrow direction
through the control must equal Z ohms for all
settings.

Fig. 5 shows the same source and load as
Fig. 4 with a constant impedance control in-
serted in the line. With this set-up, volume
can be controlled from zero to maximum level,
while the impedance in either direction through
the control is constant and equal to Z ohms.

Ordinary potentiometer controls do not main-
tain constant impedance when they are rotated.
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FIG. 7
In this curve the volume control positions, in de-
grees, are plotted against the effective impedance
of A and B, in ohms, showing that for Z-200 ohms,
the variation is from 100 to 200 ohms, or 50 per
cent.

To illustrate this statement, we show a circuit
in Fig. 6 with a potentiometer connected across
the line as an attenuator. For all cases except
zero and maximum volume positions, the upper
part of the potentiometer resistance is in series
with the line and the remainder or lower part
shunts the load. If we assume that Z is 200
ohms and we plot the combined impedance of
the potentiometer and load resistance against
rotation, we obtained a curve like the onc
shown in Fig. 7. The control does not main-
tain constant impedance because the sum of the

series and shunt portions of the control must
always equal the maximum resistance of the
control.

L PAD, PRO AND CON

A control with separate resistance sections
of the correct values for the series and shunt

A
Z
w, ?—8 oy %z
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FIG. 8
Schematic and pictorial representations of an L
pad. A is the series leg and B the shunt leg.
This maintains constant impedance looking out
but not locking in.

legs operated by a common shaft zvill maintain
a constant load impedance on the source re-
gardless of the shaft position. Such a control
i1s known as an L pad.

Fig. 8 shows an L pad, both schematically
and pictorially. A is the series leg and B the
shunt leg. By using the correct values and
properly tapering the resistance sections, an L.
pad will provide straight line attenuation and
constant impedance looking through the control
into the load. The L pad has onc disadvantage,
however. Tt does not maintain constant impe-
dance looking from the load side back into the
source.

The idcal constant impedance control is one
that maintains constant impedance in both di-
rections and provides straight line attenuation
when it is rotated. By straight line attenuation,
we mean that it attenuates any signal passing
through it in dircct proportion to the percentage
of knob rotation. At the most counter-clock-
wise position the attenuation is infinite, the
output is zero, and the impedance in either
direction through the control equals the nomi-
nal line impedance. At the most clockwise posi-
tion the attenuation is zero, the output is maxi-
mum, the previous impedance relations still
hold, and there is no loss in the pad. In this
position conditions are exactly the same as they
would be if the control were entirely out of the
circuit.

There are three fundamental circuits that can
be used to approximate closely the functions
of an ideal constant impedance control. They
are the T pad, the = (pi) pad and the delta-T
pad. Fig. 9 shows the three types, both sche-
matically and pictorially. Notice that both thz
T and 7 types of control require three separate
variable resistors operated by the same shaft,

(Continued on following page)
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The delta-T pad, only recently made available
to the trade by Centralab, requires two tapered
variable resistors and two fixed resistors of the
same resistance value as the line impedance.
With this arrangement, a constant impedance

currents. The inherently higher noise level of
wire-wound controls can be tolerated, because
no amplification follows the control in output
circuits.

Fig. 10 illustrates in simple form a typical
multiple-source amplifier. Our problem is to

g

T PAD

T PAD

FIG.

DFITA T PAD

9

The three types of pads, T, pi and delta-T, each shown both schematically and pictorially.

control is available at little more than a good
potentiometer costs.

PRACTICAL APPLICATIONS

The discussion thus far has been devoted to
reasons for using constant impedance controls
and how constant impedance controls are made.
The next step is how to apply the principles
previously discussed. There are two general
classes of constant impedance controls: input
circuit and output circuit types. Input circuit
controls do not dissipate appreciable power. In
many mixer panels the power level is below
standard zero level of .006 watt, so power han-
dling capacity is not of prime importance. The
chief requirement for input circuit controls is
low rotational noise level. Carbon type units
are well suited to this application. Output cir-
cuit controls, such as are used for individual
control of speakers, have opposite requirements.
Power handling ability takes precedence over
noise level. For most output applications, con-
trols should be wire-wound to carry the heavy

- 2
MIXER | it e
4
FIG. 10

Simple form of a typical multiple-source amplifier.

mix the inputs from all four sources to any
desired degree. Such systems are widely used
to pick up various orchestra sections one at a
time or simultaneously.

Fig. 11 is a detailed sketch of connections
from microphones through the mixing panel to
the amplifier input for the same circuit. Assume
that four 200 ohm velocity microphones are
used and an amplifier with a 200 ohm input
transformer is available. Fig. 11 shows a con-
venient method of mixing all four inputs and
still maintaining the impedance relationship.
The controls used in this illustration are 200
ohm delta-T pads, but 200 ohm T pads can be
substituted without changing the circuit. As
long as the lines from microphone to mixing
panel are short (25 feet or less), the circuit
will perform as shown.

EQUALIZING METHODS

When long lines are used, either balanced
200 to 200 ohm mixer transformers must be
inserted in the four input lines ahead of the
mixing controls, or H pads must be used in
the mixing panel to preserve circuit balance.
Long unbalanced lines will result in hum pickup.
In the mixer panel shown, the input from each
of four channels can be independently con-
trolled. The fifth attenuator controls the level
of the entire input. The ultimate in perform-
ance and flexibility is realized with a mixer of
this type.

It is possible to go on and on enumerating
mixer panel combinations, but every case is
different, so something that can be applied in
all cases should be helpful. The circuit of Fig.
11 is a common series-paralle]l arrangement with
two parallel branches each made up of two 200
ohm impedances in series.

The resultant impedance of this combination
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can be calculated by the series-parallel formula.

In general this is

Where Zi, Zi, Z,, etc., are individual parallel
branch impedances and R is the resultant im-
pedance. For Fig. 11, Z; = Zs =2 X 200 ohms,
since two 200 ohm lines are in series in each
branch. The resultant impedance is

1
R = E - 200 ohms.
1 1 2

23200 2X 200 2X 200

This resultant impedance exactly matches the
input to the amplifier. As much as 25% mis-
match is not perceptible to the ear, as far as
the introduction of distortion into the system
is concerned.

In general, when we have n parallel branches
cach consisting of m equal units of Z impe-
dance, the resultant impedance, R can be found
by this formula

m
R=—XZ2

n

TFor example, the resultant impedance of three
branches, each consisting of two 200 ohm im-
pedances in series is

2
R = — X 200 = 133 ohius
3

The correct input impedance to match this
network would be 133 ohms. The resultant

FIG. 11
The microphone is assumed at
upper rlghi The input is made
to the primary of the microphone
transformer, the secondary of
which has 200 ohms impedance,
center-tapped. A convenient
method of mixing all four inputs
and still- maintaining the impe-
dance relationship is illustrated.
The controls are 200-ohm deita-T
pads, but 200-ohm T pads may
be used without changing the

circuit.

impedance of two branches each containing
three 200 ohm impedances in series is

3
R = — X 200 = 300 ohms
2

These examples illustrate how the same total
number of identical input lines can be juggled
to match different input transformer primaries.

When all input lines are in series, n=1.
Then

R=mX?Z

This is familiar to everyone, for it illustrates
how series impedances are added to give the
total impedance. When there is only one line
in each branch of a parallel system, m=1.
Then

Z

R=

n

These formulas are presented to show how
impedances can be matched in mixer panels. To
have them apply, it is only necessary to have
equal input line impedances. The best method
of attack is to start with the incoming line im-
pedances and using the above formulas, cut and
try until the input impedance of the amplifier is
matched, or nearly so.

CONSTANT IMPEDANCE OUTPUT
CONTROLS

We have pointed out the need for constant
impedance input controls. There is just as great
need for constant impedance output controls. In
most multiple speaker installations it is desirable
to control the volume level of individual speak-
ers. To control the volume of any one speaker
in a group operating from a single amplifier

(Continued on following page)
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without affecting the level of the other speakers,
use constant impedance controls. Hotels, hos-
pitals, schools and factories are typical cases
where this type of control is desirable.

Fig. 12 shows pictorially how eight magnetic
speakers, each with an impedance of 1,000 ohms,
would be connected to match a 500 ohm ampli-
fier output transformer. The same formula for
resultant impedance applies for speakers as well
as input lines. For Fig. 12, n, the number of
parallel branches, equals 4; m, the number of

| americier | 5002
— —

FACH SPEAKER s 1000

equal impedances in series in each branch
equals 2; 7, the impedance of each speaker
equals 1,000 ohms. Substituting in the resultant
impedance formulas previously given, we get,

m 2
R = —X Z = — X 1,000 = 500 ohms
4

n

To work out different speaker combinations,
take the available amplifier output impedances;
use the resultant impedance formula and know-
ing the speaker impedances, cut and try until
the resultant impedance of the speaker network
equals, or nearly equals, the output impedance.

Thus far we have not shown how to connect
individual controls to speakers. In all cases,
L pads will satisfactorily control speaker vol-
ume. Fig. 13 shows how to comnect an L. pad
to control a single speaker, also how to install

a control for each speaker in Fig. 12, In all
cases the speaker impedance governs the choice
of L pad. Use a control designed to match the
speaker voice coil or driving coil impedance.
Usual ranges of speaker L pads are 1,000 to
2,000 ohms for magnetic types and 5 to 50 ohms
for electro-dynamic or permanent magnet-
dynamic speakers.

A FIVE-POINT PLAN

In laying out a required speaker system fol-
low this outline in designing the layout :

FIG. 12
Here we have eight speakers, composed
of four pairs. Each pair consists of units
in series. All four series combinations
are in paraltel with the amplifier. Each
speaker has 1,000 ohms impedance, or
the impedance looking into the amplifier
is 500 ohms.

1. Note the available amplifier output impe-
dances.

2. Note the impedance value of the speakers
to be used.

3. Use the resultant impedance formula to
cut and try for a series, series-parallel, or par-
allel speaker network that matches the amplifier
output.

4. Obtain output L pads to match speaker
impedances, being sure that the power rating
of the controls is adequate for the application.

5. Proceed with the circuit and installation
as shown in Figs. 12 and 13.

The power rating note stressed in step 4 is
of great importance, especially with 40, 50
or 60 watt amplifiers. If all speaker impedances
in an installation are equal, the maximum power
dissipated by each can be simply found by divid-
ing the total maximum output by the number of

. . N
;:d sl:Lg\::' fi’ohre aﬁonfec;;? Below are shown l:he.L'-pad
made to a speaker. Such ouTPUT conl'rkoelrss :: ‘:}:‘e inm;:ii.y.d.;;l
P;ds oo ;E:aimpeda:ce of iheg'pads.
able for controlling speak- .

ers. SINGLE SPEAKER are 1,000 ohms each.

AMPLIFIER

G | ]

& 1000 SPEFAKERS
8 1000 . {0W "L”PADS

FIG.
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RIGHT OR

was therefore the inventor of radio.

cycles. The predominant ones do.

Propositions

1 Marconi, who died recently, reduced to practice the theories of Maxwell, proved that
+ radio waves shoot off into space instead of following the curvature of the earth, and

2 The reason why test oscillators are commonly provided with a single note for 30 per
s cent. modulation is that 30 per cent. is the approximate average of the modulation per-
centage of a complex audio wave at a station that is capable of even 100 per cent. modulation.

3 Sun spots always adversely affect radio reception, and always occur in cycles,
L ]

4 The biggest developments in radio are still taking place in the standard broadcast band,
o while short-wave and ultra-wave improvements have practically ceased.

5 Noise-reducing antenna systems work on the principle that they cancel out the noises
o that are picked up by them, and thus free reception of much interference.

Answers

1 Wrong. Marconi contributed much to the dramatization, polularization and utilization
* of radio, but no one person invented it. Hertz, not Marconi, reduced the Maxwell
formulas to practice. Marconi introduced still more practice and proved that the wave’s
penetration over long distance includes the curvative of the carth,

2 Right. The percentage modulation capability is one thing, the momentary percentage
« modulation is another, and constantly changing, because of voice and music at the studio.

3 Wrong. Sometimes no adverse effects are noticed. Not all the sun spots occur in
ale

4 Wrong. Developments are taking place in all frequency divisions of radio, and also in
 audio realms, but the high or ultra-frequency developments may be the most important
hecause opening up new channels for communication.

5 Wrong. The principle on which noise-reducing antenna systems work is that the an-
« tenna is placed free and clear of the noise fields, which are usually rather close to
ground, and that a transmission line is used to conduct to the set the energy picked up by
the antenna. A transmission line is a coupling system that does not pick up or radiate and
that carries energy from source to destination almost without loss.

WRONG?

speakers. For example, if 10 identical speakers
are operated by a 60 watt amplifier, each L pad
should be designed to dissipate at least 6 watts.
Where speakers of unequal impedance are used
in the same installation the power dissipated
by each will have to be calculated. The choice
of output control will depend upon the power
dissipated by each individual speaker. Rhetori-
cal formulas that will be helpful in this phase
of the work are:

1. Speakers in series dissipate power in pro-
portion to their impedances. If two speakers
are in series and one has twice the impedance
of another, the one with the higher impedance
will dissipate twice the power that is dissipated
by the one with lower impedance.

2. Speakers in parallel dissipate power in
inverse proportion to their impedances. If two
speakers are in parallel and one has twice the
pnpedance of another, the one with the higher
impedance will dissipate one-half the power
that is dissipated by the one with lower impe-
dance.

It has been our aim to outline the definite
need for constant impedance controls, describe
how constant impedance controls are made, and
show how they should be used. The methods
described have been general in nature to have
the widest application, Particular installations
should be more readily laid out and installed

with a thorough knowledge of the factors dis-
cussed.
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TESTS

of Insulating

Materials

By R. Burns

Materials Engineering, Bell Telephane Laberatories, Inc.

FIG. |
Air conditioning tests can be made in desiccator jars. The humidity of the air is controlled by the
solution in the base of the jar.

THE electrical and mechanical properties of
insulating materials may vary greatly with
changes of temperature and humidity, exposure
to light or immersion in liquids. An increase of
humidity usually degrades the electrical char-
acteristics while moderately high ambient tem-
peratures, which are ordinarily accompanied by
a low relative humidity, frequently result in im-
provement. Mechanical strength is quite likely
to be decreased by drying out and the dielectric
constant of some insulating materials may be
somewhat affected by high temperatures.

In choosing suitable insulating materials ail
of these factors have to be taken mto considera-
tion and attention must be given not only to the
conditions under which tests are made but also
to those to which the material has been sub-
jected for some time prior to the tests. Hence

the need for conditioning to provide a common
background for the material regardless of its
history and thus assure reproducible results.

Conditioning tests are not ordinarily severe
enough or carried far enough to provide com-
plete equilibrium of the material, because this
would be uneconomical, in many cases, in view
of the time required. All that is necessary is
to approach the condition of stability so nearly
that variations in the results are small com-
pared with the requirement value.

THE EXPOSURE TESTS

Where exposure tests are made they are
usually chosen to approximate as nearly as
practicable the conditions likely to be encoun-
tered in actual use, but the testing time can
sometimes be shortened by using more severe
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FIG. 2
Insulating materials are exposed on a roof rack and measureme

exposures than those expected in service. In
determining the extent and type of the condi-
tioning exposure it is necessary to select tests
which will not affect the inherent characteristics
of the materials significantly. It is also. de-
sirable that conditions be chosen which can be
easily and economically controlled during such
tests.

Test specimens are generally dried by expos-
ing them to air over a desicator or to moderate-
ly high temperatures. The latter is preferred
whenever practicable since it requires less time.

LIGHT AFFECTS HARD RUBBER

Exposing materials to controlled humidity and
temperature is far more difficult since large
testing apparatus frequently necessitates condi-
tioning a room of substantial size, in which the
temperature and the relative humiditv can be
closely maintained. For less extensive but
more precise work, such as the measurement
of critical electrical properties, the vapor pres-
sure method is widely used. This consists of
exposing the specimens in a closed chamber
which contains a dish of sulfuric acid or salt
solution. The air above such a solution will be
humidified a definite amount, depending on the
kind of salt used or the concentration of the
acid solution. In such a closed chamber the

nts "before™ and “after" compared.

relative humidity will stay constant as long as
the temperature does.

Although drying and humidifying are highly
significant for many materials, there are notable
cases where other forms of conditioning are
necessary. Hard rubber, for example, which
is extensively used as an insulating material, is
very sensitive to light. In studying its physical
and electrical properties samples are exposed
to the radiation from a quartz mercury-vapor
tamp. or. if more time is allowed, to sun lamps
or natural sunlight. One lamp shown used is
of the mercury vapor type. The photo-chemi-
cal action is primarily due to ultra-violet light.
Since this short wavelength radiation is not
present in sunlight at the earth’s surface, how-
ever, the results obtained with this kind of lamp
have to be used with discretion. For exposurc
to direct sunlight, apparatus and materials are
mounted on racks and exposed on the roof or
some other outdoor place. Sometimes it s
desirable to protect the racks by housings to
keep out rain.

It is frequently necessary to combine dry-
ing, humidifying and exposure to light in one
conditioning cycle. In other cases the speci-
mens are expased continuously to high humidity
for long periods while in still others the
humidity is varied daily.
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FINALLY A TRANSCEIVER CALLED "BUGLESS"
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After many experiments M. N, Beitman, service authority, finally got all the "bugs" out of a portable

transceiver, whereupon the diagram above resulted. The 3 volts for filament are from two No. 6 dry

cells in series. The audio choke was the secondary of an AFT. Conventional coils for 5 or 10 meters
are used.

The sending on the set diagrammed above is done with switches at position S, the receiving at
position R. It is usual to gang the switches, to make one control do, when three would be
required. The on-off switch (lower right of center) is separate.

SEPARATION AND SHIELDING ARE IMPERATIVE

Measurement of attenuation at high frequencies is a serious problem, and some recent advances have

been noted. A method was set forth in last month's issue. By this method the input and output sec-

tions of the measuring set {above) are in separate shielded compartments, with space for the appa-
ratus under test and the standard attenuator.
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FROM NOTHING MUCH
TO SOMETHING GOOD

IN TELEVISION

By Ralph R. Beal

Research Supervisor,
Radio Corporation of America

THE ELECTRONIC SYSTEM TRACED FROM CRUDE
START TO PRESENT HIGH-DEFINITION PICTURE

Mechanical systems of television having been eclipsed by electronic methods, the following article
lays a substantial basis of an understanding of television “with no moving parts.” The author is in
charge of the television transmitting and receiving experiments of RCA, performed in conjunction
with the subsidiary NBC. The article is reprinted from the “Journal” of the Society of Motion
Picture Engincers, to whose convention the author in person addressed his remarks in Hollywood.

—EbrTor.

TELEVISION and motion pictures have in
common the objective of reproducing on
a viewing screen images which, to the eye, ap-
pear to have uninterrupted motion. While some
of the fundamentals through which this ob-
jective is attained in
the two arts may be
closely related, others
are widely different.
Objectively and to
some extent techni-
cally, the problems
parallel in the illu-
mination of the sub-
ject, in creating the
illusion of motion, in
realizing an acceptable
standard of definition
and in obtaining ap-
propriate  brightness
and size of reproduced
image on the viewing RALPH R. BEAL
screen. An outstand- )
ing difference appears in the system by which
the reflected light from a subject is transmitted
to the viewing screen.

In motion pictures, the reflected light from
a subject is converted to a film record. Trans-

mission from the film record to the viewing
screen is effected through the agency of light.
In television, transmission is effected through
the agency of electricity. Reflected light from
a subject is converted into electrical impulses,
These may be transmitted by radio or by special
cables from the point at which a subject is lo-
cated to a point far removed from that locality,
and then reconverted into light images on the
viewing screen. The reproduced image may
originate from a subject or from a film record
of a subject.

The development of a television system by
which images of high definition may be trans-
mitted electrically and reproduced on a viewing
screen has required intensive research by RCA
for more than ten years. This research has
passed through many stages, beginning with
early mechanical arrangements and advancing to
the present all-electronic system which is now
under field test in the New York City area.

Some of the requirements of a high definition
system may be indicated by a brief description
of a system patterned after a suggestion made
by Carey about 1875. The elements of this sys-
tem are illustrated in Fig. 1. A pickup area is

(Continued on following page)

FIG. | -
The elements of . STy
an electronic  sys- [Amp }— - V-J::;::,
tem suggested about : - ~ Gl
1875 by Carey. The RN 77
object is the cross- > S
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projects the image y LENS =
on a photo-cell bank. /7\‘_ ,\
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plifier to actuate a
separate lamp,
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OF PHTOCELLS

BANK OF PHOTOCELLS 1T3 CORRESPONDING LAMP THAOUGH
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constructed of a bank of photoelectric cells and
a viewing screen of a like number of incandes-
cent lamps. Each photocell in the bank is con-
nected by an electric circuit through an ampli-
fier to the correspondingly positioned lamp in
the viewing screen. The light image to be
transmitted is focussed on the bank of photo-
cells. Electric current then will flow through
the circuits connecting those of the photocells
which receive light to the corresponding lamps
in the viewing screen. A reproduction of the
subject will appear as an illuminated picture.

A LIMITED SYSTEM

In this system, the amount of detail which
can be transmitted is limited by the physical
dimensions of the individual photocells in the
pickup area. Each photocell represents an ele-
ment of plcture arca and the details in any area
of the picture smaller than the area of the

ELECTRON BEAM NMOSAIC

tive mosaic in a highly evacuated glass enve-
lope. The electron gun produces a fine pencil
or beam of electrons which is focused to a spot
on the mosaic. This beam is moved horizon-
tally and vertically and so caused to scan the
mosaic. The motion of the scanning beam is
produced by appropriately applied electromag-
netic fields.

CONSTITUTION OF MOSAIC

The mosaic consists of a vast number of
tiny electrically isolated photosensitized silver
globules. These cover one side of a thin sheet
of mica. The other side of the mica is covered
with a conducting film, and this film is con-
nected to a single lead. The mosaic may be
thought of as a very large number of minute
photocells, each of these shunted by an elec-
trical condenser which couples it to the common
signal lead. When the mosaic is illuminated,
these condensers are charged positive with re-

SIGNAL  PLRTE

FiG. 2

The Iconoscope consists of
an electron gun and a
photo-sensitive mosaic in a
highly-evacuated glass en-

velope. The electron beam
is focussed to a spot
moved horizontally and ver-
tically to scan the mosaic.
Electro-magnetic fields im-
part the motion to the

photocell cannot be transmitted. An electrical
circuit is required to transmit information con-
cerning the brightness of each element of pic-
ture area. As the amount of detail increases,
the number of electrical circuits increases. Such
a multiple circuit method is not practicable for
transmitting images electrically over long dis-
tances. A single channe] must be employed for
this purpose. This requxres methods which in-
volve dividing the light into elements, convert-
ing the illumination on each element into elec-
trical impulses, transmitting these impulses in
orderly sequence and reconverting them into
appropriately positioned light on the viewing
screen.

In the RCA high definition television sys-
tem, the first step in this process occurs in the
“Iconoscope,” which converts the light image
into electrical impulses. The final step takes
place in the “Kinescope,” which transforms the
electrical impulses into a light image on the
viewing screen.

The “Iconoscope” which is illustrated in Fig.
2, consists of an electron gun and a photosensi-

il

beam.

\"’EFL[CY/NG cons

spect to their equilibrium potential, due to the
emission of photoelectrons. This positive charge
is proportional to the quantlty of light recelved

The electron beam as it scans the mosaic
from left to right drives to equilibrium the ele-
ments over which it passes and thus releases
the charges and induces current impulses in
the signal lead. The train of current impulses
thus generated constitutes the picture signal
output of the * Iconoscope ” These current im-
pulses will appear in orderly sequence as the
electron beam scans the area of the mosaic,
one honzontal line at a time from top to bottom.
It is in this order that the current 1mpulses
are transmitted as television signals. Fig. 3 is
a photograph of a representative “Iconoscope.”

In the “Iconoscope,” the charging process in
any specific element of the mosaic continues for
a time equal to the picture repetition interval;
that is until the beam, in the process of scan-
ning, returns to that element. The electrical
charge stored in the condenser increases with
this passage of time., The greater the electrical
charge, the greater will be the current impulse
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FIG. 3

A representative
lconoscope. The ter-
minals are located
at the base and also
at heads on the
glass envelope. The
tited mosaic on
which the electron
stream from cathode
plays is in practice
reflected on a mir-
ror on a console
receiver.

induced in the signal lead. This storage princi-
ple makes the “Iconoscope” a very effective
pickup device for television.

NOW AS SENSITIVE AS FILM

The sensitivity of the “Iconoscope” is of great
importance in picking up a wide variety of
scenes, both indoors and out, under practical
lighting conditions. This sensitivity, at the pres-
ent stage of development, is about the same as
that of ordinary negative film. Research in
progress is disclosing methods by which it may
be possible greatly to increase the sensitivity.

The color response of an “Iconoscope” de-
pends upon the activation schedule used in pro-
ducing the mosaic and upon the composition of
the photosensitive material. The color response
characteristic may be varied over a range com-
parable with that covered by photographic
emulsions available for motion picture work.
The color response characteristic of a repre-
sentative “Iconoscope” is shown in Fig. 4.

The “Iconoscope” and its associated optical
parts, correspond, in the RCA Television sys-

tem, to the camera in motion pictures. This
unit of equipment is called the “Iconoscope”
camera. “Iconoscope” cameras having the same
elements but differing in physical form are used
for direct pickup of indoor and outdoor scenes
and for the transmission of motion picture film
material.

A photograph of an “Iconoscope” camera for
use in indoor studios is shown as Fig. 5. The
camera may be moved about the studio during
a performance; it is raised and lowered by a
motion driven mechanism; the usual provisions
are made for following the motion and action
of the scene; it is silent in operation. The
“Iconoscope” moasic is about 4” x 5" or about
six times larger than one 35-mm. motion picture
frame. Therefore the “Iconoscope” camera
lenses are of greater focal depth than those
employed in motion picture cameras. Present
“Iconoscope” cameras are equipped with lenses
of 6.5” or 18” focal length. Fig. 6 shows this
camera with the housing raised. The picture
signals and the necessary power supply currents
are carried by a cable which connects the camera

(Continued on following page)
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The 454 [conoscope
has an inverse char-
acteristic with fre-
quency—most sensi-
tive around 5,000
angstroms, and least
around 8,000,
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to the system. A wide band pre-amplifier for
amplifying the picture signal produced by the
“Iconoscope” is included in the camera.

MODULATION AS TO SOUND

The picture signals generated by the “Icono-
scope” in the camera are amplified and deliv-
ered to the radio transmitter. These signals
are caused to modulate the carrier wave of
the transmitter in a manner analagous to that
employed in sound broadcasting. The radio
signal thus produced is picked up at the dis-
tant point by the receiving antenna and deliv-
ered to the television receiver. Here it is re-
stored to its original form as a train of im-

FIG. 5

Indoor type lconoscope camera. It may be moved

about, raised and lowered, and follow the move-

ments of the character in the usual "pursuit’
fashion.

pulses. These impulses are fed through ampli-
fiers to the “Kinescope” which transforms them
into a light image on the viewing screen.

The “Kinescope” is an evacuated glass enve-
lope which contains, as the essential elements,
an electron gun and a luminescent screen. The
electron gun produces an electron beam similar
to, but of greater current carrying capacity
than, the gun in the ‘“Iconoscope.” Light is
produced when the clectron bearn bombards the
luminescent screen. The amount of light thus
produced is proportional to the current in the
beam. The electron beam is caused to scan the

viewing screen by appropriately applied electro-
magnetic fields.

The scanning beams in the “Iconoscope” and
the “Kinescope” are accurately synchronized.
The team beams are on corresponding points of
the mosaic of the “Iconoscope” and of the lu-
minescent screen of the “Kinescope,” at any in-
stant. The brightness of a point on the lumin-
escent screen is proportional to the current in
the bombarding beam. This current is pro-
duced by voltages related to the picture signals
generated by the “Iconoscope.”

SYNCHRONIZATION OF BEAMS

These picture signals represent, by clectrical
impulses, information concerning the brightness
of each picture element. Since the electron beam
in the “Iconoscope” and “Kinescope” are in
exact synchronism, the brightness of any point
on the “Kinescope” screen will be a function of
the brightness of the corresponding point on
the mosaic of the “Iconoscope.” Thus the im-
age projected as the mosaic of the “Iconoscope”
will be reproduced with exactness on the view-
ing screen of the “Kinescope.”

The electron beams in the “Iconoscope” and
“Kinescope” are synchronized by transmitting
synchronizing impulses at the end of each scan-
ning line and at the end of each picture or
frame. A synchronizing amplifier in the re-
ceiver separates the synchronizing signals from
the composite signal by amplitude selection,
separates horizontal and vertical synchronizing
signals from each other by frequency selection
and delivers the impulses to the respective de-
flecting oscillators in proper amplitude and
polarity for synchronization. The requirement
of accurate synchronization between the scan-
ning beams at the transmitting and receiving
ends of the circuit is one of the important fac-
tors necessitating a uniform standard for all
television systems to be used in broadcasting
services in this country.

As in motion pictures, the degree of technical
perfection of the reproduced image may be
measured in part by the detail it contains. To
produce a system which will transmit and re-
produce pictures of acceptable detail has pre-
sented one of the most severe problems in tele-
vision. The solution was found in the all-
clectronic system.

NUMBER OF ELEMENTS IMPORTANT

The amount of detail which can be trans-
mitted by a television system depends upon the
number of picture elements resulting from the
scanning process. The number of picture ele-
ments depends upon the number of lines by
which a complete picture is scanned. A picture
element has a height equal to the distance be-
tween the centers of adjacent scanning lines,
that is, the scanning line pitch, and a length of
56% greater than its height, for equal horizon-
tal and vertical resolution in the picture. The
number of picture elements, hence the amount
of detail, increases with the number of scanning
lines. In a system which employs the “Icono-
scope” and other electronic devices the number
of scanning lines, hence the picture detail, may
be greatly increased over that obtainable by
earlier devices and methods. The “Iconoscope”
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FIG. 6

The lconoscope camera with the housing raised. A cable carries power and
picture signals to the instrument.

mosaic does not limit the detail because many
of the tiny photosensitive elements in the mosaic
contribute to a single pictere element.

The detail which may be obtained hy differ-
ent numbers of scanning lines is indicated at
Fig. 7. These are synthetic representations de-

veloped in the course of the studies of the sub-
ject. Pictures of less than 60 lines were used
in early experimental systems. The eclectronic
system embodying the “Iconoscope” and other
clectronic devices produces pictures of satisfac-
(Continued on following page)
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FIG. 7A
The &0-line scanning of the early mechanical sys-
tems yielded a result like this. The subject is a
Mickey Mouse cartoon.

FIG. 7B
Doubling the scanning lines improves detail and
definition. This is an electronic result.

FIG. 7C
At 180 lines the separate lines begin to be in-
visible at reasonable distance from the screen.

FIG. 71D
At 240 lines the picture begins to produce results
freed from some earlier objections.

(Continued from preceding page)

tory detail with 441 scanning lines. This amount
of detail corresponds approximately to that ob-
tained with 16 mm. motion picture film. A pho-
tograph of an actual 441 line television picture
is shown as Fig. 8 This is a photograph of
an image on the viewing screen of the “Kine-
scope.” The picture was transmitted by the
RCA system now under test in the New York
City area.

NATURALNESS AND NO FLICKER

In television, as in motion pictures, two con-
siderations are involved in determining the rate
at which the scanning operation must be re-
peated. The rate of repetition must be great
enough to give the appearance of reasonably
continuous and natural motion in the repro-
duced scene and it must be great enough to
minimize unsteadiness or flicker in the repro-
duced picture. Continuity of motion is main-
tained with a repetition rate of 16 pictures or
frames per second. At least 48 frames per sec-
ond are required, however, to minimize flicker
unless some artifice is employed. Motion pic-
tures are projected at the rate of 24 frames

FIG. 7€

A photographic enlargement of the cartoon, where
foreground definition alone is retained.

per second and the artifice to reduce flicker
takes the form of an extra blade on the shutter
which interrupts the light while the film is being
pulled down from one frame to the next. Thus,
as far as flicker is concerned, the projection is,
in effect, at the rate of 48 frames per second.

Such an artifice is not applicable in television.
Some other method must be devised. Interlaced
scanning is employed in the RCA system. This
provides satisfactory freedom from flicker. In
interlaced scanning, instead of scanning the pic-
ture in adjacent lines from top to bottom, alter-
nate lines covering the entire area of the picture
are first scanned and then the beam returns and
scans the omitted lines. The entire picture is
scanned 30 times per second, but the picture
area is covered in alternate lines 60 times per
second.

Another requirement for consideration in tele-
vision is the relation which should exist between
the frequency of the power supply to the trans-
mitter and receiver and the repetition rate. It
is desirable that the repetition rate be an integral
divisor of the power line frequency. This is
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FIG. 8

Naturalness and no flicker are
the results of 441 lines and in-
terlaced scanning. The camera
faced the mirror of the ex-
perimental receiver when this
photograph was taken of the
televised image of Betty Good-
win, television announcer.

necessary to minimize certain synchronous in-
terference effects which otherwise might be
detrimental to the picture. The television trans-
mitter and receivers of the RCA field test sys-
tem operate from a 60 cycle power supply.
Hence a repetition rate of 30 frames per secon

fulfills the requirements,

WIDE BAND NEEDED

It should be noted that although the scanning
beams of the “Iconoscope” and the “Kinescope”
must be in exact synchronism, it is not neces-
sary for the frequencies of the power supplies to

the transmitter and the receiver to be synchron-
ous, that is, interconnected, provided they have
the same nominal frequency and both systems
are regulated in frequency accurately enough
for the operation of electric clocks.

The transmission electrically of high defini-
tion images over a single channel requires very
wide frequency band apparatus and circuits.
This is occasioned by the rate at whnch informa-
tion must be transmitted concermng the bright-
ness of a very large number of plcture elemerits.
A 441 line picture with an aspect ratio of 4 to
3, as transmitted by the RCA system, will con-

(Continued on following page)

FIG. 9

The equipment in the
Radio City televis-
ion studio as used
for program work.
The lconoscope cam-
eras, of which two
are plainly visible
in center, pick up
scenes in sequence,

by bemg suitably
switched in as de-
sired. At left an

operator is guiding
a standard veloc-
ity microphone sus-
pended from the
end of the boom.
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FIG. 10

The control room. This adjoins the

studio and occupies an elevated po-

sition. From this room the different

cameras are switched in, in fact alf

sound and sight monitoring is per-
formed here.

(Countinued from preceding page) formation must be transmitted concerning the
tain 165,957 picture elements, for equal resolu-  brightness of 30 X 165957 or 4,978,710 picture
tion horizontally and vetically. This is derived elements cach second. One cycle of the picture
from the product of the square of the number signal provides such information for two pic-

FiG. II
‘ The film projector equipment.

of scanning lines and the aspect ratio, divided ture elements; hence the total frequency band
by 1.56, the dimension of the picture element required for transmitting a picture as above
in terms of scanning line pitch. described is about 2,500,000 cycles. This is the

; . width of the frequency band which must be
When 30 pictures per second are scanned, in-  amplified and carried by the apparatus and cir-
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cuits in the system. It is the frequency band
by which the carrier wave of the radio trans-
mitter must be modulated. The total radio
transmitting channel width will be 5,000,000
cycles when the carrier is modulated by the pic-
ture signal. This is equal to the combined
widths of 500 sound broadcasting chamels of
16,000 cycles each.

WHEN THE ULTRAS ARE USED

Channels of such great width are not availa-
ble in the frequency spectrum now- used for
radio services. For this and other reasons re-
lated to technical requirements, the ultra high
frequencies or ultra short waves are used, for
television. Frequencies above 30 megacycles
(wavelengths of less than 10 meters) are em-

mcally, to provide them for extenslve, nation-
wide networks becomes an economic problem
of magnitude.

NEW METHODS FOUND

The development of a high definition tele-
vision system has required technical advancés
over a broad front. Fundamental research in
the field of electromcs was very 1mp0rtant
Extensive research in an unexplored portion of
the radio frequency spectrum was required to
determine the laws of propagation of ultra short
waves and to produce miethods and devices by
which they may be applied. Entirely new

methods and apparatus had to be produced for
picking up‘lmages, and converting them into
impulses for

electrical transmission. Ne.

FIG. 12

The film projection room has its own separate control room.

ployed. Ultra short waves have quasi-optical
properties in propagation. The range over which
satisfactory high definition television pictures
may be reliably transmitted by ultra short waves
is limited practically to the distance of the hori-
zon from the height at which the transmitting
antenna is placed. Under some abnormal con-
ditions, pictures may be received over greater
distances for periods of very short duration,
but primarily television stations will serve local
areas. The signals from the stations in these
local areas will be stable and will have about
the same intensity during the day and night
hours, and during the seasons of the year.
Television networks for the simultaneous dis-
tribution of programs originating at one point
will consist of interconnected local stations. The
circuits which interconnect these stations must
be capable of transmitting the very wide fre-
quency band required for high definition tele-
vision. Existing circuits, either wire or radio,
cannot fulfill this requirement. Now facilities
must be provided and while wide frequency band
circuits either cable or radio, are feasible tech-

methods and devices were requnred for amplify-
ing, transmitting and receiving the very wide
frequency bands on ultra short waves. The
fundamental character of the work and its ex-
tensiveness constitute practically the develop-
ment of a new art.

The technical advances made through a step-
by-step program of research in the laboratory
and practical tests in the field, have been incor-
porated in the television system RCA now has
under experimental test in the New York City
area. The equipment provided for this field
test is installed under conditions which closely
correspond with the requxrements of a tele-
vision broadcasting service. The field tests are
comprehensive in scope. They embrace studies
of the functioning of the equipment under field
conditions, the collecting of engmeermg i1_1-
formation and data related to signal and noise
levels within the service area; experiments to
develop program technique and observations on
receivers in the field by technical personnel.

This system is now using standards of which

(Continued on following page)
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the essentials are 441 lines per frame, a frame
frequency of 30 per second, a field frequency of
60 per second (interlaced). negative polarity
of transmission and a video-audio (picture-
sound) carrier frequency spacing of 3.25 mc.
The picture signals are transmitted on a fre-
quency of 49.5 mc. and the sound at a fre-
quency of 52.75 mc.

The studios in which artists perform and

the photograph, the “Iconoscope” cameras are
employed to pick up scenes to be transmitted
in sequence by switching from one camera to
the other. The switching operation takes place
in the studio control room, which is located in
an elevated position at one end of the studio.
The sound which accompanies the picture is
picked up by a standard velocity microphone
equipped with a windshield and attached to a
boom.

from which motion picture film is transmitted
are located in the RCA Building, Radio City.
The radio transmitting equipment is installed
in the Empire State Building and the transmit-
ting antenna on top of the building. The pic-
ture signals from the Radio City studios are
sent to the radio transmitter in the Empire
State Building either by coaxial cable or by
ultra short wave radio relay. The accompany-
ing high fidelity sound is carried over special
cable circuits.

TELEVISION STUDIO

The terminal equipment at Radio City in-
cludes three “Iconoscope” cameras for direct
pickup in the artists’ studio and two motion
picture film projectors of special design, each
with its “Iconoscope” camera. This equipment
includes the video or picture signal amplifiers
and the deflecting and control apparatus for
each “Iconoscope” camera, the “Kinescope”
monitors, the synchronizing generators, the line
amplifiers and other associated apparatus.

The equipment in the Radio City television
studio is shown in Fig. 9, as it is used for a
program transmission. In the scene shown in

FIG. {3
The synchronizing supply is pic-
tured. The video line amplifiers feed
the signal to the Empire State
Building.

The studio is about 30’ x 50’ with a ceiling
height of about 18 ft. It is an NBC studio
formerly used for sound broadcasting. The
studio i1s equipped with incandescent lamps of
various types, having a total power consumption
of more than 50 kw. The lighting equipment
is f!exible to enable comprehensive studies of a
variety of effects in experimental programs.
Rifles, floods and focussing spots with ratings
between 2 and 5 kw. each are most numerous,
although there are several large units of special
design. Key lighting and back lighting units
are suspended from the ceiling ; modeling lights
are operated on the studio floor. The present
sensitivity of the “Iconoscope” requires an in-
cident light intensity on a set of about 1,000
to 2,000 ft. candles.

STUDIO CONTROL ROOM

Adjoining the studio and at such an eleva-
tion that the operating engineers have a clear
view of the studio scene, is the studio control
room. This control room is shown in Fig. 10.
The sound and video signals from the studio
are monitored in this room. The scenes are
picked up by the “Iconoscope” camera and re-
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produced on the two monitoring “Kinescopes”
shown at the left of the photograph. One
monitor shows the scene being transmitted and
the other the scene picked up by the second
“Iconoscope” camera preparatory to transmis-
sion. The operating position in the foreground
of the photograph controls the sound from the
studio. The video controls are at the opposite
end of the control board. The racks of equip-
ment behind the engineers include the video
amplifiers and the synchronizing and control
equipment associated with each “Iconoscope”
camera.

FILM STUDIO

Motion picture film material originates in a
film studio in another part of the National
Broadcasting Company plant. This studio con-
sists of two rooms, in one of which are in-
stalled two special 35 mm. motion picture pro-
jectors and other supplementary equipment, and
in the other, two ‘“Iconoscope” cameras with
video and monitoring and control apparatus.
The projectors are so designed that standard
24 frame motion picture film is used to produce
television pictures at 30 frames per second. In
these projectors a changing rate of intermittent
drive is used for the picture portion of the
film and a constant 24 frame rate of feed for
the sound portion. Pictures from the projectors
are focussed on the mosaics of the “Iconoscopes”
cameras located in the same control room be-
yond the partition separating the two rooms.
The film projector equipment is shown in Fig.
11.

FILM STUDIO CONTROL ROOM

A control room is associated with the film
projection room. A view of this room is shown
in Fig. 12. The equipment in the film studio con-
trol room includes two ‘“Iconoscope” cameras
with their video voltage amplifiers and associated

FiG. 14
The inter-building ultra short wave
radio relay transmitter.

synchronizing and control equipment and audio
equipment for the control of sound from the
film. The two “Iconoscope” cameras are so
mounted that they may be shifted from side to
side for use with either of the film projectors
in the adjacent room.

SYNCHRONIZING

The panels containing the electronic synchron-
izing generator equipment, and the video line
amplifiers which feed the viedo signal to the
Empire State Building are shown in Fig. 13.
This equipment is installed in the main equip-
ment room of the National Broadcasting Com-
pany plant.

INTER-BUILDING TRANSMISSION

The inter-building ultra short wave radio
relay transmitter (Fig. 14) is installed on the
10th floor of the RCA Building. It operates
on a frequency of 177 megacycles and has a
channel width adequate to carry the full video
frequency band. Equipment is provided for
monitoring the signal at this point. The trans-
mission distance between the two buildings is
approximately .9 mile. The signal obtained at
the Empire State Building is free from noise,
and pictures transferred by radio relay are as
satisfactory as those for which the coaxial cable
is used.

EMPIRE STATE BUILDING
CONTROL PANEL

The coaxial cable and radio relay channels,
and the channel for the sound accompanying the
picture from the studios in Radio City terminate
at the Empire State Building control board.
(Fig. 15). From left to right the control board
consists of the sound channel panel, a video
monitoring panel, the radio relay receiver panel
and battery and switching panels. The video

(Continued on following page)
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monitor may be switched either to the radio
relay or the coaxial cable channel.

TRANSMITTERS

The video and audio transmitters mstalled in
the Empire State Building are shown in Fig.

type and has a tuning range of 40 to 84 mega-
cycles. It receives the picture and the accom-
panying sound. The “Kinescope” is mounted
vertically and the television image is viewed
in the mirror mounted inside the cover of the
cabinet. Tuning is accomplished by a single
knob controlling the radio frequency circuit and

FIG.

The coaxial cable and relay channels.

16, The video and audio transmitters are en-
tirely separate and are specially designed for
high power operation on ultra high frequencies.
The modulator of the video transmitter is
capable of handling the wide side bands re-
quired for the video frequencies. Both trans-
mitters are coupled to a common transmission
line which is connected to the single antenna
on top of the building.

ANTENNA

This antenna produces a horizontally polar-
ized field with a pattern essentially circular
in the horizontal plane. The antenna has a
power gain in the horizontal plane of about
21 or 3.2 db. as measured with reference to
a vertical dipole. The Empire State Building
having a height in the order of 1,250 feet pro-
vides a location from which a maximum trans-
mitting range may be obtained. The dlstance
from the antenna to_the horizon is approxi-
mately 43 miles. Fig. 17 shows a view of
the Empire State Building transmitting an-
tenna.

EXPERIMENTAL FIELD TEST RECEIVERS

The experimental field test receivers resemble
in appearance a console broadcast receiver. Fig.
18 is a photograph of the type of receiver now
in use. This receiver is of the superheterodyne

15

the single oscillator which heterodynes both
carriers to produce two intermediate frequen-
cies.

Of the seven knobs on the front of the re-
cciver the center knob tunes the picture and
the accompanying sound. The three knobs on
the right, from top to bottom, are the sound
volume control, the treble tone control and the
bass tone control. The three knobs on the left,
from top to bottom, are the picture contrast
control, the detail control and the background
brightness control. These receivers operate on
the ordinary 110 volt, 60 cycle power supply
and draw about 350 watts of power.

These receivers have been used to produce
two sizes of plctures For the first few months
of the tests, the picture size was 514" x 715",
At the present time most of the receivers have
“Kinescopes” which produce plctures 7%
10" in size. Fig. 18 shows a 9" Kmescope
which produces a 514" x 714" picture. A
“Kinescope” about 12/2” in diameter is required
to produce a 714" x 10" picture. The shape of
the picture, defined by the aspect radio 4 to 3,
is the same as that used in motion picture prac-
tice.

COLOR AND BRIGHTNESS

The brlghtness of the reproduced picture is
such that it can be viewed in a moderately




T e TR TR T

September, 1937

RADIO WORLD 31

lighted room. The color of the “Kinescope”
screen depends upon the composition of the
fluorescent materials. Many screen colors have
been produced. At the present time a slightly
greenish yellow screen and a more nearly white
screen are being used. The present yellow
screen used for the 714" x 10" picture has a
brightness in the high lights of about 4 foot
lamberts. This may be compared with the

FIG.
The video and audio transmitters in the Empire State Building.

tentatively proposed standards of 7 to 14 ivot
lamberts for the brightness of motion picture
theatre screens.

The optimum viewing distance for a 441 line
picture of the 7%" x 10" size is in the order
of three to four feet. At this distance the line
structure is not resolved by the eye. The screen
angle or the angle subtended by the picture
at the eye is about 20 degrees. At a viewing
distance of 12 feet, the screen angle is about
5 degrees, which in general, is in the order
of magnitude of the minimum acceptable screen
angle in motion pictures, The size and bright-
ness of the 7% x 10" picture of 441 lines
appears to reasonably satisfy the requirements
for pictures to be viewed in the home by the
average family group.

PROGRAM MATERIAL

In connection with television program tech-
nique, it is too early to accurately predict the
technique which ultimately will develop in tele-
vision programming. It is clear to those who
are closely associated in the development of a
system that, although some parts of the pro-
gram technique may parallel the technique of
the stage, motion pictures and sound broad-
casting, it will be distinctive from any of these.
In effect, a new art form must be created.

In general, television program material may
fall under three principal classifications. These
are direct pickups from indoor studios and

other points, outdoor pickups and motion pic-
ture film. Spontaneity eventually may be an
important element in television programming.
The televising of outdoor events as they occur
is entirely feasible under the light conditions
which prevail during fair weather. Studio pro-
grams and motion picture film probably will
find liberal use in television programming but
here again the requirements peculiar to tele-

16

vision will affect the nature and composition
of the material.

The field tests in the New York City area
are contributing to further technical advances.
Pictures of 441 scanning lines have been trans-
mitted and satisfactorily received within a serv-
ice area having a radius of 30 miles or more
from the Empire State Building. Good pictures
are regularly received at one observing point
in a suburban home over a distance of 45 miles.

MUCH WORK AHEAD

Much remains to be done. When it will be
completed cannot be accurately predicted. The
engineering information and data collected and
the experience gained from operating the sys-
tem under field conditions are pointing the way
toward the realization ultimately of a high
definition television broadcasting service.

This new service, just as have many new
services in the past, will supplement and not
supplant existing services or agencies which
represent older arts. The telephone did not
supplant the telegraph; it supplemented it.
Sound broadcasting did not supplant the thea-
tre and motion picture. On the contrary, it
increased public interest and appeal in them
and thereby contributed to their advancement
and financial profit. And so it will be with
television. When it & successfully accom-
plisked, we will have added another service to

(Continued on following page)
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the continually growing list. There will be
some things which television can do that previ-
ous arts cannot do; a few things which it can
do better than they; but there will be many
things which they can continue to do which
television cannot do. We may therefore wel-

FlG. 17
Tower of the Empire State Building, with the
television antenna system at top.

come the advent of a great new public service,
which will came not to displace but to aug-
ment our agencies of entertainment and in-
formation, thereby making the world a more
interesting place in which to live.

FIG. I8
Experimental television receiver.
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SOLUTIONS OF AUDIO BEAT

FREQUENC

Safeguarding Low
Frequencies Practi-

cally to Zero

Avoidance of Dead
Spots

Insuring Adequate
Facts on Output in
Cycles and Volts

HE type of audio oscillator that gives the

most nearly uniform output voltage over
a continuously variable range, that may readi-
ly have excellent frequency stability, and thus
meets important requirements, is the beat fre-
quency oscillator.

This sort of oscillator is familiar to all who
have any experience in radio. In discussing the
measurement instrument we respectfully refer
to the sounds as frequencies, but when the same
general condition obtains in a receiver, and the
sounds constitute interference, we refer to them
contemptuously as squeals. If one operates a
regenerative receiver so that the detector tube
nearly “spills over” in tuning in a station, we
may hear no program, but a sustained audio
note, alterable by turning the tuning condenser
knob just a trifle. In certain forms of radio
reception, relating to messages, where the car-
rier is taken off and put back on the air at
intervals representing the dots and dashes of
code, the receiver has an auxiliary oscillator
working at a frequency only a little different
from some other radio frequency in the set.
Thus when the carrier is “on,” a note equal to
the difference is heard. This form of transmis-
sion and reception is known as continuous wave
(c. w.) and the carrier, itself unmodulated, is
given all the attributes of code modulation by

By H. J. ‘Bernard
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would be around 20,000 cycles.

A battery-operated beat frequency oscillator, Fv represents the r-f oscillator that may be tuned

to different frequencies, and Ff the r-f oscillator that has a fixed frequency. With no more than

stray coupling, the audio frequencies, Fa, can be heard in the 'phones, though weakly, while

with intentionally introduced coupling tetween the r.f oscillators the note is much louder, but
the lowest frequencies disappear.

If the coils used for the diagram of the battery-operated beat frequency osciliator are
of the intermediate frequency type, primary and secondary tuned, the condensers may be
left across these coils, and the capacities built up to .00035 mfd. The audio frequency span

The A and B supply common to both tubes, the capacity of wiring and other cffects, intro-
duce coupling even without any special coupling unit.

The fixed-frequency oscillator, at right, is used as the detector, also. All leak-condenser
oscillator circuits detect well. No zero adjustment method is shown, but onc may be intro-
duced, as explained in the text, cither visual or aural.

the on-and-off operation. In this way great dis-
tance may be economically covered.

FIT FOR BIG BOOK

So it is not something unfamiliar that we

are dealing with, but the same condition where- R

by one frequency is fixed, at least temporarily
so, and the other is adjustable continuously,
but both maintained fixed at any moment of
observation.

The two radio frequencies are nearly alike
and combined in a detector tube, the output of
which is the audio note equal to the difference
between them. So if the two radio frequencies
are fi for the higher and f, for the lower, the
tone frequency f. equals f. minus f,. Surely
there could not be any theory easier and simpler
than that. It is the same as two plus two, ex-
cept that it is a case of four minus two. There
are some other exceptions. Hardly could a
ponderous volume be written about four minus
two, but one could b written about beat fre-
quency oscillators.

4

We hear a great deal about adding machines.
Perhaps it is not well known that there are also
subtracting machines. Of course the beat fre-
quency oscillator 1s a subtracting machine. One
frequency is taken from another, leaving a dif-
ference. But the mechanical machine will give
you only one answer, for all it does when set
for subtraction is to subtract, and you can rely
on the accuracy of the answer. The electrical
device that operates on the difference principle
can and does contribute spurious answers along
with genuine ones, and defy you to distinguish
between them. Also the electrical device mav
have dead spots. That is a case of “no answer.”

A STANDARD SETTING REQUIRED

It would be very exasperating to construct an
elaborate beat frequency oscillator, only to find
thaf at two places on the dial, each covered by
relatively large displacement, nothing is heard
save the residual hum of a too inexpensively
filtered rectifier. Moreover, squeals superposed
on the intended squeals are present, or spurious

Y PROBLEMS

Substantially Same
Voltage Output at
All Frequencies

High Capacities In-
sure High Stability

Strictly Sine-Wave
Output Obtained

ones actnally almost drown out the genuine,
just as the parasite may take over the host in
entirety. Many troubles can bhe experienced. It
is far more serious a stroke of engincering than
four minus two would indicate.

However, if the dead spots arc eliminated,
and if the oscillators are stable, some method
must be used for setting the device to a pre-
determined frequency. Since the whole operation
depends on differences, and differences arc

(Continued on following page)

Zero Adjustment

For the battery type audio oscillator
amplification would be required, and ad-
justment for zero difference made with
a ray indicator tube, biased three volts
negative and coupled by a resistor-con-
denser to a-f output.

For the ac-dc type, only on a.c., but of
any frequency, is the finite adjustment
made. Zero adjustment would require a
meter or a ray-indicator tube.

The a-c model follows the ac-dc model,
but is good for only 50-60 cycle line fre-
quency, not, as the universal is, for all
line frequencies.
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done.

assumed established correctly.

Ac-dc or so-called universal model of a beat frequency oscillator, covering 0-10,000 cycles.

Enough output is provided so that the note is heard loudly in the ‘phones, even though the

coupling between the r-f oscillators is so loose that a frequency difference of one-tenth of a
cycle could be established without locking.

In this audio oscillator the output voltage is raised to two volts by amplification. All the
tubes are of the 6A7 type because they happened to be around when the experimenting was

Because resistance-coupled audio-frequency amplification is used, and the r-f oscillators
themselves draw little plate current, the total B current drain is small. That makes hum
filtration easier, so that the .01 meg. resistor replaces a choke, but resistance-capacity filters
are needed additionally, and these are shown as B plus returns interrupted by another re-
sistor, with the capacity from resistors’ joint to B minus.

The two coils L are equal, of 40 microhenries inductance, and tapped near the line end,
for cathode connection. The upper r-f oscillator is the variable one, across which is a .0024
mid. fixed condenser, plus a trimmer of the air-dielectric type, large enough to bring the
total real capacity, including everything, up to .0025 mfd. (2,500 mmfd.), hence the differ-
ence between the two stated values is .0001 mfd. or 100 mmfd. The required capacity is

The next step is to adjust the fixed-frequency r-f oscillator, so that there is either no
practical difference in frequency between the two r-f oscillators, meaning zero beat, or that
there is a means of adjustment to some other standard. Though the diagram does not re-
veal it, such a system prevails. The line hum can be heard a little if the attenuator is at
a very low resistance setting, and at the same time the generator output is reduced almost
to zero. Therefore the attenuator is turned until the two notes of equal amplitude, though
somewhat unequal frequency, are heard together, and the adjuster, a 100 mmfd. air trim-
mer, is turned until the two frequencies are audibly the same. With a little practice it is
easy to have the two come in very close agreement.

(Continued from preceding page)
dangerous to accuracy, one point, accurately
calibrated for a particular frequency, must
be referred to, time and again, to compensate
for any changes in circuit constants and condi-
tions. Tiny though these original changes are,
the frequency differences they introduce may
cause an intended tone to be 50 per cent in error,
or more.

If one frequency is 700 kc and another is
700.06 ke, the difference is .06 k¢, or 60 cycles,
and may be compared to the line frequency of
the power supply for a satisfactory standard.
Visual methods are commonly used, whereby
the frequency difference is made zero, or as
nearly that as practical, denoted by a steady
shadow angle following a moving one, or a
meter needle or a line standing still, or nearly
so. Thus the adjustments favor some low fre-

quency, because the inaccuracy would be worse
at the low than at the high audio frequencies.

SAFEGUARDING ACCURACY

We can imagine the second frequency men-
tioned above as being intended for 700.06 ke,
yet because of a large temperature change or
some extraordinary moisture in the air affect-
ing condenser plates or tuning coil, respectively,
the second frequency was 700.1 kc. Surely a
small difference, only .04 k¢, yet the audio mix-
ture is equal to 700.1 — 700 = .1 kc, the con-
denser setting is calibrated for 60 cycles at that
position, and the error is 67 per cent. By care-
ful adjustment the 60-cycle reading is made to
coincide with the 60 cycle generation and then
the accuracy is 5 per cent. or a little better and
is maintained through the scale.
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Differential Interference

Cured

By R. K.

UNTIL recent months the signals from the
two local broadcasting stations in the
writer’s district presented no particularlv diffi-
cult problems in the way of interference to the
experimenter or serviceman. At that time these
stations used fairly low power, 1,000 watts, one
operating at 1,230 kc and the other on 1,400 kc.
It will be noted that their frequency difference
is 170 kc. The transmitters were located some
twenty miles apart, one being north of the city,
and the other south.

NO HELP FROM WAVE TRAP

Some months ago, both stations received per-
mits to move and increase power to 5,000 watts
for daytime operation. The new transmitters
were located about four miles apart, and both a
short distance north of the city. Immediately
set owners began to experience the usual troubles
that arise when local stations increase power,
especially those listeners residing on the North
Side within a few miles of the transmitters.

The most trouble was experienced by owners
of receivers having 175 kc intermediate ampli-
fiers, in that both stations were received simul-
taneously when the receiver was tuned to any
frequency in the broadcast band above 1,230 ke,
that is, 1,230 to 1,500 or 1,600 kc. It will be
recalled 1,230 kc is the frequency of the lower
of the two stations. Although the most public-
ity has been given the 465 kc intermediate fre-
quency in the past two years, there is a large
number of 175 kc superhets still in use, and a
large percentage of receivers requiring service
are of that type; so it was considered desirable
to find an inexpensive, easily applied solution.
It can be seen therefore that strong stations
differing in frequency by approximately the fre-
quency of the intermediate channels, can pro-
duce a mixture that sends the modulation of
both through at the i. f. level. This may be
called differential interference because due to
the difference equalling the i. f

CHANGE OF I.F. HELPED SOME

Since the writer’'s own receiver was of this
type and the trouble was present in a very ob-
noxious form, the trouble-shooting was con-
ducted at odd times on this set. The tube com-
plement of this reciver is typical of most of its
kind, that is: 58 r. f., 2A7 converter, 58 i. {,,
and a 55 or 2A6 as detector-amplifier, with as-
sociated power amplifier. Like the receivers of
most radio men it 1s usually in an experimental
state, and is used as a proving ground most of
the time.

As a first step a 175-kc trap was installed in

Customers Satisfied

by Inexpensive Method
Wheeler

the antenna circuit, but this did not reduce the
interference.

Next the intermediate frequency was shifted
to 185 ke, which greatly reduced the interfering
signals, but this was not considered desirable
as it was necessary to adjust the i-f transformer
condensers to a point where their setting was
not stable, and could not be relied upon to hold
permanently. Also, enough mistracking was
introduced to cause several undesirable birdies
at lower frequencies.

The receiver was connected to a 45-foot flat-
top antenna, which was not considered exces-
sively large, but it was obvious from the number
of birdies between 1,000 and 1,500 kc that the
input was somewhat too great. The antenna
length was reduced physically until the birdies
and local interference were eliminated, but the
signal strength of out-of-town stations was re-
duced too much, the set noise and hiss of the
mixer being much too prominent when such sta-
tions were received. Better results were ob-
tained by using a 75-foot antenna with a .0001
mfd. variable condenser in series, which was
adjusted until the desired results were obtained.
In this specific case the required series capacity
was approximately 35 mmfd. However, the
overall results were not considered satisfactory
as the out-of-town stations were still too weak.

LOADING COIL DID TRICK

Antenna transformers with high and low im-
pedance primaries were tried, with negligible re-
sults, nor did the degree of shielding affect the
results. While the high-impedance primary
resonates at a lower frequency, outside the
broadcast band, thus reducing the sensitivity
somewhat at the higher frequencies, apparently
the increased voltage drop due to the high-im-
pedance primary compensates to some extent for
the loss of sensitivity.

After some consideration of all the facts learn-
ed from these experiments, the writer decided
that the pickup at the higher frequencies must
be reduced, and a ready way to do this was to
increase the electrical length of the antenna by
installing the almost forgotten loading coil. An
antenna transformer with a 15-turn primary was
installed, with a 2 millihenry coil in series with
the antenna, not inductively couped to the trans-
former, and the most satisfactory results were
obtained. The birdies at the high frequency end
of the band were largely eliminated and the in-
terference between the two local stations en-
tirely disappeared. The signals from out-of-
town stations were sufficiently strong to over-
ride the receiver and tube noise.
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The same considerations applying to the universal type oscillator are applicable to the a-c-

operated device, though here the output is greater. The device has earphone jack, also separate

output nonconductive to d.c.. besides speaker connections, and was designed by Dr. Harry
Smejkal for scientific development.

For scientific development Dr. Harry Smejkal, optometrist, required an audio oscillator,
so designed one that would give a flat characteristic over the span of 0-10,000 cycles, and
providing for plugging in earphones, or using a filtered output, as for oscillography, and
besides including speaker service. However, when the coupling between the two oscillators
was so loose that the radio frequencies remained independent down to practically zero dif-
ference, then there was scarcely enough output strength for good response from the speaker,
although fully adequate for ’phones, or for input to any audio amplifier.

It is not generally appreciated how small is the audio output from a beat frequency oscil-
lator by itself, and how great therefore is the need for amplification. Always one stage is
found necessary. Here two stages are used. Thus instead of the quarter-volt output con-
sidered minimum requirement for many tests, between two and three volts output are ob-
tained, while safeguarding very low frequencies.

The capacities of circuit and tubes accumulate, so there is sufficient high audio frequency
filtration due to this sum capacity, and the radio frequencies will not get through. However,
a .00005 mfd. condenser is put at the audio output of the lower tube at left, simply as extra

precaution.

The particular reference point is so-called
zero frequency in so many instances that the
device for establishing the coincidence is called
a zero adjuster, but any low frequency may
be used, provided a standard, such as a line fre-
quency, in a synchronized power supply system.
The word zero refers then to the difference.

The stability so vitally necessary in such a
twin oscillator is almost invariably obtained by
using a high ratio of capacity to inductance
in the tuned circuits. Sometimes coils as com-
monly found in intermediate-frequency trans-
formers are used, and the capacity increased by
using a tuning condenser of, say, .00035 mfd.
and putting across it a fixed condenser of equal
capacity.

Thus the variation is from .00035 mid. to
.0007, a capacity ratio of 2 to 1, and a fre-
quency ratio of 1.4, or one component of the
system might be tuned from 50 ke to 70 ke. The
difference is 20 kc and represents the audio
span, no matter if the zero difference is estab-
lished at 50 kc or at 70 kc. That is, two oscil-
lators are required. One is fixed at, say, 70 kc.
The variable oscillator covers 50 to 70, and the

low andio frequencies are crowded, because the
differences on which these depend take place
near the high capacity position of the variable
condenser, where capacity change is large, hence
frequency difference large. So the practice is to
tie down the two circuits at the minimum
capacity setting, or close thereto. In that way
the low frequencies, concerning which accuracy
is most greatly risked, are more readily repeated
according to a pre-calibration.

0-10,000 CYCLES FOR SERVICING

The example cited accounted for a difference
of 20 kc. Since there is practically no limit,
except that established by definition where audio
frequencies cease and radio frequencies start, the
difference might be 50 kc or 100 kc, etc. We
are interested in audio frequencies only. Alsa
we want the measurements to be made as ac-
curately as possible, and that requires the best
possible spreadout under the circumstances.
Since we are interested in audio channels in
receivers and transmitters, or in power ampli-

(Continued on following page)
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fiers alone, we want to make measurements only
up to the highest frequency intended to be passed.
That would be 10 kc for nearly every example,
so we select automatically 10 kc as the upper
frequency limit of the difference, especially as
10 kc is the frequency by which adjacent car-
rier channels are separated in the standard
broadcasting spectrum. Thus by keeping the to-
tal span of frequencies small we do not use
up valuable dial space for frequencies of no
value to the present instrument’s acoustical pur-
poses.

It can be seen that the capacity ratio is estab-
lished by using a large fixed condenser across

The dead-spot trouble will be the first one to
be considered. Omne inserts earphones to test the
new audio oscillator, and while the sound is all
right at the start, it stops at two or even per-
haps three places, and not for just one little
division of the dial, but for a broad expanse.
To avoid the principal cause, the smaller in-
ductance coils are used. Much trouble was ex-
perienced with dead spots until coils of 28.5
millihenries, 2.05 millihenries and one millihenry
were discarded and instead coils of 40 micro-
henries used. It can be imagined what hap-
pened to the intensity of the oscillation when
across only 40 microhenries was a fixed capacity
of 0024 mid, plus a tuning condenser of .00014

Front view of Dr. Harry Smejkal's audio oscillator shows two variable condenser knobs, one for

60-cycle adjuster, the other for calibrated frequencies resultant from the beat of the two radio
frequencies. The on-off switch is at lower left, next the voice coil shorting switch when using
‘phones, next the ‘phone jack, and then two binding posts for filtered output. The two insulators are
for taking out radio frequencies, after a circuit rearrangement, not included in the diagram. The
meter may be in the cathode leg of the last audio tube, and may be used as zero beat indicator.

the variable condenser in the adjustable fre-
quency circuit, and since the same coil may be
used in the fixed frequency circuit, the total
capacity in this instance would be equal to the
minimum capacity present in the variable-fre-
quency oscillator. The inductance is selected so
that the span is 10 kc or so. Or, if the proper
inductance is at hand, the capacity ratio capaci-
ties are selected so that the same resultant fre-
quency difference of 10 kc accrues.

AVOIDING DEAD SPOTS

It would seem attractive to use large induc-
tance coils, for the large capacity condensers
usually at hand (.00035 mifd. etc.) could be used
readily, but if for any reason the radio fre-
quencies are low (30 or 40 or 50 kc or so), then
the audio notes could produce harmonics of suf-
ficient intensity to beat with one or both of
the radio frequencies producing them, causing
squeals superposed on squeals, or, if the phases
are opposite, actual dead spots.

mid. Coils build up intensity of oscillation; con-
densers across the coils, when increased in
capacity, reduce the intensity.

So we come to the second most obvious
trouble, and that is, we reach a certain low fre-
quency, say, 150 cycles, or perhaps 100 cycles,
and the audio tone disappears. At first one may
suspect this is due to the headphones, since it
is well known their sensitivity at 100 cycles is
very low. Then we recall that low sensitivity
does not mean we can't hear anything, since
headphones are among the most sensitive in-
struments we use. No, the loss of response is
due to the fact that zero frequency difference
is established too soon. The common impedance
of the two oscillators is too great, so when the
radio-frequency difference becomes relatively
small, the higher impedance oscillator takes
hold, and both oscillators oscillate at one fre-
quency. This is called locking. Hence there
is no difference in frequency and no response,
though the dial reading is at 150 kc. And there
should be response,
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Some form of intentional coupling is usually
present in the carly experiments, but with the
sensitivities of modern circuits one finds that
the stray coupling is sufficient, therefore the
diagrams herewith show no specially introduced
coupling. The impedance common to both r-f
oscillators always will be sufficient to yicld the
note, and since a main consideration is to con-

within the accuracy limit of 5 per cent., which
is good for an audio beat frequency oscillator.
A strange thing may have happened. To be
able to attain zero beat we dispensed with formal
methods of coupling and scemed to have left
all to chance, though there is no chance about
it. Yet the signal may be gone, all along the
lme! Can’t be heard on earphones! No, the

Here is the rear view of Dr. Smejkal's audio oscillator.

The zero beat method of adjusting the two

r-f oscillators is being used by Sidney S. Fleischman, laboratory technician. Either the zero-beat or
the 60-cycle standard may be used, or both.

tinue response down to practically zero fre-
quency, only weak coupling will do this.

STRAY COUPLING SUFFICES

For instance, if the intention is to have the
frequencies adjusted to zero for accuracy, it is
necessary to be able to produce or approximate
zero. Fstablishing real zero frequency differ-
ence is almost impossible, but as close as one
can get to zero, passes satisfactorily for zero

tubes have not stopped oscillating. Room noise
masked the sound. It is there, all right, but so
weak that it is almost of no use. And so we
come to the third trouble—not enough volume

MORE OUTPUT NEEDED

When the two oscillators are coupled as
weakly as they should be, and the audio
tone is taken simply from a detector—

(Continued on following page)
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which in fact may be one of the two r-f tubes,
usually the fixed-frequency one—microvolts out-
put may be expected and this is not enough.
You can not put the output into an audio am-
plifier and load it up to the standard (.05 watt),
test output, neither can you light a lamp with a
few microvolts or do any number of other acts
deemed advisable. And so you must resort to
amplification. The practical audio beat fre-
quency oscillator must have a built-in amplifier.

Come we now to the fourth problem. If we

must have amplification, we must have linear
amplification, or, for the whole practical audio
range, 50 cycles to 10,000 cycles, or .05 kc to
10 ke, the amplification should be the same.
That is a difficult attainment, but can be ap-
proximated. At least the even amplitude that
prevailed at detector output remains equal over
a very large part of the 9,950 cycle span, fall-
ing off being present below 150 cycles and above
8,000 cycles. The results below 150 cycles can
be improved considerably by using large in-
ductance chokes in series with plate load re-

These are views of a four-tube beat frequency oscillator, which is the same as the universal five.
tube model, except that an amplifier tube is omitted. There is still plenty of output for satis-
factory 'phone use, and feeding asdio amplifiers, around one-quarter volt.
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sistors, and very large bypass condensers across
biasing resistors (25 mifd. or more), while the
response above 8,000 cycles can not be im-
proved, but amplification made flatter only at
the expense of the lower frequencies. This is
because high-frequency audio attenuation is due
to the inherent capacities across the audio am-
plifier tubes, and the wiring capacity.

The inter-element capacities and other capaci-
ties accumulate, so that with a two-stage am-
plifier there may be all-sufficient capacity for
bypassing the radio frequencies. Otherwise these
frequencies too would go through the amplifier,
which handles all frequencies, and perhaps cause
trouble.

If one has to solve what is here tabulated as

To do this, therefore, get a sheet of cross-
section paper, let the notation along the bot-
tom be in terms of degrees, 0-180, and on the
upright, put the audio frequencies, 0-20,000 or
30,000. The upright should be long, as only
0-10,000 will be desired, though the extra fre-
quencies may show up because the capacity ra-
tio of tuning is too great for the inductance.
It is assumed the circuit will be arranged so
that practically 0-10,000 cycles occupy the whole
dial spread.

When the points are established the curve is
drawn. For the circuits shown the curve will
not be so far from a straight line. The radio
frequencies are written at left, and afterward

It is entirely practical to use a much smaller tuning condenser than .00035 mfd. or .00014 mfd., for

even a three-plate condenser, capacity around 20 .mmfd., will suffice.. However, there will not be

as good stability, because the total capacity in the tuned circuit is small, or the radio frequencies
prohibitively high.

the fifth problem, that of calibration, he may
have a good six hours’ work ahead of him,
hence should allot a working day to the task.
The object is to get the frequencies right. No
guesswork is allowed. The easy solution af-
forded by much lower frequencies, which yield
abundant harmonics in the broadcast band, is to
evaluate the radio frequencies of the variable
oscillator, establish the fixed oscillator at the
highest of these, and then for audio calibration
simply use the difference between the known
radio frequencies. While very numerous points
will not be found, nevertheless sufficient could
be obtained from very low original radio fre-
quencies to enable drawing a curve from which
all desired frequencies are obtainable by extra-
polation. Harmonics to the fiftieth or more
would be required.

are changed to audio resultants, by subtracting
the variable from the fixed frequency. It has
been consistently recommended that the fixed
frequency equal the high extreme of the vari-
able, hence the specified sequence obtains: all
other radio frequencies of the variable are lower.

While the radio-frequency method just out-
lined has been recommended for low radio fre-
quencies that yield harmonics beating in the
standard broadcast band, if one has a short-
wave receiver, some very high frequency is ac-
curately tuned in, preferably by using the har-
monic of a generator that is itself made ac-
curate by beating with a standard-band broad-
cast station. Then the accuracy is good, and
the harmonic situation obtains, e.g., harmonics
of the variable frequency section of the intended
beat oscillator will furnish responses.
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NEW PRODUCTS

Triplett's Precision
Line Greatly Enlarged
Many new instruments have been added to

the continually-expanding Triplett line, manu-
factured by Triplett Electrical Instrument Com-

The Triplett oscilloscope.

pany in its most modern, air-conditioned factory
at Bluffton, O. Triplett has forged to pre-
dominant instrument leadership.

An exclusive turret type mounting is used in
the complete oscilloscope with 2 in. screen.
This is Model 1690 and has a linear sweep from
15 to 25,000 cycles, besides all standard oscilli-
scope features.

An outstanding signal generator for extreme
accuracy and zero leakage is Model 1630. Triple
shielding where necessary eliminates all possi-
bility of even negligible leaks.

Large, widely spaced dial (direct-reading
vernier type) from 100 kc. to 30 mc. (in six
ranges) has total scale length of 5254 in.
Accuracy V5 to 1%. Each coil is individually
calibrated and tracked for linearity over the
entire range. A continuously variable attenu-
ator of the pad type offers steps from zero out-
put to full output.

Model 1631 is the same as Model 1630 but in
addition incorporates electronic frequency modu-
lation, for use with all cathode-ray oscilloscopes
in alignment applications without separate fre-
quency modulator. )

The Model 1601 De Luxe Set Tester has the
following features:

25,000 Ohms Per volt.

D. C. Volts—10-50-250-500-1000-2000 at 25,000
ohms per volt.

A. C. Volts—10-50-250-500-1000-2000 at 1000
ohms per volt.

D. C. Current—250 Microamperes; 1-10-50-

250-500 milliamperes; 1 and 2 and 20 amperes.

Resistance—0.500 low ohms, backup circuit;
0-20,000 and 0-200,000 ohms; 2 and 20
megohms.

Condenser Tester—Ranges for capacity check-
ing, .0001 to 30 mfds. Electrolytic leakage test.

Free Point Tester—Makes all series and
parallel meter connections through five sockets
with standard RMA markings.

Modernistic Indicating Instrument — Newly
engineered indicating instrument in beautifully
designed case. Extra large dial and easily
readable scale. (Tester also has shadowgraph
meter for line voltage control.)

This season most Triplett test equipment is
furnished with beautifully colored etched panels.
Testers of the 1500 series are furnished with
fine quality silver and black panels while the
popular Master units will be supplied with at-
tractive silver, black and red etched panels.

Model 1770 tests all automotive and home
battery radio receiver vibrators under actual
performance conditions. I.oad of 5,000 ohms,
recommended by vibrator engineers, is applied.
Three scale meter: 0-10 volts scale shows input
voltage to the vibrator; good-bad scale shows
output ; scale marked 0-100 per cent shows per
cent of output voltage as reflected by the change
in input voltage. Low damped meter permits
needle to follow voltage fluctuations caused by
faulty vibrator contacts. Metal case with black
wrinkle finish is larger than regular Master unit
size, 1138"x774"x4”. Attractive etched panel in
black. silver and red combination. Attached
leather strap carrying handle.

A new and improved Model 1241 condenser
tester also is announced.

Besides there is a series of de luxe laboratory
test panels.

SIide-OutTorwe;rAPcAlcks
in Operadio P.A. Unit

A 25-watt, mobile public-address system,
Model 132-BAC, has been brought out by Op-
eradio Manufacturing Co. It uses beam power
tubes, provides electronic mixing of one micro-
phone and one phonograph, and includes a hand
type dual-diaphragm crystal microphone. It
can be used, however, with velocity, velotron
and high impedance microphones. Two 12-inch
permanent-magnet speakers, specially designed
for public-address work, are included, and the
power packs are interchangeable for 6 volts
d.c. and 110 volts a.c. These packs are sepa-
rate units, the one not desired being slid out
and the one desired, carried extra, being slid in.
The finish is backed black stipple. Specifica-
tions and further details are obtainable from
Laurence A. King, Dept. RW, Operadio Manu-
facturing Co., St. Charles, IIl.
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National Union Leads
With 2" Tube for 'Scope

National Union factories have swung into
production on the new National Union cathode-
ray tube, Type 2002. This size tube is being
widely used in smaller oscillograph units and
will find its way into other application where
compact size combined with complete perform-
ance of larger size Cathode Ray Tube is a
factor. The new National Union Type 2002 is
being produced after many months of labora-
tory experimentation in which structural fea-
tures were developed to permit use of the small
bulb size. List price is $7.50.

Rating and characteristics of the new tube
are as follows:

GENERAL CHARACTERISTICS:
Screen size
QOverall length

..2  inches
...... 6%; inches
Number of deflection pla .. 4 (2 common)
Base.. ..... medium octal 8-pin- d same as 17 tube

Pin 1: Anode No. 2 plates Pin 5: Control grid
D2 and D4 Pin 6: Lower plate D3
Pin 2: Heater and cathode D’in 7: Heater
Pin 3: Anode No. 1 Pin 8:
Pin 4: Upper plate Di

T L W short persistent
Color of screen greenish
Type of cathode...........coviiivinnenn. indirect heater
ELECTRICAL CHARACTERISTICS:

Heater voltage (A.C. or D.C). ..ot 6.3 volts
Heater current........c.cooveiiiiuinirnnennen. .6 amperes

MAXIMUM RATINGS:
High voltage electrode (anode No. 2)....600 max. volts

Focus electrode (anode No. 1)........... 300 max. volts
Grid voltage.......cooiiiiiiiiiiiiiiin, never positive
Grid voltage for current cut-off...... —60 approx. volts
Power per sq. cm. of screen......... 10 max. milliwatts
TYPICAL OPERATING CONDITIONS:

Anode No. 2 voltage.......... 400 500 600 volts
Anode No. 1 voltage.......... 80 100 120 volts

Grid voltage adjusted for suitable spot.
DEFLECTION SENSITIVITY:
Plate D1 and D2...... .21 17
Plate D3 and D4...... .23 .19

.14 mm/volt D.C.
.16 mm/volt D.C.

C-D House Organ Aids
Servicers andExperimenters

A new and interesting magazine for the radio
serviceman, amateur, engineer and experimenter
is maintained by the Cornell-Dubilier Electric
Corporation. The publication, entitled “The
C-D Condenser,” is printed in digest form and
sent free.

Highlights of the magazine include feature
articles on teclmical subjects, biographies of
personalities well known in the radio indus-
try, a reading guide to current radio magazines
and “The Radio Trading Post,” a free market
place where sellers, buyers, swappers, job-
offerers and job-seekers can meet to mutual ad-
vantage.

To receive copies of “The C-D Condenser,”
released bi-monthly, applicants send their name
and address to the C-D Condenser, Cornell-
Dubilier Corporation, South Plainfield, New
Jersey.

General Electric Offers
New Radio Outlet

An outlet for noise-reducing or doublet an-
tennas, which eliminates the wiring connections
characteristic of most radio receivers installed
in the home, was announced by General Electric
Company. The outlet affords separable attach-

A new combination outlet for antenna-
ground and power connections.

ment for ground and antenna (two-wires), and
power leads for a radio set. l.eadin wires are
thereby eliminated.

The new outlet has three slots in the upper
portion, one for ground, two for the doublet,
with the usual power commections below. A
metal divider is attached securely to the body
of the outlet to separate the low and high ten-
sion circuits. A special cap is also available,
with polarity prongs arranged so as to prevent
antenna and ground circuit from connecting with
the power side of the outlet. The circuit con-
nections are clearly indicated on the face of the
outlet.

AC-DC Patent Allowed
To Harry G. Cisin

Patent Office issued Patent 2,086,526, to
Harry G. Cisin on a circuit that permits inter-
changeable operation of radio sets and other
electronic devices from the ordinary 110-volt
house-lighting circuit regardless of whether
alternating or direct current is supplied. It
has the further advantage of doing away with
bulky and expensive power supply and filament
transformers.

Many of Mr. Cisin’s technical and construc-
tional articles have appeared in this publica-
tion. Mr. Cisin is the designer of the well
known line of Air Scout All Wave Receivers
and is the head of Allied Engineering Institute,
98 Park Place, N. Y. City.
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Hickok Announces New
Volt-Ohm-Ammeter

The Hickok volt-ohm-milliammeter, model
4955-S, is a new instrument, equipped with one
of the Hickok square meters, 4" scale length,

for general testing on both a-c and d-c circuits.
A.?pecial low ohms range tests r-f, i-f and voice
coils.

The instrument has high sensitivity (.:550
microampere movement), a rotary switch, elim-
inates jacks, and has contact resistance so low
that it does not affect readings.

Scale ranges are as follows : a-c and d—c volts,
0-10, 0-60, 0-250, 0-50C¢ and 0-1000. Ohms, .05-
30, 15-10,000, 50 ohms to 1 meg, 500 ohms to
10 meg, d-c milliamperes, 0-1, 0-5, 0-50, 0-500.
A resistor built in to permit reading to 10 meg.
with external battery. Tlie a-¢ voltmeter serves
alslo as output meter, using same scale as a-c
volts.

The instrument is guaranteed within 2% ac-
curacy on all ranges. Adjustment can be made
for changes in rectifier efficiency.

The panel is engraved Bakelite. The steel
case measures 7" x 414" x 314”. The unit is
complete, self-contained, with rheostat to adjust
meter to batteries. Four-foot leads fit all tube
sockets. The manufacturer is The Hickok Elec-
trical Instrument Co. Cleveland, Ohio.

Superior Has New BFO
and “Infinite” Voltmeter

Two new products announced by Superior
Instruments Company, 136 Liberty Street, New
York City, are an audio beat frequency oscil-
lator, 0-10,000 cycles, and an infinite resistance
voltmeter for measuring a.c. and dc. For ac.
measurements a thermionic detector is used. The
audio device has a two-stage amplifier, total five
tubes. The other measures 0-1.5-5-15-50-100-150
volts, a.c. or d.c.

General Electric Enters
Intercommunication Field

A new intercommunication system, known as
the “Handy-Phone,” is being made by the Gen-
eral Electric Co. Essentially a loud-speaker
phone system, the new apparatus is designed
for use in offices, hospitals, stores, homes, or
any similar place where speedy voice com-
munication is desired.

The system consists of one master station
and from one to four remote speaker-phone sta-
tions. The remote stations may be located at
any points within 2,000 feet of the master unit,
or at greater distance with special arrange-
ments.

An individual at the master station of the
Handy-Phone may have two-way conversations
with any of the remote stations, or may speak
to all of them at one time. He turns the five-
point selector switch to the desired position,
presses down the “talk-listen” control lever,
and speaks. When he is ready for his answer,
he releases the lever and it automatically re-
turns to the ‘“listen” position. Remote stations
may talk back to the master station without
the operator using hands, switches, or keys.

How Long Life Is Built
Into Compact Condenser
The photograph shows the “inside” story of

one of Cornell-Dubilier’s popular etched foil
dry electrolytics. This extremely compact and

View of the C-D etched foil condenser, with con-
tainer partly broken away to expose the internal
construction.

efficient unit, type JR, is first dipped in wax,
then encased in an inner cardboard container
which is vacuum impregnated. Into the space
between the inner liner carton and the con-
denser section is poured a special chemically
pure asphalt comnpound which surrounds and
hermetically seals the condenser unit.

After passing C-D’s rigid test requirements,
this sturdy condenser is sealed in an attractive
silvered cardboard container, equipped with
universal flanges for mounting in the tight
places you never thought you could fit a con-
denser.

HAUBENS BACK FROM TRIP

Maxwell M. Hauben and his young wife just
returned from an ocean trip to Mexico. Mr.
Hauben is president of Eastern Radio and Tele-
vision Co., N. Y. City.
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Allied Features Knight 11

As Outstanding Receiver

Among the new Knight Radios featured by
Allied Radio Corporation, 833 West Jackson
Boulevard, Chicago, is the Knight 11 with

View of the Knight 11 console.

automatic dialing, shown in the accompanying
illustration. Favorite domestie stations are
tuned “quick as a flash” by means of this
unique device. The Knight 11 tunes three
full bands: 16 to 54 and 52 to 178 meters for
short-wave domestic and overseas programs, as
well as amateur and police signals; and 174 to
560 meters for American and Canadian stand-
ard broadcast programs.

Other advanced features are: giant color-
band dial, metal tubes, 9 watts power output,
12-inch electro-dynamic speaker, automatic fre-
quency control, automatic tone control, auto-
matic volume control, interstation noise silencer,
3-gang tuning condenser, r-f pre-selection and
double push-pull audio, The console cabinet
measures 417 high, 2674" wide and 144" deep.

The Knight 11 is one of the 53 Knight radios
featured in the 156-page Allied catalog.

The Allied business has been steadily in-
creasing, so that greatly enlarged quarters are
being occupied. Thus it is assured Allied will
retam its reputation for “lightning delivery.”
Its radio stock is one of the most comprehen-
sive in the world.

FORUM

THE GROUND SITUATION .

We seem to have different results with
grounds out here than experienced by A. J.
Ward who wrote an article on grounds in the
August issue. Not all mortals see eye to eye,
of course.

I find no fault with the intention of the
author and appreciate the difficulty of establish-
ing a true ground when living in tall buildings.

The part which I object to is the statement
that with the ground off the r-f noise level is
lower when caused by electric motors and
kindred electrical interference. We live in the
northeasternmost part of Connecticut, where
there is considerable electrical interference from
power lines and probably coming great dis-
tances along that path. In fact, there are sec-
tions here where the interference is so severe
that some of the listeners can get only one
station without too much interference.

The nearest station to this locality is about
20 miles airline. And not too powerful at that
—WTAG of Worcester, Mass. Good noise-
reducing antennas have been successful only if
the ground terminal is connected to a water
pipe ground. It might appear from the above
that all we do is ground out the noise that
comes through the power transformer but auto-
mobile radio sets in the same locality pick up
the interference as well as the home sets. I
have grounded the car frame as well as the set
chassis and obtained much better results, i.e.,
a lower noise to signal ratio when the chassis or
r-f input primary of first stage is grounded to
earth through a water pipe or equivalent
ground.

In conclusion, Mr. Ward is correct when he
says “it is elusive,” but from a practical view-
point good old Mother Earth is useful in rural
as well as urban centers here in bypassing mo-
tor noises and electrical interference away from
“audibility.”

VALMORE M. La PIErre
(Serviceman),
68 Groveland Avenue,
Putnam, Conn.

Optimistic Note Sounded
By Kranz, Head of Thor's

Michael Kranz, head of Thor Radio, 65 Cort-
landt Street, reported business good, especially
so for Summer, but said he looked for the real
new set buyers just after Labor Day.

“The models for 1938 are so beautiful, the
tone so marvelous, that even the most casual
listener is captivated into buying,” he continued.

“Ease of operation is a big selling point this
season.”

He demonstrated this feature by tuning in
several different stations merely by pressing
buttons on the cabinet panels,
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First Hi-Fi

Earphones

: Developed for Monitoring Broad-
casts and Sound Movie Recording

By F. S. Wolpert

Transmission Instruments Development, Bell Telephone Laboratories, Inc.

N connection with electrical recording, trans-
mission, and reproduction of speech and pro-
gram material in the sound picture and broad-
cast fields, the ability to monitor in a satisfac-
tory manner at various points is essential in
the production of a high-quality performance.
When recording sound for a talking motion pic-
ture, for example, it is essential to be able to
determine at the titne the recording is made as
nearly as possible how the sound will be repro-
duced in the theatre when the picture is shown.
In other words, it is desirable to see the action
on the set and to hear the corresponding sound
as it would come from the loudspeakers in the
theatre. For this purpose, a monitor room or
portable monitor booth is frequently provided
on the sound recording stage. There are many
circumstances, however, such as outdoor loca-
tions, where the use of a monitor room or booth
is impossible. It is also recognized that greater
facility of recording operations may be obtained
on the sound stage if the mixer can be seated in
the open alongside the director rather than in
the booth or distant monitor room. For these
purposes, it is necessary to use a pair of head-
phones for monitoring in place of the usual
foudspeakers.

The work of a mixer consists in determining
whether the sound picked up by the nicrophone
will make a suitable sound record, adjusting
the volume to a suitable amount, and making

FIG. |
The high-quality headset
used for monitoring in the
broadcast and sound pic-
ture fields.

sure that no undesirable sounds are picked up.
In addition to his own personal judgment of
sound quality he must be equipped with sound
reproducing apparatus capable of giving him a
faithful indication of the sound transmitted to
the recording machine.

BROADCAST APPLICATION

Very similar to the sound recording job is the
work of the technician in operating speech input
equipment in broadcast studios or remote pickup
points. In transmitting the program material
over telephone lines, such as the extensive na-
tion-wide networks, it is important that the test
room forces at the various intermediate offices
be able to check the quality of transmission in
connection with identifying and locating trouhles
and other service difficulties.

Up until recently it has been necessary, in
order to monitor on a high-quality basis, to
niake use of loudspeakers comparable with those
used in theatres and high-grade radio receiving
sets. The headphone receivers which have been
available for monitoring purposes have not been
satisfactory for a quality job. Most telephone
receivers in common use give rather low re-
sponse at low frequencies, a high peak in the
neighborhood of 1,000 to 2,000 cycles, and ex-
tremely low response at frequencies above these.

Considerable progress has been made within
the past few years in the development, design
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and manufacture of moving coil reccivers (ear-
phones) for various applications. These receiv-
ers are characterized by a wide frequency range,
uniform response, and very little non-linear dis-
tortion, so that they are particularly suitable for
use in monitoring sound records. A receiver of
this type, known as the 1)-97689, has recently
been developed particularly for this purpose. It
is intended to replace the less efficient and more
expensive moving coil receivers previously avail-
able. A photograph of the new recciver form-
ing part of the [)-97690 high-quality headset is
shown in Fig. 1.

EARPHONE CONSTRUCTION

The construction of the receiver is shown in
Fig. 2. The moving coil element is made of
aluminum ribbon wound on edge and insulated
with a varnish enamel which serves also as an
adhesive for holding the adjacent turns together.
It is cemented rigidly to the diaphragm and the
leads are brought out between paper insulating
washers. The coil is located in the air gap of
the magnetic field produced by a permanent
magnet of cobalt stcel. The gap is between an
outer pole plate and an inner dome-shaped pole
piece, which are concentrically aligned to make
the gap uniform.

The diaphragm is made of duralumin and has
a dome-shaped center portion which extends to
inner edge of the coil. Beyond the coil the
diaphragm is so shaped that its effective radiat-
ing area and its efficiency are increased. The
flexible outer surface is held around its peri-
phery by the clamping clements of the receiver
frame. The diaphragm and coil vibrate sub-
stantially as a piston throughout the desired
frequency range and are relatively free from
other modes of vibration.

The action of the diaphragm under the in-
fluence of the varying current in the moving coil
depends on the characteristics of the diaphragm,
of the air chambers in front of and behind it,

(Continued on following page)

Telephone Receivers
Are Wolpert's Specialty

F. S. Wolpert was graduated from the New-
ark College of Engineering in 1927 with the
B.S. degree in Electrical Engineering. After

a ycar of sales engineering work with the
Woeston Electrical Instrument Corporation, he
joined the technical staff of the Bell Telephone

F. S. WOLPERT

[.ahoratories, Inc., and became associated with
the Apparatus Development Department in the
prcparation and issuance of manufacturing
specifications.

in 1930 he was transferred to the Transmis-
sion Instruments Group in the Research De-
partment, where he has been engaged in the
deveiopment and design of earphones both of
the moving coil and magnetic types.

RUBBER EAR PIECE

CLOTH SCREEN
\ DOME

EAR CAP

DIAPHRAGM

CLAMPING
PLATES

DAMPING U