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DAVEGA AMATEUR DIVISION, 63 Cortlandt St., N. Y., N.Y.
World’s Largest Radio Dealer
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bandspread tuning. markable reception through-
Separate electrical A .
bandspread. Beat fre- out its tuning range. 9 tubes.
quency oscillator. Bat- Operates on either 110 volt
:)‘;?;;Xégfgggf;’ DC AC or DC or from its self-

) contained batteries. 18 Ibs.

/

R.C.A 111
. —16 T
"(,ergtal 2 Pre-selector staggse
ariable Selectivity

Ormerly $189
Specia] Rack M.osc(i)e.ls $7950

HALLIGRAFTER Model SX23

8 bandswitch posi- -
tions

Six step selectivity

Completely shielded

Improved crystal

circuit

742
1 STOCK HALLICRAFTER '
WORLD’S LARGES : MODEL $X-28 Super Sky Rider $17 950

of Record

d Fedefo\
for lite

AC 44
2 Pre- g‘;gked All Continens

rec
Presto an rature and P

stock. Write

Y
glightly Used RSBV T o
Hallicrafter Dual Diversity« - .. 5950
aljieraliss = o et
....... 00
Hallicrafter SX2&- 7 Si 00
Hallicrafter SX25--7770 42 50
Hallicrafter S20R--om70 g S
. frer S19R. .o The new 1942 Super Skyrider Model SX-28 sets a new
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H ward 445 Re 05_240 crometer scale tuning inertia controlled, Tone and AC
New o 6 Tubes. 1 on-off, beat frequency oscillator, AF gain, RF gain, crystal
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by THE EDITOR

What of FM and Television?

WE stated recently that Television
was shelved “for the duration”
as far as the public was concerned.
The recent order to the radio manu-
facturers to “go military” has left the
country with a limited number of
video sets. Most of these are in the
hands of John Q. Public. There is a
demand for receivers to be used in giv-
ing instructions to official air raid war-
dens. This applies in particular to
large metropolitan areas like New
York City or Chicago. It might be a
good idea for the authorities to pur-
chase these sets and to turn them over
to those who would gain the greatest
amount of value from their use. We
feel that the owners would cooperate
with the authorities by giving up those
sets which would be placed into proper
hands “for the duration.”

There has been much ballyhoo about
FM radio entertainment in recent
weeks. We cannot agree that this is
the proper time to stress the “fidelity”
angle. It would be far better to face
the facts and stress the importance of
FM in defense and offense! For ex-
ample—many areas which are served
by conventional AM transmissions are
in real need for FM transmitters and
receivers in order that the dead spots
will not interfere with the reception
of important messages in times of
emergencies.

Now that production will cease on
the manufacture of FM as well as
AM sets we should take steps to place
the advantages of FM where it can be
of greatest service to our war efforts.

The listener won’t be able to pur-
chase FM receivers for long—but the
military will! *Nuff said!

It seems to us that manufacturers
who have been in key positions in the
radio industry should be allowed to
complete receivers and other equip-
ment for which parts are already fab-
ricated and on hand. Parts left on the
shelf cannot help our efforts to meet
the huge demand for radio units that
are vitally needed at this time.

Feature Material
HE present emergency has resulted
in a considerable increase of out-
standing technical articles coming into
this office. Several of them appear in
this issue. One of the least under-
stood subjects in everyday radio is the
Phase-Inverter, especially when used
(Continued on page 48)
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—BUY DIRECT FROM THE MANUFACTURER AND SAVE—

The Following Well Known Names, in Addition to Thousands of Servicemen and Technicians, Are

Listed Among Superior Instrument Purchasers.
Johns-Manville Corp. Pacific Geast Borax Co.
Int’l Business Mach. Corp. Chris-Craft Corp.

Burgess Battery Co. Chrysler Corp.
Bigelow-Sanford Carpet Co. IKelvinator-Nash Corp.
Bethlehem Steel Corp. U. S. Rubber Co.
American Sugar Refining Co. Beech Aircraft
Alpha Portland Cement Co International Harvester Co.

3 ¢ . I{raft Cheese Co.
American Viscose Corp. ]

. : Republic Steel Corp.
Aluminum Co. of America )

i Standard Oil Co.

A. C. Spark Plug Div. Schlitz Brewing Co.
Aluminum Industries Co.
E. I. du Pont De Nemours Co.
The Glenn L.Martin Co.
Philip Morris & Co., Ltd.
Parker Pen Co.

Youngstown Sheet & Tube
Universal Atlas Cement Co.
American Steel & Wire Co.

Sun Shipbidg. & Drydock Co.
Sturgeon Bay Shipbldg. & Drydock

American Radiator & Standard Sanitary Corp.
American Manganese Steel Div.
Evinrude Motors

Ethyl Gasoline Corp.

Firestone Rubber & Metal Prod.
Gotham Silk Hosiery Co.
General Electric Co.

Hygrade Sylvania Corp. .
Celanese Corp. of America
Champion. Spark Plug Co.
Crosley Corp.

Continental Can Co.

College Inn Food Products Co.
Cities Service 0il Co.

Columbia Broadcasting System
Curtiss-Wright Corp.

The New
Model 1220

POCKET
LABORATORY

% WEIGHS ONLY
28 OUNCES!!

% USES a 29, AC-
CURATE 0-200 M-
CROAMMETER—EN-
ABLING MEASURE-
MENTS AT

5000 OHMS
PER VOLT

SPECIFICATIONS

6 D.C. Voltage Ranges:

The New
Model 1240

TUBE
TESTER

Instantaneous
snap switches
reduce actual test-
ing time to abso-
fute minimum.
Tests all tubes
1.4 to 117 volts,
e — am——Ti

Sockets for aft
tubes—

No adapters.
SPECIFICATIONS:

*% Tests all tubes, 1.4
to 117 vults. in-
cluding 4, 3,
7L, octals, Ioctals

Bantam, jr., P

nut, smnle ende

fioating  filament,

Mercury Vapor

Rectifiers, the new

8 series, m fact

every tube de-

signed to date.

Spare socket included on front

panel for any future tubes.

Tests by the well-established

emission method for tube gual-

ity, directly read on the GOOD ? BAD scale of the meter.

Jewel protected neon.

Tests shorts and leakages up to 2 megohms in all tubes,

leakages and shorts in ali elements AGAINST all elements in all tubes.

H plates in rectifiers,
individual sections such as diodes, triodes, pentodes, etc., in multi-purpose

ubes
Latest type voltage regulator.
Features an attractive etched aluminum panel,
“ Works on 90 to 125 volts 60 cycles A.C.
Model 1240 comes complete with instructions and tabular

data for every known type of receiving tube. Shipping s 5
weight 12 pounds. Size 67 x 714”7 x 10347

Our Net Price
COMPLETE WITH PORTABLE COVER

4 ***** * %

* D 3-10-50-250-500-5,000 volits.

* 3 A.C. Voltage Ranges; 0+15-150+1500 volts.

% 4 Resistance Ranges: 0- 3000 ohms, with |5 ohm center, direct reading to 0.2 ohm;
foregoing base range multmlled by 10, by 100 and by 1,000, to read up to 3 Meg.
with self-contained 3 V. flashlight battery

% D.C. Current Ranges: 0-200 microamperes; 0-2-20-200 Milliamperes, using wir-
wound shunts.

% 3 Output Meter Ranges: Same as A.C. Voltage Ranges.

% 3 Decibel Ranges: From —2 to +58 D.B., based on 006 watt in 500 ohms

Model 1220 comes complete with cover, self-contained 50

battery. test leads and instructions. ONLY...........

THE

NEW -

FOLLOWS
THE
FROM
ANTENNA
TO SPEAKER
OF ANY SET
The well - estab-
lished and au-

thentic SIGNAL
TRACING
METHOD of lo-
cating the very
circuit in which
there is trouble,
and the very com-
ponent thatcauses

THE CHANNEL-ANALYZER WILEL

Y Follow the signal from antenna to speaker through all stages of any repelver
ever ma

* lnstantly track down exact cause of intermittent operation.

% Measure hoth Automatic-Volume-Control and Automatic-Frequency-Control, voit.
ages and circuits without appreciably loading the circuit, using built-in hmhly
sensitive Vacuum-Tube Voltmeter.

% Check exact gain of every individual stage in receiver.

% Track down and locate cause of distortien in R.F., }.F., and A.F. amplifier,

% Check exact operating voltage of each tube,

% Locate leaky condensers and all high-resistance shorts, also show opens.

% Measure exact frequencies, amount of drift and comparative output of oscillators

in superhets.
% Track down exact cause of noise.

The Superior Channel-Analyzer comes housed in shxelded cabinet
and features an attractive etched aluminum panel, plied com-
plete with tubes, three specially engineered shielded mnut cables,
each identified as to its purpose. Also_full operating lnStruc-
tions. Size 137 x 107 x 6. onty

Shipping weight 19 pounds.

MODEL
1230

SIGNAL GENERATOR

WITH FIVE
STEPS OF
SINE-WAVE

SPECIFICATIONS:

I. Cnmhlnatmn R.F.
and A.F. 8i
Generatur,
K.C. to 90 Megacy-
cles, A.F.— 200
7500 cycles;

direct
reading, all by front
panel switch manipu-
ation,

2, R.F.andA.F.out-
put independently ob-
tainahie, alone or
with A.F. (any fre-
qu;ncy) modulating
R

i-xtL(;xtesthesxgn full-range attenuator used for controlling either the pure or modu-
R.

4, Accuracy is within

5. Giant dial etched directly on front panel,
drive for perfect vernier control.

6. Operates on 90 to 130 V. A.C. or D.C. (any frequency).

using a new mechanically perfected
The Model 1230 comes complete with tubes, shielded $

cables, molded carrying handle and instructions. Size

14” x 6” x 11”. Shipping weight 15 pounds. Only.....

1% on I.F. and broadecast bands: 2% on higher frequencies,

SUPERIOR INST

ENTS ¢ @, 22 Fultonst., Det RN

New York, N. Y.
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s. R WINTERS

P WHE “Smoke-jumper,” that ven-

turesome individual who para-
- - chutes to the scene of a raging
forest fire, has added a new item to his
list of fire-fighting equipment—a tiny
“hip-pocket” radio which keeps him in
touch with the plane pilot and with
his headquarters when he reaches the
ground.

The small type radiophone devel-
oped by the Department of Agricul-
ture Forest Service weighs less than
six pounds with dry batteries and all
accessories, and is not quite as large
as a loaf of sandwich bread. It meas-
ures 2 by 4% by 12 inches, and oper-
ates on ultra-high frequencies between
30,000 and 40,000 kilocycles, having a
two-way communication range cover-
ing an optical distance which, with
sufficient elevation, may be as much
as a hundred miles.

The transmitting portion of the

8

Three smoke jumpers drift to earth
carrying full emergency equipment,

Qur vast forests are proteeted from major iires

caused either by aceident or by enemy saboteurs.

tiny radiophone is crystal-controlled,
a system of maintaining accurate
transmitting frequency heretofore
used only in permanently located sta-
tions or in relatively bulky portable
or mobile units.

The work of developing new and im-
proved radio communication methods
in fighting forest fires has received in-
creased impetus since the advent of
the war. Men responsible for our
valuable forests realize too well that
such forests make a target both long
and wide, which could be completely
destroyed by a few fast enemy fighting
planes, flying high. The eighteen na-
tional forests of California alone cover
more than 19,000,000 acres. It would
be hard to miss such a target, and no
fleet of large bombing planes would
be necessary.

One small enemy plane could carry
and sow hundreds of the small fire-

www americanradiohistorv com

starting chemical pills. Only if fire-
fighting forces are strong enough,
properly distributed, trained and
equipped, can large scale fires be
brought under control. Realizing that
time is precious, the United States
Forest Service, State Forestry Organ-
izations, the State Guards, the CCC,
and the U. 8. National Park Service
are making individual and joint plans
whereby an adequate number of men
will be trained and equipped to de-
fend Uncle Sam’s forests against de-
struction by fire.

The new hip-pocket radiophone,
which is rapidly becoming a standard
part of such protective equipment, was
originally a direct result of the defi-
nite need for communication between
fire fighters who were dropped from
airplanes to put out small fires in
some of the inaccessible back-country
areas of the great National Forests.

RARI® NEWS
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Before descending to the isolated
spot, the parachute jumper dons a
specially designed parachute which
has a rate of descent of about 12 feet
per second and permits a certain
amount of steering toward the landing
spot. A special ’'chute harness and
protective suit and headgear were de-
signed also so that the jumper is pro-
tected no matter where he lands. He
may come down anywhere at any
elevation—in tall trees, open spaces,
or on rough ridges.

Jumpers who went down into stands
of young lodgepole pine last fall chris-
tened them ‘featherbed landings” be-
cause the young pines will catch a
parachute readily and absorb most of
the shock on their bending, swaying
tops. In order to get down from lofty
trees, the jumpers carry a coil of light,
strong rope.

Airplane pilots who deliver the
parachuting fire-fighters locate the
fire on their first trip over the spot,
and drop a small test 'chute with a
ten-pound sand bag to determine wind
drift. They then circle back and make
a second approach, at which time the
parachutist descends, and by using the
steering flaps on his parachute, gen-
erally manages to reach the ground
close to the selected landing spot. On
a third approach the pilot drops the

April, 1942
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Compact radio.transmitter-receiver designed especially for parachute jump-
ers. Two-way communication between ground and plane proves effective.

*

Group of jumpers about to take off in Ford plane to engage in practice
jump with static line. Note protective suits with plenty of padding.
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Two members of the famous “smoke jumpers” make ready for action. The
sack on the right leg holds the rope used to descend from treetops.

These jumpers will bail out when the plane reaches proper position
near the scene of fire. Pilot must always allow for wind condition.

Portable
and the

radiophone in operation at base camp. Note the special lamp

clock. Compaciness is essential to portability and comfort.

T
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fire-fighting equipment kit which is
carried down by a burlap parachute
with a yellow streamer attached to
prevent its being lost. The burlap
‘chute pack contains necessary tools,
rations, first-aid Kit, and the like, but
the parachutist carries in his own
pocket his new lightweight radio so
that he can contact the pilot or his
headquarters immediately, if neces-
sary, or can make reports later.

The plane leaves the landing field
carrying one or more jumpers; after
making altitude and sighting the
smoke the course is set and approach
is made into the wind at 2,000 feet
above the target. At what appears to
be the right position and moment, the
weighted burlap test 'chute is dropped.
As the airplane is banked, its descent
and landing is observed by the pilot
who circles and makes the next ap-
proach, having noted wind drift and
made any necessary correction.

The “‘smoke-jumper” has moved into
position by the door and upon signal
from the pilot, bails out. His descent
takes from 2 to 3 minutes, which gives
him time to maneuver his lines. He
lands in a tree, passes his special rope
through a ring in the riser straps at-
tached to the shroud lines, and lowers
himself to the ground where he divests
himself of harness and suit.

The pilot by this time has dropped
the smoke chaser’s pack. Immediately
upon landing, the jumper gets into
touch with headquarters. He radios
the condition of the fire, and if neces-
sary asks for more men to help him.

These doughty Forest Service fire
fighters also use a condensed version of
radio Type T, which has a crystal-
controlled transmitter of two watts
power. The receiver contains a 1A7TG
converter, three stages of 4,050-kilo-
cycle intermediate-frequency amplifi-
cation using 1NS5G tubes, a 1H5G de-
tector and audio amplifier, and a call-
buzzer circuit utilizing a 1N5G tube.
The intermediate-frequency band
width is approximately 50 kilocycles.
This comparatively wide band permits
reception of modulated oscillators.
The buzzer-alarm circuit is useful for
night calls and permits installation of
extension bells in the towerman’s resi-
dence.

The low-drain tubes employed in
this radiophone give reasonable dry-
battery economy, even on continuous
service.

Since fire behavior, suppression
technique, and transportation facilities
vary just as widely as do our many
kinds of forests, the types of radio ap-
paratus employed also vary. Another
new all-purpose portable radiophone
known as the type SX was developed
last year. This complete unit weighs
about 10 pounds and is applicable to
uses of scouts, smokechasers, and
others who require a radio as light in
weight as efficiency will permit.

Provision for selecting any of three
crystal-controlled transmitter fre-
guencies adapts the unit for operation
in fixed frequency networks or ready

(Continued on page 54)
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NY traveler in the wilder por-
f_ tions of Africa has heard the

-deep, multi- toned, rhythmic
beat of the signal drums, warning the
natives of an impending visit, of a
possible attack by another tribe, or
giving other “jungle gossip.” Also, he
has heard another drum beat out the
primitive rhythm of the dance, as
black bucks stamped and gyrated
crazily.

Travelers along the Volga River in
Russia have heard the centuries-old
chant of ‘“Yo, heave ho!” to which
boatmen strain and which was made
famous in song some few years ago.

In many sections of our own coun-
try, a circular steel hoop is struck
with a hammer to sound a local fire
alarm.

These all appear to have no rela-
tion whatsoever to present-day sound
amplification systems, but—believe it
or not—they were the first primitive
steps in sound amplification. Their
modern counterparts can be recog-
nized quite easily. In many American
cities, Air-raid Warning systems us-
ing a signal generator, p.a. amplifier
and loudspeakers now take the place
of the primitive African signal drum.
In many National Defense factories,
intercommunicating systems announce
visitors, carry orders, or page em-
ployees. .

Music—of varied types—is used to
stimulate factory production as much
as 11%, especially during portions of
the work-day when vitality is at low
ebb. It may be the soothing strains of
a waltz, a stirring martial air, or just
plain “boogie-woogie,” but its prede-
cessors were the chant of the Missis-
sippi negro as he loaded a steamboat,
and the ‘“reader” in a Cuban tobacco
factory as he relieved the tedium of
the cigar makers grouped around him.

Modern sound amplification systems
as used in National Offense appear to

shake down into six applicational
groups. These are:

1. Paging.

2. Communication and inter-com-
munication.

3. Air-raid or fire warning.

4. Music and entertainment.

5. Special equipment (recorders,
moving pictures, etc.).

6. Combinations of above-listed
equipment.

Sound amplification systems are be-
ing used for paging in industrial
plants; government arsenals, forts,
and flying fields; hospitals; hotels; and
other locations where groups of people
gather. A large number of airfields in
the San Francisco area use sound am-
plification systems for paging officers
and other military personnel.

Communication and intercommuni-
cation systems are used in a great va-
riety of ways—in mills, industrial
plants, refineries, government airfields,
government camps, hospitals, etc. One
unusual installation was made by the
Leo J. Myberg Co. of Los Angeles, at
Camp Cook, where a sound system is
being used at the firing range. Results
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Sound coverage of this department store is had with special speakers that may be

seen within the white circle.

Equally suited to offices and war production plants.

SOUND AND THE
VICTORY PROGRAM

by SAMUEL C. MILBOURNE

The use of Sound equipment is fast becoming

a necessity to warn of impending danger irom

air raids or to broadcast special war news.

of firing can be reported quickly and
instructions can be given over a wider
area than possible before the system
was installed.

Another recently-installed system
was at the Duval County Jail in Flor-
ida. The installation was made by the
Southern Hardware and Bicycle Co.
This system provides communication
between the offices, yard and infirmary
of the jail. Simplified control of pris-
oners, and a definite aid in the event
of jail breaks, is thus provided.

One of the newest uses for sound
amplification systems is for air-raid
alarms. Usually, for this purpose, a
special signal generator, feeding into
one or more audio amplifiers which in
turn work one or more loudspeakers, is
used. The signal generator produces
a distinctive sound which can not be
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confused with fire,
emergency alarms.

Trenton and Harrison, New Jersey;
Boston, Mass.; Alameda, California;
and other American cities use such
air-raid warning systems. The num-
ber and power of the amplifiers, and
the number of the loudspeakers em-
ployed, varies with each city, with the
area to be covered and with the den-
sity of population in each area. Boston
uses compressed air horns, while most
other cities use electrical type speak-
ers. In Trenton, the emphasis is on
coverage of the business section. In
Harrison, the one-square-mile area is
covered by two stations, one in the
center of town and the other in the
housing project where houses are most
concentrated.

(Continued on page 50)
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ALL-PURPONE P.A. AMPLIFIER

Dynamic mike and record player shown with the completed amplifier.

by ARMAND BESSE

This well-planned unit is capable of greatest economy by

using a choice of ouiput stages for low or high power.

° ™QLEXIBILITY and economy are

two of the prime necessities in
-+ -~ these hectic days. Not only does
this apply to our general way of do-
ing things but can also include our
equipment that we design for specific
applications. Take for example the
P A. amplifier. Most of them are de-
signed to furnish a certain amount of
power and to be able to handle enough
speakers to cover a designated area.
There are many occasions where an
increase in power is desirable. The
usual solution is had by adding on a
booster stage to follow the regular
unit. There is a bit of inconvenience
in doing the job in this manner. In
the first place—the use of two power
supplies is required. This makes for
a rather complicated setup, especially
if there is a limited amount of space
available.

Greatest economy may be had if we
provide for additional power within
the main amplifier. The unit de-
scribed in this article shows how this
can be done with a minimum amount
of equipment.

Because the state of war in our
Country has caused a severe curtail-
ment of radio parts, there was a ques-
tion of using as few parts as possible
for the best results. This is the reason
for so many controls on the front
panels. Compactness was achieved on
one chassis through a novel arrange-
ment of the head amplifier.

And now for a few details. There
are five high impedance inputs. One
for very low level velocity micro-
phones, two for crystal or dynamic
microphones or P.E. cell and, two for
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high-level sources such as phono pick-
ups or another head-amplifier in-
stalled at a distance from the power
job. Ordinary jacks are used for all
inputs.

The high-gain input feeds into a
6SJ7. The crystal inputs use, each,
one triode of a 6SC7. Four of the in-
puts feed into separate volume con-
trols on which switches were installed
so that when they are in use, a green
pilot light is turned on.

One of the low-gain inputs also has
a volume control with pilot light. The
fifth input runs direct into the mixer
as it is assumed that volume will be
controlled at the source. This is the
center jack on the sloped panel above
which is the Master Gain control.

To avoid using a separate chassis
for the low level inputs, a bracket was
built on which were installed all tubes
for these functions. The bottom of
this bracket constituted a perfect
shielded compartment for all the wir-
ing of these high-gain circuits. A
spare socket is also shown installed
for future use. This bracket is bolted
to the sloped front and connected elec-
trically to the large chassis through a
Jones plug and socket. Four screws
and bolts are all that need be removed
for servicing the front end of this am-
plifier.

These inputs after being properly
mixed are amplified by a 6J5 which,
together with another 6J5 as a phase
inverter, feed a pair of 6F6’s as tri-
odes. By a switching arrangement,
the output of the 6F6’s may be used
as a low power system.

These low power output sockets are
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seen on the left hand side of the front
panel. When they are used, the high
voltage and filaments for the 6L6’s is
turned off. Next to these output
sockets is a double-pole, double-throw
switch used for cutting in either the
low power output transformer or the
push-pull input transformer feeding
the 61.6's.

When a high power installation is
required, connect the interstage trans-
former to the 6L6’s and as much as
55 watts are available (right hand
output socket). A ten-contact switch
can be seen in the illustration. This
makes available to all output sockets,
voice coil impedances of 4, 8, 15, or
500 ohms.

On the lower front of the chassis,
there is a switch that disconnects the
filaments and high voltage for the
6L.6’s when they are not in use. An-
other switch disconnects the filaments
of all other tubes and the B voltage
from the power transformer and is
used when the amplifier is on mobile
service and gets its A and B voltages
from batteries and vibrapacks.

On the center of the front panel is
the a.c. switch and fuse holder. On
the rear are three sockets. One is a
male socket for the line cable. The
center is a four prong socket where
the vibrapack connects when needed,
and supplies A and B voltage to an-
other head amplifier. So if at any
time, we should require as many as
eight inputs, we have a separate head
amplifier having four inputs which
may be plugged in on the center jack
of this amplifier. The other socket is

(Continued on page 59)
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The pre-amplifier is assembled on a separate chassis.

The connector

plug may he seen below on the right-hand side just under the assembly.

The underside of the pre-amp (head amplifier) shows where parts are

mounted for best consiructional technigue.

Note extensive cabling!

The completed amplifier with cover
removed. Note pilot lights on top!

Cy, Cs, Cqo, Ci5—20 mfd., 25v. electro, Aerovox

Co, Cy—10 mfd., 450 . electro, Aerovox

Cy, Cs, Cz, Cs, Cy, Cag, Cii—.1 mfd., 400 v. paper,
Aerovox

Ci1, Ci12—.04—1,600 ». paper, Aerovox

Cis—8 mjfd., 600 v. electro, Aerovox

Cys, Cisy Cryy Cog, Cony, Coa—8 mfd., 450 v. electro,
Aerovox

Rs, R, Ri3—50,000 ohm, Yaw., IRC

Rs, Rs, Rog Ras, Ryp—500,000 ohm, pot—Mallory
R —1,000 ohm, Y2 w., IRC

R, Ilz;iﬁt Rip, Ris, Rye, Rys—250,000 ohm, Yy w.,

Ry1—475,000 ohm, V5 w., IRC
R1:—25,000 ohm, V2 w., IRC
Ri5+—750 ohm, 10 w., Ohmite

T

SWEHSV.AC

Ry—200 ohm, 10 w., semi-variable, Ohmite
Ry—50,000 ohm, 50 w., Ohmite

T,—PP6F6’s to PP6L6’s, Thordarson T17D04
Ts—PP6F6’s to v. c. or line, Thordarson, T75875
Ts—PPG6L6’s to v. c. or line, Thordarson, T8§4558
T,—350v. @ 120 M. A., Thordarson, T13R14
T;—560 v. @ 150 M. A., Thordarson, T19R30
CH,—110 M. A. Filter choke, Thordarson,

Coy, Co5—.05 mfd., 400 v. paper, Aerovox Ry7, Rig, Ras, Rss—100,000 ohm, V5 w., IRC T57C53
Riy Risy, Ror—1 meg. Vo w., Ry—5,500 ohm, Y5 w_, IRC CHy—150 M. A. Filter choke, Thordarson,
Rs, Ry;, R31—200 ohm., Y5 w., IRC Rse, R3—5,000 ohm, 1 w., IRC T13C30
Ry—2 meg., V5> w., IRC Rus, Ris, Ryy—5,000 ohm, 10 w., Ohmite SW—DPDT toggle, Arrow
Ry, R7, Rm, Ris, Rosy Rog, Re—500,000 ohm, Yo Ryp—10,000 ohm, 50 w., Ohmite SWo—SPST toggle, Arrow
w., IRC R;;—300 ohm, 10 w., Ohmite Cabinet and chassis—Par Metal
April, 1942 11
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Airdrome control position.

AVl

Paul W. Karrol has a Eeen Enowledge on radio subjects.

by PAUL W. KARROL

T. 8. Army Air Corps photo

Operator is giving landing instructions to pilot.

ION RADIO COURSE

His many years of

experience in the Aviation Radio field qualify him as an authority on this
all-important subject. The author has written an exclusive course designed
2o include all phases of military and civilian radio in the aviation field.

P NODAY more than ever before there ex-
ists a crying demand for partially as

- - well as fully trained aviation radiomen.
Opportunitics are abounding. Those who
have the keen foresight and initiative to rec-
ognize and take advantage of these oppor-
tunitics will mu’ltably avail themselves o
positions of merit which will not only prove
interesting but remunerative as well.

The period when radio equrpment installed
in aircraft was an expenmentcr S toy is gone
forever. The penod when it was just an-
other piece of “cquipment” is also gone. We
find that aircraft radio equipment today is
just as essential to the safe conduct of mod-
ern aircraft as is the propeller which keceps
the ship in the air. [t is, now an integral
part of modern aircraft.

The safcty of modern aircraft in the air
is dependent upon many factors; radio heing
one of the largest. Without radio equipment
the modern day pilot could not be readily
advised of variable weather conditions. Nor
would it be possible to fly safely in condi-
tions of poor visibility without the aid of his
range receiver. To make many safe landings
in inclement weather, radio is a dire neces-
sity. _\Without the aid of radio our modern
air transportation systems could not function
properly nor could the aircraft of our armed
forces operate cfiectively.

Aviation radio came into its own in 1927
when the Civil Aeronautics Administration
(CAA) was then known as the Aeronautics
Branch of the Department of Commerce.
The first radiotclephone conversation be-
tween aircraft and ground stations was held
in 1916. During that year the U. S. Army
Signal Corps conducted many tests with va-
rious types of radio equipment for aircraft.
The impetus necessary to launch aviation
radio securely on its way was not started
howcever until 1928 when the first radio

range beacon was designed, constructed and
placed m operation. The general public be-
came “air-minded” immediately after the
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successful trans-Atlantic flight of Lindbergh.
This resulted in more attention being given
to the possibilities of radio as an aid to air
naug.ltlon Also much consideration was
given communications possibilities between
aircraft and ground stations.

After preliminary cxperiments had been
completed it was found that radio equipment
could easily be designed for use on hoard
aircraft, our early transports were outfitted
and ground stations equipped to carry on air-
ground communication. There werc many
“hugs” that had to be removed from cquip-
ment then, but by persistent research many
problems confrontmg those who foresaw in-
evitable advancement were scientifically
solved. The experiences gained during the
uphill climb of aviation radio proved invalu-
able as time went on, and today we find that
both the airlines and our government serv-
ices are employing thousands of men and
spending millions of dollars to adequately
take care of the still expanding air com-
munications_ facilities.

But still, if we go further. we find that the
aviation radio industry nceds more men;
preferably trained mcen. The employment
saturatlon point will ever hardly be reached
in the aviation radio industry because as
more aircraft are manufactured for our
armed forces, commercial and private avia-
tion enterpriscs, more and more aviation
radio equipment will also be manufactured
and will have to be installed and maintained.
There is no doubt in my mind regarding the
stable future of aviation radlo

One may rightfully ask, “What positions
are available to the trained and partially
trained who decsire to enter aviation radio
and make the work their careers?’ This
question will now be answered.

It is of course realized that various posi-
tions require various degrees of skill. No
two jobs are so similar that it is possﬂ)le to
draw a fine line between them and say,

I study this one I can always do the other.”
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Specialization and efficiency are the keynotes
of success in any branch of aviation radio:
whether it be airlines, radio operating, or
acronautical radio engineering.

In order to acquaint the novice as well as
the veteran with aviation radio positions it
was felt that the discussion concerned should
be presented prior to actual lesson material
and should contain information not readily
available to the reader.

Qualifications

The man for the job of aircraft factory
radio workers is the average radio service
technictan. This position reqmres that the
applicant have had experience in general
radio work and a certain amount of train-
ing. With his knowledge of car radio in-
stallation and general knowledge of radio
repair he is weI‘f, suited for the type of work
encountered in the aircraft factory. He
must possess a certain amount of mechani-
cal knowledge in order to cope with in-
stallation difficulties and must be highly
proficient in the use and care of tools. Too,
he should understand the “blueprmt require-
ments” promulgated by the engineering de-
partments of both the aircrag and radio
manufacturer when it comes to actual in-
stallation work.

The foreman of the aircraft radio installa-
tion department (assembly) must have more
than a general knowledge of radio and elec-
trical installation. His mechanical skill must
be of a high order and he must be able to
supervise mass installation and thoroughly
understand modern assembly practlce When
radio equipment is installed in an aircraft,
usually more than one technician is utilized.
Exacting cooperation between installation
personnel is a prime requisite to efficiency.
Havoc is created if each man does not know
what he should accomplish and in what or-
der, The foreman, in order to maintain co-
ordination of activities must continually ex-
ercise his supervisional skill and must be a
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capable instructor. The foreman is usually
a “picked” man who has demonstrated his
all-around ability.

In an aircraft factory the aviation radio
worker may do installation work ; testing of
installed equipment; inspection of equipment
for immediate installation: radio parts sup-
ply work; and he may even do a great deal
of clectrical wiring not associated with the
radio installation.

Prior to the actual installation of radio
cquipment in an aircraft, an inspection is
made of each component part to ascertain
its condition. Even though a thorough and
rigid inspection was performcd at the air-
cmft radio factory prior to shipment of the
completed equipment, the added precaution
of a second inspection is usually taken. In
most instances where Military or Naval air-
craft installations are being made, a techni-

cal represcentative of either Serncc is usually

on hand to effect inspection. Those who
perform  these mspectlons must he well
trained and schooled in the matter of mak-
ing micrometeric examinations in the least
possible time. Remuneration for the aver-
age inspector’s services is relatngly high.

Testing the finished aircraft radio installa-
tion is a most responsible job and requires
that the man doing this work have a great
deal of experience.  He usually is the proud
possessor of a second class radiotelephone
license obtained from the Federal Communi-
cations Commission (FCC) after passing a
relatively difficult examination. His final
word that the installation is working properly
has comparable weight to that of the aircraft
test pilot. His re>p01151b111ty that the in-
stallation is made correctly and that cach
part of the installation is funcrioning at
maximum cfficiency before the aircraft is
tested, is large. He cannot afford to he
"slipshod " For his services he is accorded
every possible consideration and is usually
one of the highest paid cmployees of the
radio and clectrical departments in an air-
craft factory

At various airports scattered throughout
the United States, there are a number of
private aircraft radio service agencies. They
are equipped to install and maintain aircraft
radio equipment in private aircraft. Expert
technicians having Government radio opera-
tor licenses are usually employed.  Often.
courtesy instruction given at the factory by
trained experts is available to technicians
working in the private aircraft radio service
agency. This instruction furthers their radio
training and contributes to their proficiency.
The work in the aircraft radio service
agency s very interesting and pays well.
However, unless the technician has more
than a passing interest in an agency proper,
his work may not be steddy Tlns is espe-
clally true when there is only seasonal work
to do. The trained radio serviceman who
owns the necessary testing equipment and
the proper FCC license will have no trouble
finding work to do if he proves that he un-
(lerstdnds aircraft radio.

With the advent of private flying, an im-
mense and lucrative field presented itself to
the active radio serviceman. With instruc-
tion books furnished by various manufac-
turers, a will to work and learn, and proper
mstruments the trained radio service tech-
nician had little trouble finding enough work
1o do.

Even though installation is closcly allied
to maintenance, there arc positions wherein
only one or the other is performed by per-
sonnel.  After the aircraft radio installation
is completed at the factory and necessary
“check-tests” have been made and the air-
craft placed in service, maintenance then
takes the upper hand. This work requires a
ereat number of skilled workers. A system-
atic method of maintenance strictly ad-
hered to prevents many costly troubles
which may develop. All radio equipment in
aircraft belonging to the government and the
airlines after a fixed number of hours oper-
ation is mspected cleaned and Ad]usted
thus assuring efficient opu‘atxon at all times.

Methodlcal maintenance is carried omn ex-
tensively in the Army and Nawval Air Forces
and requires many men trained specifically
for this important work. This is a good pay-
ing field and is open to the untramed par-
tially and fully trained man. Those requir«
ing nccessary training are sent to school at
no expensce to them whatsoever. In fact,
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Airport transmitters such as this will be analyzed in this course of

instruction.

these men are paid while attending school.

Some airlines employ personne] who may
be readily referred to as “traveling mainte-
nance technicians.” Covering thur terri-
tories each month and oftener when needed,
they replace defective parts; shoot trouble;
make careful inspections of radio eyuipment
and clean and adjust all equipment. This
job is not interesting only because of its
technical aspects but also Dbecause travel is
involved. All such workers must possess a
radio operator’s license of the proper class in
order that they may legally test and adjust
various transmitters. In some stations op-
erated by the airlines, however, the chief
radio operator may do the necessary mainte-
nance work. But for purposes of control
and standardized maintenance. trained main-
tenance men are usually employved. The sal-
ary for this type of work often starts at
$150.00 and it is possible to work up to
$200.00, with expenses.

One of the most exciting positions to be
found anywhere is that of airlines radio op-
erator. ‘The qualifications for this position
are high; much higher than they were a few
years ago. A knowledge of the International
Morse Code is not exactly essential hut is a
great help. Some airlines employ code quite
extensively. Pan American Airlines employ
many radio operators both on the ground and
in the air, as do the Naval and NII]ltdly Air

Forces. An airlines radio operator must he
a cool quick thinker and possess keen judg-
ment.

He must depend on his training every
minute of the working day. It is the air-
lines radio operator who is the liaison he-
tween aircraft and ground, and the factor
between safety and disaster. Armed with
the information transmitted from ground
stations, the pilot can evade had weather on
his route, make unscheduled stops at un-
scheduled stations to pick up passengers ;
and in the case of military aircraft, receive
important military information. At the same
time, the pilot can transmit useful weather
information back to the ground stations for
other pilots who will follow him.

The writer was in an aircraft sometime
ago which had to make an unscheduled land-
ing on account of bad weather. After wait-
ing around for approximately three hours
for the weather to clear, and it being quite
urgent that we reach our destination at a
given time, it was decided to have an air-
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Thousands of men are needed as operators or for servicing.

craft then on a scheduled flight radio back
needed weather informaton. viz.. whether
icing conditions prevailed or not. While the
aircraft proceeded through the overcast a
radio report came in every fcw minutes giv-
ing us weather information. \While the plane
in which we were flying contained blind fly-
ing equipment, our deicers did not, work
properly, we did not wish to take the ¢hance
of being hoggcd down with ice.

Because of the low overcast we couldn’t
fly “contact” and not being able to see the
ground would add to our plight! After a
few favorable reports were received we
thought we would take off. After flying
blind for over four hours we found out hy
using our radio that our destination was
“closed in.” We were about 1350 miles out
then. If we had not had the use of our
radio we would have flown to our destination
and found we couldn’t land. thereby making
it necessary for us to fly back to an open
airport; thus necessitating the use of more
gasoline and valuable time. We were told
by radio that we could land at one of the
emergency fields on our route and were
given implicit directions. Forty minutes
Iater our aircraft was skillfully landed at an
cmergency airport and we were then taken
to our destination by auto. With the assist-
ance of both airecraft and ground radio facil-
ities we saved both time and finances, to say
nothing of the possibility of an unforeseen
accident.

The average airlines radio operator must
be neat appearing and he able to meet the
general public because he often must arrange
for reservations, tickets, etc., for passcngers.
His knowledge of touch typing and teletype
operation w111 help him over many rough
spots during a busy shift. Now that tele—
type is bemo used more extensively each
day, it would be well for those contemplat-
ing this work to adequately prepare them-
selves. If you are a touch typist and can
type 50 to 60 words per minute, learning
teletype operation will be relatively snnple.
On the other hand, if your speed is any
‘ower than forty words per minute and your

“‘rhythm” not so good, the task may prove
difficult.  Not all teletypewriters have the
“message keyboard.” Some are cquipped

with standard weather symbols for the trans-

mission of weather information. It takes

much praciice to operate one of these ma-
(Continued on page 47)
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Inexpensive parts may be used to construct this one tube receiver.

Two-tube performance with plenty of sock

is featured in this regenerative All-Waver.

QOR those who live in a district

‘ where alternating current is

- "available, an electrically oper-
ated radio is more economical and is
an improvement over the battery set.
The advantages include a constant-
voltage power supply and more sen-
sitive tubes.

As far as diagrams are concerned,
two-tube receivers might be said to all
look alike, but experience shows that
some work and others don’t. The ex-
planation of this is that: in designing
a radio receiver for short wave recep-
tion, a circuit diagram tells very lit-
tle toward its being a success or a fail-
ure. The thing that does determine
whether it will work properly or not
is paying attention to such things as
smooth control of regeneration, noise-
less tuning, and getting the most out
of your antenna. These and many
other features are presented in this
article.

Discussing the above mentioned
points, the doublet antenna gives a
gain in signal strength to noise, while
the usual flat top and similar types
of aerials do not. The doublet used
with this receiver is sixty feet long
with insulators at each end and one
in the center, to which the transposed
noise reducing Zenith lead-in is con-
nected. By twisting these two wires
any noise picked up is eliminated by
cancellation, thus reducing the noise
level to a minimum, while bringing
up the signal to maximum strength.

A point to remember in erecting any
antenna System is to get it as high as
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possible and at right angles to high
tension or telephone wires. The ideal
aerial should be at least fifteen feet
above all surrounding objects. There
are several all-wave antenna kits on
the market. One of these should be
purchased. The best direction to run
the antenna is northeast to southwest
or northwest to southeast for world-
wide reception.

After connecting an antenna to the
set that will give the most signal
strength, means of controlling this sig-
nal to the best advantage must be de-
veloped. This is accomplished by hav-
ing a low resistance and noiseless tun-
ing circuit with a good grade of tun-
ing condenser, one mounted on iso-
lantite or insulex which are, theoreti-
cally, the best type of material for
short wave work. Therefore isolantite
sockets are used. For the best results
manufactured coils were employed.
The beginner has quite a number to
choose from, the best being those
wound on forms of insulex.

It will be seen that a variable con-
denser (C-1) is parallel with the an-
tenna coil or primary winding. This
is a step toward better selectivity and
a gain in signal input. If a commer-
cial type of impedance matching de-
vice is used that has a variable ad-
justment, this condenser may be
omitted. On the other hand, if a de-
sired station is covered by interfering
code signals, a slight shift of this con-
denser will change the position of the
station to one where there is no inter-
ference from adjacent radio channels.
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An AC Net
for the
Bedinner

by FREDERIC U.
DILLION

The detector circuit employs elec-
tron tuning, and the regenerative con-
trol (R-2) is placed in the screen grid
lead of this tube. The line switch is on
the back of this control and thus saves
space on the panel. Looking at the
schematic wiring diagram will show
that there are two condensers by-pass-
ing the screen grid to ground. The
reason for this is to eliminate any
scratching noise in the regeneration
control. The smaller one is mounted
right at the socket and run to ground,
while the other is mounted near the
control and wired from the arm to
ground.

If the grid leak and condenser
(C-4, R-1) are mounted on top of the
grid cap of the detector tube, (see
photo), it will be found that, when the
complete shield is in place, these parts
will be completely shielded, eliminat-
ing one source of noise.

The detector tube employed in this
receiver is known as a duplex tube,
because the elements contained in the
tube make up two tubes. It is com-
posed of a pentode section similar to
a 6C6 and a triode section similar to
a 76 with the exception that they both
have a common cathode and heater.
The tube is known as a type 6F7 or
the metal equivalent is a type 6P7
which, of course, takes an octal type
socket, if it is used. Thus we have a
super sensitive screen grid pentode as
a detector and a high gain triode as
a first audio amplifier all in one tube.

The shielded filter shown in dotted
lines in the schematic, connecting the
plate of the detector tube to the audio
frequency coupling impedance, keeps
stray r.f. currents from getting into
the audio amplifier and causing oscil-
lation.

The impedance unit (T-3) is used
between the detector and the audio
amplifier instead of the usual resist-
ance. This type of coupling gives high
gain and also helps to smooth out the
regeneration by putting the proper
voltage on the plate of the detector,
thus allowing it to operate more effi-
ciently. Resistor (R-4) is used to sub-
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The cans shown in this underchassis
view cover the radio frequency chokes.

due any audio oscillation that might
oceur.

Resistors (R-3 and R-6) limit the
voltage in their respective circuits.
The headphones are plugged into jack
(J-1) which is connected to the output
of the triode section of the 6F7.

The second section of the set is the
power supply, and is designed for
short wave receivers. The usual run
of old style “B” eliminators hum. This
spoils the possibility of good recep-
tion. The cause is usually a lack of
sufficient filtering. The filter in this
power pack uses choke input. It was
chosen because of its ability to give
smooth regulation of d.c. voltage.

The power transformer in this pack
has an electric static shield and puts
out 680 volts a.c. centertapped, which
after it is filtered and rectified runs
about 250 volts d.c. The majority of
sets call for 250 volts.

Construction

Now to tackle the construction of
the set. First, obtain all the parts
listed at the close of this article. The
whole set may be conveniently housed
in a Bud metal cabinet, size 6"x10"x7".
If you desire to use the metal cabinet
no front panel or bottom piece will be
needed. Having chosen either a panel
or cabinet job, proceed to lay out the
various parts as they appear in the
illustrations.

The two main condensers (C-2, 3),
are 1% ” from the ends of the panel
and 2%” from the top. The antenna

condenser (C-1) is placed half way be--

tween C-2 and C-3 the same distance
from the top of the panel.

The line switch and the phone jack
belong 2% " from the ends of the panel
and 1” from the bottom. The regen-
eration control (R-2) is mounted right
below the antenna condenser. The
blank hole in the top of the panel is
for a green jewel six volt pilot light
connected across the heaters of the
6F7. The screws that hold the panel
are one inch from the ends and one
inch apart, on each side.

To operate this set, a few minor ad-
justments are made. After the switch
is turned on, advance the regenera-
tion control until a rushing sound is
heard. The set is now oscillating, and
is in its most sensitive condition. Ad-
just the antenna condenser for maxi-
mum noise level. This procedure is
done for each band before tuning.

—30-
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The dual-choke is mounted behind the plugin coil and tuning condenser.
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Ci, Co—100 mmf. variable

C3—35 mmf. variable

C,—.0001 mjfd., 400 v. paper, Sprague
Ce—.01 mfd., 400 v. paper, Sprague
C—8-8—450 ». electro, Sprague
Cs—.1 mfd., 400 v. paper, Sprague
Ri—2 meg., Y5 w., Centralab
R:—50,000 ohm pot, Centralab
R;—150,000 ohm, 1 w., Centralab
Ry—250,000 ohm, Y, w., Centralab

Ri—1 meg., V5 w., Centralab

Rs—350,000 ohm, 1 w., Centralab

Ji—Double circuit jack, Bud

T-—240 . @ 40 M4 6.3 v. @ 2.04, Thordarson

T13R19

Tg—Coupling choke, Thordarson T2927

Chy, Chg—Double filter choke from old B. C. set
1, Le—S8et of Plug-In coils, Hammarlund
L,—2.5 MHRF chokes

Cabinet and chassis, Bud
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SOUND for DEFENSE PLANTS

Industrial PA systems are not new. The war has brought about

the need for protecting our planis and personnel from either

sabotage or bombings. This analysis therefore is most timely.

b H
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by

RUFUS . TURNER .

N a modern defense manufactur-
l ing plant, a good factory-wide

PA system is invaluable in speed-
up programs, so vital at this time; in
the maintenance of management-per-
sonnel contact; and in the preserva-
tion of a high state of worker morale.
In time of war, these are key jobs.

Some defense factories are acknowl-
edging the new importance of indus-
trial sound systems by installing am-
plifiers in their sprawling plants for
the first time. Others, already
equipped, are making those improve-
ments and additions necessary to in-
crease the reaching power of their
equipment. Many a busy executive is
at present exploring the potentialities
of factory sound systems.

The plant which has not before been
“wired for sound” is the usual case at
this time. Managements of such plants
inquire at once as to the value of am-
plifier systems in their industrial
buildings, technical specifications for
satisfactory equipment, and the extent
of factory noise problems that must
be solved. In some cases, the cost of
installing and maintaining such sys-
tems is secondary to the points just
mentioned. It is the purpose of this
article to clarify some of these factors
by directing attention to practical
considerations.

Value of the Factory PA

The industrial PA system is not new.
A number of factories have for several
years been equipped with amplifier
systems of appropriate coverage. The
reasons for originally installing this
equipment have been many and var-
ied, individual purposes having been
served. In some plants, for example,
the amplifier system has been purely
a medium of entertainment (although
it might have been used occasionally
for other purposes), supplying music
to workers throughout the day for
psychological reasons. In other in-
stances, it has been used in lieu of
bulletin-board notices for announcing
information concerning large numbers
of workers. These announcements
have thus been made possible at the

High-power Webster amplifier system
built for service in defense plants.
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best psychological moment.  In still
other instances, the factory amplifier
has enabled key executives to address
large numbers of widely separated
employees during times of labor
trouble.

Each defense factory will no doubt
find particular applications for sound
systems. All managements will for
reasons of economy and good invest-
ment, however, desire to know at the
outset what will be the maximum
utility of sound systems in our war
effort. Not one, but several avenues
of usefulness will be expected of any
costly factory-wide sound system. And,
in order to clarify this point, we list
below a few of the leading roles in
which industrial sound systems might
aid in the general efficiency of the
plant:

1. Factory-Wide Paging of Persons,

2. Fire Alarm,

3. Air-Raid Alarm and All-Clear
Announcement,

4. Direction of Large Groups dur-
ing Air Raids or Other Emergencies,

5. Factory Work Signals,

6. Special Announcements and Bul-
letins.

These are only a few of the possible
defense applications of the factory
sound system. Other uses will occur
to those in charge of such amplifiers.
The listed applications might be sep-
arately considered: (1) In paging per-
sons over an amplifier system; con-
siderable telephone switchboard time
and manipulation is saved, as well as
the time of persons who are needlessly
required to answer their telephones
during the search. (2) As a fire alarm
device, the universal sound system is
particularly efficacious in that all
parts of the plant may be reached
quickly with short, undisturbing sig-
nals and at the same time special an-
nouncements may be made to quiet
any excitement. (3) The factory sound
system permits air-raid and all-clear
signals to issue from a point of au-
thority, perhaps from an executive
deputized to perform this task, and is
invaluable for putting down rumors
of impending danger. (4) If any plant
is confronted with the job of handling
its people during an actual air raid,
it will find its sound system invaluable
for appealing directly to the people to
re-establish order and quiet and to
bolster up the general morale. (5)
Wherever desired, the factory sound
system may be utilized to transmit
factory work-time signals, although
there would hardly be need for such
application where there are already
bell, whistle or horn signals. (6) The
executive and production offices of the
defense factory will be enabled by an
interdepartmental sound system to
reach their employees directly with
special announcements and bulletins
pertaining to the war, the war pro-
duction effort, or the general factory
business that must be known by the
personnel. Spot sound announcements
are superior in this case to the usual
bulletin board in that a worker can
hardly escape hearing the announce-
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Projection type speakers are ideally suited for factory PA systems.

ment, while he might not read the
board, and announcements may be
made at the best psychological mo-
ment.
Special Reguirements for
Factory Sound

The defense-factory sound system
will differ from the usual PA installa-
tion chiefly in that the industrial sys-
tem must compete with the high noise
level of an industrial plant, and the
power of the system must be sufficient
to override the noise level efficiently.
The factory speakers will be situated
in areas of different noise level, so
that provision must be made during
design and installation for regulating
the sound-energy output of each
speaker to enable effective coverage
of each area.

Speakers installed in offices, draft-
ing rooms, laboratories, rest rooms,
and other quiet places will be called
upon to deliver less volume than those
in the factory proper, hence can be
operated at lower levels.

In most industrial installations, the
speakers will accordingly require in-
dividual controls. Once satisfactory
volume adjustments are made, how-
ever, the controls may generally be
left permanently set until the ncise
levels are markedly altered by the ad-
dition or removal of machinery.

The defense-factory sound Ssystem
must be smooth and clean in opera-
tion; it must be free from hum, clicks,
grating, or any other extraneous
sound that would tend to minimize
intelligibility. It must be capable of
covering the entire plant by means of
efficaciously placed speakers, yet do so
with a maximum of intelligibility and
a minimum of acoustic shock. Sound
delivered by a speaker in any depart-
ment must be sufficiently higher than
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the local noise level to attract the
worker’s attention and convey a
clearly understandable message, yet
not loud, harsh, or distorted enough
to be disturbing or exciting.

In determining the sound require-
ments of any factory, the investigator
must make a careful study of the
noise characteristics of each depart-
ment in which a speaker is to be
placed, of the desired coverage area in
each proposed speaker location, the
most effective type of speaker baffle
in each case, and of the various elec-
trical requirements for furnishing
audio power throughout the total cov-
erage area. These several matters
will be taken up in this article.

Factory Neoise Characteristics

Factory noise has two components
important to sound equipment design-
ers and estimators—volume and fre-
quency. The actual volume of the
noise will determine the amount of
audio power that will be required for
the speakers to be heard, while the
frequency of the noise will determine
certain tone - control characteristics
that must be worked out in each case.

Regarding the frequency character-
istic, noises are actually collections of
many frequencies, rather than single
frequencies. However, in almost every
case there is a predominant frequency
component and it is largely this fre-
quency which distinguishes one kind
of noise from another. For example;
there are deep-pitched rumbles and
higher-pitched roars, and there are
rattles and clatters of widely different
high frequency that are easily recog-
nized by ear.

Factory noise is most efficiently
studied with the sound analyzer and
sound level meter. By means of the

(Continued on page 63)
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P NHERE exists a trite old adage
which so revealingly states that
“a chain is no stronger than its
weakest link.” So when attention is
drawn to the modern signal circuits
of radio communications and sound
amplification this antique proverb still
bears down heavily on what is known
as impedance matching. This “match-
ing” condition prevails at many es-
sential junctures in circuits where a
maximum transfer of energy and op-
timum frequency response are prime
essentials.

It is the purpose of this article to
clarify or help create a better com-
prehension of this subject, in the hope
that this knowledge will prove to be
of a practical help to the reader. In
the present emergency situation it be-
comes clearer, daily, that the most
work can be accomplished by those
who can utilize their technical knowl-
edge in practical achievement. It
therefore becomes almost a patriotic
duty for everyone to arm himself
“mentally” as well as mechanically.
To gain a complete understanding of
impedance matching it is necessary
first of all ‘to know the meaning of
impedance itself, reflected impedance,
and reflection loss. These will be
analyzed individually.

Impedance is an electrical charac-
teristic of a circuit element which re-
sists or retards the flow of an alter-
nating current. Such an element may
well be a choke coil, condenser, trans-
former winding, etc. Remember, it
impedes the flow of alternating cur-
rent. As such it corresponds to a re-
sistance which repels the passage of
direct current. In this connection let
it be known that an impedance cannot
always be a resistance, but—a resist-
ance is always an impedance, in an
alternating current circuit.

On the other hand a capacity (con-
denser) is always an impedance in an
a.c. circuit, but not necessarily a re-
sistance in a d.c. circuit; since its d.c.
resistance is considered infinite. In
direct current circuits it is universally
accepted that the resistance of a cir-
cuit is equal to the voltage impressed
across it divided by the current flow-
ing through it. This is merely Ohm’s
Law. Generally speaking this law also
holds true for a.c. circuits when the
“apparent” resistance of the circuit is
equal to the impressed alternating
voltage divided by the alternating cur-

Impedance Matching
on a “yound” Basis

by B. E. PHILIPPSEN

A technical analysis of one of the most

important subjects in radio. Concrete

examples aid in understanding the text.

it is not the same value of resistance
as would be read on an ohmmeter or
resistance bridge.

This is due to a certain inductive or
capacitive component which affects
the apparent a.c. resistance. So to
distinguish it from direct current re-
sistance the apparent resistance in an
a.c. circuit is called Impedance. Now
that we have acquired at least a sim-
ple idea of impedance, it is possible to
delve farther into some of the asso-
ciated terms.

For instance, let’s find out what is
meant by reflected impedance. As-
suming a tube is connected as a con-
stant voltage generator (see Fig. 1),
then the reflected impedance is the
resistance in ohms, at a given fre-
quency, which the plate of the tube
must face, resulting from the load
placed across the secondary of an out-
put transformer. In actual practice
the value “R” may be a loud-speaker
as well as a Class C r.f. amplifier in a
radiotelephone transmitter. As long
as the load conditions are proper, the
tube “V” cares not one particle into
what it feeds its energy. As to the
reflection loss, this is always a ratio
and not a unit of fixed quantity.
Therefore it is usually expressed in
the number of db lost.

To illustrate reflection loss in as
simple a manner as possible let’s take
advantage of a practical physical anal-
ogy. Looking at Fig. 2 we see a con-
stant pressure water pump, tank “A”
and ditch “B.” The water leaves the
pump flowing at a steady rate through
tank A. However as it enters the
narrower ditch “B” a turbulence is
set up which retards the efficient

lence is caused by some of the water
striking the walls of the tank and be-
ing reflected back into tank “A.”

Therefore at the precise moment
this occurs during the flow of water
and it occurs constantly, a loss of
transfer occurs which is known as re-
flection loss. Now, returning to our
electrical circuit of Fig. 1, compare
the tube, as a constant voltage gener-
ator to the constant pressure water
pump; look at the tank “A” as the
transformer “T” and the ditch “B” as
the load “R.” As the tube generates
a constant stream of electrical energy
it becomes necessary that the imped-
ance of the load be matched to the
tube for a maximum transfer of
power. In other words the ditch “B”
to collect without loss, as much water
as possible, should be as wide as tank
“A." Or saying it still another way,
when the resistance of the load equals
that of the source a maximum of
power is transferred.

On Mismateh

After all this discussion on equality
of source and load for maximum
power transfer it will come as a rather
shocking revelation to some of us that
in practice this is not always done.
Where power transfer alone is the ob-
jective such as in transformer or in-
dustrial applications, this precept is
adhered to. But, in sound or radio
applications another consideration en-
ters into the picture. This is distor-
tion. Because the distortion intro-
duced by a tube is, along with others,
determined by the impedance into
which it works, an effort must be
made to keep it at a minimum.

An accepted means, other things be-

rent through the circuit. However, transfer of the water. This turbu- ing normal, is working the tube into
MATCHING W=WIDTH OF TANK A )
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an impedance equal to about twice its
plate resistance. The thought may be
injected here that this condition holds
true in the case of class “A” triodes
which may be looked upon as constant
voltage generators. In the matter of
Class “A” prime the tube is no longer
constant voltage  generator and
other factors outside the scope of this
article may influence the load imped-
ance. On the practical side of life, mis-
matching does not, as might be antici-
pated, detract nearly so much from
the efficient transfer of power, due to
reflection losses. However, the de-
sirable frequency characteristic of the
circuit is usually harmed. For in-
stance, you might connect, as a last
resort, a 200-ohm line to a 500-ohm
line. Loss in power due to this mis-
match will be barely audible but the
resulting change in fidelity would
most certainly indicate the need for
an efficient line matching transformer.
As it stands these circuit values con-
stitute a mismatch of some 60%.
However from actual performance
tests it can be told that a mismatch
of 15% is acceptable without the dan-
ger of audible apprehension while 25%
is just about the maximum permis-
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the amplifier transformer ‘“looks”
down the line to the four speakers
connected in parallel to a resultant 2
ohms. Does the output transformer
see “2 ohms” for perfect matching?
It does not! It sees 2 ohms plus %
ohm (line resistance) plus another %4
ohm (line resistance); all told 2.5
ohms—a mismatch of 25%, the maxi-
mum allowable. From a mismatch-
ing point of view this should now be
clear.

So when your sound system comes
equipped with just 35 feet of speaker
wire you are getting as much as it is
possible to obtain and still remain
within the bounds of permissible mis-
matching without the additional pur-
chase of speaker-to-line transformers.

Again from IR = W; we arrive at
(.0399)2 X .5 ohm (speaker line re-
sistance) is equal to .0008 watts lost
in the 500-ohm speaker line.

This comparison between 500-ohm
or 2-ohm lines is not intended to prove
the need for use of 500-ohm lines, and
their associated transformers, for dis-
tances as short as 38.4 feet. This goes
without saying so; however it does
conclusively prove that for any dis-
tance greater than this, 500-ohm cir-
cuits are far superior, both from the
point of line power loss as well as mis-
matching.

In retrospect on mismatching, recall
that a total line resistance impedance
of 0.5 ohm could cause a mismatch of
as much as 25% on the 2-ohm line

38.4FT. T Las
L .
i A WAT TS
. W . °
/ SWATTS _;_ 30HM LINE TO
Epr 43063333 % &
E f/oo a X o n AL MASTER STATION
| AAA FOUR VOICE COILS WATT S SPKR EUARSED PLATE TO
1 M AS IN FIG. 3
z0 A 10000, ¢ TRANSFORMER
Fig Fig. 5. Fig. 6.

sible mismatch in present-day sound
equipment. This brings up the ques-
tion of when to use a 2 to 8-ohm line
for sound system speaker installations
and when it is best, from a distortion
and power loss standpoint, to use a
500-ohm line. Some cannot under-
stand why their sound systems do not
come equipped with more than the
usual 35 ft. of speaker cable. Behind
this lies a very definite reason not
prompted, as might be expected, from
a wire economy measure on the part
of the P. A. manufacturer.

Let’s look into this further. Com-
mon practice is to supply a complete
portable sound system with 35 ft. of
No. 18 stranded zip cord, speaker wire.
Why only 35 feet? Scanning the wire
tables we find that 153.7 ft. of No. 18
stranded zip cord has a resistance of
one ohm. One fourth of 153.7 feet
equals 38.4 feet; also, one fourth of
one ohm equals one quarter ohm.
Looking at Fig. 3 we see a 20-watt am-
plifier, its output transformer tapped
at two ohms to supposedly match, four
parallel 8-ohm speakers whose net
voice coil impedance equals two ohms.
In the line are shown two %4 ohm re-
sistors, one in each side of the line.

These represent the resistance of
38.4 feet of speaker wire and this line
obviously must have two wires. Sup-
pose the two-ohm output winding on
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As to power lost in speaker lines
whether 2-ohm or 500 ohm lines are
used the following is interesting:
From the equation: Current is equal
to the square root of the power di-
vided by the resistance we arrived at

i 20 watts

2.5 ohms
where 20 watts equals the amplifier
output and 2.5 ohms equals the im-
pedance of the four parallel speakers
plus the total line resistance.

Then I equals 2.82 amperes line cur-
rent. There is a total of .5 ohm non-
usable line resistance. So from the
equation I*R =W we find that 2.82
amperes squared, times .5 ohm = 3.97
watts lost in the 38.4 ft. speaker lines.

Supposing now, that we used for
the purpose of exarnple the same 38.4
ft. speaker line, but replaced both the
amplifier output transformer with one
having a 500-ohm output winding.
Also at the speaker end of the line we
insert a 500-ohm to speaker voice coil
transformer as in Fig. 4. ‘The length
of the speaker line remains unchanged
at 38.4 ft. By applying the same for-
mula as in the above paragraph:

—\/5005

where 20 =20 watts and 500 the im-
pedance. Therefore the current is equal
to .0399 amperes line current.
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shown in Fig. 3. For that same value
of resistance in a 500-ohm circuit the
mismatch is of no mathematical con-
sequence with a proportional reduc-
tion in all the disadvantages of reflec-
tion loss as evidenced in a 2-ohm line.

So, summing up, it can be very defi-
nitely remembered that in any sound
installations where a few, or all speak-
ers are located more than 35 feet dis-
tant from the amplifier, both experi-
ence and figures can prove that the
use of 500-ohm speaker transmission
lines offer the greatest economy of
sound-power energy, greatest ease of
accurate impedance matching with its
attendant freedom from undesirable
frequency discrimination.

Up to this point, all has been writ-
ten with the ideal in mind and no one
will dispute the need for maintaining
ideals in any endeavor; but as equip-
ment for “exact requirements” be-
comes daily harder to buy, a reflexive
action necessarily develops which
makes each of us ponder on the best
way to do a job with the apparatus
available at the minute.

For instance, there is no longer any
question about the difficulty of obtain-
ing “T” and “L” pads as quickly as
formerly. Suppose then you find it
necessary to install a system requir-
ing a 5-watt amplifier in a mercantile

(Continued on page 51)
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Phase Inverters and Feedback

by MILTON T. PUTMAN

Ass’t Corps Area Radio Engineer, Chicago, Ill.

Phase-inverters have been used for many months as standard

equipment but few radiomen understand the circuits involved.

P NHE purpose of this article is to

present, as nearly as possible, a
- - basic discussion of the various
phase-inverter circuits and their prac-
tical application. The subject is per-
haps a little more timely now than
ever before, since the phase-inverter
arrangement provides a very satis-
factory means of eliminating the push-
pull interstage transformers, which
are not entirely unobtainable, but at
least very difficult to obtain under the
present circumstances. It appears
that there has been very little interest
as a whole in these circuits, but after
a more complete understanding of the
applications, it becomes more and more
evident that we have been passing up
an opportunity to improve our audio
circuits.

Essentially, a phase-inverter circuit
is a means of supplying two input
signals to the grids of a push-pull
stage in such a manner that the ampli-
tude of these two voltages is equal,
and the phase relationship with respect
to each other is 180 degrees. The tube
may or may not add to the gain of
the amplifier, depending upon the type
of circuit used.

Irrespective of the fact that we may
no longer be able to obtain hi-fidelity
transformers, there are a goodly num-
ber of advantages which would war-
rant the use of phase inverters by their
own right. In general, it can be said
that a phase-inverter circuit may be
substituted for an interstage trans-
former at a considerable saving in the
construction cost. A good hi-fidelity
interstage transformer is quite an ex-
pensive item. We have been prone to
use resistance coupling over trans-
former coupling for single ended am-
plifiers, and we may still use resistance
coupled amplifiers for push-pull opera-
tion by the application of a phase-
inverter circuit.

It is possible to obtain excellent fre-
quency response by the proper choice

of components in these circuits, com-
parable to the frequency response ob-
tained by using the most expensive
transformers available. In specific
cases, where degeneration is inherent,
the distortion would be reduced con-
siderably.

The circuits to be discussed are di-
vided into two distinct groups. One
is the cathode-loaded type, in which
only one tube is employed, and the
other is the so-called self-balancing
phase inverter which involves the use
of two triodes or the dual triode.

The cathode loaded circuit to be
taken up first, is the simplest type
phase inverter. Any general purpose
triode may be used and it is desirable
to choose a tube with as low a cathode-
to-heater capacity as possible, so that
it does not create an unbalance at the
higher frequencies. Another impor-
tant point is in regard to the mu of
the tube. A generality would be that
the tube should have a fairly high mu.
This is illustrated in detail later on.

An inherent characteristic of the
cathode-loaded circuit is its suscep-
tance to hum. Not from stray mag-
netic fields, but due to the fact that
the cathode is operating at a fairly
high impedance above ground, a hum
voltage may be generated between
cathode and heater, if the heaters are
at ground potential as is the case in
general. Our problem then, is to re-
duce the potential between the heater
and cathode by causing the heater sup-
ply voltage to assume a potential near
that of the cathode. Practically, this
might mean that we operate the
heater on this tube from a separate
transformer floating above ground.

This is just an example of what
might happen to produce hum in the
output of the amplifier and should not
be considered as too important. As a
matter of fact, by proper location of
the phase inverter, in any amplifier
circuit, this difficulty may be mini-

mized. For most applications, if the
phase inverter is not driving a high
gain push-pull stage so that this hum
is amplified, it will never present a
very serious problem. The phase in-
verter- should be located as a driver
for the push-pull output stage or
power amplifier except under unortho-
dox conditions.

With one possible exception the volt-
age gain of the stage, which is the
ratio of the input voltage (measured
from grid to ground at the input), to
the output voltage (measured from
grid to grid of the push-pull output
stage), is less than two. The fact that
the voltage gain is not greater is due
to degeneration caused by having a
portion of the load impedance common
to both the input and output circuits.

A detailed explanation is given under
the discussion of the feed-back volt-
age. In the exceptional case, the in-
put is taken between grid and cathode,
and the full gain of the tube may be
appreciated. This type of circuit has
very few applications, and will not be
considered. Obviously, it is not prac-
ticable to by-pass the cathode to
ground to prevent degeneration, since
by doing this we would unbalance the
output. The effect would be to atten-
uate the higher frequencies just as in
the case of the high cathode to heater
capacity.

The ordinary cathode-loaded type
phase inverter is shown in Figure 1.
In order to understand the operation
of the circuit, first let us view the sit-
uation in Figure 2, which shows the
equivalent circuit of any resistance-
coupled amplifier employing a con-
stant voltage generator, that is, a tri-
ode with low plate impedance. The
output voltage from the generator or
tube in the middle frequency range is
# Es where # is the amplification fac-
tor of the tube and Es is the signal
voltage applied to the grid and R, rep-
resents the load resistance. Ry is the

E OUT

CATHODE LOADED TYPE
Fig. 1.

Rp
Ry Eo

COH Es

EQUIVALENT CIRCUIT

EiN %
EQUIVALENT CIRCUITS
Fig. 1A.

OF ANY RESISTANCE
COUPLED CIRCUIT

Fig. 1B.

Fig. 2.
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plate resistance of the tube and might
be thought of as the internal resist-
ance of the generator.

In this case there is no feed-back or
degeneration in the circuit and the
gain of the circuit would be the ratio
of E: to E.. If Ry is large in respect
to Ru, it can be seen that the voltage
gain would approach the mu of the
tube. Now let us consider the case
which applies to the cathode-loaded
circuits. In Fig. 1 we see first of all
that our loaded circuit is divided into
two main parts, consisting of R! plus
R2. For all practical purposes let us
consider them equal in wvalue and,
consequently, the voltages across the
two are equal. Again we determine
the voltage gain by the ratio of Eix to
Eoue.  Since % the load circuit is com-

feed back more voltage, which has the
effect of neutralizing the signal volt-
age. There is one advantage, how-
ever, in choosing a tube which would
provide more voltage gain under ordi-
nary circumstances, and that is in re-
gard to the reduction of distortion.

Specifically, the feed-back or gain
reduction factor is 1—ApB, where A is
the voltage gain of the stage without
feed-back. As shown previously, since
B is for negative feed-back, it is a
negative quantity, so actually we have
1—A (—p), which gives us 1+Apg. This
then is the factor which determines
the amount of reduction we will get
in the total distortion by using feed-
back.

This is shown in that:
Distortion with feed-back

volve the least number of parts, and
consequently are cheaper to use. How-
ever, it is important to remember that
they do not give an appreciable
amount of gain and should be used
where a gain of less than 2.00 is suf-
ficient. The frequency response of
this system on the balanced type is
substantially the same and is not a
determining factor in the choice of
circuits.

In considering the other type of cir-
cuit which involves the use of two
triodes or a dual-triode, it might be
well to point out that even though
both of these circuits are referred to
as the “balanced type,” there is con-
siderable difference in the two, and
one is essentially more “balanced”
than the other. There are some con-

£ V.G.OF
v v2 E\(')N R3
VI o
© £ R4 EOQUT
E OUT £ ouT
IN
V.G.OF
= RS 1?
— - v2 £2
TAPPED OUTPUT TYPE EQUIVALENT CIRCUITS
Fig. 3. Fig. 3A. Fig. 3B.

mon to both the input and output, we
have % the output voltage fed back
to the grid, 180 degrees out of phase
with the signal voltage, and the result
would be that the gain could not ex-
ceed 2 times. The equivalent circuits
are shown in figure 1a) and 1b).

Specifically the gain is inversely
proportional to the feed back voltage.
ie.:

VG with feed-back —= —(1/8).
Where:

B equals the percentage of
output voltage which is fed
back to the input.

(B8 is a negative quantity

for negative feed-back.)
This shows that we cannot exceed a
gain of two, if we feed 50% of the
voltage back.

When the percentage of voltage
feed-back is relatively large, as is the
case in the cathode loaded type phase
inverter (50%), the actual overall
gain of the stage with feed-back is
substantiolly independent of the wvolt-
age gain of the tube. It is merely a
case of generating more voltage to

Distortion without feed-back

14 AB

It is logical to make the voltage
gain of the stage as great as possible,
thereby increasing the value of A and
in this manner increasing the quantity
1+ Ap. It is impossible to change to
other factor “B,” which is necessarily
50% in these circuits as explained pre-
viously. We also mentioned that the
overall gain is practically independent
of the voltage gain of the tube and yet
we have pointed out that it is possible
to reduce the distortion a great deal by
using a tube with a higher voltage
gain. In order to feed back more
voltage, we have made “A” a larger
quantity. To summarize it in a few
words, then, let’s say that we can’t do
much about the gain of these circuits,
but we can reduce the distortion by
using a tube with a fairly high mu. An
Illustration (figure 1) is shown giving
the cathode-loaded circuit which may
be used for practically any application.

These cathode-loaded type phase in-
verters provide the simplest form, in-

8 +

SELF BALANCING TYPE
Fig. 4.

E OUT

VG OF~
ve

£ VG OF [
IN Vi

EQUIVALENT CIRCUIT
Fig. 4A.
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ditions which apply to both types in
general, and we might mention these
to be kept in mind in either case.

In most cases it is desirable to
choose a dual-triode such as a 6N7,
6A6, or 6SC7, the latter being es-
pecially designed for this service. The
cathode to heater capacity is not so
important now and the problem of in-
herent hum generation is no longer
present, since the cathode operates in
a conventional resistance-coupled cir-
cuit and is only above ground by the
bias potential. The cathode may be
by-passed if it is necessary to elimi-
nate hum, but otherwise it need not
but it may help to balance the drive
to the push-pull stage. The gain is
not affected a great deal since it is the
same situation as in the common
cathode resistor in an output stage, in
which case the two currents flowing
through it are 180 degrees out of
phase. The argument used for the by-
passing of a cathode resistor in a push-
pull stage in regard to eliminating the
odd order of harmonics, could apply
here, however.

The use of a tube with a high mu
will allow a higher voltage gain just
the same as in a conventional resistor-
coupled circuit. There is a small
amount of degeneration, but nothing
in the order of the amount of the
cathode loaded type. For practical
assumption, the VG of this type is the
same as in an ordinary resistance
coupled circuit.

Where:

Ry

VG =u

Ri 4+ Re
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B+ =250 Volts

LOW g TRIODES RiJR2| R3| R4 | R3 C C1
6C5-6 100M100M|250M250M| 6000 | .01 |25 mfd
HI » TRIODES Rl | R2] R3| Rt! R5 C C1
6175 —6SF5 ete. 100M|100M 2500 1250M 1500 | .01 |25 mfd

[ 1€
— 1
R3
gRI
o c '
INPUT RS R4
o T A L
c
R2
= B +

Cathode Loaded Type

VG =
R

VG = voltage gain
#» = amplification factor of tube

Rr = plate resistance of tube

R. = load resistance of tube

First of all we will consider the cir-
cuit in figure 3, and the equivalent
circuits in figures 3(a) &(b). In this
type of phase inverter, tube V1 oper-

voltage at the grid of V2 as having
the same phase as the voltage on the
grid of V3, and after its signal is
amplified in the tube V2 it appears in
the output circuit in much greater
magnitude and its phase relationship
is now 180 degrees in respect to the
voltage on the grid of V3. In order to

B+

Tapped QOuiput Type

Gain is always less than two (2).
Max. output grid-to-grid =209 plate supply voltage (B+) (appx.)

28R R1+R2

where R=

(" +2) +Re 2

Fig. 6A (left) shows the circuit of a typical
Cathode-loaded resistance-coupled audio stage.

would reduce the effective gain from
V2 and tend to equalize the drive on
V4.

On the other hand, assume that the
gain of V2 is less than V1, then the
voltage at point X would be in phase
with the signal on V3 and out of phase
with V4. Under these conditions the

B+ =250 Volt

[ Appx
6NT ) 1 { R2: R3 | R4 | R5 | R6 C Cl | Gain
9
6A6 | 2500 1250M1475M{16000{500M] 2000 | .01 |10 mfd| 22
Appx
65C7 R | %20 %3 | R4 | R5 1 R6 C C1* | Gain
250M|250M475M(16000/500M| 4000 | .01 110 infd] 38

ates as a conventional resistance
coupled amplifier feeding the grid of
V3. As a means of providing a signal
on the grid of tube V2, we tap off a
portion of the signal voltage appear-
ing across the grid leak resistor, of
V3. The voltage on the grid of V2
is proportional to the voltage on the
grid of V3 and has the same phase
relationship. Next, consider the signal

balance the drive on the two push-pull
output tubes it is necessary that the
voltage output from V2 be the same as
that from V1. In a practical case
where the two triodes V1 and V2 are

" identical and perhaps a dual-triode,

we consider them having identical
characteristics and the amplification
from each tube is equal. If, for ex-
ample, the voltage gain of V. is 20 (i.e.

Fig. 6C (left

values given

Fig. 6B (left}
phase-inverter.

*May not be necessary unless hum is present.

Ry

VG =p

App.
Ri+Re

illustrates the Tapped-type of
Values appear in table above.

effective gain of V2 would be in-
creased, since the signal on the grid
would tend to reinforce the output of
the tube. These two conditions are
shown graphically in figure 5 under
(e) and (f).

The resistor R3 is not of critical
value, since it is common to the output
of V1 and the input and output of V2.
the ratio of the input voltage to the

) has been designed to employ the
in the above formula and chart.

B+ =250 Volts

Self Balancing Type
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! { ! Appx
6N7 Rt | R2 | R3 | R4 | R5 | R6 | C | C1 | Cain
|
6A6 250M 250 M[250M {2500 |100M] 2000 | .01 |25 mtd| 26
| ! ! | Appx
63C7 R1|R2 | R3 | R& R5 [R6| C | CI |Gain
250M|250M [250M | 250M[100M)| 1500 | .01 125 mfd, 45
Ry
YG=p App.
Ri+Re
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output voltage is 1 to 20), and we tap
off 1/20 of the voltage across the grid
resistor of V3 and apply it to the grid
of V2 it develops a voltage across the
grid resistor of V4 equal to that across
the grid resistor of V3. We have ac-
complished the necessary results and
the two signal voltages on tubes V3
and V4 are equal and 180 degrees out
of phase.

Next assume that there is a slight
difference in the amplification of the

—

|
|
|
1
b
I
I
|
!
|,
x YR3
i
1
|
|
|
1
I
1
!
1
1

-— R2 vae
Vi q% D
———vvvj_:

N ‘ B
__.db Rf 4

] I

Fig. 5. Graphical Analysis of

Balancing Type

a. Represents phase of signal voliage ap-
pearing on grid of V3: and also the
voltage developed across R2.

b. Represents phase of signal voltage ap-
pearing on grid of V4: and also the
voltage developed across R1.

c. Represents the voltage phase across R3
due to the signal voltage on V3 cauns.
ing a current through R2 and R3 to
ground.

d. Represents the voltage phase across R3
due to the signal voltage on V4 caus-
ing a current through R1 and R3 to
ground.

e. Represents the condition when the gain
of V2 is higher than Vl—the signal
from point x is shown on the grid. The
output voltage shifts 180° through the
tube and cancels a portion of the orig-
inal voltage shown at b.

f. Represents the condition when the gain -

of V2 is less than V1—the signal from
point x is shown on the grid. In this
case, the output is in phase with that
shown in b, and adds to it rather than
cancelling part of it.

two tubes. This means that if V2 has
slightly more gain than V1, we will
not have to tap off as large a portion
of the voltage across the grid resistor
of V3 as before since it is going to be
amplified to a slightly greater extent
and will not require quite as much
signal voltage to get the same output
as before. A simple expression worked
out to give a basis for determining the
ratio of the two resistors R3 and R4
which go to make up the total grid
resistor, is as follows:
R3 + R4

VG
Where VG — voltage gain of V2
Due to the fact that resistors, which
would ordinarily be used for R3 and
R4, may vary as much as 10 percent
(Continued on page 60)

R4 =
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SERVICE HINTS

Here are some more servicemen’s aids
that will help to inercase his revenue.

HE two largest churches in Beau-

mont, Texas, St. Anthony and Flirst
Baptist Church, had a lot of trouble
with echoes and they wanted a system
to take out these echoes and the
bouncing out of those walls. These
churches had previously spent a lot
of money elsewhere trying to put in
some acoustical treatment to stop it,
without result.

So Ed Flinn, of The Radio and Ap-
pliance Company, put small speakers
on each side of the church walls, about
every twenty feet apart, right down
the wall, and tilted them down. That
helped to throw the sound to the cen-
ter of the church at a 45 degree angle,
which stopped it completely.

A unique installation by Flinn was
for the local Chamber of Commerce
which runs busses out on good will
trips to outlying territory. He put a
long mike extension on with two
speakers in the bus. “They use them
for foolishness when on the road,”
Flinn explained, “but when they get
to a town they take the mike out of
the bus (has 150 foot extension) and
walk all around the streets, wherever
they want, thank the people for their
welcome and hospitality, and the usual
line of chatter. The speakers are
mounted on the bus. They are port-
able also and can be moved anywhere
you want to, being controlled by bat-
teries.

“In a public address system at a lo-
cal hotel we tried something from a
technical standpoint. They wanted
four mikes operating on the speakers’
table for roundtable or open forum
discussions. Instead of using different
mixers we took four crystal mikes,
high impedance, tied all four of them
in the one input and gave a perfect
reproduction. The volume level being
essentially the same all the way
through. It did a swell job so that
many of the hotel managers who were
there at the convention gave us many
compliments.”

Flinn also uses good selling tactics.
For instance, a year ago he started
a scrap book of articles appearing in
the local newspapers about him and
his work, which he uses in selling.
That is, when he runs into a man he
doesn't know, it goes a long way to-
ward convincing him that Flinn is the
man for the job.

This scrap book also contains photo-
graphs of various installations. It cov-
ers all angles of the business. In ad-
dition to that, from the selling stand-
point, he takes letters from various
people for whom he has done jobs and
pastes them in here as recommenda-
tions to show other people.
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UITE often the serviceman de-
tects internal noise, in a set but it
isn’t bad enough to be verified with
any certainty. Every serviceman has
an instrument that checks this very
effectively. It is no more than his test
oscillator with the modulation switch
in the un-modulated position.

If you suspect the noise to be in the
r.f., 1st detector, or oscillator stages,
hook your test oscillator to the aerial
and ground of the set in the usual
manner but instead leaving the mod-
ulator switch in the modulation posi-
tion you put it on the un-modulated
position and instead of feeding a low
level r.f. signal into the slit you feed
a much stronger signal.

If the noise is in the radio proper
it will be much louder than normal.
By pressing and wriggling suspicious
components the noise will be aggra-
vated.

If it is the i.f. stages that is under
suspicion and it is certain that the
preceding stages are not at fault, the
procedure is exactly the same except
that the un-modulated signal (of the
same frequency as the i.f.) is fed into
the grid cap of the first detector and
should be even stronger.

Noisy coils, transformers (that also
includes audios), volume controls, and
partially shorted or open condensers
are easily located. The unmodulated
signal is also very useful for showing
and locating microphonics or acoustic
feed back.

CONTEST PRIZE WINNERS
Here are the winners in the recent

Cash Prize Contest:

$100.00 1st Prize
Harry L. Poling, Box 221, Elkins, W. Va.

$50.00 2nd Prize
John S. Johnson, Jr., 1306 Adam St.,
Bowling Green, Ky.

$25.00 3rd Prize
Armand Besse, 7349 Lajeunesse St.,
Villeray, Montreal, Can.

$10.00 Winners
Frederic U. Dillion, 1237 N. Fairfax Ave.,
Hollywood, Calif.
Ben E. Long, 318 Linden Ave., South-
gate, Ky.

Richard A. Strouhal, W. Burlington, la.
David Gnessin, 3444 Reiser Ave., S.W.,
Grand Rapids, Mich.

Edward Lovick, Jr., 416 Reese PI.,
Burbank, Calif.

C. B. Kelley, 198 Shrewsbury St.,
Holden, Mass.

Bill Benner, 145 S. Maple St., Webster
Groves, Mo.

Our congratulations on some
mighty nice articles, fellows!

Watch for yours in RADIO NEWS. Ed.
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ECIFIED SOUND LEVE

by RALPH P. GLOVER

Jensen Radio Manufacturing Co.

The author tells how to estimate the number of projectors

and how much power is required (o cover specified areas.

7 SNHE main problem in any sound

installation revolves around the
- - question of how many speakers
of what type, located where and sup-
plied with how much audio input pow-
er, are needed to produce the desired
result. Most purchasers of sound in-
stallations do not know the answers to
these questions and their solution is
the specialized province of the sound
engineer. Very often the sound man
makes his survey and determines the
equipment requirements on a “rule of
thumb” basis evolved out of practical
experience,.

The main problem outlined above
can be solved in industrial sound sys-
tems by relatively simple measure-
ments and reference to the data and
charts included in this article.

Noise Levels

How loud must the reproduced
sound be in order to be clearly under-
stood? To answer this question we
must know the noise level at the par-
ticular location. Noise levels vary
from extremely low values in the open
country, up to very high levels which
are almost painful in some factories.
Some parts of a particular factory are
much noisier than those sections more
removed from the heavier machinery.

Sound levels are measured with a
sound level meter, which consists of a
microphone, amplifier and indicating
meter, calibrated in decibels above the
threshold of audibility. The threshold
value has been standardized at 10-16

watts per square centimeter which is
equivalent to a sound pressure of 2 ten
thousandths dyne per square centi-
meter. A sound of this level, which is
0 db on the sound level scale, will be
barely audible to a person with good
hearing. At a level of 130 db sound is
so loud as to be painful. .

The most reliable method of deter-
mining the noise level is to survey the
location and make a series of measure-
ments with a sound level meter manu-
factured by a reliable firm of instru-
ment makers. As an alternative, a
fairly satisfactory sound level meter
can be assembled using an inherently
stable pressure-operated microphone
in combination with an amplifier pro-
vided with a calibrated tapped gain
control and an output meter reading
in “db” or “VU.” The apparatus must
then be calibrated by comparison with
a standard sound level meter, perhaps
borrowed from an accommodating
friend or institution, or the calibra-
tion can be made by a firm with acous-
tic laboratory facilities for a reason-
able fee.

Great care must be exercised to pro-
vide stable gain characteristics so that
reading will be reliable and reproduc-
able for, unfortunately, it is rather
difficult to approach the performance
of the commercial product in a home-
made device. The third alternative is
to estimate the voice level from pub-
lished tables based on average values
of various kinds of noise in representa-

+
=
'S
+10p2
2 ~
y ~
oFg ™
<
3
3
—1oF
8 ’ TN
z \\\
=20 1
w
>
W
-
=30 ~
2 SN
3 N~
-40
1 2 4 7 1 20 40 70 100 200 400 700 1000
DISTANCE FROM REPRODUCER IN FEET
Fig. 1. Effect of Distance to Reproducer of Sound Level.
24

www americanradiohistorv com

tive locations. Table I indicates rep-
resentative noise levels in industrial
locations, traffic noise and residential
levels.

It will be evident from examination
of the items in Table I that it can only
provide an approximate answer to
question of the noise level in a given
case. In a few factories the noise level
has been found to be as low as 60 db
while levels as high as 95 to 120 db
have been measured in others. Obvi-
ously noise levels differ in various
parts of a particular factory.

Noise “masks” the speech sounds
that we want to hear. We compen-
sate for this by increasing the level of
conversation until it is comfortably
above the level of the ambient noise.
Ordinary conversation level is 60 db
and it is evident from examination of
Table I that this is 18 to 30 db above
residential noise levels. A level of 60
db however is inadequate under fac-
tory noise conditions of say 75 db, and
the level of speech at the listener ear
will be increased to 85 db or more.
Usually part of the level increase is
accomplished by closing up the separa-
tion between talker and listener, and
part by increasing the speaking level.

Assuming that no sound level meter
is available, we have no choice but to
estimate the noise levels from Table I
or similar data. Let us assume that
the location is the interior of a factory
equipped with heavy machinery and
engaged in ordinance production. Con-
sulting the table it seems likely that
the noise level will lie between 80 db
and 110 db. Inspection of the plant
shows an area in which there is an in-
termittent source of very high level
noise. The memory of what a boiler
factory sounds like and the “hammer-
on-steel plate at 2 ft.” item leads us to
conclude that the level around this
particular machine is approximately
112 db. The noise decreases as we
move away from the very noisy
machinery and at the other end of the
400 ft. long building the noise level
seems quite low so we make a conver-
sation test to provide a rough check on
the level. Perhaps the level seems
relatively low because of the recent
exposure of our ears to high intensity
sound. This may be just imagination.
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Speaking al whatl we feel is a normal
conversational level, it is found that
speech is masked by the noise at a dis-
tance of five feet to the listener. When
the distance is decreased to one foot,
the speech appears to be about as loud
as the noise and is barely understand-
able. From the chart in Fig. 1 we com-
pute the increase in level in changing
from 5 feet to 1 foot and find it to be
14 db. The level at the listener’s ear is
therefore approximately 60 db (nor-
mal speech level at 5 feet), plus 14 db
or 74 db which roughly checks the 80
db estimate previously made by refer-
ence to the table. It is decided to as-
sume, conservatively, that the mini-
mum level is 80 db in this particular
factory.

Such methods of arriving at noise
levels are not nearly as convincing as
sound level meter data and are mani-
festly subject to considerable error due
to the human element. However, we
are at least praclicing intelligent
“guessing,” the results are subject to
practical check when appraising the
final sound coverage, and judgment
should improve in the light of system-
atic experience.

Overriding the Noise

The loudspeakers must produce a
sound level adequately above the noise
level. Indoors in relatively small rooms
the level is increased above the direct
sound level by diffuse energy due to
reflections from the walls. This in-
crease may be as much as 10 db. OQut
of doors there is only the direct sound
to consider. In large enclosures, espe-
cially where the walls offer very little
absorption, the diffuse or reverberant
sound is troublesome and impairs the
intelligibility of the reproduction.

It is desirable, therefore, to make the
direct sound the principle component
by employing multiple speak<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>