


Into the moulding of the C-D “Badge of
Honor” has gone more than mere commer-
cial considerations.

Unseen in the finished product as it comes off
the production line, but extremely apparent

in its performance, are such intangibles as
INTEGRITY ... VISION... and ... AMBITION!

Those three intangibles are “built-into” every
condenser carrying the C-D “Badge of Honor”
INTEGRITY ...our unswerving policy of quality
products. VISION ... our ceaseless search for
scientific improvement. AMBITION . .. our de-
termination to maintain the leadership of more
than twenty-six years in the condenser field.
Look for the C-D Trademark! It is truly a-
“Badge of Honor".

CORNELL-DUBILIER CORPORATION

SOUTH PLAINTFIELD . NEW JERSEY

DYKANOL « MICA - PAPER - WET & DRY ELECTROLYTIC
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TRAIN AT

Do you want to
make more money?
I'm so sure that I
can train you st
home in your spare time for s good Radio
Job that I'll eend you s sample lesson
absolutely FREE, Ezamine ft, read fit,
see for yourself how easy It is to under-
stand even if you’'ve never had any tech-
nical experience or tralning.

Many Radio Experts Make
$30, $50, $75 a Week

Radio broadcasting stations employ engl-
neers, operators, station managers, and pay
up to $5,000 a year. Spare time Radlo set
servicing pays as much as $200 to $500 a
year. Full time Radio servicing jobs pay
as much as $30, $50, $75 a week. Many
Radlo Experts own and operate thelr own
full time or part time Radlo sales and
service businesses. Radlo manufacturers
and jobbers employ testers, inspectors, fore-
men, engineers, servicemen, paying up to
$6,000 a year. Radio operators on ships
get good pay and see the world besides.
Automobile, police, aviatlon, commercial
Radlo, and loud speaker systems offer good
opportunitles now and for the future, Tele-
vision promises many good jobs soon. Men
1 have trained are holding good jobs in all
these branches of Radlo.

Many Make $5, $10, $15 a Week
Extra in Spare Time While Learning

J. E. SMITH, President
National Radio Institute

Practically every neighborhood needs a
good spare time serviceman. The day you
enroll 1 start sending you Extra Money
Job Sheets. They show you how to do
Radio Repalr jobs that you can cash in
on guickly, Throughout your training I
send you plans and ldeas that have made
good spare time money-—(rom $200 to $500
a year—for hundreds of fellows. I send
you speclal Radlo equipment and show you

will send my

First Lesson FREE
fo show how easy it is fo

HOME FOR A

RADIO JOB

SAY -~ THIS
GOING TO
SERVICING

GOOD

IN RADIO

BROADCASTING STATION -~OR
INSTALL LOUDSPEAKER

SYSTEMS. THERE ARE A
LOT OF GOOD MONEY-
MAKING OPPORTUNITIES

WAY OF LEARNING IS GREAT. I'M
ENROLL. THEN | CAN BE A SET
EXPERT-- OR GET A JOB IN A

A

how to conduct experiments and build cir-
cuits which fllustrate important Radle
principles. My Training gives you prac-
tical Radio Experience while learning.

Get My Lesson and 64-Page Book
FREE — Mail Coupon

In additlon to my Sample Lesson, I will
send you my 64-page Book. *'Rich Rewards
in Radlo.”” Both are [ree to any fellow
cver 16 years old. My book describes
Radlo’s spare time and full time oppor-
tunities and those coming in Television:
tells about my Training in_Radio and
Television; tells about my Money Back
Agreement; shows you actual letters (rom
men I have trained, telling what they are
doing and earning. Find out what Radio
offers YOU! MAIL THE COUPON in an
‘3@‘3‘{{}’,“"' or paste it on a penny postcard—

J. E. SMITH, President
National Radio Instituts, Dept, 7BM4
Washington, D, C.

THANKS. 'VE BEEN STUDYING
ONLY A FEW MONTHS AND
VM ALREADY MAKING
MONEY IN
MY SPARE
TIME., THAT'S
$10 EXTRA

YOU SURELY KNOW
RADIO, MINE
NEVER SOUNDED

-
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OK BILL. I'™ 50 GLAD [ 50 AM 1. I'M MAKING
YOU SENT FOR THAT || GOOD MONEY Now
FREE LESSON AND AND WE HAVE A
PROVED TO YOUR: BRIGHT FUTURE
SELF THAT YOU AHEAD IN RADIO
COULD LEARN
RADIO AT HOME

r

| 3. E. SMITH, President ]

] National Radle Imstitute, Dept. 7BM4, Washington, D. C. |

Dear Mr. Smith: Without obligating me, send the sample lesson and your

1 which tells about the spare time and full time ooportunities in Kadio and explsins ]

1 your 50-50 method of training men at home in gpare time to become Radio Experts,
(Please Write Plainly.) |
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WELL, HERES THE PLACE TO GET IT!

SAY- NO WONDER YOU
WORK"'DXY THIS IS THE
KIND OF STATION
EQUIPMENT | WANT/

ALLIED HAS WORKED WITH ME ON

EVERY ONE OF MY RIGS
p AND NEVER LET ME DOWN:

"THE SERVICE HOUSE"
7o Poatocns U Over the Whnld!

ALLIED has helped thousands of Amateurs and
Experimenters get started with their first rigs—
carried them from the old “flea-power” xX’mitter
right up to their present high powered jobs. Every
day we receive letters from Hams all over the
world, telling us how the rig they purchased from
us is “giving an FB PDC note”—“plenty of sock”—
etc.; or how selective and sensitive the receiver is:
“the audio power really rattles the cans”—*“plenty
of DX”—you can’t miss with an ALLIED outfit!

Here’s the reason: our Technical Staff is composed of active
Amateurs and Engineers who kmow Radio from A to Z.
Every inquiry is hustled to them for immediate, expert atten-
tion. Thy know your problems—they’ve all been through the
mill—-some of 'em since the old ‘“rock crusher” days. We're
all at your service—ready to help you select quality equip-
ment to meet your requxrements, wnte to us before you

build or buy—for fast, friendly, expert service and real
money-saving prices.

EVERYTHING IN RADIO

If you haven’t a new 1937 ALLIED Catalog write now
for _your FREE copy! It includes more than 10,000
parts; 38 models of the new
Knight Radio- dozens of Build-Your-Own kits; the
latest SW receivers and tramsmitters; P. A, Equip-
ment; test instruments; Rurlpower units and Wind-
chargers; books, tools, etc. Send for this great book
today!

ALLIED RADIO |

CORPORATION
833 W. JACKSON BLVD. CHIGAGO, ILL.

A

———

ALLIED RADIO CORP.
833 W. Jackson Blvd., Chicago, Ill.

p;«l

COMPLETE AMATEUR LINES

No matter what your requlrements may be,
you'll find them fully answered in the great
ALLIED Catalog: dozens of W kits and
sets, page after page of the latest in high
quality receiving and transmxttmg ear—all at
record- breakmg low prices. That’s why
ALLIED is “tops” in Amateur Radio!

AT LOWEST PRICES!

AL

Dept. 16-B

Rush me your 1937 ALLIED Radio Catalog. l

Name

AQAress .....oceiiiiiiiiiiiiiiiiiieiseteransaneans l

City
--—-—-
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THE ULTIMATE IN RADIO!

HAMMARLUND's new "Super-
Pro" receiver, announced only
last month, has already been enthu-
siastically acclaimed by critical com-
mercial and amateur radio authori-
fies. In the new "Super-Pro” are

unusual electrical and structurel
features, never before incorporated
in any receiver. For instance, only
in a "Super-Pro" can you continu-
ously vary selectivity from 3 to 16
ke. with a directly calibrated band-
width panel control. So great is the
"Super-Pro's" sensitivity and so
faithful the fidelity that many large
broadcast stations are using the
receiver for rebroadcast purposes.
The exclusive "Super-Pro” band-
spread system with a special 12-
gang condenser, spreads amateur
and high frequency broadcast bands
over practically the entire
band-spread dial for extra
easy tuning. A 12 o | ratio
direct reading dial is cali-
brated to within 2% accu-

qquUCrs

pact tuning unit is also the famous
“"Super-Pro” cam operated knife-
switch and 20 laboratory adjusted
tuning coils on lsolantite bases.
Complete coverage from 20 mega-
cycles to 540 ke. Eight glass and
eight metal tubes afford maximum
efficiency. Other features include
electrostatic shielded input; four
air-tuned I.F. transformers; three
audio stages; visible tuning meter;
graduated sensitivity and audio gain
controls; AVC and Manual Gain
ocntrol; C. W. Modulation switch;
speaker-phone switch; separate grid
bias supply, etc. A crystal filter
model is also available providing
variable selectivity from the knife-
like point desired for C. W. to a
wider degree of selectivity required
for practical phone reception. The
"Super-Pro” receiver con-
sists of two major units—
receiver proper and power
unit. Both receiver and
power supply chassis are

&
“or BEN"

racy. In the complete com- cadmium plated steel.
Write Dept. RW-2 for the new “Super-Pro" booklet with further detalls!

HAMMARLUND MANUFACTURING COMPANY, INC.
424-438 West 33rd Street, New York. RW-2,
[J Chock here for mew “Super-Pro’ leaflot.
CICheck here for new *‘37’ Hammariund General Catalog.

YEAR

RLUNDS 25"
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THE ANSWER B HE3-A0 Rkl

To A SERVICEMAN'S and Beautiful Illustraton

CONTENTS OF
VOLUME |

PRAYERS....xo PROBLEMS [ gcomm

of the Universe

BOOK 2
Matter:
What is it?

BOOK 3
The Marvels
of Mechanics

BOOK 4
Peering Behlnd
Life’s Mystery

BOOK 5
Great Sclentifie
Discoveries
BOOK 68

The Face of the
Earth Changes

BOOK 7

Ingenious
Inventions
CONTENTS OF
VOLUME 2
|,|3.2°L':,.?1 of Two Volumes Bound in One
Mysterious Light 1,000 Dazzling Pictures
BOOK 9
The pages of “SCIENTIFIC
o(Evelutlon  WONDERS OF THE WORLD”
3 m are aimost a foot high, You will
Fromo'lge'l(unnh s;c the marvels of radio, physics,
) g o chemistry and engineering, ex-
Sylvania's famous Technical Manual is right tonalking plained and illustrated so clearly
up to the minute with the newest develop- BOOK 11 :gﬂt ciEmem S T ':lhat
' . . ey mean, covering the wonders
;’;:nfs.ln radio s o el O -cosfs ollily 154! ‘?'r'ﬁﬁ.':'er'ﬁ'fﬂ.'l? of all the sciences from A to Z,
is gives you an idea what it contains: 184 - Astronomy to Zoology.
pages bound in a neat, handy size that slips The Weather Price, both volumes in one bind-
right into your pocket. Lists 193 tube types Wonderbook ing, postpal(.l .............. $1.95
with important circuit application information o0 i g;gﬁ?“'fl’;&nﬁ]g%“@gkfnb.
on each. Tells all about glass, metal and "G" World Arrlves
type tubes, including those for Majestic re- henE00K 14 RADIO WORLD
ceivers. Also full information on SYLYANIA C ';":;’:{:.&'mm 145 West 45th St., New York, N. Y.

"Ballast Tubes."”

You’ll need this Manual on
your very next job. So clip
the coupon and mail it today.

FOR THIS

Y
1000

WHOLE LIFE POLICY

Low rates, all ages, men and
women. We have no agents
-— pay no commissions — you
share the savings! Old Line
Legal Reserve insurance pro-
tectlon at low cost! Millions in
assetsa! Over $43,000,000 paid eut to
beneficlaries in 31 successful years!
See how little It will cost at your age
in this old, rellable company. Insur-
ance {8 vital! QGet the facts at once.
Send coupon NOW!

Hygrade Sylvania Corporation, makers of
Sylvania Radio Tubes and Hygrade Lamps.
Factories at Emporium, Pa.; Salem, Mass.;
and St. Mary's, Pa.

SYLVANIA

The Set-Tested Radio Tube

HYGRADE SYLVANIA CORPORATION RW-27
Emporium, Pa.

Please send me the Sylvania Technical Manual. |

AEmEDEN 8
Postal Life insurance Company VY g,',?ECr
enclese 15¢. in stamps or coin.

510 Fitth Avenue, Dept. W-230 N ~
New York, N. Y. [ ] Sav DNE
lGentlemen: Send me, without obligation, facts about yourl
low-cost $1,000 WHOLE-LIFE Policy at my age.

NG <ovovseseroorosscssssossssssssrossssssroasssacesos
Street .. F A R TR .
City J

Date of Birth
I S G GHEE 40N RN GEND GNN GNE GHR GNE AV S -
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EILEN RX-17 7-tube BANDSPEAD RECEIVER

(8% to 3,000 meters)
RX-17 is equipped with the famous
EILEN Noise Suppressor, the latest de-
velopment of our laboratories and which
is skyrocketing itself into immense pop-
ularity. This remarkable development,
exclusive with EILEN, enables you to
enjoy reception from those far-off sta-
tions with excellent clarity and volume.

Constructed of the finest materials
and to conform with the highest engi-
neering standards, this instrument uses
two 6D6, two 6]J5G, one 76, one 42, and
one 5Y3 high gain tubes as TUNED RF
AMPLIFIER, TUNED ELECTRON COUPLED SCREEN-GRID REGENERA-
TIVE DETECTOR, powerful 3-stage audio frequency amplifier with power pentode
output stage delivering 3 watts of audio power to the built-in high fidelity dynamic
loudspeaker. VARIABLE NOISE SUPPRESSOR, rectifier and complete built-in
HUM-FREE power supply. BANDSPREAD TUNING—special electron tube circuit
enabling the operator to reduce or eliminate certain types of noises occurring in all
short wave receivers—automatic headphone jack—smooth and noiseless controls—
highly efficient interchangeable inductors—doublet or aerial-ground connections—
POWERFUL hi-fidelity audio system—large, illuminated airplane type vernier dial—
senl;i)t{ivlity, volume, and selectivity that will amaze you—are features to be found
in -17.

RX-17 in BEAUTY, as well as performance, is in a class by itself—heavy steel cabinet with
hinged lid finished in durable black shrivel—crome plated escutcheon—plated chassis and shielding—
Operates entirely from your 105 to 130 volts AC house current.

.RX-17 under fair conditions will bring in dozens of foreign as well as domestic short wave stations
with enormous volume. Try one and see for yourself.

RX-17, complete, READY TO USE, with 7 RCA or Sylvania tubes, $2] 7 5

12 low-loss silver plated coils for 8% to 3000 meters, wired, in cabinet

and 7-8age instruction booklet............ciiviiiniiiinereeannnnnns
f metal tubes are preferred over the glass type, add $1. to above price.)
For those who wish to build their own we offer: s‘ 495
KIT of all parts, coils for 8%4-3000 meters, unwired (less tubes and cabinet)........
Cabinet, eXtra .......coeoiuiiiiiiiiiie i $2.50
7 matched Sylvania tubes, eXtra........ooovneernieeneeeaeeeeeeeneeraeennn 3.35
Wired and tested, eXtra..........uiiiiniieiite e 2.00

AMATEURS: Model RX-17-AB has same specifications as RX-17 except that it is cquiqped with
plate voltage cut-off switch and special bandspread coils for 20-40-80-160 M bands spreading thesc
bands 80% of dial scale. Add $1 to price of RX-17. (10 meter band coils if desired extra, $1.45).

3-Tube Short Wave Radio Only $3.25

(less tubes, phones, unwired)

A REAL, powerful 3 tube short wave set that readily brings in amateurs,
police calls, broadcast stations, experimental and foreign stations, with good
volume under fair conditions. THE WORLD AT YOUR DOOR!

A dependable receiver which is guaranteed to give results. Operates en-
tirely from the AC or DC house current. Simple to build and easy tc
operate. Beautiful, black shrivel finish cabinet and instructions furnished.
Wavelength range 12-600 meters. An ideal set for the beginner who wishes
to learn the thrill of short wave reception.

THREE TUBE BATTERY SET, TWO TUBE BATTERY SET,
less tubes, phones, unwired, $2.95 less tubes, phones, unwired, $2.00

KITS wired, extra 75c. Tubes, each 50c. Broadcast band coils (2), extra 95c.
Cannonball double headphones $1.35.

FREE: New 1937 Catalogue

of short wave receivers, transmitters, and 5 meter apparatus.
Send stamp to cover mailing costs on YOUR copy.
JUST OFF THE PRESS
Prompt service, 209 deposit on C. O. D. orders.
EILEN RADIO LABORATORIES, Dept. RW2
136 LIBERTY STREET NEW YORK, N. Y.
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Next month, in the March issue, constructional text and illustrations will be given for the de luxe
tuner, diagram on page 25 of this issue, and a complete super, with 6L6 audio output, both using
the voltage-doubling balanced detector. Another article will deal with the cathode-ray tube
adaptation to television, considered from the viewpoint of the tubes used in service applications
today. Circuits for making various measurements also will be featured.
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Both amplifier and power supply are shown on ane chassis, immediately to the right of the speaker
in the illustration. One of the two tuners is at extreme right. The other tuner is shown in similar
position on the front cover illustration,

Segregation

for Quality

Separate Tuners and Power Amplifier
By Einar Andrews

THE advanced radio experimenter who has
ideas of his own and the ability to reduce
them to" practice often adopts the segregated
method of construction. That is, he builds his
tuner and intermediate-frequency amplifier on
one chassis and his audio amplifier and power
supply on another. Or he may go even farther
in his division of the receiver. He may build
the radio-frequency tuner and amplifier on one
chassis, the intermediate frequency filter and
amplifier on the second, his audio amplifier on
a third, and his power supply on a fourth.

The advantages of such construction are many
and considerable. First of all, the design lends
itself readily to the “high boy” or skyscraper
type of construction. This is of great advant-
age where floor space is at a premium. In the
second place, the method is almost indispensable
to the inveterate experimenter. When he gets
a bright idea and wants to try it out forthwith,
he does not have to design and build an entire
receiver, for the idea in question relates to a
particular part of the receiver. It may be in
the tuner, in the intermediate filter, in the de-

tector, in the audio amplifier, or in the power
172 roade Aalv $ta rehinnld the nertinent

naserarlar

component of the set. He saves not only money
but a great deal of time.

_ For the same amount of money in the same
time he can try out scores of ideas where te
could only try one if he had to rebuild the entire
receiver each time.

DEVICES BUILT BY GOSS

Even in custom-built receivers there is an
advantage in the separate-unit type of construc-
tion. Most of these receivers are large and
elaborate. To build them on one chassis would
require an exceptionally heavy and sturdy
frame, and the completed receiver would be un-
wieldy and cumbersome, When the set is con-
structed in separate units, each unit is easily
handfed. When a set like this breaks down and
needs repair, it is not necessary to call in a
gang of piano movers to transport it to the
service shop. The service man who calls finds
out in which section the defect has developed,
and if he cannot effect repairs on the spot, he
tucks the offending section under his arm and
runs back to his shop with it.

Two receivers built in sections by Charles
(Continued nn folloswinn bans\
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(Continued from preceding page)
J. Goss, of 1730 Woodlawn, Terre Haute, Ind,,
are depicted. At the right in the first illustra-
tion is the radio and intermediate frequency
tuner and amplifier, in the middle the audio am-
plifier and power supply, and at the left the
loudspeaker. Behind the receiver are various
test instruments with which the designer and
builder adjusted the set to the highest accuracy.

each. Sometimes this filter does no appreciable
good, but at other times it helps a great deal.
It never does any harm.

The filter on the d.c. side consists of three 8
mfd. condensers. Condensers of 450-volt rat-
ing should be all right. As will be noticed, the
field of the speaker is used as one of the chokes
in the filter, as is now customary. The supply
for the two output tubes, 45's, is taken from

. 5”{4'
EAlC H
\ 1 | &3
B
JOH. CHOKE FIELD
z —_—

8Mfde )‘
525V

I

8Mfd.
T 1000n. | 525V
70 ” L]

8+275V.

= ] I
E er250 10000

Wiring circuit of the power amplifier and rectifier. The heater supply for a tuner would be included
in the tuner as a separate filament transformer.

Let us glance first at the power supply and
audio amplifier. The rectifier and filter are
standard but an 83 tube is used in place of one
of the more common rectifiers. Since this tube
is of the mercury type, a couple of radio fre-
quency chokes, one in each anode lead, might
be used to advantage, or a single choke in the
lead from ground to the centertap. The chokes
may not be absolutely essential.

THE SUPPLY CIRCUITS

The customary filter in the primary of the
power transformer is used. The values of the
condensers are not critical and may be .05 mfd.

the juncture of the choke and the field, at which
point the voltage is 275 volts, for the transform-
er used and the total current drawn. The drop
in the field is 25 volts. The bias resistor for
the two 45 power tubes is attached to the 2.5-
volt winding on the power transformer. It 1s
variable. For class A operation the normal
value is 1,000 ohms, for two tubes, but for class
AB it may be twice as great or more.

Two 56 tubes are used ahead of the power
stage. Resistance-capacity coupling is used both
between these two 56’s and between the first 56
and the tuner ahead. Transformer coupling is
used between the second 56 and the output
stage, since this uses two 45’s in push-pull. The



February, 1937

RADIO WORLD 11

two 56's are self-biased by means of separate
resistors.

It is clear that this audio amplifier is capable
of a large undistorted output and that the gain
is high.

TWO TUNERS PROVIDED

The designer of this outfit offers two tuners
between which those wishing to utilize the de-
sign may choose. The main difference between
the two is that in one the oscillator is a 58 and
in the other it is a 2A7. Each circuit has three
radio frequency tuners and a frequency control,
requiring four sections of a gang condenser.

Where the 58 is the oscillator, the detector is

into the common lead to prevent grounding of
the two elements to the high frequencies.

A feature of the intermediate-frequency am-
plifier is that the first doubly-tuned transformer
has variable coupling. The details of this are
shown in a constructional drawing. This feat-
ure appears in both circuits.

Another noteworthy feature, also appearing
in both circuits, is the segregation of the audio
and the a.v.c. rectifiers. In each case the last
intermediate transformer has three windings.
Two of these are tuned, the a.v.c. winding be-
ing the untuned one. This separation of the
two functions in the rectifier provides flexibility
of connections. One advantage is that the filter

/
200000 FACR—S ; IMhde

iy
1

~ 25 My,

A

NTO ALL TUNER HEATERS

The tuner that uses a four-gang condenser has a 2A7 pentagrid converter tube.

a 57. Where the 2A7 is the oscillator, it is also
the detector. Different oscillators are used in
the two cases. The tuned grid type is used with
the 2A7 and a Hartley type with the 58. The
tuned grid type has one advantage, in this case,
and that is that both the tuning and the padding
condensers are connected to ground on one side.
Therefore there will be no body capacity effects
while adjusting the padder. The Hartley has
the advantage of simpler coil system. Of course
the Hartley can be grounded the same way, by
putting the leak from grid to ground and rotor,
but the designer had two two-gang condensers,
enabling isolation, one example being in the an-
tenna circuit.

The coupling between two components of the
mixer, the 58 oscillator and the 57 detector, is
effected by tying the plate of the 58 to the

¥4 (42 A E0ONN

e Al AL Ao eantotnar e fatd

condenser for the a.v.c. may be made ten times
as large as that for the audio rectifier, thus
allowing thorough filtering of the a.v.c. voltage
without interfering with the high audio fre-
quency resolving power of the sound rectifier.

NOISE SUPPRESSION

In both tuners a noise suppression circuit
has been inserted between the rectifier and
the audio amplifier. As is customary in circuits
of this type, the squelcher tube is a 57, which
is selected because it has a rapid cut-off. How
does this part of the circuit work? When there
is no signal, there is no bias on the grid of the
55, for there is no current through the .3 meg.
section of the load resistance. Since there is no
bias on the grid there is a high current through
the plate load resistance, which is 50,000 ohms.

{ Continued an fnllneminn baone)
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The drop in this resistance is added to the
normal grid bias, 3 volts, of the 57. The drop
in the plate resistance is much greater than 3
volts, and it is such that the negative bias on
the grid of the 57 is increased. The 57 there-
fore is close to any signal because the grid bias
is beyond the cut-off point. Any audio signal
applied to the 57—and it would be only noise—
cannot be amplified.

On the other hand, where there is a strong
audio signal there is rectification in the 55 diode

and a high bias is developed. No current, or
at most very little, flows in the plate resistance
of the 55 triode. Hence the normal bias on
the 57 grid is about 3 volts, at which it is most
effective as an amplifier. The audio signal,
which is picked off the load resistance on the
diode and is impressed on the grid through an
85 mh choke and a .01 mfd. condenser, is ampli-
fied to a high degree. The amount of input to
the 57 grid is varied in the usual manner by
means of a potentiometer.

If the noise is steady and considerable it
might open the 57 tube to amplification just as
an audio signal does. This might happen when
the noise is about as strong as the signal and
when it is sustained.

D.C. VOLTAGE PROVISIONS

Automatic volume control is applied to the
first r-f 58 and to the three if. 58’s. In addi-
- tion to this a.v.c. there is a manual control
for the two r-f 58s, a 10,000-ohm variable re-
sistor being connected in the common cathode
lead. Again, there is another 10,000-ohm re-
sistor in the common cathode lead of the three

rf. 50’s. Thus the gain in the two amplifiers
can be controlled separately, and both inde-
pendently of the a.v.c.

Attention is called to the coupling between
the 55 triode and the 57 squelcher. The plate
of the 57 is returned to the highest voltage
available through a 20,000-ohm resistor and
the screen is connected to a point 150 volts low-
er down on the voltage divider. Still lower
down, 100 volts exactly, the cathode of the
tube is connected. Thus the screen voltage is
160 volts and the plate voltage is 250 volts. To

Tuner with four-gang con-
denser. This enables two
stages of trf., tuned in-
put to the modulator at
the rf. level, and e section
of the gang for the local
oscillator. The three rf.
coils and the oscillator coil
are in a row at left, be-
tween the condenser and
the tubes served by the
coils. The filament trans-
former, used to supply
heaters of the tuner tubes,
is at right front.

get a negative bias on the 57 it is necessary to
connect the grid return to a still lower point,
and the return is made to a point 3 volts below
the cathode connection.

The triode of the 55 must also have a plate
voltage. It is obtained by connecting the cathode
and the plate return to points separated by 25
volts on the voltage divider. That is, the maxi-
mum plate voltage on the 55 triode is 25 volts.
There is no stopping condenser between the
plate of the 55 and the grid of the 57. The
coupling is direct in the strictest sense of the
word, and it is obtained by means of a 50,000-
ohm resistor.

DELAY ON AV.C.

The point on the general voltage divider
where this resistor is connected is the B plus
point for the 55 triode and the C minus point
for the 57. The function of the one megohm
resistor between the grid and the plate is to pre-
vent the audio signal voltage from shorting, in
part, through the plate coupling resistor. Since
there is no d-c through it, there is no drop and
it does not, therefore, affect the grid bias on
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the 57. The operation of the arrangement in
suppressing noise has already been discussed.
There is no delay voltage on the audio recti-
fier, for the load resistor is connected directly
to the cathode of the tube. There is a delay
voltage, however, on the a.v.c. rectifier, and it
amounts to 14 volts. This is the drop in the
1,900-ohm resistor between ground and the
cathode of the 55. The peak of the signal, as
impressed by the untuned winding on the third
i-f coil, must be 14 volts before there is any
current through the a.v.c. rectifier circuit. Weak

A glimpse underneath the
chassis of the tuner that
has the three-gang con-
denser, The rear of the
tuner is at right and the
knob plainly showing is the
one used for permanent ad-
justment of the variable
coupling of one of the i.f.
coils. This adjustable ar-
rangement was improvised,
as detailed in a separate
diagram. The controls at
left are those used at
front of panel.

signals, therefore, are not affected by the a.v.c.
This fact is an aid in making tuning adjustments
for it is not necessary to short-circuit the a.v.c.
while tuning up but only to reduce the signal
impressed until it is less than 14 volts when
rectified by the a.v.c. rectifier. Putting this

14-volt desirable handicap on the a.v.c. without
putting any handicap on the audio rectifier is
one of the advantages of using separate circuits
for the two functions.
Attention is called to the fact that in the
(Continued on following page)
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This is the tuner that uses a three-gang condenser.
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tuner with the 58 oscillator one of the tuning
condensers, the first, is not grounded on either
side. This suggests an isolated condenser sec-
tion. It is possible, however, to avoid this, al-
lowing the use of a regular four-gang conden-
ser, by connecting the series resistor and the
by-pass condenser in the same relative order as
in the circuit with the 2A7 oscillator: The by-
pass condenser, which has a capacity of .05
mfd. is then connected in series with the tuning
condenser and the common point is grounded.

How the tuner chassis appears when viewed
from the front and above is shown in the photo-
graph on page 12. The first four tubes are
shown at the extreme left and next to them the

VARIABLE I.F. TRANSFORMER FROM
TWO ReFo COIL CANS SOLDERED

TOGETHER. TOTAL COST ABOUT$1.28
AND ABOUT .20 LESS IF YOU HAVE CANS

HOLE TO 80LTED TO
TUNE TRIMMER CAN SHIELD
) __— HOLE TOTUNE
sotr—e—t——d TRIMMER
¥ [\ METAL PLATE TO MOUNT
I.F-COIL TO TRIMMERS
L SR
GRID M -
aar—1 | W os¢ - Tw0 con cans
18 | oz wire— ¥ SOLOERED TOGETHER
LOWTENSION |}
SPRING ON —|
1 Guioe E:(r
8
PLATFORM —__J =l KELI
GUIDE & Ave ol
T i 8 orr cenrer o vary
* SHAFT sourso’ SHAFT LFCOIL
"N 80TW SIDES
TO FASTEN TO
£0IL SHIELD OR
CAN
'80LT TO END
OF SHAFT

How the variable coupling if. transformer was
improvised.

four radio frequency coils. In the rear, imme-
diately to the right of the fourth radio frequency
condenser, may be seen the intermediate coil
with the variable coupling. Directly behind
the four-gang tuning condenser is the first i-f
tube. Then follow three fixed coupling i-f
coils and shielded tubes between, ending up at
the front right corner with the filament trans-
former.

The four-gang condenser is split into two
sections of two each. These two pairs are in-
sulated from each other. It is not necessary,
however, that they should be insulated, as has
been pointed out.

On page 13 is a photograph depicting the
under side of the chassis. The small parts are
too crowded to identify any of them. It is noted,
however, that resistors and condensers are
placed in an orderly manner so that wiring is
simplified and stray coupling minimized.

TUBES UP

119 Average Increase

After years of steadily declining prices, an
increase in the prices of practically all types of
radio receiving tubes is in effect.

The large number of different types of tubes,
for many of which there is now only a limited
demand because of the obsolescence of the radio
sets in which they are used, and mounting ma-
terial and labor costs, have made the increased
prices necessary. An overall increase of 11
per cent over former tube prices is made.

Attached is a list of the new list prices on all
types of receiving tubes, compared to old net
prices, as furnished by RCA Radiotron Co.
Division of RCA Mfg. Co.:

STANDARD GLASS TYPES
Old Price List Price

................. $1.25 .00

.59 70

................. 1.50 1.75
................. 1.25 1.50
.................. 1.75 2.00
............. 1.25 1.25
.................. 1.50 1.75
.................. 1.50 1.50
.................. 1.50 2.00
................... 89 1.10
................. 1.25 2.25
................. 99 1.20

99 1.20

1.25 1.50

1.25 1.50

89 1.00

1.25 1.50

1.25 1.50

1.25 1.35

1.25 1.50

.................. 99 1.20
................. .89 1.20
.................. 1.50 1.50
................. 1.50 175

@25 cooooo0000000000000 1.50 1.50
1) cocooococacooaoanas 2.00 2.25
il co0o000000000000000 1.25 2.00
1] 0000000000000000000 125 2.00
W7  c000000000000000 5000 2.00
W48 00000000000000000 99 1.10
18 co000000000000000000 2.00 2.00
1) 6o00000000000000000 99 1.20
Z) 0000000000000000000 99 2.00
774 00600060000090000000 1.25 1.50
YA 00000000000000000 89 1.00
Z5¥2 c0000000000000000 99 1.20
713 ©000000000000000000 .59 70
27/ 5600000000000000000 .69 .80
D ocooooo0000000a000a00 .69 .80
§3l 0000000000000000000 .69 .90
# c000000000000000000 1.25 1.50
8 co00000000000000000 99 1.25
& 5000000000000000000 1.25 1.50

(Continued on following page)
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(Continued from preceding page) . G SERIES TYPES
B, Clgree M Type Old Price  List Price
36 . .89 1.10 1IC7G veiiveiieienn $1.85 $2.00
37 69 90 ID5G ..., 1.85 2.00
38 89 1.10 1ID7G ... ...l 1.60 1.75
39-44 89 1.10 1IE5G . .............. 2.00
40 .. .69 1.00 1E7G .....coviiinn. 2.35 275
| 89 1.10 IFSG ..ol 2.35 2,00
42 e .99 1.20 1IF7G ..ovvvinennn. 1.85 2.00
A3 99 120 1H4G ........coeet. 1.10 1.00
A5 e 69 80 1H6G ................ 1.60 1.75
46 o 99 1.35 WIS coo00000000000000 135 1.35
A7 68 1.35 SU4G ....oovviiiinnn. et 1.50
S 2.50 3.00 WIS ocoooooooocooooac 1.85 2.00
49 e 99 120 5X4G ...iiiiiiiin... 1.35 1.50
50 .t 2.50 225 5Y3G ... 1.10 1.00
53 i 1.25 1.50 & coooooo0o0000000 1.10 1.00
L SN 99 1.25 6A8G .....iiiiiinnn. 1.60 1.50
56 it 69 80 6C5G . 1.10 1.25
57 e 89 1.10 6F5G .....iiiiiiinn.. 1.10 1.25
58 i 89 1.10 6F6G ................ 1.35 1.35
59 e 125 1.50 @58 cooo000000000000 L10 1.25
74 V- SO .69 80 6J5G ........iiiiin aqg 120
75 e 99 1.10 6J7G ... 1.35 1.50
76 i 69 80 6K5G ..o, 1.35 1.35
77 e 9 1.20 6K6G ..........onnnn 1.35 1.35
78 e e 99 1.20 @& o0ooooco0anonacaa 1.35 1.35
79 e 1.25 1.50 6L6G ... ... 2.10 225
80 .. .59 70 6L7G ............ilnn 1.60 1.75
8l i 2.00 2.00 6N7G oo 1.60 1.75
8 i, 89 110 6Q7G ......oiniiiinn. 1.35 1.35
% cco00000000000000000 89 1.10 6R7G ........... ... 1.35 1.35
83V e 1.50 2.00 6X5G ..iiiiiiiienen 1.35 1.50
84-6Z4 ............... 1.25 1.50 FEAEE 000000000000000 1.35 1.50
85 i 99 1.20 25B6G ....iiiiiininn 1.85 1.75
89 i 99 1.50 25Z6G .. 1.35 1.50
V9 99 1.50 -

X9 ... 9 150 .
é;iA ................ 4.83 4.38 New Type Etched Foil
876 ... g;g ggg COndensers Made by C_D
Cornell-Dubilier has brought out the Type
KR Etcher Foil Dry Electrolytic condensers.
Vo e This type is notable for its extreme compact-
ness and for a patented exclusive etched foil
ﬁxl-gzestsha whichdassures Bai m‘u)xchlbetter ?ndenisexl'
i t made possible by less modern foi
ALL-METAL TYPES . . etching methods. An idea of the small size of
Type Old Price  List Price. {,,o Type KR may be gained from the fact that
----------------- $1.00 $1.00 the largest condenser in the series (24 mfd.)
.. 125 2.00 is approximately the same size as the average
igg igg gnetali tunbx:il This makes for convenient stizrlvic-
. . s eceivers, greater symmet -
1.00 1.25 :;;l:xgt cz)md contrribI;:es stogthe ne:tness gfy gerv?!e
.................. }88 }g.g jobs. Full details a?li t};? linlsl oilsi?den;.eg}s‘
.................. . . are given in a special catalo, b , 1
1.00 125 is ng\:l av;ilablepand which Exayc;)e obtain‘:d by
................... 1.25 1.50 addressing the manufacturer at South Plainfield,
%(5) zlrgg WG JECE
.................. 1.50 1.75
.................. 1.50 1.75
------------------ r o BRUNO MOVES AND ENLARGES
125 1.50 The Bruno Laboratories, Inc., moved from

................. 1.50 1.50 20 West Twenty-second Street to 30 West

................. 225 Fifteenth Steet, New York City, now occup-

19¢ 180 ing 10.000 square feet of additional space,
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Remaking Power

Transformers
For Higher Requirements, Using Old Cores

By M. N.

1!‘ 25A A—,l/

FIG. 1

Single opening for the window of the transformer,
where windings are intended to be on separate
cores. One winding could be slipped down on
the left-hand upright, and the other up on the
righ-hand upright. This is the L type.

THEORY and procedure in designing radio
and amateur transmitter transformers are
of especial value to any one intending to re-
design and rebuild power transformers for more
suitable characteristics. The present-day prices
of power transformers are at such low figures
that, except in the most unusual cases, it is
cheaper to purchase power transformers that
are commercially available than to build similar
units.

Power transformers are used in radio re-
ceivers and transmitting equipment to step up
or down the supply voltage which is commonly
about 110 or 220 volts. In radio receiver
power transformers all the secondaries are in-
corporated in a single unit, since the existing
potential difference between the various sec-
ondary windings is relatively small. In an
amateur transmitter a separate transformer is
commonly employed for each secondary voltage
required and, except in the very low power

Beitman

transmitter, the filament and plate transformers
are never combined.

EFFECT OF TURNS RATIOS

Essentially a transformer consists of an iron
core of suitable dimensions, a primary coil, and
one or more secondary coils. The voltage in-
duced in the secondary is in the same ratio
to the primary supply voltage as the ratio of
the secondary turns is to the primary turns.

The design for 60-cycle power transformers
will be considered. However, any of these de-
signs can be adapted for 25-cycle use by dou-
bling the core cross-sectional area. The fre-
quencies of 60 and 25 cycles are commonly used
to supply power throughout the United States.

There is a great deal of flexibility in the
design of power transformers. However, cores
of certain shapes and a definite economical
ratio of copper wire to iron core are generally
used. Transformers are rated in watts, assum-
ing unity power factor, or regardless of the

FiG. 2
Dou!::le opening used as the window, enabling
putting all the windings on a single core, the
cross-piece at center. This is the E type core.



February, 1937 RADIO WORLD 17

power factor, in volt-amperes. The volt-ampere The size of the copper wire used depends on
rating of a power transformer having more than  the current. The primary current may be found
one secondary is the sum of the volt-ampere by dividing the volt-ampere rating by the oper-
ratings of the different secondaries. ating lin(e vol)tage. ?or exafmple, a 250-vloll(t):
ampere (watt) transtormer for use on a
WHAT COMPRISES CORE? volt a.c. line will require a primary current
The core is made of silicon steel and consists of 227 (250/110) amperes at full load. The
of strips about 0.014 inch thick. The general secondary maximum currents are usually con-
shapes and the related dimensions of cores em- sidered in the initial design.
ployed in radio transformers are shown in Figs. If no safety factor is required and the trans-
1 and 2. The window space for the windings former is to be operated in comparatively open
- varies somewhat and in a well-designed unit space, the wire size may be selected on the
the windings should just fill the window space. basis of 1,000 circular mills per ampere. The

CROSS SECTION IN SQUARE INCHES

J 0 0 25 30
‘RATING  VOLTS -AMPERES TURNS PER vOLT

FIG. 3 FIG. 4
The value of the cross-sectional area in square Again the cross-section in square inches is con-
inches (read at left. bottom to top) is compared sidered. this fime in comparison to the number
to the volt-ampere rating for 60-cycle trans- of turns per volt. The number of square inches
formers (read along the base). See Fig. 4 to in the crosssectional area is divided by 6.47 to
get turns per volt. obtain the turns per volt shown in the curve.

The cross-sectional area of the transformer leg  correct wire size may be found from Graph
is the determination of the unit’s power handling 5. It is not very easy to handle wire thicker
capacity. The value of the cross-sectional area than No. 12, and if thicker wire is required
in square inches in relation to the volt-ampere two or more strands of thinner wire should
rating is given for 60 cycle transformers in be used in parallel Many different types of
Graph 3. It is best to have the leg square in insulation are used on wires, but for the ama-
shape. teur and experimenter double-cotton covered

The turns per volt are found by dividing wire is recommended for the thicker wire re-
6.47 by the cross-sectional area expressed in quirements, single-silk enameled for sizes up to
square inches. This may be found from Graph 32, and plain enamel wire for still thinner wires.

4, The figure 6.47 is obtained mathematically
from the fundamental equation for the voltage TURNS PER LAYER
induced in the winding of a transformer. Frac- It is much easier to place all the windings

tional values of turns per volt may be rounded on a single core and the E type core, Fig. 2,
off by adding or subtracting as much as 20% is therefore recommended. The window dimen-
of the value without any serious effect on the sions may be modified to suit special require-
design. ments} as they arisel. ;;Sr eicarénlple, a 30-lwatt
transformer to supply 2%-volt filament voltage
SIZE OF COPPER WIRE will require a much smaller window than sug-
A transformer designed from purely the- gested. The primary is usually wound first,
oretical consideration of the ratio of primary next to the core; the high-voltage secondary,
to the secondary will deliver the computed if any, next; and low-voltage secondaries last.
voltage at no load, but under load the sec- Correct insulation must be used between the
ondary voltage will be lower because of the different coils and insulation is advisable be-
IR drop in the secondary winding. Generally tween layers. The complete coil - a.ssembly
it is best to allow about 5% extra turns for should be wound on a core of insulating ma-
the secondary. While this figure is not correct  terial.., L
for all cases, it will serve well in standard Having determined the number of turns re-
power transformer design and will eliminate quired, and the type and size of wire to be
B 80t ool smntborntiea]l warlr A Continued on following page)
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FADING

Traced and Cured

ANY radio servicemen have confessed to
the writer that they have spent many

audio frequency, especially r.f., the average re-
pairman’s equipment will not read it anyway.

In one of San Francisco’s busiest repair
shops, it is a common practice when a difficult
job of this type is encountered to replace all
by-pass condensers in the set. If this fails, they
even start replacing r.f. chokes. This is sup-
posed to be a time-saving system, but either
the shop makes a very poor profit, if any, or the
unsuspecting customer pays for a lot of parts
he didn’t need.

To some readers of this article, this hap-

hours, and sometimes several days, in trying hazard way of going about a problem will seem

to find the cause of intermittent fading. I refer
particularly to that type of trouble caused by
coupling or by-pass condensers opening or
changing capacity, flux joints affecting af. or
r.f. voltages, etc. After questioning the com-
plaining ones, it seems that almost invariably
they all pursue the same course in attempting
to locate the source of the trouble. After check-
ing all tubes and voltages,
here and there with no success, these fellows
sit down, test prods in hand, and wait for the
set to fade, or “pop out,” and then check volt-
ages again for a change.

Now comes a very annoying thing, indeed.
Very often, when a fading receiver is touched
nearly any place with a test prod, the signal
immediately comes back again, and if the trouble
should be due to a change in voltage of radio or

very unprofessional.

When guesswork, intuition, and poking here
and there have failed, start at either end of the
set with the generator, and the process of elimi-
nation is a simple one. If you start at the an-
tenna end, proceed stage by stage toward the
output until you come to a point where the
receiver ceases to fade. Conversely, if you be-

and poking around gin with the final audio amplifier, then work

backwards to the antenna circuit until a circuit
is reached where fading starts. Either way
will isolate the trouble for you, and then is the
time to start inspecting parts and soldered
joints, when there is just one small area to
check.

ALAN C. KAYE.
Kaye’s Radio Service,
3692 18th St., San Francisco, Cal.

FIG. 5

Ona of the problems is to

ascertain the correct wire

size. This may be done by

using the curve herewith,

which relates wire size to

current in amperes. The

wire is selected on a basis

of 1,000 circular mils per

ampere, on the assumption

the transformer is to be

given planty of ventilation.
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(Continued from preceding page)
used, the number of turns per layer may be
found from standard wire tables. From this
information and the dimensions of the window
the number of layers needed may be found.
This process is repeated for all the different
windings of the transformer. The thicknesses
of all the layers are added, including the thick-
ness of the insulating material used. The figure

obtained should be about 80% of the space
available. ,

Amateurs will find that cores of burnt-out
power transformers or cores of units not having
the required characteristics may be easily re-
built for other applications. The primary need
not be rewound unless it is at fault. An excel-
lent power pack may be made inexpensively
from a number of discarded transformer cores.
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From 5 to 550 Meters

With Dual Type Personal Receiver
By Edwin K. Butler

View of the rear taken at an angle of 45 degrees.

AS s superheterodyne this twelve-tube re- the superheterodyne to the superregenerator by
ceiver has four ranges, covering the waves  means of a D.P.D.T. switch. Since the switch
from 20 meters up to and including the broad-  throws out of the circuit the triode section of
cast band. As a superregenerative receiver it the 85, and as additional amplification is re-

extends the range from 20 meters to 5 meters. quired, a stage of 42 is inserted in its place.

A beat frequency oscillator is also provided for The switching out of the 85 triode also
receiving continuous code signals and for simpli- throws out the manual volume control, since
fying tuning in of broadcast signals. this is placed in the grid circuit of the triode,

The superheterodyne has two rf. tuners and and for that reason the manual volume control
an oscillator frequency control. That is, a s duplicated in the grid circuit of the 42. In
three-gang condenser is used for tuning the cir-  each case the control is a 1 meg. potentiometer.
cuit. Each of the twelve tuned coils in the

complex tuner is trimmed by an adjustable The A.V.C. Features

23::?:‘?:; i’;‘:a’;t:d v;,l;"i‘ot;: 1;:; dsdligrsai‘:‘?-'cirici)tr, Automatic volume control is employed in the
four-position switch is employed. When the Suf crhe(tlerodyl;le, the grids Ofd f°}1r ‘:ubes being
supergenerative feature is to be used, the gang :ies;;?cee oftothg celiondeegigc‘ﬁﬁeen g. : ehloaq re-
ewitch is left on one of the four stops, thus ) r. Since there 1s no
making use of the primary as a radio-frequency tube in the superregenerator that can o need
hoke coil, and the si o8l is tuned in with the be cqntyolled automatically, the control in that
chol oil, g circuit is done manually, first in the grid cir-

6J5-S tube. The superbeterodyne is prevented : :
from functioning when short waves are Peing % of the 42'.35 mentioned above, and second
. T cwitching the audio amplifier from (Continued on following page)
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(Continued from preceding page)

by control of the antenna condenser. Super-
regenerators, of themselves, when properly func-
tioning, supply their own a.v.c.

The beat note oscillator appears, in the dia-
gram, directly above the 6J5-S. It is a triode
tabe in a typical Hartley circuit. The grid of
the oscillator is connected to the grid of the
first i-f amplifier through a 15 mmfd. condenser.
A small adjustable condenser across the oscil-
lator coil allows making small changes on the
local oscillator frequency, hence large changes in
the beat frequency. While it is true that any
beat frequency can be obtained by merely tuning

the main oscillator control, it is desirable to
adjust the beat oscillator so that the beat fre-
quency is between 500 and 1,000 eycles when
the signal is tuned in exactly. The 500-1,000
cycle note then is an indication that the circuit
has been tuned in exactly “on the nose” for any
given station. The note will be the same for

every station, and it is easily recognizable.
When the signal is voice or music modulated,
the oscillator is stopped as soon as the tuning
has been effected, and the stopping is effected
by opening a single pole switch in the plate
circuit of the beat oscillator.

(Continued on page 22}

Appearance of the front panel. Controls are identified below.

lengths (lower frequencies).

switch for the beat frequency oscillator.
device, is at top center.

controlling the a.c. line supply.

Where the Panel Controls are Located

The controls and posts on the front panel serve the fo]loyving purposes :

At upper left is the antenna post, immediately beneath it 1s.the ground post.

At lower left, positions marked 1, 2, 3 and 4, is the coil switch for the 15-550-meter bands.

The tuning dial is connected to the gang condenser and control§ that, but by a pulley
arrangement the separate high-frequency tuning condenser also is belted to the same
dial, which therefore serves for all the tuning. . . .

Immediately under the tuning dial is a double-pole, double-throw switch, for introducing
super-regeneration for the 5 and 10 meter bands, and removing it for the higher wave-

Just to the lower right of the tuning dial is the knob that controls that dial, while to
the right of the knob is a white object, controlling the antenna coupling condenser for
the high frequencies (waves of 10 meters and lower).
The tuning meter, a Readrite 0-5 milliampere

The oblong plate with the radial white lines at lower center is the volume control for
the high frequencies only, while to its right is the attenuator for the 5 and 10 meter
bards only. Between the two, elevated somewhat, is the control for gain in the tuner,
applicable to 15-550 meters only, The earphone jack is just below the speaker grille, and
the torie control bar handle is at lower right.

Just above that object is on-off

At upper right is the master switch,
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(Continued from page 20)

The beat frequency oscillator coil is shielded
and consists of a single tapped winding of in-
termediate frequency proportions. That is, it
must oscillate near the intermediate frequency,
which in this case is 465 kc. The coil may
be seen in the front right corner of the rear
view of the set on page 19.

Two LF. Coils Adjustable

The intermediate frequency transformers are
tuned to 465 ke with Hammarlund air dielectric
condensers. The first two of the transformers
have variable coupling between the two wind-
ings. These two appear to the right of the median
line in the photograph reproduction on page 19.
The third transformer is a fixed coupled one,

frequency. This is coupled to the 76 by means
of resistance-capacity values such as to insure
good response on the lowest notes. When the
superregenerator is used the 42 is substituted
for the 85 triode, as has already been stated.

Since the superregenerative detector is in
reality a grid leak detector, and therefore a
diode rectifier plus an audio amplifier, there is
much more audio amplification when ultra-short
waves are received than when those of longer
wavelength than 20 meters are received. Much
more is needed because practically no radio
frequency amplification is posible and many of
the signals receivable will be extremely weak
to begin with.

Manual control of the gain in the super-
heterodyne is provided by a 2,000-ohm variable
resistor, in series with a 500-ohm fixed resistor,

The layout as seen from the top.

with primary and secondary fixed-tuned as
usual,

The r-f coils, which may be seen at the ex-
treme right in the figure on page 19, are
shielded, which is true also of the transformers,
with trimmers, in each shield can. Two of the
trimmers are accessible from the top and two
from the bottom.

A first-rate audio amplifier is used both when
the receiver is a superhetehodyne and a super-
regenerator. In either case the final stage con-
sists of two 2B6 power tubes in parallel. The
bottom view of socket of this unusual tube,
which Triad makes, is shown on the circuit
diagram. The output stage is preceded by a 76
and resistance-capacity coupling. The design
constants in this coupler are such that even
the lowest audible notes will be amplified with-
out any appreciable reduction in relative in-
tensity.

When the superheterodyne is used the triode
of the 85 is the additional amplifier at aud‘o

in the common cathode lead of the first r-f
and the first i-f tubes. This control is merely
auxiliary to the automatic volume control. It
is advantageous on very strong signals.

THE POWER SUPPLY

A line noise filter consisting of two .05 mfd.
condensers in series across the line with their
junction grounded is provided as a refinement
in the receiver. Sometimes it is an aid in
reducing line noises.

The filter following the 80 rectifier consists
of the speaker field coil and three 8 mfd. con-
densers. Two of these are connected from the
cathode of the rectifier to ground and the third
from the B plus point to ground. This filter-
ing, together with the effect of the distributed
small condensers, has been found sufficient for
this receiver.

The distributed filtering is quite thorough,
but it is more to prevent stray coupling than
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View of 5-550-Meter Set's Wiring

Bottom view, showing the wiring.

to eliminate hum. Hum elimination comes as
a side line, for the filtering reduces regenera-
tion and oscillation in the amplifiers. It is well
known that either of these conditions will bring
out hum when it is present in ever so small
amount. All the cathodes are either grounded
directly or through a comparatively large con-
denser. Thus there is neither direct or reverse
feedback through the cathode circuits. Again,
the plate supply is separately filtered by means
of a condenser to ground and a resistor to the
power supply. The screen circuits have been
similarly treated, even to the extent of using
separate voltage dividers for the r.f. and the
if. circuits. The various grids that have been
put on the automatic volume control have not
only been filtered individually but also com-
munally. There is slight chance, therefore, that
any appreciable or troublesome feedback will
occur,

LAYOUT OF RECEIVER

It is of interest to note that a close circuit
jack has been inserted in the output of the
No. 76 audio amplifier. Its primary purpose
is to enable the observer to listen in to either
code or breadcast with the phone in circum-
stances where the loudspeaker would cause -
terference with other listeners. Since the phone
jack is in the output of the 76, which is common
to both the superheterodyne and the superre-
generator the solitary listening feature is avail-
able for both services.

With a loudspeaker properly matched to the
two 2B6 tubes, an enormous amount of undis-
torted sound output is possible, for these power

tubes are specially designed to be distortion
free. The layout of the parts of the receiver may
be seen from the pictures on pages 19, 20 and 22.
Referring to the figure on page 22, the tuning
condensers and the radio frequency amplifiers
are seen at the extreme left. In the rear of the
condenser may be seen the beat note oscillator
coil and tube. Grouped in the middle back-
ground are the intermediate coils and tubes, and
forward of this group is the ultra-high fre-
quency coil, unshielded and all by itself. The
three-plate condenser which tunes this little coil
is near the bottom next to the speaker. It may
be seen in the picture on page 19.

Back of the speaker on the right, in the pic-
ture on page 22. is the power supply, showing
the three condensers and the rectifier, all
grouped close to the speaker field coil. In the
rear right corner are the power transformer
and the audio amplifier. The two tubes to the
left of the transformer are the 2B6s and the
large tube to the left and forward is the 42.

The picture on this page shows the underside
of the chassis. In this particular case it shows
much more than in the usual case, for some of
the principal features of the receiver are repre-
sented here. Thus at the extreme right of the
figure the gang switch appears. This is directly
under the row of three radio frequency coil
shields which may be seen on the other two
figures. Near the middle of the figure is a
rod clear across the chassis. This is the rod
that holds the cams by means of which the
coupling in the first two intermediate trans-
formers is varied. The cams are clearly seen
eon the top half of the rod. These cams are
directly under the two transformers.
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Special Fidelity Detectors

Quality New Goal, Succeeding Sensitivity
By A. J. M. Warren

S PECIAL detectors always have held high
interest for those technically-minded 1in
radio. In the beginning attention was concen-
trated on making the detectors as sensitive as
possible, hence we had gassy detectors, of large
ionization possibilities, and sodium detectors
with a hiss louder than any screen villain ever
deserved. Also we had a diode detector even
then, but that was possibly premature, because
tubes were expensive and an extra amplifier
tube was required to compensate for the re-
duced sensitivity.

Nowadays interest in detectors is focused on
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FIG. |
The sensitive, high-fidelity detector, developed by
Orval LaFrance, is of the balanced type, and en-
ables feeding an audio channel that is also bal-
anced, but can not be sfli'icﬂy classified as push-
pull.

quality, and since tubes are cheap, and sensi-
tivity is usually too high rather than too _low
in the rest of the receiver, it matters little
whether the detector sensitivity is low or high.

VALUES SUGGESTED

One of these special quality detectors, given
considerable attention in these columns since
1933, was devised by Orval LaFrance. It uses
two diodes reversed in respect to each other,
and working in voltage-doubling fashion. This
is the most sensitive of the special quality de-
tectors. It is one to which all persons seriously
interested in quality radio reproductjoq shguld
give close attention. Its basic circuit is given
in Fig. 1, applied to a 6H6 tube because this
has the two required diodes in one envelope.

The plate or anode of one diode is tied to the
cathode of the other diode, while independ-
ent outputs are provided through separate load
resistors R: for the remaining elements of the
two effective tubes, i.e., one resistor goes from
remaining cathode to ground and another equal

resistor from remaining plate to ground. Across
the resistors are put relatively small capacity
condensers to bypass the radio or intermediate-
frequency around the load resistors, while the
stopping condensers leading to the next stage,
which somewhat resembles push-pull, should be
relatively large. Suggested values are R, =.5
meg, C; =.0005 mfd., Ca= .05 mid. Lowest
possible leakage for Cs should be strictly main-
tained.

AVOIDING A DIFFICULTY

The input is made between the joined platc-
cathode circuit and ground. Usually an inter-
mediate transformer’s secondary is connected
between those two points. Since one side is
grounded, the system lends itself admirably to
tuned-radio-frequency sets also, for there the
condenser frame and rotor are grounded, and
a usual difficulty, requiring isolating circuit, is
avoided.

The output is taken from the two stopping
condensers and ground.

The detector is of the balanced type, and is
sometimes called a push-pull detector, although
that is not strictly true. It is very difficult to
conceive of any detector being push-pull, where
push-pull represents equal and opposite phases
of the voltages, in other words, a symmetrical
circuit, and detectors perform by virtue of their
assymetry.

Considering the total output, as from one
stopping condenser to the other, the audio phase
of the upper leg is always negative, and that
of the lower leg is always positive, although
the detector is working all the time, never
idling, since when the left-hand plate is positive
to a. c¢. lower R carries conduction current
and when that plate is negative, the cathode
connected to it is negative, hence the companion
plate of the second cathode is positive, and
upper R carries conduction current. But the
cathodes are always positive to d. c., including
pulsating d. c.

GOOD FOR 100%, MODULATION

The circuit lends itself to automatic volume
control, but the bus for the a. v. ¢. lead must
be connected only to the side that develops the
negative voltage, and that side is the upper
one, and indicated in the Fig. 1. To applv
a. v. ¢. a high resistance, minimum value 2
meg., should be connected to the a. v. ¢. source
as shown in the diagram, the other side of this
resistor being bypassed by some mica capacity,
say. .006 mfd. to .01 mfd, and then the filter
resistor-capacity networks set up for the re-
turns of the circuits to be controlled. The
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reason for the high resistance preceding the
usual filters is to uphold the impedance of the
negative side of the detector to audio frequen-
cies, thus protecting the audio characteristic,
and indeed permitting both sides to perform
excellently on 100 per cent modulated signals.

An eleven-tube standard broadcast band su-
perheterodyne, using the LaFrance detector, was

plement, has been completed and is in use in
the home of Frank Simonds, and also will be
described in constructional detail in a subse-
quent issue.

ALL ENCOURAGED TO TRY IT

The reason for giving so much attention to
this detector is that it works so well, and with
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Wiring of the tuner, shown in two-band form, although covering 500-2,000 kc. The tuning conden-

sers have a smaller capacity than usual, so that the inductance may be high and thus provide high @

tuner circuits, with practically uniform gain, as a given coupling is 2.25 times more nearly uniform for
a 2-to-1 frequency ratio than for a 3-to-1 ratio. The 6C5 grid leak, Q5, is 25,000 ohms.

described last month in the January issue. The
circuit was a superheterodyne with 6G5 ray in-
dicator tube. A tuner, using National Com-
pany’s four-gang pre-loaded worm-drive con-
denser, and the same company’s intermediate-
frequency coils, is shown in Fig. 2, a photo-
graph of the underchassis being shown in Fig. 3.

Annthar racaiver thic ane with £1911 a11diA ~roma

such high fidelity, that tone-conscious radio lis-
teners, including symphonic orchestra leaders
and choirmasters, acclaim its excellence. Any
reader who has.never given this detector a trial
should do so without delay, and may resort to
the present or last month’s circuit diagram.
Another type of detector, also classed as a

(0 nsrbermesonr]l Am $nllneocsr hnra)
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(Continued from preceding page)
diode because of the linearity of its response,
is really a triode with the plate circuit voltaged
as usual but grounded to the signal. Fig. 4
shows the circuit. The normal plate current
through the biasing resistor Ra produces the
potential difference that enables the grid to be
maintained negative when the input circuit is
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closed, and since there is no current flow in the
input, we have the special case of the infinite
impedance diode detector. As is well known,
usual diodes draw current, hence load the cir-
cuit.

When the signal is put into the Fig. 4 de-
tector, the selectivity is not reduced, but the
plate current is changed according to the audio
pattern, because a relatively small capacity
condenser across the load resistor Ry removes
the radio frequency, leaving only the modula-
tion envelope. We therefore develop audio
frequencies across Rs;, and have only to com-
municate them to the next circuit by the usual
means of stopping condenser and grid leak,
except that the circuit is somewhat critical as
to resistive values, for maintenance of excellent
response for deep modulation.

SOME FINDINGS BY SYLVANIA

Hygrade Sylvania Corporation, makers of
Sylvania tubes, has considered this topic in its

Engineering News Letter No. 31, entitled
“Modulation Capabilities of Infinite Impedance
Detectors.”

Sylvania sets forth that the input impedance
is nearly a pure capacitative reactance which
becomes part of the tuned circuit without load-
ing it, with resultant improvement in gain and
selectivity. Ri forms both an a. ¢. and a d. c.

FIG. 3.
Underneath view of the
witing of the tuner. The
coil switch shaft protrudes
at the side of the chassis,

as the mechanics were
worked out for a special
installation.
6CS5

8+ 250V

INPUT

Ry .
ouTPUT

e

FIG. 4

A simple infinite impedance detector, circuited as

a plate bend detector but having the linear char-

acteristic of a diode, hence classified as a diode.

Selectivity is maintained, also gain, due to ab-
sence of loading
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load, while Ry forms only an a. c. load in paral-
lel with R, thus reducing the total a. c. load
compared to the d. c. load as represented by R;.
Information supplied by Sylvania, on the ba-
sis of tests the engineering department made,
sets forth values for R compared to R, in terms
of modulation handling capability in per cent.,
where R is equal to the a. c. load divided by
the d. c. load, or Ry divided by the sum of R,
and Rs. These formulas mathematically are

a.c.load R,

d.cload Ri+R,

Since the best stations in the standard broad-
cast band utilize high percentage modulation,
the stiffest requirement may be selected, that

-l

FIG. 5

The arrows indicate the path of the current. By
taking D as the reference point, an examination
will reveal that the voltage in the cathode leg is
decreasing while it is increasing in the plate leg.
This exemplifies 180-degree phase reversal.

of 100 per cent. modulated carrier, the detector
so gaited as to produce minimum inherent dis-
tortion when there are different a. c. and d. c.
loads as R; is varied.

VALUES FOR Rt AND R:

Neglecting the impedance of C,, as very large
compared to the effective parallel audio im-
pedance, absolute values are given for R; and
Rz applicable to Fig. 4 for six combinations,
one combination to a line:

Ry (ohms) Ra (ohms)
50,000 80,000
100,000 140,000
150,000 210,000
200,000 290,000
250,000 360,000
400,000 640,000

If detector audio sensitivity is not of great
moment, and as the rest of the receiver so al-
lows, the higher percentages of modulation may
be handled with still less inherent distortion,
or capability of handling high percentages of
modulation increased in the detector, if instead
of taking off the full audio voltage, less is ob-
tained, by using for R: a center-tapped resistor.
Thus in Fig. 4 consider R: center-tapped and
the stopping condenser C; connected to this
tap. The values are for the full resistance of
Ri:

RADIO WORLD 27
R (ohms) R, (ahms)
100,000 20,000
250,000 40,000
500,000 70,000
1,000,000 150,000

USES FULL VOLTAGE

Since it is intended that there shall be no
grid current flowing, requiring that the peak
of the input signal shall not be sensibly near
the steady d. c. bias voltage developed across
Ri the signal voltage applied to the detector is
equal to the voltage across the secondary of

6C5 &
ourpul

?

Ry

FIG. &
Infinite impedance detector adapted to push-pull
by utilizing the 180-degree phase shift exempli-

fied in Fig. 5. 1t may not be necessary to find E

for the plate leg between a tap and B plus, for

the stopping condenser may have to go directly

to plate. Experiment will reveal the requirement.

The voltage E is understood to be a. c. The bal-

ancing is unconcerned with the d. c. value be-
tween the terminals.

the coil feeding the detector. This has been said
in effect previously, the point being that the
full generated voltage is utilized, and that there
is no voltage loss due to loading of the genera-
tor. The secondary is considered as the genera-
tor. In the literal diode there is a division of
the voltage between the two elements of the
equivalent series circuit, consisting of the diode
input impedance and the secondary impedance.

Though the 6CS5 tube is indicated, other simi-
lar triodes of the glass series may be used, but
high mu tubes should be avoided.

DEVELOPING PUSH-PULL

The circuit as shown in Fig. 4 is for single-
sided output, but since there is a plate circuit
that may well be loaded, it is practical to change
the simple detector to one which develops the
proper phases for push-pull, hence accomplish
in one stroke both phase-inversion and infinite
impedance detection with diode characteristics.

The possibility of developing push-pull may
be analyzed with the aid of Fig. 5. Here we
have the basic audio loads for plate and ca-
thode legs, and we know there is a voltage drop
across both equal resistors, and desire to as-
certain if the phases are right for push-pull.
This is done by including arrows that point in

(Continued on following page)
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(Continued from preceding page)
the direction of the current. It is assumed that
the current flows from positive to negative in
the tube and load, and from negative to posi-
tive in the d. c. supply. This is the conventional
viewpoint and the one on which meters and
formulas are based, although in reality the signs
are exactly reversed, i. e., current flows from
negative to positive in the work circuit.

Since the lower end of the cathode resistor
is grounded, and since the B supply is grounded,
the terminals of the cathode and plate load re-
sistors are returned to the same a. c. poten-
tial. Were it not for the required intervention
of the B supply, the two terminals might as
well be interconnected for audio purposes.

THE PHASE REVERSAL

Now, considering the effective grounded point
as being the same for plate and cathode load
resistors, where P is plate, K is cathode, and
D is ground, datum, or reference point, if we
regard the descending arrows as representing
falling a. c. potential and the ascending arrows
as representing rising a. ¢. potential, we note
that in respect to D, at any instant the voltage
is falling in the cathode leg while it is rising
in the plate leg. This is no nore than saying
in effect that the tube accomplishes a 180-
degree phase reversal.

It is true that all the arrows seem to be
pointing in the same general direction, in that
they describe a continuous path, but it must be
remembered in the interpretation of arrow sym-
bols of this nature that some reference point
must be selected, then an examination made as
to whether the arrows are approaching or quit-
ting that datum. So we find that the arrows
when approaching D in the cathode branch are
quitting D in the plate branch, and therefore we
ascertain from inspection of the arrows that the
voltages are 180 degrees out of phase.

Now, the push pull requirement is greater
than that. Besides the adamant phase difference
of 180 degrees there is a requirement that the
potentials be equal. That is, equal voltages of
opposite sign must be developed across the out-
put. We know full well that the cathode load
resistor escapes the amplification factor of the
tube, but what about the plate load resistor? By
vacuum tube voltmeter measurement, we may
ascertain the a. c. voltage drop across the ca-
thode load resistor and tap off on the equal
plate resistor at an a. c. voltage above ground
or B plus equal to the first voltage found else-
where.

E MAY BE EQUAL

Since there is no formal input to the tube at
audio frequencies, but only r. f. or i. f. applied
between grid and ground, any audio developed
across a diode load resistor should be equal to
any audio voltage developed across an equal
plate load resistor, both resistors identically by-
passed for radio or intermediate frequencies by
equal condensers. Therefore it need not prove
surprising that the full value of the a. c. plate
voltage drop should be taken off for equaliza-
tion, and the reason for even suggesting that
a tapped circuit would have to be utilized is that

Single Detector Feeding
Push-Pull Unsolved

It had been pretty generally accepted
that it was impossible to couple an unsplit
detector directly to a push-pull amplifier
without killing one side of the amplifier.
Then came the La France circuit and ap-
parently upset the accepted theory. Then
what is the situation today? Exactly
where it was before the La France cir-
cuit had come out.

This circuit is not a single detector di-
rectly coupled to a push-pull amplifier,
but two detectors in parallel connected
to the push-pull amplifier so that they
alternately feed the two sides. The same
thing could be done with two crystals,
if they could be made sufficiently equal
to each other, or with any two rectifiers
of equal detecting efficiency. In the La
France circuit one side of the r.f. signal
feeds one side of the double amplifier
and the other side of the r.f. signal the
other side of the amplifier. And the ar-
rangement works very well.

in practice a few examples of larger a. c. volt-
age across the plate load resistor have been met.
If the datum of a vacuum tube is taken as the
cathode, then the input circuit may be consid-
ered not merely as the grid-to-ground circuit,
but as the grid-to-cathode circuit, and the
ground-to-cathode circuit is therefore common
to grid and plate circuits, because cathode-to-
ground is in the plate circuit. That it is so in
practice need not be disputed, otherwise how
could degeneration arise in individually self-
biased tubes, and why should there be need in
formal audio circuits of large capacities across
biasing resistors, or in radio-frequency or inter-
mediate-frequency circuits, of any condensers
across independent biasing resistors? By con-
sidering the audio drop across the cathode re-
sistor as at least some input, a reason is es-
tablished for finding there is more a. c¢. plate
voltage than cathode voltage drop.

Fig. 5 shows the application of the push-
pull principle to the infinite impedance detec:
tor.

Sylvania Issues B_iggest
Of Its Tube Volumes

The third and latest edition of Sylvania’s
“Technical Manual” has just been published. It
is the most complete work of the editions, con-
taining 184 pages of the latest and most essen-
tial tube data. It covers 193 types of radio
receiving tubes, with latest characteristics of
each type. The types of standard receiving
tubes listed are glass, metal,“G” type, ballast
and Sylvania tubes for Majestic receivers. The
price is 15¢.
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PRECAUTIONS
in the Use of the 913

By Herman Bernard

LESS SENSITIVE
DEFLECTING PLATE

INTENSITY o BIAS AOJUSTMENT
FOCUS.CONNECTS TO (Cilaec0uCES coMRCL
INTERMEDIATE 8%
MORE SENSITIVE
BOUND SIDE OF HEATER DEFLECTING PLATE
70 WHICK CATNODE IS
CONNECTEQ FORCES
NEATER T0 BE POSITIVE
W RELATION TO 8-

FREE SIOF OF NEATER

A, o SHELLIMAXIMNUM
S ol e ARPLIED TO
DEFLECTING PLATE RETURNS,y
ANODE NO.2 AND SWELL

Bottom view of the octal socket used with the

913, with the pins numbered according to the

standard order, and the indentities of the ele-

ments corresponding to those pin numbers dis-

closed. Also. the purpose or use of the electrode
is revealed.

HERE are certain basic precautions that
must be taken when using the 913 cathode-
ray tube, which is the small, low-priced tube
with about one inch viewing screen. Some
other precautions are indirectly related to the
913 and apply particularly to the amplifier tubes
that may be used in the oscilloscope. Except
for some amateur and similar uses, it is con-
ventional to include the amplifiers, one stage
for each of the two deflecting pairs of plates,
so that medium input voltages will provide a
sizeable pattern on the viewing screen.
Perhaps the foremost consideration is the
one attending the grounding of the oscilloscope.
Suppose that the cabinet is metal, as it should
be for the necessary shielding precautions, and
that a hole is punched just large enough to pass
some of the viewing end of the tube through
the panel. Since this tube has a metal shell, and
the shell is connected inside the tube to ele-
ments that take the maximum positive dc.
voltage, if the chassis is connected to B minus,
the full B potential difference exists between
chassis and shell. So if the shell contacted the
chassis the B supply could be shorted, as the
finish on neither can be relied on for insulation,
and the rectifier tube could be destroyed, be-
cause of more current passed through it than it
can stand. Also, the filter choke might be
burned out for the same reason, and likewise the
power transformer could go. In case of such a
short not all are likely to go at the same time,
for it is simply a case of one of them serving as
a fuse for the other. But who wants to lose any
of them?

INSULATION REQUIRED

Even if there is no short as described, it is

certainly likely that at some time or other the
operator, or some other person, will accidentally
touch both chassis and tube shell at the same
time, and thus get the full “benefit” of the B
voltage, which may be 500 volts. With an adult
operator of religious forgetfulness this usually
results in a rapid flow of pointed language, but
to minors, particularly in warm weather, such a
shock may prove more than merely annoying.
So if the tube is brought through chassis
grounded to B minus, there should ‘be insulation
completely surrounding at least the exposed part
of the tube, preferably extending forward, to
accommodate a grommet that renders the tube
shell completely inaccessible from the front panel.
Another method is to “sink” the tube back a lit-
tle, to make room for an insulating transparen-
cy, such as a small piece of acetate sheet as used
as base in photographic films.

The heat generated is small enough to permit
the use of a soft rubber grommet, and the ace-
{ate sheet is satisfactory for insulation, although
inflammable.

It has been assumed that B minus is ground-
ed. That is a safe method if only the cathode-
ray tube is to be considered, if care is taken not
to touch a lead carrying an unknown voltage
to the chassis, to avoid a possible short to the
grounded source of this voltage.

B PLUS GROUNDED

It is also practical to substitute grounding of
B plus for grounding of B minus. Then the
(Continued on following page)
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Diagram relating the numerical pin positions,
identified by circles around the numbers, with the
abbreviation for the electrodes, bleeder wiring,
and emphasis of the cathode's d.c. potential.
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tube shell and the chassis and cabinet are at the
same d.c. potential, so there can be no short
circuit between them. When this is done the
cathode is at a high negative potential in respect
to ground, which reverses the process with
which constructors of other types of apparatus
are most familiar.

The reason for grounding B plus is that if
any accidental contact is made with a grounded
wire which is part of an external return circuit,

913
8+
MAXe
B
SHELL CAN 8E SHORTED TO
CHASSIS AND DESTROY POWER
TUBE AND PONER TRANSFORMER
8~ lli| cHASS1S—

TOUCHING SHELL ANO
CHASSIS UVES OPERATOR
BAD SHOC!

Here B minus and chassis are grounded. Power

transformer, filter choke and rectifier tube are

endangered by a short between chassis and shell,

or, if these two are touched a person, a bad

shock may result to the operator. Insulation is
required as a precaution.

as where one side of the line or the heating
system in a home or shop is grounded, the con-
tact introduces no potential difference.

There are two other methods that are fol-
lowed. One of them is to use a condenser be-
tween B minus and external ground, with chas-
sis conductive to external ground, while the
other is to ground the cathode. The cathode
of the 913 tube is meant. As already intimated,
the question also becomes important in connec-
tion with the built-in amplifiers.

If there is a separate power supply for the
913, the treatment may be made along any of
the lines already discussed, so if there are am-
plifiers in the oscilloscope, if they too have
their own single B supply, and own heater sup-
ply, the difficulties are practically nil. But for
the sake of compactness and economy it is some-
times desired to use the same B supply for both
purposes. This, while attended by some dif-
ficulties, can be accomplished. If, besides, the
same 6.3-volt winding that serves the heater
of the 913 is intended to be used for amplifiers,
precautions of a rather elaborate nature have to
be introduced, and in general accommodation
to this singleness of heater service is not com-
mercially attempted.

HK IS PIN NO. 2

The very nature of the construction of the 913
is such that the cathode is connected to one side
of the heater inside the tube, and as the cathode
is at a positive d.c. potential compared to B

minus, heater is likewise so polarized. Care
should be exercised in following instructions for
the 913 socket connections so that common
cathode and heater goes to the low positive volt-
age. This is Pin No. 2 in the standard order of
enumeration and is designed generally HK

Because the cathode is tied to the heater this
way it is impractical to use the series limiting
resistance of the line cord type for the 913, in
case any had that idea in mind, as the a.c. would
have to flow through the direct-current or B
bleeder circuit, rendering filtration practically
impossible.

If no particular attention is paid to this limi-
tation imposed by the restricted nature of the
cathode-heater connection of the 913, and ampli-
fier tubes are included, then any or all of sev-
eral bad features may be introduced.

One of the complications is that if the
cathodes of the amplifier tubes are tied to the
cathode of the 913, and the amplifier tubes are
returned to B minus, they get the same negative
grid bias as does the 913 at maximum. It will
be noted that the 913 bias is adjusted by con-
trolling the d.c. potential of the grid return for
intensity, but the potential drop across the po-
tentiometer itself is practically steady, and so
the bias on the amplifier tubes is also steady,
and equals the full drop across the potentio-
meter, say, 50 volts for the minimum B voltage
present, of 250 volts, and perhaps 90 volts if the
B voltage is 500 volts total. In this sense the
B and C voltages are cumulative and are re-
ferred to loosely as the B voltage. What is
meant is that the total across the d.c. bleeder is
250 volts or 500 volts.

EFFECT OF COMMON RESISTOR

Of course, with such high negative bias on
the amplifier tubes, particularly the pentodes
commonly used, the plate current is cut off,
there 1s practically no operation, or if there is
any, it is badly distorted, of the detecting type,
wiping out half of the wave anyway.

TOUCHING SHELL
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/ \
g —
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>
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This represents the case of shell connected to
external ground, rendering touching of both shell
and chassis harmless, as chassis is likewise
grounded. Condensers are imperative in the de-
flecting plate circuit to prevent signal shorting
the B supply, but such condensers are normally
included in practically all circuits, anyway.
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Another factor is that the plate current of the
amplifier tubes, when and if there is plate cur-
rent, passes through the potentiometer used for
913 grid bias, hence the resistance of this po-
tentiometer would have to be reduced according-
ly, to make the intensity control of the 913
effective. If there is much variation of plate
current in amplifier tubes there is much un-
steadiness of the voltage present for biasing the
913, and the a.c. inputs to the amplifier circuits
would contribute this unsteadiness, and this
makes for erratic operation of the 913.

Meanwhile, the heater of the amplifier tubes
is at the same potential as the cathode, which
is favorable, for if there is to be any difference
it should be small as possible in all instances,
and the heater should be negative, not positive,

Now the heater is negative.in respect to the
cathodes of the amplifier tubes, the grid bias
may be normal, likewise the plate current, but
the common return through the B circuit bleed-
er again causes the cumulative amplifier cur-
rent to pass through the potentiometer, the re-
sistance of which must be reduced accordingly,
lest the beam current for the 913 be cut off
completely.

There would be some unsteadiness again, due
to variations of the B current accumulated
from the amplifiers, but a very large condenser
could be put across the common biasing ad-
junct, which is the potentiometer, the power-
handling capabilities of which would have to
be sufficient for the possibly three-fold increase
of current through this leg.

AMP,

-~~ Heater 3 volts
. negative in re-
spect to cathode

PLATE CURRENT PLATE CURRENT
s ur o5F REASONABLE
AMP,
8+ - uss TU8E
L ‘% a
A : a 3 D
o 3
R S 4~ < b3
LAY
< “
v g e=® e
s = T -

Diagram disclosing how grossly excessive negative bias may be unintentionally applied to the
amplifier tubes, and at the same time the normal or intended maximum bias for the 913 increasec

because amplifier tube plate currents converge in R3.

For reasonable plate current the drop acros:

extreme right hand resistor may exceed by 3 volts that across R3.

so that the heater does not act as a functioning
element and attract electrons.

To get around the heater d.c. potential dif-
ficulty, although meanwhile reducing the effec-
tive plate voltage by sacrificing the potential
drop across the potentiometer just discussed,
it is practical to put a biasing resistor between
cathode and grid return, for each amplifier tube,
the grid returns of the amplifier tubes being
made to the potential that is applied to the 913
cathode. Or, amplifier returned to B minus,
as at right in upper diagram, the cathode re-
sistor may drop 3 volts more than R3.

A method of establishing
amplifier tube cathode and
913 cathode at the same
potential, and avoiding am-
plifier tube current flow
through the bleeder serv-

YNIPOTENTIAL
CATHODE BRIDGE

The difficulties surrounding the d.c. potential
of the cathode are avoided if a separate heater
winding is used for the amplifier tubes, and
since it is customary to use an 835 grid-con-
trolled gas-discharge tube for the sweep oscil-
lator, and as this tube requires 2.5 volts, the
amplifier tubes also may be served from thi:
winding, and may be 57’s.

If one does not have a transformer that pro-
vides the extra winding of 2.5 volts, and if ir
addition one is to use a neon tube for sweef
oscillator, then as a makeshift the two amplifies

(Continued on following page)

AMPTUBE

ing the 913. The meter is
a high resistance voltmeter
at high voltage range, and
when the meter reads zero
the two potentials are the
same. This method is for
use if there is only one
heater winding, 6.3 volts,

B8/AS
RESISTOR

and the amplifier tubes

are to be of the same
heater voltage rating, fed
from the same winding.
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tubes, of the 6.3-volt, .3 ampere type, may have
their heaters fed from the line through a limit-
ing resistor, the familiar line cord of adequate
wattage rating, at least 30 watts.

Then the returns of the amplifier tubes auto-
matically are made to one side of the line, and
the return input posts for vertical and hori-
zontal plates of the 913 would be to the line, a
fact to be considered, since a short-circuit is
possible, particularly by misconnection of some
grounded unknown voltage. If a condenser is
put in series with the input to avoid this dif-
ficulty to a major extent, the capacity would
have to be very large, and although 1 mfd. is
a compromise, realities, especially for sweeps,
would require 8 mfd. minimum, and paper di-
electric at that.

STILL MORE CAPACITY

Thus if the gain control is a high resistance
potentiometer, with input to the full resistance,
there could not be a short, although some con-
ductive connection to the line through the high
resistance remains possible, unobjectionable,

AMPLIFIER TUBES A

913

9

i
—

however. Also, two condensers could be used,
one between one high input post and potentio-
meter, other between low input post and line,
but the same capacity requirements prevail,
and, if anything, had better be doubled, as for
two equal capacities the impedance is halved,
compared to the single capacity.

There is bound to be some interaction in a
common B supply for the 913 and amplifiers,
even with the heaters maintained independent,
either by the separate-winding method, or by
the series limiting resistor method, but interac-
tion is reduced by using large filter capacities.
If these are electrolytics of 25 mfd. or so, their
voltage rating must correspond to the voltage
present, at least, not be lower than the true
voltage at which they work, and if across size-
able resistors, the effect of the leakage re-
sistance of the electrolytics has to be considered,
for it reduces the effective resistance, sometimes
considerably. The leakage resistance at the
working voltage should be determined, and the
effective resistance of the electrolytic and the
fixed resistor as a parallel circuit should de-
velop the correct and required resistance.

A method of avoiding interaction in the B

(Continued on following page)

limiting  resistor of
around 340 ohms, wattage
rating 30 watts or more, is
shown, enabling the heat-
ers of the amplifier tubes
to be freed from the d.c.
potential of the 913. If the
connection to low side of
the input to the amplifiers
is to be isolated from the
line, large stopping con-

densers, C, must be used,
and can not be electro-
lytics.
8+ FOR AP, TUBES

1
Mfde—1

B8~F0R 913

8~ror
AMPe TUBES

An 80 tube, with one plate fed by the high-voltage secondary of the power transformer, other plate

fed directly from the line, to permit independence of B supply for the cathode-ray tube and the

amplifier tubes. The B plus lead is common to both, but the returns are separate, in one case to the

remaining terminal of the secondary, in the other to the line, hence the rectifiers are independent.

Regard must be paid to the high voltage of the secondary. No B filter condensers are shown, but

would be needed. from B plus to respective B minuses. Also, two stopping condensers at inputs to
the vertical and horizontal amplifiers are shown.
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FULL SERVICE FROM A 913 OSCILLOSCOPE
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Diagram of an oscilloscope, using the 913, with common B supply, separate
heater supply, with the 885 as sweep oscillator, and provision for external
sweep, various synchronizations, and other features as found in larger oscil-

ECAUSE the 913 is a small tube is no

reason to believe that it can not perform
all the functions of a large tube. The differ-
ence between the 913, with its one-inch viewing
screen, and the 906, with its 3-inch viewing
screen, is principally expressed in the diameter
comparisons of these screens. Incidentally, the
913 requires less voltage, so power transformers
and filter condensers may be used of the same
variety as are commonly included in small sets.
The sensitivitv of the smaller tube is not as

FAMILIARITY with CONTROLS E$SENTIAL for 'SCOPE OPERATOR

(Continued from preceding page)
of voltages enables ready locking of the two
frequencies in step, when there is an integral
multiple frequency ratio, so that the sweep is
preferably an integral submultiple of the vertical
frequency. The internal sweep frequency has
a wave form called saw tooth, and for short
this is called saw synchronization. The middle
position introduces 60 cycles from the high-
voltage secondary, through a stopping con-
denser, while the right-hand position permits
the introduction of any external synchroniza-
tion voltage, which would be applicable, for
instance, in transmitter testing, where the syn-
chronization voltage is taken at reduced value
from the transmitter’s final. Independent posts

great. But anything that can be seen or done
with the larger tube, or any other cathode-ray
tut;b:, can be seen and done with the smaller
tube.

It is therefore advantageous to have an ade-
quate circuit, and the one shown herewith is
similar to one printed last month, also providing
service of wide scope, but this time the switch-
ing has been simplified somewhat, also the 60-
cycle voltage used for study purposes is sub-
ject to gain control. A few modifications have

are provided for connecting in the external
synchronizing voltage. Since the object is to
keep two frequencies in step, meaning the verti-
cal frequency and the horizontal frequency, a
third frequency may be used for this purpose,
as was found when external synchronization
was applied, and also when 60 cyéles were
applied. Always the internal sweep oscillator
is going for use of any of the synchronizing
pulses, also always the unknown a.c. to be
studied and examined is injected, and the sole
purpose of the synchronization is stabilization.
Hence it is practical to synchronize by using
part of the sweep oscillator frequency in the
vertical circuit, as already explained, and the
point should be remembered that synchroniza-

loscopes, and besides input from the line voltage from within the instrument, to
enable wave comparisons to gain familiarity with patterns. Three synchronizing

possibilities and three sweep possibilities are provided for.

been introduced, principally as to values of
constants, to bring performance more closely
to that of the oscilloscopes using the larger
tube. The circuit is about the same as that used
for the larger models, as there is no point to
sacrificing any service just because the tube is
smaller. As stated, the service range is not
limited by the size of the tube in any way. Ob-
servation and photography can be practiced, us-
ing the 913, and all other measurements and
comparisons made.

tion may be internal in this manner, also exter-
nal, hence there may be any one of three fre-
quencies. At the extreme left-hand position the
internal synchronization is complete, the sweep
voltage being introduced in series with the
vertical amplifier plate. At center and at right
the vertical amplifier plate circuit is returned
directly to B plus, there is no series tie-in as
for saw tooth synchronization, but the external
voltage or the 60 cycles, which may be con-
sidered external, though supplied handily, is
injected into the 885.
8 The previous three-range switch controls
» synchronization selection, ie., the type of
synchronization used. There is a control for
quantity of synchronization, and this is called

H input at right.

It is needless to deny that there is an ad-
vantage in using the larger tube, as the pattern
area will be greater, the luminosity somewhat
higher, and the general “feel” of having a larger
instrument is decidedly satisfactory. However,
it must be realized the larger tube costs more
than three times what the smaller one costs,
and the equipment that goes with the 906 is
more expensive on a probably comparable basis.
The 913 is an excellent tube to begin with, and
attain “familiarscopy.”

the synchronization control. The amount of
synchronizing voltage should not be too small,
lest there be absence of effective synchroniza-
tion, nor too large, lest there be defects such
as broadness and irregularities in the resultant
patterns.

9 Saw range. This is a nine-position, two-
* circuit switch, for the selection of capacity
and to an extent the resistance values for pro-
duction of the sweep frequencies within certain
broad limits. There is no extra connection
at one extreme position, to insure no sweep
leakage in the B supply when the saw sweep is
not wanted. Or, connect lower right blank to
second lower tab from right, so that the circuit
(Continued on follcwing page)
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Requirements for
Linear Time Axis

In vacuum tube oscilloscopy it is
always desirable, and sometimes essen-
tial, to have a linear time axis. If the
frequency involved is high, the time axis
voltage must also be of high frequency,
regularly repeating. Only one practical
device has been brought out, and that is
the constant-current saw-tooth oscillator,
or linear saw-tooth oscillator. A con-
denser is charged to a given predeter-
mined voltage in a given time and then
discharged to make it ready for the next
cycle.

The condenser cannot be charged at
constant voltage through a fixed resist-
ance, for then the voltage across the
condenser does not rise linearly with
time, but exponentially. To make the
voltage rise linearly the condenser must
be charged at constant current. The
current may be maintained constant, re-
gardless of the back voltage in the con-
denser, by passing it through a saturated
diode or pentode.

The voltage across a condenser of
capacity C is given by V= Q/C, where
Q is the quantity of charge on the con-
denser. If T is the current flowing into
the condenser, then the quantity on the
condenser after a time T is Q=1IT.
That is, V=1IT/C. Therefore if I is
constant and C is fixed, the voltage across
the condenser is directly proportional to
the time, which is the necessary relation
for a linear time axis.

(Continued from preceding page)

capacity across a relatively small resistance
will result in production of the highest sweep
frequencies of which the 885 is capable, at
least in this circuit, and would be applicable
to radio-frequency measurements. It must be
remembered that the unknown radio frequency
is to be higher than the sweep frequency at
all times, and in fact an integral multiple of the
sweep frequency (sweep times 2, 3, 4, etc.)
10 Besides the saw range, as obtained

* through the nine-position switch, a saw
frequency fine adjustment is possible, by manip-
ulating the 4 meg. potentiometer. This is
augmented by a 3 meg. fixed series resistor,
for certain positions of the nine-position switch,
while a resistor of 1 meg. in parallel with
the 3 meg. cuts down the total added resistance
to enable greater frequency range without again
changing condensers, though a new switch posi-
tion is invoked. Hence this fine frequency ad-
juster, usually referred to as the “frequency”
control, has alternate values of percentage re-
sistance control, and affords that fulness of
selection that adds to the value and service of
the oscilloscope.

11 Sweep selector. Just as there is reason

0 for picking out any one of three syn-
chronizing voltages, so there is a purpose in
selecting different sweeps. The saw tooth oscil-
lator is the principal sweep and provides the
returnless pattern, or the trace free of. duplica-
tion or double exposure. This is selected with
switch set at left. At middle position the switch
picks up 60 cycles, not for synchronization this
time, but for sweep voltage. Note that the saw
sweep may be linear, the 60 cycles sweep will
not be. At right any external voltage may be
selected for sweep. The vertical input posts
are used at this third position, but for the
two other positions are not used, as the sweep
voltages are obtained from within the instru-
ment, saw in one instance, 60 cycles in the
other, hence the H input serves only one pur-
pose, external introduction.

12 H gain. This enables control of the
* amplitude of any one of the three types
of sweeps used.

Decadent Reception
Due to High Leak

Sometimes a peculiar defect develops in a re-
ceiver, After the switch is turned on the cir-
cuit begins to function in the usual manner, and
plays all right for ten minutes to a couple of
hours. Then it begins to die down gradually
until the signals are entirely inaudible. If the
power plug is pulled out and then inserted
again, leaving the power off for only an instant,
the volume comes back in full force suddenly.
The same effect may take place by merely
touching something in the set, set as the knob
of a volume control. What causes this peculiar
behavior ?

The symptoms point to insufficient leakage
through a grid leak or excessive leakage
through a stopping condenser or a tube socket.
A grid in the tube either goes positive or neg-
ative. If there is much distortion, the grid is
probably positive; if the volume is completely
cut off, the grid is probably negative. Restora-
tion of the circuit to operating condition is
brought about by discharging a grid condenser.
The discharge may take place instantaneously
or it may take a second. The remedy is usually
to replace the grid leak or make certain that
there is sufficient leakage from the grid to the
cathode.

All Circuits We Print Can

Be Readily Duplicated

A LL parts for circuits described in
Rapto WorLp constructionally are
obtainable. Most of them are stocked by
supply sources. Address questions to
Trade Editor, Rapto WorLp, 145 West
Forty-fifth Street, New York.
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supply is to set up a second bleeder circuit, the
amplifier tube or tubes having cathode connect-
ed to a potential on this second network at least
approximately equal to the potential of the 913
cathode. Suppose a very high resistance volt-
meter is used for measuring the 913 cathode po-
tential, between B minus and cathode. Then
when the amplifier tubes are functioning, a tap
on the second bleeder network is adjusted so
that the potential is the same between there
and B minus. In operation this sameness or
identity may not continuously exist, but the
relatively small changes are not of great con-
sequence.

BRIDGE CIRCUIT

The identity of the voltages may be deter-
mined by setting up a unipotential cathode
bridge, where a meter is connected between the
two 913 and amplifier tube cathodes. This is a
voltmeter, should be sensitive, and be worked
at a relatively high voltage range, so that the
meter will not have the effect of shorting the
lower-leg resistors of the bleeders in the direc-
tion of unifying this intended segregation of
resistance. In other words, the limiting re-

sistor of the voltmeter should be very high
compared to the smaller of the two resistors in
the lower legs. The two cathode voltages are
equal when the meter reads zero. The more
common practice of measuring the amplifier
cathode voltage or bias the same way that the
913 drop is usually measured may be followed,
if the meter draws very little current compared
to the bleeder as augmented by the amplifier
tube current at zero signal input.

If a sacrifice of B voltage is to be permitted,
which restricts the amplitude of the output sig-
nal that the amplifier tube can handle dis-
portionlessly, then if an 80 or similar tube is
used, one plate may be connected to the high-
voltage secondary, the other plate directly to
the line, a single lead serving for B plus, but
the two B circuits being really independent, be-
cause of the separation of their returns. One
return is to one end of the power transformer’s
high-voltage secondary for the 913, the other
return is to the line for the amplifiers, and the
same considerations about the line return apply
as previously discussed. If two condensers are
used for isolation, as shown in the diagram,
they should be of double the capacity required
for one alone.

EXPLANATION of the TWELVE CONTROLS

REFERRING to the diagram on the next
page, representing a five-tube oscilloscope
of considerable attainment, in fact on a par
with the larger models, only using the small
913 tube, the working of the controls will now
be discussed.
These controls are as follows, and in general
are read from left to right in the diagram:
1 Line on-off. This, if desired, may be
* coupled to the intensity control, which then
would be a .5 meg. potentiometer with switch
attached.

Q Sweep oscillator bias control. The cathode

* is moved to different electrical positions
along the .05 meg. potentiometer. This affects
the amplitude of the sweep oscillations, also
it governs to an extent the frequency of the
sweep oscillator, and may serve therefore the
dual purpose of limiting the quantity and
changing the frequency. Quantity is largely
affected, frequency less largely, but the fre-
quency effect is sufficient to enable registration
of exact submultiples of signal frequencies,
necessary for perfect lock-in.

3 The intensity control. This is the potentio-
* meter mentioned under 1, and is the lower
of two equal potentiometers in the diagram. By
sliding the arm of the potentiometer the grid
of the tube, which is No. 5 on the pin afrange-
ment, is brought nearer to or farther from
cathode. If the arm is slid to exactly the
cathode position there is no negative bias on
the tube. Any bias present, by sliding from
this position toward B minus, must therefore
be negative. The intensity control governs the
number of electrons that get by the gate, repre-
sented by Anode 2, on their way to the screens.

4 Focus. This function is performed by ad-
* justment of the d.c. voltage on Anode No.
2, accounting for the second potentiometer of
.5 meg. As the focus is sharpened the appar-
ent intensity is reduced somewhat, but the in-
tensity control, previously discussed, has a much
larger effect on the degree of illumination,
hence the standard nomenclature is justified.
It should be remembered, however, that a cer-
tain degree of interdependence will prevail,
and this must not be regarded as a defect.

5 V. gain. The unknown a.c. voltage is in-
* jected at the V posts for vertical deflec-
tion, across the total of the potentiometer re-
sistance, so that moving the arm of this gain
control will not have the effect of shorting the
supply of the unknown voltage. Under certain
exceptional conditions a slight shift in the phase
of the unknown voltage may result when the
gain control is manipulated.
6 If desired, 60 cycles may be put into the
* V plates, for which there is a SPST
switch, and since 60 cycles also may be con-
nected to the H plates, the same voltage would
be introduced, and from the same point, but
this is not a short circuit. The deflections will
be in directions at right angles to each other.
So phase patterns may exist. Also, by using
saw sweep and 60 cycle V, the line’s wave form
may be examined, and will be found to be close
to a sine wave.

7 A three-position three-circuit switch is used
* for synchronization selection. At extreme
left position, taken from the diagram, part of
the internal sweep oscillator voltage is fed to
the vertical amplifier plate. This commingling
(Continued on following page)
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RIGHT OR WRONG?

PROPOSITIONS

1 Direct current is flowing in a resistor in one direction. An equal amount of direct
current is flowing in the opposite direction. There is a net current flowing through the
resistor and the potential drop across the resistor is zero.

2 There is no highly accurate way of measuring the power radiated at ultra frequencies,
and so plate current as found when the tube is not oscillating is compared to plate
current at the same voltage when the tube is oscillating, and the power difference ascribed
to radiation. Also equal lamps are lighted by the ultra-frequency current and d.c. and
their brilliance compared for power comparison.

3 A saturated tube, one in which all the electrons are attracted to the plate fror_n the
cathode, prevents the increase and decrease of current through a circuit of which it
is a series member.

4 Spot position of a cathode ray tube may be centered by proper selection of the amplitude
of the signal voltage put into the vertical plates.

S The power dissipated in a resistor is proportional to the voltage across the resistor,
to the current through the resistor, but independent of the actual resistance of the
resistor.

6 Cathode type tubes, when the grid bias is even a little bit negative, do not draw any
grid current.

ANSWERS

1 Wrong, Since by net current is meant the difference between the two current values,
since the currents are equal but the signs opposite, the net current is zero. However, it
is true that the potential drop across the resistor is zero, because the net current is zero.

2 Right.

3 Wrong. The saturated tube is correctly described, the plate current ca not in-
crease, as already all the electrons produced by the cathode are attracted by the plate,
but the current through the tube may be reduced because of high resistance [ the rest
of the series circuit.

4 Wrong. Spot centering in both planes, ie., right and left in one instance, up and
down in the other, depends on the d.c. potentials and not to the signal or sweep a.c
voltages. The return d.c. voltage of the deflecting plates may be adjusted across
potentiometers to accomplish centering.

Wrong. While the power dissipated in a given resistor is proportionate to the voltage

across the resistor, hence to the current through the resistor, if the resistance is
changed the current is changed. With voltage or current constant the power also is pro-
portionate to the resistance.

6 Wrong. There is usually grid current unless the grid bias is more than .8 volt negative
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Generators, Both R.F.
and A.F

Including Beat Oscillators
By Henry Burr

VARIOUS components are commercially ob-
tainable, including frequency-calibrated dials
and the tuning condenser and coils to go with
them, for construction of signal generators.
The questions that arise are: What shall the
circuit be? What is the method of insuring
accuracy? How should the generator be used?

First, the circuit will depend largely on how
the generator is to be powered. If batteries are
to be the source, then a simple circuit, with 30
tubes, might be selected.

It is customary to have a C battery serve as
A power, so that if one tube is used, a single
cell suffices, or if two tubes are used, perhaps a
4.5-volt battery is included, and the filaments
of the tubes connected in series, each tube get-
ting 2.25 volts in the beginning,

It can be seen there is in both instances a
departure from standard voltaging, as in one
example we have 1.5 volts instead of 2 volts,
and in the other 2.25 volts instead of 2 volts.
It is quite all right for oscillators to use the
lower voltage. Also, since the cells are over-
worked, the 2.25-volt condition in the second
example does not long obtain, because of the
rapid rise in battery resistance, so this is pass-
able, too.

NO. 6 DRY CELL PREFERRED

But it is preferable to use a No. 6 dry cell,
which has the necessary capacity, as that cell
would stand even .25 ampere drain for reason-
able life, and in the service of a single 30, or
pair of 30’s, should last for months, assuming
average use.

So if a single tube is used, it is preferable to
power it from a No. 6 cell, or if two tubes are
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used, to connect the filaments in parallel to the
same cell, as the drain would be only .12 am-
pere for a pair of such tubes.

The bulky size of the No. 6 cell has to be con-
sidered. Familiar as a cell used for ignition
purposes, it is excellent, but so is a more lately
developed cell, to the same general purpose, but
which takes less room, and is intended for port-
able use,

The circuit may be of any type that oscillates,
and there is hardly much difference among the
various circuits. Even the Hartley oscillator
may be applied to the 30 tube, as shown in Fig.

The tuning condenser is put across the total
coil, a tap about one-quarter the way up from
the rotor terminal of the coil is connected to B
plus, while rotor end of coil goes to plate, In-
stead, however, the conventional feedback cir-
cuit may be used, with a plate winding having
from quarter to half the number of turns as the
grid winding, whereupon the grid winding is
tuned, the plate goes to coil switch, as does the
grid condenser, and the attenuator remains in
series with the B plus line.

F.Thg feedback type oscillator is illustrated in

ig. 2.

WATCH FOR NEGATIVE FILAMENT

In building any battery type oscillator, at-
tention should be paid to the filament terminals.
The one in line with the grid, when the fila-
ment prongs are held left to right, is the nega-
tive filament, and is the return connection for
the grid circuit. Usually this return is made
through a grid leak. For the feedback type os-
sillator the grid leak may be either across the
grid condenser or, as in the Hartley circuit, in

FIG. 1
The Hartley oscillator, ap-
plied to a battery type
tube. Note that B plus is
connected to the tap. The
outside terminal of the uni-
versal wound coils goes to

(SUTTGOTETS 540 - 7600 KC
3

T )
«000402 WFd.
5 e

] 00
1

8+22.5V the grid condenser. Grid
is returned to negative
filament through the leak.

A+ 1.5V Two bands are covered, as

L

indicated. A double pole,

4-8~ double throw coil switch is

AN

required.

..||||.J



February, 1937

RADIO WORLD 39

parallel with the grid-to-filament path. In the
Hartley it is necessary to block the B potential,
hence the leak in this instance can not be across
the grid condenser. However, the operation is
substantially the same, whichever leak connec-
tion is used, when there is any choice.

It will be noticed that all that one obtains is
oscillation, although the quantity of output can
be controlled. The device that permits such
control is called the attenuator, because it en-
ables reduction of the output.

So if one connects the generator to a receiver,
making the generator take the place for the
moment of a broadcasting station, since car-
rier alone is produced, no sound would be heard
in the speaker, except perhaps a slight rushing
noise, because the oscillator is unmodulated.
The oscillator is said to be modulated when
there is a tone inpressed on it. The receiver’s
detector would eliminate the carrier in any in-
stance, but with modulation present, the tone
would remain, and therefore the modulating fre-
quency would be heard in the speaker. So for
aural basis of alignment it would be necessary
to include modulation, although a receiver may
be aligned very well, in fact aligned with great-
er precision, without resort to modulation. So
an unmodulated generator has its uses.

MIXING THE TWO FREQUENCIES

If it is desired to include modulation, then
another oscillator has to be set up, this one pro-
ducing the audio tone. Instead of the radio-
frequency type coil used in the r. f. oscillator
we shall have to use a coil built for audio pur-
poses, as a small audio transformer is selected.
This had better not be a good one, otherwise
the frequency of oscillation might be too low
in pitch. A cheap transformer as used in a.c.-
d. c. sets is entirely satisfactory.

The feedback type audio oscillator may be
used, secondary S connected in the grid circuit,
and primary P in the plate circuit. At audio
frequencies the efficiency is much higher than at
radio frequencies, therefore we may expect a
very large oscillation voltage compared to the
radio-frequency oscillation amplitude. It is
clear we could not inject all the audio possible
from the second oscillator into the first without
running into trouble, called overmodulation. A
small amount of the audio oscillation may be
mixed with the radio-frequency oscillation by
making the total resistance of the attenuator
common to both circuits in the positive B leg.

With a small transformer there is consider-
able frequency range, depending much on the
values of the grid leak and grid condenser, al-
though finally only one frequency will be used.
Those values are shown in Fig. 5 as .006 mfd.
and .1 meg. If either or both are increased the
frequency will be lowered, but losses may be
incurred if the leak is made too low, whereby
oscillation would stop. It was found that values
below .05 meg. caused this trouble. Also, it may
be necessary to use more than .1 meg, for the
same reason, depending on the transformer.

Now we have a generator in which both ra-
dio-frequency and audio-frequency oscillations
are producible, and so we may arrange to use
the generator with or without modulation, by

switching, and also shut off either one when the
output of only the other is desired. We may
want on occasion to take off the audio only, to
test a public-address system or similar audio
amplifier, without the presence of radio fre-
quencies, which might go through the channel
being tested and produce false results.

A master switch controls the entire device,
while separate filament switches control the sep-
arate oscillators.

R. F. RANGE

The radio frequencies to be generated should
be such as to permit at least alignment of inter-
mediate channels. A frequency somewhere
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FIG. 2

Feedback type battery oscillator.

around 140 kc would be a low enough limit.
With a condenser of .00035 mfd. or somewhat
higher capacity it would then be possible to go
to 500 kc, thus encompassing the entire span
of intermediate frequencies as found nowadays
in home receivers. If a single band is covered
in this way, it is practical to make measure-
ments of higher frequencies by resort to har-
monics. There is some danger of confusion as
to what the supposed frequency actually is,
when using harmonics, but application of a sim-
ple formula will dispel this confusion.

Frequencies in the broadcast band may be
taken from stations on the air, but there is
usually some sacrifice of accuracy, or poor track-
ing, when this is done, because a tuner circnit
is to be aligned at two points, say, at 1,450 ke
and 600 kc, and stations of known frequencies
that one may bring in perhaps are 1,400 kc and
570 ke, as being nearest to the tie-down points.
Under such wide departure from the recam-
mended tie-down frequencies poor tracking, and
hence numerous squeals are certain.

It would be more accurate, therefore, to use
harmonics of a single-hand generator, and
handier to have the generator cover two bands,
say, the intermediate frequency range, and the
standard broadcast band. Then for still higher
frequencies, harmonics of the broadcast-band
oscillations may be used, for the intensity would
be adequate for all-wave service within present-
day requirements, say, to 20 mc, for even the
thirteenth harmonic can yield a response.

It is practical to enlarge the range by using
more coils, hence more switch positions, too,
and cover, say, from 54 kc to 17,000 kc, al-
though the B battery voltage has to be increased

(Continued on following page)
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from 22.5 volts to the new level of 45 volts, to
insure oscillation on the short waves. Fig. 4
shows such a circuit, without modulation, and
Fig. 5 shows one with modulation. Also, in
Fig. 5 the independent. af. output may be at-
tenuated.

UNIVERSAL TYPES

Getting out of the battery group of signal
generators we find that the universal type, oper-

ating on either a. c. or d. c., is popular. The

very simplest may have line connected to plate,
whereupon there will be modulation present on
. a. ¢, due to the line frequency, or the output
sound heard in a receiver will be the familiar
line hum. While this type also works on d. c,
naturally there is no modulation present, as the
line frequency is zero, except that there might
be a small ripple due to commutation, which,
however, is not reliable for modulation purposes.
So if, on d. c. use, there is to be modulation, it
must be indepenently provided, and a small
neon tube, preferably of the type without limit-
ing resistor built in, will furmsh this service.
This handy tube is not useful for little battery
generators, because requiring around 67 volts
before igniting.

The d. c. line permits oscillation only when
the plug is connected a given way. Reverse the
plug in the convenience outlet if no oscillation
is produced.

If the device is to be used always on a. c,
then there is no need to include the modulating
circuit. While it is true that an extra resistor
and two posts will permit leakage tests, this
service is available only for d. c., hence there
would be no purpose in including the neon tube
for any strictly a. c. application. Fig. 6 shows
the circuit for intended a. c. application only,
and Fig. 7 the circuit for a. c.-d. c. use, with
neon tube included. The neon tube tests leakage
and provides modulation only on d. c. use.

PRECAUTION AGAINST SHORT
CIRCUITS

It should be noted that in all universal oscil-
lators, the return circuit of the oscillator must
be made to one side of the line, as that is B
minus, and meets the need for conductive con-
tinuity. In other words, the coils, the rotor,

FIG. 4
All-wave coverage with B battery 45 volts.

one side of the heater, and the a. c. switch are
“hot.” They represent one potential, one side of
the line. Therefore if the generator is to be put
into a metal box, the tuning condenser frame
must be insulated from the chassis, and with
chassis thus floating, the metal box may be
grounded externally, without danger. But the
actual use of external ground is not imperative
because the circuit is sufficiently grounded due
to the return of the oscillator to the line.

By introducting a rectifier tube we always
have d. c. on the oscillator, whether the line is
a. c. or d. c., because even when a. c. is applied,
the rectifier changes this to d. c. Now we may
include the leakage test, applicable to a. c. and
d. c. lines. The test is this: If there are flashes
of more than one per second the condenser
under test may be considered defective, strictly
true in the case of paper condensers, but true
with modifications in respect to electrolytics.
The flash counting is not an infallible test of
electrolytics, but only a good indication, because
the d. c. resistance being tested in reality is not
a measure of the formation of the plates, which
is the real thing that counts, and also low-volt