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NEW 180 PAGE ELECTRONIC 
CATALOG FEATURING 

THE BEST BUYS IN THE BUSINESS 
The M..+ and largest so,tment of Electronic. Radio 
and TV parts. Hi-Fi and Public Addrss Comp an.nts and 
systems, Test Equipment. tube.. T,nsis /or Kits and m 

furled components for trnsator d,cuitry. Ham Equip- 
ment, Builders Kits. Todt, loots, Microscopes, E,noculars, 
Telescopes. Cnsrs. and Drafting Equipmnt. -ALL AT 
LOWEST PRICES- Ctaring to the conomy minded 
da ng.nnu, technicien. rp.,imntr and 
hobbpst. CRAMMED FULL OF MONEY SAYING RUT'S. 
SEND FOR YOUR FREE COPY TODAY. 

LAFAYETTE 

ONLY 
29.95 

6 TRANSISTOR SUPERHET RECEIVER KIT 
GIVES SUPERB PERFORMANCE . . 

INCOMPARABLE VALUE 
100% SUBMINIATURE PARTS -NO COMPROMISES! 
LABORATORY DESIGNED -SENSITIVE, SELECTIVE, STABLE! 
CLASS B PUSH -PULL AMPLIFICATION- PLENTY OF POWER! 

Lafayette is proud to present Its 6 Transistor Superhet Re-elver Kit KT -119. This kit 
represents the optimum in sensitivity, selectivity and stability. You'll be amazed at Its 
superior commercial quality! You'll be elated with its surprising performance' The circuit 
uses 3 high frequency BF Transistors, 3 dependable audio Transistors and Crystal Diode 
and features a specially matched set of 3 [F.'s, Oscillator, High-Q Loop, Class B 
Push -Pull Audio Amplification. and Transformer Coupling In audio and output stages. 
Special care has been taken In the design for erect impedance matching throughout to 
effect maximum transfer of power. Has efficient 2%" speaker, and earphone jack for private 
listening. Complete with all parts, transistors, pre -punched chassis. and easy-to follow 
step-by-step Instructions. 6" z P.4" z 1!5". Shpg. wL, 3 lbs. 
KT119- Complete Kit -Less Case and Battery Nat 29.95 
MS339- Sturdy, at ractive brown leather case with carrying strap for KT -119 

Shpg. wt. 1 lb Nat 2.95 
MS279- Sensitive matching earphone Net 2.39 

Lc., .tu 

and b., ll,r. 

3 TRANSISTOR SUPERHET POCKET RADIO KIT 

i 

A TRUE POCKET SurERNEI IECEIVERNO EXTERNAL 
ANTENNA NO E*tERNoL GRO,ND 

A remarkable sensitive. super -selective 
qx ket superhet receiver with astonish- 
ing performance over the complete broad- 
cast band. Uses 2 high- frequency and 
one audio transistor plus efficient diode 
detector and features 2 specially matched 
IF transformers for maximum power 
transfer. The components are housed In 
a professional looking belge plastic case. 

The receiver's appearance enhanced by attractive maroon and silver 
station dial. Sensitive bullt -in ferrite antenna eliminates need for 
external antenna. A designer's dream in true pocket Superhet 
receiver! Complete with all parts, transistors battery. case, dial 
and easy to follow step -by -step Instructions. 41" z2% " x 1- 1/16 ". 
Shig. wt. , 1 lb. 
KT-115 -Complete Kit, less earphone Net 16.95 

MS -260 -Super Power Dynamic Earphone Net 3.95 

LAFAYETTE SIGNAL 
GENERATOR 

COMPLETELY WIRED AND TESTED! 

ACCURACY AND QUALITY 
GUARANTIED! 

22.50 
FREQUENCY 12oic so 260MCI - t 1201 to 12OMC ON FUNDAMENTALS! 
30 DAY TRIAL PERIOD! FULL REFUND IF 

411-; 
\0.- 

YOU ARE NOT SATISFIED FOR ANY REASON 

Completely 
t 

red and tested instrument. Do not confuse 
with kits sold in the same price range. Has the quality and 
accuracy of instruments selling for 3 to 4 times as much. 
Six overlapping ranges - 120KC to 320KC, 320KC to 
1000KC, 1MC to 3.2MC, 3.2MC to 1 IMC, 11MC to 
36110, 37110 to 13OMC - all on fundamentals - cali- 
brated harmonics from 120MC to 260MC. Switch between 
internal modulation at 400 cps or any external source at 
other frequencies. 400 cps signal can be used separately. 
Outputs are unmodulated RF, modulated RF and 400 cps 
audio. RE output is in excess of 100,000 micro volts. 
Jacks are provided for high or low Rh' output. 
Highly stable special circuit design. Fine adjust RF con- 
trol. AF output 2 -3 volts, input 4 volts, across L megohm. 
1, inch etched dial plate - protected by clear plastic bezel. 
Common AF terminals for F \T -MOD input and INT -AF 
output eliminates need for special connectors. Cray metal 
case - carrying handle - complete with leads, line cord 
and plug. For 105 -125V. 50 -60 cycle A.C. Shpg. wt., 
g lbs. 
LSG -10 - Signal Generator .. 22.50 

18 

NEW POCKET AC DC VOM MULTITESTER 

2,000 ohm per Volt on AC & DC 
Completely wired - Not a kit 

Accurate VOM with sensitivity of 2000 
ohms per volt on both AC and DC. Single se- 
lector switch. 3" 160 amp. meter. Scales: 
DC Volts: 0- 10.50 -500 -1000; AC Volta: 
0- 10 -50. 600 -1000; Ohms: 0 -10K, 0 -1 Meg; 
DC Current: 600 ua and 500 ma; Decibel: -20 to +22, +20 to 36; Capacity: 250 mmi 
to .2 mid and .005 to I mfd. Heavy plastic 
panel, metal bottom. 41 /e" x 3i/2" a 15/6" 
With b lea and teat leads. Shp,. wt. 4 Iba. 
RW -27A _.._..._ 8.95 

NEW "DYNA- SLIM" MICROPHONE 
HIGH IMPEDANCE - 50,000 OHMS 
ON -OFF SWITCH 

"QUICK- SLIP" ADAPTER 

Ne- dynamic h ah output m.crophone -nth oll the ieervres of nitre. 
costing 3 times (at ay. te's pricer Output level -55 db. Smooth r 

sponse Ires 60 to 10.000 cycles. Conn:directional head Esternal on 
os switch 51,ps on en .and edeple, n Srnndord /a "" - 27 
adapter permit, sis,ng mike for mure. angle use Satin block and 
chrome finish Cempiesr with detachable cable and connector e" lens, 
I " n . din tapered panel Shpg. .s. , 7 lb. 
PA -43 Ne, 6.95 

DEPT. END 

P. O. BOX 511 

JAMAICA 31, N. Y. 



LET DFVRY TECH PREPARE YOU IN 
SPARE TIME AT HOME AS AN 

AN INDEX 
to a 

VETTER JOB, 
A BRIGHTER 

FUTURE 

Electronics 

ELECTRONICS 
TECHNICIAN Guided 

Missiles 

NO PREVIOUS TECHNICAL EXPERIENCE 

OR ADVANCED EDUCATION NEEDED! 

Micro- Waves 

Laborers and bookkeepers, store clerks, shop men, farm- 
ers, salesmen - men of nearly every calling - have taken the 
DeVry Tech program and today have good jobs or service 
shops of their own in Electronics. You don't have to quit your 
present ¡ob. If you are 17 to 55, see how you may get your- 
self ready for a future in the fast -growing Electronics field. 

Whether you prepare at home or in our well -equipped 
Chicago or Toronto Laboratories, you get sound, basic training 
in both principles and practice. At home, you use educational 
movies. You build actual circuits and test equipment. You read 
simple directions, follow clear illustrations. When you finish, 
you are prepared to step into a good job in an excitingly 
different field. You may even start a service shop of your own. 
Mail coupon for free facts today. 

Live -Wire Employment Service Draft Age? 
Puts you in touch with job 
opportunities -or helps you 
toward a better position in 
the plant where you are 
now employed. 

We have valuable information 
for every man of draft age; so 
if you ore subiect to military 
service, be sure to 
check the coupon. 

ISAMPLE BOOKLElet, 
We'll gore you free copy 

for 
interesting booklet, an 

"Ebctrorio and YOU." See for yourself how you e 
may lake advantage of the opportunities in this fast - 
growing fiId. 

Communications 

Radio 

Industrial 
Electronics 

Computers 

Automation 
Electronics 

Remote Control 
Systems 

Broadcc sting 

"One of North America's Foremost Electronics Training Centers 

Ac. redhed Member 
of Nahor,.l ' 

Hoar Study G I 

CHICAGO 41, ILLINOIS 
IS IIME PLY 

DEFOREST'S TRAINING, INC. 

1958 Edition 

Your Own 
Service Shop 

MAIL TODAY FOR FREE FACTS 
DeVry Technical Instituts 
4141 Belmont Ana , Chicago 41, III., Dept. LEM-0 

Piao 
n 

vira m your FREE booklet, "Electronics and YOU," and Ian m 
hew l may prepare Y "ern, one or more branches of ttectraics as 
listd above 

NAME AGE 
Please Print 

STREET APT 

CITY ZONE STATE 

Chock here if subject to military training. 

1090 DeVry Tch's Canadian Training Center is located at 
626 Reaelawe A , Toronto 12, Ontario 

I 
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PRINTED CIRCUITRY I 

BUILD 16 RADIO 
CIRCUITS AT HOME 
with the New Deluxe 1958 

PROGRESSIVE RADIO "EDU -KIT" 
A Practical Home Radio Course 

Now Includes 
* TRANSMITTER 
* SIGNAL TRACER 
* SIGNAL INJECTOR 
* CODE OSCILLATOR 

Rag. U.S. 
Pat. Off. 

* No Knowledge of Radio Necessary 
* No Additional Parts or Tools Needed 

* Excellent Background for TV 

* School Inquiries Invited 
* Attractively Gift Packed 

YOU DON'T HAVE TO SPEND 
HUNDREDS OF DOLLARS FOR A RADIO COURSE 

The 'EduKit" offers you an outstanding PRACTICAL HOME RADIO COURSE at a rock -bottom price. Our Kit is designed to train Radio i Electronics Technicians, making u" of the most modern methods of home training. You will learn radio theory, construe tien practice and servicing. THIS IS A COMPLETE RADIO COURSE IN EVERY DETAIL. You will learn how to build radios, using regular schematics; how to wire and solder in a ional manner; how to service radios. You will work with the standard typo of punched metal chasse i as well as the latest development of Printed Circuit chassis. 
Yeu will learn the basic principles of radio. You will on truct, study and work with 

RF and AF amplifiers and oscillators. detectors, rectifiers, test equipment. You will learn, 

tóú blared e code, using the Progressive Code Oscillator. You will learn and practice 
g, using the Progressive Signal Tracer, Progressive Signal Injector, Progres- sine Dynamic Radio i Electronics Tester and the accompanying instructional material. 

You will receive training for the Novice, Technician and General Classes of F.C.C. Radio Amateur Licenses. You will build 111 Receiver, Transmitter, Code Oscillator, Signal Tracer 
and Signal Injector c uits, and learn how to operate them. You will receive an excellent background for Television, HiFi and Electronics. 

Absolutely no previous knowledge of radio or science is required. The "Edu -Kir' is the product of many years of teaching and engineering experience. The "Edu -Kit" will pro- vide you with basic education in Electronics and Radio, worth many times the complete prise Of $22.N5. The Signal Tracer alone is worth more than the price of the entire Kit. 

THE KIT FOR EVERYONE 
You do not need the slightest background 

in radio or science. Whether you are inter 
toted in Radie IL Electronics because you 
want an interesting hobby, a well paying 
business or job with a future, you will find 
the "EduKit" a worth -while investment. 

Many thousands of individuals of all 

ages and backgrounds have successfully 
used the "Edu -Kit" in more than 79 coun- 
tries of the world. The "EduKit" has been 
carefully designed, step by step, so that 
you cannot make a mistake. The "EduK,t" 
allows you to teach yourself at your own 
rate. No instructor is 

PRCGRESSIVE TEACHING METHOD 
The Progressive Radio "Edu -Kit' is the foremost educational radio kit in the world, 

and Is uni Ilyaccepted as the standard in the field of electronics training. The "Eck, Kit" uses the modern educational principle of -Learn by Doing." Therefore you construct. 
learn schematics, study theory, practice trouble -shooting -all in a closely integrated pro- 
gram designed to provide an eastly.learned, thorough and interesting background in radio. 

You 
function, 

egiby examining the various radio parts of the Edu- Kit." You then learn the 

set will 
theory 

enjoy i 
wiring of these parts. Then you build 

aleimiple radio. 
With this first 

set trouble-shooting. u ill 
listening to regular broadcast stations, theory, practice tetin 

and technique O dually.yun 
build a more a advanced 

and 
ateyo more advanced theory 

find yourself constructing more advanced multi-iube radio circuits, and 
own 

doingt 
rate, kulike 

professional Radio Technician. 
Included in the "Edu -Kit" course are sixteen Receiver. Transmitter, Code Oscillator, 

Signal Tracer, and Signal Injector circuits. These a 
re 

not unprofessional "breadboard" 
experiments, but genuine radio circuits, constructed by means of professional wiring 
and soldering on metal chassis, plus the new method of radio construction known as "Printed Circuitry." These circuits operate on your regular AC or DC house current. 

THE "EDU -KIT" IS COMPLETE 
You will receive all parts and instructions nee essary to build IS different radio and elec- 

tronics circuits. each guaranteed to operate. Our Kits contain tubes. tube sockets, vari- 
able, electrolytic, mica, ceramic and paper dielectric condensers, resistors, tie strops, cols, 
hardware, tubing, punched metal chassis, Instruction Manuals, hook -up wire. solder, etc. 

In addition, you receive Printed Circuit materials, including Printed Circuit chassis, 
special tube sockets, hardware and instructions. You also receive a useful set of tools, a professional electric soldering and nelfpowered Dynamic Radio and Electronics 
Tester. 'oThe "EduKit" also includes Code Instructions and the Progressive Code Oscillator. 
In addition to F.C.C.type Questions and Answers for Radio Amateur License training. You 
will also receive lessons for servicing with the Progressive Signal Tracer and the Progres- 
sive Signal Injector, a High Fidelity Guide and a Quia Book. You ive Membership in 
Radio -TV Club, Free Consultation Service. Certificate of Merit and 

rece 
Discount Privileges. 

You receive all parts, tools. instructions, etc. Everything is yours to keep. 

r---UNCONDITIONAL MONEY -BACK GUARANTEE----; 

FREE EXTRAS 
SET OF TOOLS 

SOLDERING IRON 
ELECTRONICS TESTER 
PLIERS CUTTERS 
ALIGNMENT TOOL 
WRENCH SET 
VALUABLE DISCOUNT CARD 
CERTIFICATE OF MERIT 
TESTER INSTRUCTION MANUAL 
HIGH FIDELITY GUIDE QUIZZES 
TELEVISION BOOK RADIO 
TROUBLE SHOOTING BOOK 
MEMBERSHIP IN RADIO -TV CLUB: 
CONSULTATION SERVICE di FCC 
AMATEUR LICENSE TRAINING 
PRINTED CIRCUITRY 

I SERVICING LESSONS 
You will learn troubleshooting and servicing 

ct practice 
progressive manner. You will repair the sets that you construct. You will learn symptoms 

and c of troubles in home. portable 
and c radios. You will learn how to 
use the professional Signal Tracer, the pique Signal Injector and the dynamic 
Radio 6 Electronics Tester. While you are learning on this practical way you will be able to do many a re'aiir job for 
your friends and neighbors, and charge fees which will far exceed the price of the Edu- Kit." Our Consultation Service will help you with any technical problems you may he. 

1. Stataitis. of 25 Poplar I., water 
bury. Conn., writes, 'I have repaired 
several sets for my friends, and made 
money. 

ready 
The "Edu -Kit" paid for itself, I was 

but 1 to 
spen 5240 for Course. 

es 

Kit." your ad and sent for your 

FROM OUR MAIL BAG 
Ban Valerie, P. O. Box 21, Magna, Utah: "The Edu -Kits are onderful. Mere 

I am sending You the questions and also the a 
n 

sw rs for them. I have been in Radio the last sever years. but like 
to work with Radio K Is and like to build Radio Testaing Equipment. I en- joyed every minute I worked with the 

i 
different kits; the Signal Tracer works fine. Also like to let you know that I feel proud of becoming a member of your 
Radio -TV Club." 

Robert L. 
Huntington, W. Va 1 .:"' "Thought ThoughtI would 
drop 

you 
few lines to say that I re 

my Edu -Kit. and was really amazed that such a bargain can be had at such 
a tow price. 

dios 
have re- 

Pairing and phonographs. My friends were 
r 
eally surprised to see e get into the swing of it so quickly. The Troubleshooting Tester that comes with 

the Kit is really swell, and finds the trouble. if there is any to be found." 

At no Increase In price, the i Edu -Kit" 
new Includes Printed Circuitry. You build 
a Printed Circuit Signal Injector, a 
unique servicing Instrument that can de- 
tect many Radio and TV troubles. This 
revolutionary new technique of radio 
construction Is now becoming popular In 
commercial radio and TV sets. 

A Printed Circuit is a special Insu- 
lated chassis on which has been depos- 
ited a conducting material which takes 
the place of wiring. The various parts 
am merely plugged In and soldered to 
terminals. 

Printed Circuitry Is the basis of mod- 
ern Automation Electronics. A knowl- 
edge of this subject is a necessity today 
for anyone Interested In Electronics. 

1958 Edition 

ORDER DIRECT FROM AD- RECEIVE FREE BONUS 
RESISTOR AND CONDENSER KITS WORTH S7 

O Send "EduKit" postpaid. I enclose full payment of $22.95. 
O Send EduKit" C.D.D. I will pay $22.95 plus postage. 

Send me FREE additional information describing "EduKit." 

Name 

Address 

PROGRESSIVE "EDU- KITS" INC. 
497 Union Ave.. Dept. 502RR. Brooklyn 11, N. Y. 

L -J 

5 
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Here's the Hobby 
As New as Earth Satellites! 

NOW YOU CAN BUILD 
RADIOS -MOTORS- RELAYS 

Powered by the Sun! 
YOU'VE READ ABOUT SOLAR BATTERIES ON EARTH SATELLITES!... and now solar 

batteries can power devices of all types for you! Beginners, hobbyists, engineers, 

everyone with a basic knowledge of electronics can have hours of fun and gain first- 

hand experience in the new science of harnessing solar energy... the power source of 

the future! Leading electronic parts distributors carry a complete line of precision 

made photovoltaic instruments that directly convert light into electrical energy. Best 

of all -they are not expensive, and with proper care will last indefinitely. Start this 

new hobby - today. It's easier than you think -and fun -to put the sun to work for 

you! It's the newest hobby under the sun! 

THIS 84 PAGE BOOK TELLS HOW SUN BATTERIES AND $ 
PHOTOCELLS WORK -GIVES PLANS FOR MANY PROJECTS 

Parkrd *,'tt mtwm,hon cos I .a v.. .' t .'., t. n I .r.t E. r,o: -n4 l'st"ted, 
II r.o.. . wnmg dlagrar.s.,ra y' so, . .. .. r esl!rg 10,,10 

INTERNATIONAL RECTIFIER CORP. 

B2M SUN BATTERY 

l'be 

tical 

FREE PLANS! 
tor the radio shown and other interesting 

devices will help you get started. Ask for the 

"PROJECT OF THE MONTH" 

At your electronic 

parts distributor! 

un,kr upbmurn condh ,rs 
A S.' r.1 ,.i,rn Inr Or./ $ISO 

SPECIAL OFFER, The book and the B2M Sun Battery for only $2.85 at your distributor 

6 
ELECTRONIC EXPERIMENTER'S HANDBOOK 

BUY THE B2M, THE BOOK AND 

ALL OTHER COMPONENTS REQUIRED 

AT YOUR FAVORITE ELECTRONICS 

PARTS DISTRIBUTOR. 

l' ,. a are unable to locale Idem In 

.r ea. send check or money order to 

.'lONATIONAL RECTeIER CORPORATION. 

is SECUNDO, CALIFORNIA. 
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PROMPT SHIPMENT! 
ONE YEAR MONEY BACK 

GUARANTEE!! 

FREE BONUS 

ANTENNA GIVEN 

WITH ANY TV SET 

ORDER! 

I958 Edition 

We Have OVER 1000 
USED TV SETS 

At All Times in Our Kuye Ware- 
house. Sup on or m e of 
Therese' WORKINGe TV's to sell o 
.0e as your own second set! All 

in GOOD WORKING ndi- 
tion: Tour choice- COnsoie or 
Table Model. 
10 ".. $23.00 19 ".. $58.00 
12" $28.00 20 ".. $64.00 
14 ". $33.00 21 ". . $72.00 l6" $40.00 . $99.00 
17" $46.00 
When Orden nq TV's stair 
w firth rr table model console 

droned. Also err /erenee On 
make of art. All TVs sent rail- 
way ra Orros e. 0.9. Newark. On 
any quantity WIRE or CALL 
today! 

SEND for our 
FREE complete 

TUBE AND 

PARTS LIST 

and order 
blank. 

FREE POSTAGE in U.S.A. and Ter- 
ritories on orders over $5.00. 25E 
handling charge on Orders under 
55.00. 25% deposit regtbed on 
C.O.D.... Please send apploa inat. 
postage or freight on Qafladiaan: And 
foreign orders. Subject td PrtoPYlas 

EIECTRJC COMPANY o,or 
79 CLINTON PL. NEWARK, N. J. 



THE ONLY COMPLETE 

ELECTRONIC COURSE 

Only CTS offers you COMPLETE training in all phases of Elec- 
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invisible light beam 

may be used for many 

household purposes 

by harvey pollack 

Infrared Photocell System 
The infrared beam from the light source described in this article is abso- 

lutely invisible even in a pitch -black room. Yet, when the beam is broken, it will trig- 
ger the transistor -solar cell relay at a distance of 30 feet. This equipment is 
particularly adaptable as a secret burglar alarm, an invisible lamp -lighter in a 
child's room, or as a trigger for animal traps. It may also be used for door- openers, 
overhead garage -door controllers, annunciators in professional offices, and driveway 
floodlight controllers. Although the photocell amplifier is a.c.- operated, the current 
drain is so minute that a 22% -volt battery may be substituted for the power supply. 

Both the photo -relay and the light source will fit into 4" x 5" x 6" aluminum boxes. 
Any type of case is suitable for the photocell amplifier since it generates no heat. 
The automobile lamp used in the light source does give off heat but a metal cabinet 
dissipates it easily. No ventilation holes are necessary; thus, there are no light leaks 
to advertise the location of the source in a secret installation. 

photo -relay 
The chassis selected as the foundation for the relay unit measures 3" x 6',x" x 1 ". 

The first step in the construction is to cut it down to fit the Minibox. In the final 
adjustments, the chassis is slid into a position where the beam received by the photo- 
cell lens is focused sharply on the face of the solar cell. 

A holding bracket is next on the construction list. It is 2" long and 1%" high, and 
is fastened to the front apron of the chassis by means of two small machine screws. 
It may be slotted to make chassis movable by drilling small holes side by side and 
using a file to clean up the lines, or by using a "nibbling" tool starting from a ryi,j' 

hole. The latter procedure was used in the model; it does a very neat, quick job. 
Bear in mind, while laying out the chassis, that the light from the lens must have 

unobstructed passage to the face of the NATFAB solar cell. Assuming that you have 
purchased the lens specified in the parts list, a 1%" hole should be punched in the 
front panel of the photo -relay case with its center about 31,s" from the bottom of 
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Assembly of the infrared optical sys- 
tem. The frame of the lens (center) 
is snipped off with diagonal pliers, 
and the lens set into the flange of 
the infrared filter holder (left). A 
piece of spaghetti tubing, about IA" 
in diameter, is fitted around the 
edge of the lens, and the serrations 
of the flange are then bent inward 
fo hold the lens in place (right). 

the case. The lens is supplied mounted in a plastic frame which is used as a con- 
venient support. With the lens held over the panel opening, locate the spot for the 
supporting screw that will go through the hole in the handle of the frame and drill a #27 hole at this point. 

The wiring is straightforward, as shown in the schematic diagram. Wire lengths 
are not at all critical. Particular attention should be given to the voltage polarity on 
the transistors. Be sure that the minus lead of the power supply connects to the first transistor (TRI) collector through the resistors R2 and R3 and to the collector 
of the second transistor (TR2) through the relay coil. 

This photocell alarm relay, originally designed as a burglar alarm, operates when 
the beam is interrupted by an intruder. For this kind of application, the normally 
open contacts are brought out to two insulated binding posts at the rear of the case. For the reverse action, the normally closed relay contacts may be brought out to the posts. 

light source 
The light source case contains the 6.3 -volt, 6- ampere filament transformer and a 

double -filament 32- candlepower auto headlight lamp. The headlight socket is held 
between the jaws of a #27 battery clip so that either filament is approximately 

Completely wired chassis of the photo -relay. A 
seven -lug terminal strip supports the small resistors and 
serves as a tie strip for transformer wires, etc. Trans- 
former TI and sensitivity control R3 must be placed 
so that they do not obstruct the light beam path. 

The above view of the photo -relay shows 
the transformer mounting clearly and the rela- 
tive positions of R3, s.p.s.t. switch SI, and the 
Sigma relay, RLI. You can also see the front 
of the solar cell (P -I00) which is plugged 
into holes #4 and #6 of the octal socket - 
1958 Edition 



CASE 

TI 

SPAGHETTI TUBING 
FLANGE 
BENT 

OUT WARD 

-e--3 5/8" 
IAPPROx) 

PLI 

INFRA -RED 
FILTER 

LENS 
FLANGE BENT INWARD 

PLI-6-volt auto headlight lamp, double filament, 32 

cp each 
SOI -Auto headlight socket for double -filament lamp 
TI- Transformer, I17 -volt primary, 6 -volt at 6 -amp. sec- 

ondary (Thordarson 21F11) 

1-ß4" x 5" x 6" grey hammertone aluminum cabinet 
(ICA #29812) 

I- Galvanized iron battery clip, size #27 
1-1%"-diameter lens, 3% focal length, in plastic 

frame (Lafayette Radio Corp. Catalog #F -46) 

I- Infrared filter in adapter holder (Maurer MC -430- 
available from Barry Electronics, 512 Broadway, New 

York 12, N. Y.) 

General layout, wiring and parts list for the infrared light source. 

MARVELCO JI MARVELCO JI 
TR TR2 PHOTOCELL 

P -100 

SOCKET FOR 
PHOTOCELL 

P -100 

II 

SI 

LINE PLUG 

OUTPUT 
TERMINALS 

Parts of the photo -relay are interconnected as shown in this pictorial diagram. 

3%" from the center of the lens. The distance of the filament from the lens is easily 
changed by sliding the socket backward or forward between the jaws of the battery 
clip. 

Putting the infrared lens assembly together is a simple matter. Using a pair of 

diagonal pliers, cut through the plastic frame of the lens in two or three places so 

that it may he peeled off. Set the lens in the wide portion of the infrared filter holder 
and lay a piece of thick spaghetti tubing around its edge. Carefully bend the flanges 
downward to exert pressure all around the circumference. This holds the lens firmly 
in place without a metal -to -glass contact. 

Cut a hole in the front panel of the light- source case the same distance up from the 
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MARVELCO JI MARVELCO JI 
TRI TR2 

C _ C 

OUTPUT 

Schematic and parts list for the photo -relay. 

CI-4 -pfd., 150 -volt electrolytic filter capacitor 
P- 100 -Silicon solar cell, equipped with prongs for 

mounting in octal socket (National Fabricated Prod- 
ucts) 

RI- 22- megohm, 1/2 -watt carbon resistor 
R2 -8200 -ohm, 1/2 -watt carbon resistor 
R3- I- megohm linear taper potentiometer (Mallory 

U -54) 

RLI -Sigma 4F relay, adjusted to pull in at 2 ma. 
51- S.p.s,t. toggle switch, 120 -volt, 3 -amp. type 
SRI- 65 -ma., I17 -volt selenium rectifier 
TI- Transformer, 25.2 -volt, 1-amp. secondary, primary 

117 volts a.c. (Stancor P -6469) 
TRI, TR2- Transistor (Marvelco Type JI or equivalents 

such as G.E. 2N76, G.E. 2N45, or RCA 2N109) 
1-4" x 5" x 6" grey hammertone aluminum cabinet 

(ICA _29812) 
1 -3" x 61/4" x 11/4" aluminum chassis, miniature open - 

end type (ICA 29080, cut down to fit) 
1-15/8"-diameter lens, 3s /e" focal length, in plastic 

frame (Lafayette Radio Corp. Catalog #F -46) 

PHOTORELAT 

INFRA -REG BEAM 

LIGHT 
SOURCE 

(A) 

PHOTO- 
RELAY 

IBI 

LICHT SOMME 

MIRROR 

If light source and photo -relay are set up 
at opposite ends of site, as in (A), you will 
need two different outlets. They may be 
set up side by side, however, both a.c. plugs 
then going to the same duplex outlet, as in 
(B); a small mirror reflects beam back to re- 
lay and the total throw distance is doubled. 

>BINDING 
POSTS 

15V.. FLASHLIGHT LAMP 

r 1.5V. 
FLASHLIGHT CELL T 

Connections of test lamp setup that may 
be connected to the relay binding posts dur- 
ing adjustment of photo- relay. These help de- 
termine the position of the Sigma 4F relay 
contacts while the setup is being adjusted. 

HOW IT WORKS 
An infrared light beam will develop a voltage 

across a NATFAB silicon cell. The current in the 
transistor (TRI) base -emitter circuit is very small and 
very little collector current flows. Bias on TRI is 
established by setting the control R3, and is adjusted 
so that the collector current of the second transistor, 
TR2, is too small to pull in the relay. 

Interruption of the infrared beam removes the 
bucking voltage developed by the silicon cell. A 
current then flows through the base -emitter circuit 
of TRI, increasing the collector current. This current 
produces a voltage drop across the R2 -R3 combination 
which reduces the bias on TR2. Its collector thus 
passes enough current to pull in the relay armature. 

bottom as in the photo- relay. The hole size should be carefully chosen so that the 
smaller flange of the infrared filter holder fits into it snugly without light leaks. 
Finally, bend the inside serrations against the sides of the hole to prevent the 
assembly from falling out. 

If there are objectionable light leaks due to improper fit anywhere on the case, 
these may be sealed with black vinyl insulating tape. 

installation 
Line up the light source and photocell relay with the infrared beam sharply focused. 

Although the beam itself is invisible, a dull red glow may be seen in a slightly 
darkened room by looking into the lens of the light source. Slide the 32- candlepower 
lamp back and forth between the jaws of the battery clip until a projected spot is 
focused on the lens of the photocell. 

It is absolutely essential that the infrared beam be focused sharply on the solar 
cell. It may be necessary to shift the box slightly laterally or up or down to get prop- 
er alignment. Experiment with the setup until you become familiar with the best 
orientation of the two cases. After that, you can increase the distance between the 
units up to 30 feet and still obtain positive relay action. 
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Picnic PowerAmp 
by louis e. garner, jr. power transistor 

adds pep and volume 

to pocket radio 

Do you own a personal portable radio receiver? If you do, or if you've ever 
listened to one, you know why they are called "personal" receivers -the output vol- 
ume is not exactly room -filling. But most pocket receivers are equipped with an 
earphone jack. Earphone listening is possible under background noise conditions that 
would make loudspeaker listening impossible with the limited volume available. 

If you'd like to provide your receiver with truly "room- filling" loudspeaker volume, 
you'll find it's a cinch if you use the "Picnic PowerAmp." It can be plugged into the 
"phone" jack of any piece of equipment designed to power a moderate -impedance 
(1000 to 8000 ohm) magnetic headset. The instrument takes the low -power signal, 
amplifies it, and drives a good -sized (6 ") loudspeaker. 

construction hints 

The simple design of the Picnic PowerAmp is made possible by the use of CBS - 
Hytron's new low -cost p -n -p power transistor -the 2N255. Aside from the battery, 
only nine electrical components are required. If you're handy with a soldering iron 
and other shop tools, you should be able to assemble this project in a single evening 
... even allowing time for a coffee break or two. 

You'll need two small chassis. One is used as a heat sink for the 2N255 power 
transistor ... it serves to absorb and to dissipate heat generated by the transistor 
and keeps the transistor's temperature from rising to a dangerous level. The other 
chassis is for wiring the circuit proper. To insure good heat dissipation, mount the 
2N255 flat against its heat sink using small machine screws and nuts. Provide 
over -sized holes for the base and emitter 
pins. Transistor pin connections are iden- 
tified in the sketch on page 16. 

The transistor's collector electrode is 
connected directly to its outer case, thus 
insuring an adequate transfer of heat from 
its junction to the external heat sink. This 
construction makes it necessary to insu- 
late the heat sink chassis from the main 
circuit chassis. 

As far as the main chassis wiring is con- 
cerned, neither circuit layout nor wiring 
arrangement is critical. However, keep the 
input (Ti) and output (T2) transformers 
reasonably well separated and mounted 
with the cores at right angles. 

The battery power supply may be mounted 
in the same cabinet with the amplifier 
chassis and the loudspeaker. Use a secure 
mounting arrangement to keep the battery 
from shifting position when the completed 
amplifier is carried about. You can mount 
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"Picnic PowerAmp" is shown in photo above 

ready for operation. The pocket receiver is placed 

on the amp, and the input for the amp is taken from 

the headphone jack output of the pocket receiver. 

1 

I'' 
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Above are two views showing the mounting details for the heat sink 

for the 2N255, fhe power transistor. Fcur flat fiber washers should 
insulate the chassis for the heat sink from the amplifier chassis. 

the battery securely by using a small "L" 
bracket. 

Don't feel limited to a 6" or 8" loud- 
speaker. You can use any PM loudspeaker 
having a 3.2 -ohm voice coil -from 3" to 
12" in diameter. However, best results are 
obtained with larger speakers. 

If you want more output power and are 
willing to accept the penalty of shorter 
battery life, drop the value of R1 until 
collector current -as measured with a mil - 
liammeter inserted between switch S1 and 
the red lead of T2- equals 500 ma. You 
can determine RI's value by experiment, 
but it should be in the neighborhood of 
100 ohms or less. Under these conditions, 
the circuit will deliver very close to a full 
watt when driven to maximum output. 

operation and use 

You'll need to prepare a short two -con- 
ductor connecting cable. At one end, 
mount a small plug which fits input jack 
J1. The "hot" or signal lead connects to 
the center terminal . . . that is, with the 
plug in place, to the blue lead of Tl. At 
the other end of the cable, mount a plug 
which fits the headphone jack of the 
pocket receiver. Then plug in both ends 
of the connecting cable to the appropriate 
jacks and turn on the equipment. Note 
that no gain control is provided. You sim- 
ply use the volume control in the receiver. 

Most builders will ask ... "how many 

Below -chassis view of the wired "Picnic Power - 
Amp" amplifier (above, right) shows the parts lay- 
out. Directly at the right is a rear view of the com- 
plete amplifier assembly installed in its cabinet. 
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TO SPEAKER 

TO BATTERY 

Pictorial and schematic 
tions are identified in the 

1.2115 
POI CO..CCTqee 

C2 

2N255 
Cl TRI 

50 ed 

a 

d. 

diagrams for the amplifier circuit. Transistor pin connec- 
sketch at the left of the schematic. See parts list below. 

SPKR 

INPUT 
ax 

3.3K 
MCC Ma) 

B' 111äI 61.; o 
BI-6 -volt battery (Burgess No. 2F4) 

CI -50 -pfd., 25 -volt electrolytic capacitor 
C2-0.l -pfd., 200 -volt tubular capacitor 
JI -Input jack 

M. 
MT wan == 

RI- 3300 -ohm, I -watt carbon resistor (see tent) 

Sl- S.p.s.t. toggle switch 

TI -500 -ohm to 8 -ohm transistor transformer (Ar- 

gonne No. AR -I64) 
12-48 -ohm to 3.2 -ohm output transformer (Argonne 

No. AR -503) 

TRI -2N255 power transistor (CBS -Hytron) 
PM SPKR -PM loudspeaker, 6" to 8" diameter, 3.2- 

ohm voice coil 
I -Heat sink chassis, 4" x 31/4" x I" (ICA No. 29082) 

I -Main chassis, 33/4" x 41/4" x 11/2" (ICA No. 29079) 

I- Cabinet (ICA No. 3935) 

I- Battery plug 
Misc. terminal strips, soldering lugs, fiber shoulder 

and flat washers, rubber grommets, assorted ma- 

chine screws and nuts 

hours can I get from a battery ?" . ..whenever they are contemplating a bat- 
tery-operated piece of equipment. This issimilar to asking . . . "how many miles to 

a tank of gas ?" . . . when discussing automobiles. However, if you employ the bat- 
tery specified in the parts list, and do not attempt to increase the output power by 

dropping the size of R1, you can expect about two hundred (200) hours total opera- 
tion, assuming you run the Picnic PowerAmp only about six hours per day. If you 

use it for shorter periods, you can expect longer battery life. 

how if works 

The Picnic PowerAmp uses a p -n -p power transistor as a single -stage transformer- coupled Class A power amplifier. 

The common- emitter circuit configuration is employed. e 

In operation, input transformer 71 matches the moderate output impedance of the radio receiver or other equipment 

with which the unit is used to the low input impedance of the power transistor. CI serves as a d.c. blocking capacitor 

to prevent the low resistance of Ti's secondary winding shorting the base bias current of the transistor, supplied 

through base resistor R1. 

Output transformer T2 matches the output impedance of the amplifier stage to the low impedance of the loud- 

speaker's voice coil. Feedback capacitor C2, between the collector and base electrodes, introduces an out -of -phase 

feedback signal into the base circuit -which tends to reduce harmonic distortion. 
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D.C. Supply for Small A.C. /D.C. Motors 

,,. .,..,,,¢ 
, Sit 

<u 
WS_.____ -. 

h .r- _ ....'. s,x. 

N+ 
SR 

5Ó0 MA. 
CI + 

1001Nfd. 

This power supply can be used to in- 
crease a motor's speed and prevent exces- 
sive heating. Very simple to construct, it is 
designed primarily for small high -speed 
motors used on a.c. or d.c., such as the carv- 
ing motor shown at the top of this page. 

Both the selenium rectifier (SRI) and 
the capacitor (Cl) can be obtained from 
your local dealer in electronic parts. Con- 
struct the base and uprights from 
wood stock, and drill a 1/4" hole in each of 
the upright pieces to pass the electric cord 
and wiring. The socket (SO1) , capacitor 
and rectifier are then mounted and wired 
as shown in the diagrams. 

Cut a protective shield from hardware 
cloth or wire screen (see photo above); 
then bend and fasten it with wood screws 
and washers. As an added safety measure, 
tape the exposed socket connections. 

The d.c. supply must be used with mo- 
tors drawing less than 0.5 ampere; those 
drawing more current will burn out the 
rectifier. It can only be employed with motors using 
a.c. will not work on the d.c. output of the rectifier. 

For a faster, smoother shave, try your electric razor with 
be sure that your razor has an a.c. /d.c. motor. 
1958 Edition 

d.c. or a.c. /d.c.; motors using just 

this power supply. However, 
-Carleton A. Phillips 
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Sensitive 
Light- Operated Relay 

A flashlight beam will pull it in from 

20 feet away -without a magnifying lens 

by frank h. tooker 
i 

Here is a light- operated relay circuit that has wide application. It uses a pair 
of inexpensive transistors, yet is so sensitive that the beam of an ordinary flashlight 
will operate the relay at a distance of 20 feet -without a lens in front of the photocell! 

You will probably want to feed a 117 -volt power line to the contacts of relay RL1 
to operate a lamp, fire or burglar alarm, bell, gong, or a counter. A miniature power 
source, employing an Argonne AR -100 transistor transformer (Ti), a tiny germanium 
diode (CR1), and a miniature filter capacitor (CI), is incorporated to supply the oper- 
ating current. 

Since this relay is suitable for many uses, each setup will be best determined by the 
constructor. The one shown in the photo is an experimental hookup with plenty of 
open space, although it is assembled on a chassis measuring only 3' /2" x 3'2" x 1 ". The 
photocell should be thoroughly shielded by a hood or a suitable length of cardboard 
tubing to prevent extraneous light from entering the cell. 

With the photocell in total darkness, adjust sensitivity control R3 in the direction of 
increasing resistance until the relay pulls in. Then, very slowly and carefully, rotate 
R3 in the opposite direction (decreasing resistance) until the relay just drops out. This 

SPI CK722 
TRI 

CK722 
TR2 

RLI 

e, 

LINE CORD í' \ AND PLUG 

OUTPUT TO 
CONTROLLED DEVICE 

Check these diagrams in building the relay. Parts layout need not follow photo above; you may pre - 
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is the point of maximum sensitivity. For 
applications requiring a lower sensitivity, 
adjust R3 in the direction of decreasing 
resistance until the desired sensitivity is 
obtained. 

If you want to use a magnifying lens in 
front of the photocell for weak -light or 
long- distance operation, choose a lens that 
is 2" to 3" in diameter and, with the lens 
aimed at your light source, adjust the 
spacing between the lens and the photocell 
until a circle of light just covers the width 
of the cell. Inexpensive magnifying lenses 
well suited for this purpose are available 
from Edmund Scientific Corp., Barrington, 
N. J. 

how it works 
The coupling between transistors is actually a Wheat- 

stone bridge. Resistors R4 and RS make up two of the 

bridge arms. The third arm consists of RI in series 

with the emitter -to- collector resistance of TRI, and 

the fourth is composed of R2 and R3 in series. 

If the bridge is balanced, the voltage drop across 

R2 plus R3 will equal the voltage drop across R4. 

With the circuit in this condition, the base current of 

TR2 will be zero. In actual practice, R3 is set to allow 

a small bias current to flow to the base of TR2. 

When light strikes SPI, the base of TRI is driven 

in the forward- current direction, causing the emitter - 

to- collector resistance to decrease. This further un- 

balances the bridge. A large part of the current 

which flows through TRI is fed directly to the base 

of TR2. Here it is amplified again and fed to the 

relay, RLI, causing the relay to close. 

fer more compact construction, depending on the application. 
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parts list 
Cl -20 -pfd., IS -volt, miniature, 

transistor -type electrolytic capac- 
itor (Lafayette) 

CRI -IN6Ó or IN34 crystal diode 
RI -100 -ohm, I/2 -watt resistor 
R2 -4700 -ohm, '/2 -watt resistor 
R3- 50,000 -ohm potentiometer (sen- 

sitivity control) 
R4 -1000 -ohm, /2.watt resistor 
RS- 10,000 -ohm, '/2 -watt resistor 
RLI -8000 -ohm sensitive relay (Sig- 

ma 4F /8000 -S /SIL or equivalent) 
SPI -Selenium photocell (Interna- 

tional B2M) II- Transistor transformer (Argonne 
AR -I00) 

TRI, TR2 -CK722 transistor 
2- Transistor sockets 

I -Metal or plastic miniature chas- 

sis (if metal is used, insulate SPI 

from the chassis) 
I -Power cord and plug 
2- Terminals (or I outlet recepta- 

cle) for relay connections to the 
controlled device 

Misc. hardware, wire, solder, etc. 
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intercom projects 
Project No. 1 Table Radio Conversion 

by r. I. winklepleck 

Project No. 2 Transistorized Intercom 
by I. e. garner, jr. 

Project No. 1 

With a bit of judicious rewiring, you can change your mild- mannered little bedroom or kitchen radio into the "master's voice" of your household. What was once a quiet little stick -in- the -corner can summon Dad from his workshop, the children from their TV, or even Rover from his bone. In addition, it will answer the door and question the salesman, all without Mom having to stir a step from her kitchen. 
A dual -purpose unit is not an original idea in itself as several intercom models of this type are commercially available. However, the commercial models usually feed the signal into the radio's first audio stage. This works well enough for the high output of a crystal pickup of a record player, but it's woefully weak for amplifying the output of a PM speaker used as a microphone. 
What's needed is a little more "soup." This can be easily added by wiring the switching circuit so that a five -tube radio becomes a three -stage intercom amplifier instead of a two -stage one. The schematic shows a portion of a typical a.c. /d.c. radio with the comparatively few alterations necessary to make the change. 

Photo at right shows 
a.c. -d.c. radio set 
converted for use as 
radio -intercom unit. 

assembly 
For ease of assembly, a 6 -pole, 3- position, non -shorting (spring return to one side) rotary switch was selected. It not only makes the conversion from radio to intercom, but switches the local and remote speakers back and forth for intercommunication. 

This switch occupies very little space, and it should be possible to find room for it, the input transformer and the intercom volume control (if one is used) in the radio's 
20 ELECTRONIC EXPERIMENTER'S HANDBOOK 



Front and back views of the radio- intercom show how the ro- 

tary switch may be added to an existing chassis. Switch and in- 

tercom volume control are mounted on a piece of scrap alumi- 

num which is bolted to the speaker frame. The assembly will prob- 

ably fit into your present cabinet, or you can design a new one. 

In the close -up view below, you'll see how the input trans- 

former is mounted on the switch with an aluminum strap. Most 

of the wiring can be done before the switch assembly is installed. 
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present cabinet. You may, how- 
ever, wish to design a special 
cabinet both reflecting the new 
character of your intercom - 
radio and providing plenty of 
space for the added compo- 
nents. 

The conversion was made to 
an old chassis from the junk 
box. It has the conventional 
a.c. -d.c. circuit with a 12SK7 
i.f. tube, a 12SQ7 detector /am- 
plifier and a 50L6 power output 
tube. As can be seen, the func- 
tion switch and new volume 
control are mounted on a piece 
of scrap aluminum which is 
bolted to the speaker frame. 
This results in a symmetrical 
arrangement of the controls 
and is quite attractive. 

One disadvantage of a switch 
with 24 contacts is the maze 
of wires serving it. However, 
by mounting the input trans- 
former on the switch with an 
aluminum strap, we find that 
we can complete 90% of the 
wiring in the open before the 
switch assembly is installed. 
This pre -wiring may look 
pretty complicated, but the 
worst is over when you have 
finished it. At this point, it's 
only necessary to attach ten 
color -coded leads to the set and 
two to the binding posts for the 
remote speaker leads, and the 
job is done. 

The radio's volume control is 
deactivated by this conversion; 
the separate intercom volume 
control is shown in the sche- 
matic. 

precautions 

Adjustment of the intercom 
gain is made by using exactly 
the correct plate lead resist- 
ance (R2) for the preamp /i.f. 
tube. Because of the circuit 
employed, the tube manual 
cannot show the exact load 
value needed, so it is necessary 
to connect a potentiometer of 
at least 100,000 ohms in place of 
R2 temporarily. Adjust it until 
maximum gain with minimum 
distortion is achieved. Check 
the pot with an ohmmeter and 
then replace it with a resistor 
of the nearest value. 

This is a rather tricky con- 
version in some respects. Wir- 
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The partial schematic above is of a common type of a.c. /d.c. home receiver. The lettered ter- 
minals on switch shown beneath it should be connected to similarly lettered points in receiver. 

parts lisf 
CI- 0.1 -µfd. tubular capacitor to one side (Centralab 1449) 
RI- 3.5- megehm potentiometer TI- Intercom input transformer, speaker voice coil to 
R2- 20,000 to 40,000 -ohm, I/2 -watt resistor (see text) high -impedance input (Standard Transformer Corp. SI-ó -pole, 3 -pos. non -shorting switch, spring return A -4744) 

how if works 
The signal from the remote speaker, which can be a 4" or 5" unit like the one in the radio, is fed into an 

intercom input transformer. From here it passes through a resistor /capacitor network to match the input 
impedance of the set's i.f. tube, which has been changed into a preamp. 

Emerging at the plate of the i.f. tube, the amplified signal passes through a capacitor to remove the d.c., and 
proceeds through the radio's unmodified first audio and output stages, and thence to the speaker. 

The switch, in its first position, restores the original radio circuit. Positions 2 and 3 change the radio into a 
three -stage amplifier with position 2 for "listen" and 3 for "talk." 

Gang A isolates the front end and feeds the intercom input to the control grid of the i.f. tube. Gang B breaks 
the voltage supply to the i.f, tube and through load resistor R2 and interaction with Gang C, feeds this voltage 
directly to the plate of the i.f. tube. Gang C also isolates the radio's volume control and feeds the signal, through 
a capacitor which removes the d.c., to the grid of the first audio tube. 

Gangs D and E merely shift the local and remote speakers from the front to the rear of the amplifier in the 
customary intercom manner. Gang F is used to isolate the remote speaker leads completely when the unit 
is being used as a radio. 

ing the switch is tedious and can be downright confusing. The leads must be color - 
coded or you'll become hopelessly lost. 

If the set's output transformer is mounted directly on the speaker frame, it would 
be well to move it. On the "talk" position, there might be some feedback between it 
and the speaker voice coil if they're too close together. Not all sets have one side 
of the speaker voice coil grounded, and this must be done. 

The switch should be mounted as far as possible from the converter tube (which 
may be a 12SA7, 6SA7, or 12BA7) to reduce noise pickup. Leads from the switch to 
various parts of the set should be as short as possible. This is particularly true of 
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the lead going from the switch to point "G" in the plate circuit of the 12SK7. A few 

holes through the chassis may sometimes offer the shortest route. 
Each conversion presents its own special problems. Because of common tie points, 

some care and thought must be exercised in selecting the right place to break the 

circuit. Sometimes leads will have to be relocated to reduce hum pickup or feedback 

squeals. However, with an understanding of the principles involved, the conversion 

becomes an interesting and challenging project. 
The remote unit consists of an ordinary PM speaker housed in any manner which 

suits the situation. Since the switching during conversations is done at the master 
station, and since the sensitivity is excellent, the remote speaker can be inconspicu- 

ously mounted high on a wall or on the ceiling. 
One of the remote speaker leads may be "hot" in an a.c. /d.c. transformerless set. It 

is important, therefore, to use insulated wire to connect the remote speaker. Shield- 

ing should not be necessary. Usually an ordinary twisted pair, such as telephone 

wire, is satisfactory for this purpose. 

Project No. 2 

Transistorized Intercom 

Our efficient friend, the transistor, is finding new employment opportunities 
daily. Anywhere that a low- noise, low- impedance, and low current- consuming ampli- 

fier is required, there you are apt to find one or more of these little fellows inquiring: 
"Gotta job for me? I'm light -weight, heavy -duty and willing to travel." 

The home intercom system is a natural for "transistorization." By powering it 

from a 6 -volt battery, the possibility of shock or power supply hum can be eliminated. 
This unit is designed around three old standbys (CK722's or equiv.) and a newer type 

2N255 power transistor. The circuit is simple and you should have little difficulty 

either in assembling the components or raising the cash to buy them. 

construction 

The chassis can be constructed of a scrap piece of perforated Masonite, ',a" plywood 

(with holes drilled for parts mounting) or even sections of an old cigar box. It's a 

good idea to apply a couple of coats of acrylic spray to the "chassis" before mount- 
ing the components. This will prevent moisture from wilting it after installation 
in the cabinet. 

As can be seen from the photos, the power transistor is mounted with 6 -32 nuts and 

bolts, as are Ti, T2, and T3. Place a soldering lug under one of the 2N255 mounting 
nuts and use it for the collector connections. (The 2N255 has the collector internally 
connected to its shell and so the shell cannot be grounded.) Insert tie points wherever 
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convenient and run the common leads to them. The rear bracket and the brackets 
mounting the switch and control can be cut from an aluminum angle or shaped from 
sections of a "tin" can. 

Layout and wiring are not especially critical as long as care is taken to keep input 
and output circuits well separated, preferably at opposite ends of the chassis. If your 
intercom shows a tendency to whistle, squeal or howl, the problem is probably due to 
audio coupling through the power supply or to bad parts layout. 

The base resistor (R10) of the output stage is of a higher than normal value in 
order to minimize battery drain. If the circuit shows a tendency to distort or over- 
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Pictorial and schematic diagrams of the transistorized intercom. 

24 ELECTRONIC EXPERIMENTER'S HANDBOOK 



r 

Views of the parts placement layout of the transistorized intercom. In the 

photo at left, the amplifier chassis is shown from below with major parts 
identified. Photo at right shows intercom cabinet with all parts installed. 

load on strong signals, the value of R10 can be reduced. With the original 4700 -ohm 
value, the battery drain will be approximately 50 ma. Lowering the value of R10 will 
increase the amount of current drawn. As far as the input and output connectors are 
concerned, any convenient three -terminal strip will do. Binding head connectors were 
used in the model, but other types may be more easily available. 

The 6 -volt battery can be made up of four 11,!2-volt "D" flashlight cells mounted 
in series -wired battery clips. If more convenient, a single 6 -volt portable radio type 
"A" battery can be used. 

using the unit 
Operation of the master unit can be achieved with any standard PM speaker as 

a remote. Standard three -wire intercom cable should be used for interconnection of 
the master and remote. The remote speaker will transmit only when its push -to -talk 
switch is depressed. This feature can be disabled by connecting a jumper wire be- 
tween output terminals 1 and 2. 

After installation, the gain control, which is mounted at the rear of the chassis, 
should be preset to a standard operating level and should not need readjustment until 
the batteries age. 

This little job's independence of the a.c. power line makes it an ideal companion in 
areas where power is either not available or unreliable. 

parts 
BI--e-volt battery 
CI, C3- 2 -ufd., 6 -volt electrolytic capacitor 
C2, C4-10-pfd., 6 -volt electrolytic capacitor 
C5-30 -pfd., 6 -volt electrolytic capacitor 
C6- 100 -pfd., 6 -volt electrolytic capacitor 
Rl, R9 -100 -ohm, I/2-watt carbon resistor 
R2- 330,000 -ohm, 1/2-watt carbon resistor 
R3 -3000 -ohm potentiometer (Gain Control) 
R4, R7-4700-ohm, 1/2-watt carbon resistor 
R5- 270,000 -ohm, y, -watt carbon resistor 
R6-47 -ohm, I/2 -watt carbon resistor 
R8- 100,000 -ohm, 1/2-watt carbon resistor 
R10-4700-ohm, I -watt carbon resistor (see test) 
SI- S.p.s.t. toggle switch (Power) 

list 
S2- D.p.d.t. spring return rotary switch (Centralab No. 

1464) 
S3- S.p.d.t. normally open push - button switch (Mallory 

2003 -L) -in Remote 
TI -Input transformer; 3 -ohm primary, 4000 -ohm sec- 

ondary (Argonne No. AR -125) 
T2- Driver transformer; 500 -ohm primary, 8 -ohm sec- 

ondary (Argonne No. AR -164) 
T3- Output transformer; 48 -ohm primary, 3.2 -ohm sec- 

ondary (Argonne No. AR -503) 
TRI, TR2, TR3 -CK722 transistor (Raytheon) 
TR4 -2N255 transistor (CBS Hytron) 
SPKR. -4" PM speaker, 3-4 ohm voice coil 

how if works 
Standard intercom techniques are used in the switching circuits. The "push -to- talk" d.p.d.t. spring- return rotary 

switch (52) in the "master" interchanges the connections between the master's speaker and the speaker in the 
"remote" station. 

Input transformer TI couples the speaker used as a microphone to the first stage by matching the low impedance 
of the speaker to the 1000 -4000 ohm input impedance of the transistor, R4 and C2 serve as a decoupling filter and 
control R3 serves as the collector load. By having resistor R1 unbypassed, the input impedance of the stage is 

raised and enough degenerative feedback is introduced to insure stable operation. 
Base bias for the second stage is supplied through RS. R7 serves as the collector load. R6, like R1, is unbypassed 

and stabilizes TR2. The third (driver) stage uses the interstage coupling transformer, T2, to match the output 
impedance of the driver to the lower input impedance of the power output stage. The 2N255 transistor (TR4) is 

th, power output stage; base bias is supplied through R10. Output transformer T3 couples the output of the 2N255 

to the loudspeaker voice coil. 
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Installing a 

Back Seat 
Speaker 

WIRE SWITCH. The switch, with I triple, 2 double 
contacts, taps line from transformer to front speak- 
er, with extension line and ground for rear. Solder 
long "blue" line to triple "both" contact. Hook 
2' "white" line to 2- contact "rear" position, "red" 
to 2- contact "front" post. Mount under dash. 

The car's interior is an almost -perfect 
listening booth. The upholstery, carpet- 
ing and roof lining add up to a tailor - 
made baffle. But they also account for 
the usual inaudibility of radios from the 
rear seat. To overcome this, add a rear - 
seat speaker -it shouldn't cost you more 
than $5 or thereabouts. 

All you need are a 5" x 7" or a 6" x 9" 
PM speaker, a three -position switch 
(Cetatralab), 25 feet of #18 or #22 wire, 
a speaker baffle, a moulding, four mount- 
ing bolts and an escutcheon plate and 
sheet metal screws for mounting the 
switch below the dashboard. 

Follow the pictures on these pages for 
the easy, step -by -step instructions. You'll 
be amazed at the added listening pleas- 
ure you and your passengers will get. 

SPLICE TO OUTPUT. Cut line from transformer. MOUNT SPEAKER. If there's no cutout, trace tern- 
Splice "red" to transformer lead, "white" to speak- plate on rear shelf. (Use stiff paper to make your 
er lead. Run "blue" to trunk under mats and seats. own.) Drill holes, hold with bolts, trace speaker. 
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by 
joe petrovec 

and 

len prokine 

A professional -looking instal- 
lation of switch and speaker will 
be the end result for just $5 or so. 

...it's easy and inexpensive 

CUT SHELF. Using a sharp knife, carefully follow 
outline (above). Then lay moulding and baffle 
in place and drop mounting bolts through holes 
(above, right). Mount speaker from the trunk, using 
a weight to hold bolts in place (as shown below). 

SOLDER TERMINALS. Hook "blue" line to one 
terminal. Ground the other with a short line to the 
body (below). Then turn on radio and check oper- 
ation of speakers. If one or both don't work, or they 
are transposed in position, recheck your wiring. 
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Useful Battery Power Pack 
A n adjustable -voltage d.c. power source 

is a real necessity for breadboard tests of 
transistor circuits and for working with 
portable radios, test gear, or on experiments 
with miniature motors. If you've priced the 
necessary components, you'll know that 
building an a.c.- operated low- voltage power 
supply can be an expensive proposition. 
Here's an inexpensive, easy -to- assemble 
power pack that should be ample for most 
of your bench work. 

This power pack supplies pure d.c. at volt- 
ages ranging from about 1.5 to 9 volts, and 
at currents up to 500 milliamperes (0.5 
amp.) for short periods; and it can be used 
as a multiple power source. To assemble it, 
all you will need is a mounting base, a few 
battery "boxes," batteries, a handful of 
Fahnestock clips, and some small hardware. 
A piece of perforated Masonite can serve 
as a base. 

Rubber feet were mounted in each cor- 
ner of the model built by the author. Three 
Austincraft No. 144 battery "boxes" were 
used, connected to supply nine volts from 
six Burgess No. 1 dry cells. The output leads 
of each battery box were brought to a sep- 
arate pair of Fahnestock clips. The frames 
of all three boxes were bonded together and 

connected to another clip which is used for 
grounding. 

With this arrangement, you have three in- 
dependent 3 -volt sources. Two sections may 
be connected in series to furnish six volts 
or all three sections can be connected in 
series to supply nine volts. For heavy cur- 
rent drains, over an ampere, for example, 
the three sections may be connected in par- 
allel. Finally, where you need smaller volt- 
age increments, you can tea, a clip lead to 

"tap" into the individual battery boxes, ob- 
taining nominal output voltages covering 
the range of 1.5, 3, 4.5, 6, 7.5 and 9 volts. 

-E. G. Louis 

MAKING BATTERY HOLDERS FOR OVER 20 YEARS 
GIVES YOU WHAT YOU WANT IN A 

BATTERY HOLDER 
POSITIVE CONTACT POSITIVE INSULATION No. 39 

ACME BATTERY HOLDERS Takes 2 "D" 
cells in -line 65C 

The easiest. most prnct leal, and efficient way to Install dry cells or Mercury cells in any equipment or project where battery power 
is ,ao' 
'l'herc , :iii tI'N¡l'. h;n ler le eider for el cry .IrN cell ur nwrernt cell. 

EXCLUSIVE FEATURES ONLY FOUND IN GENUINE ACME BATTERY HOLDERS 
Every ACM E battery holder electronically tested to insure Pretlnned sehd copper terminals for easy connections. 
positive insulation. Approved fibre insulation. 
Always two or more mounting holes provided for secure No springs needed to keep an ACME battery holder together. 

Spring tempered genuine aircraft aluminum 
Brass contacts for better connection. 

MINIATURE PENCELLS HOLDERS =7 AND 912 TYPE 
Is ide- byside) 

=I holds I min. tenerli 2 Insulated termin:dsr.300 
s - 2.1 hold s 2 min. pencells 1_ imulattvl terminalsl.40e 

hold. 2 11101. M'nerIls 14 insulated termimd.,.500 
- holds :1 min. pencells In Insulated teraiinnls 65e 

I holds 1 min. petwells IN insulated termin:lsr.6Se 
REGULAR PENCELL (SIDE -BY -SIDE) 

holds 1 Pencell 12 ads. terminals) 300 
=ISA holds 2 peocelis Islandard 2 terminal) 400 
-d holds 2 pencells 14 Insulated terminalsl 500 

pencells III insulated ternlmdsl 650 . 7 holds 4 pemrtls IS insulated u'rrnlnals, 650 
MEDIUM "C" CELLS 15101141Y-SIDE) . 9 holds 1 "C" Cell 12 Insulated terminals, .400 

=inn holds 2 "C" Cells 12 insulated ternlnals,.400 
= 10 holds 2 "C" Cells 14 Insulated triminals 500 
.. _7 holds 7 "C" Cells 16 Insulated terminal:1 850 

No. 1 
No. 2 

Takes 1 Min. Pencell 
30C 

Takes 2 Min. Pencells 
SOc 

ACME MODEL 

always used. Strong clips prevent battery from spinning due to vibration. 
Complete range of voltages from ACME battery holden. 

"B" BATTERY HOLDERS- IN -LINE (END -ON -END) HOLDERS 
ALL TERMINALS INSULATED (ALL TERMINALS INSULATED) 

=13 holds 1 2'1, v. U -I5 and 412 t'' pe....40e 
_.37 huhls 2 regular pCells 

2 y =;1N hinds ' n lium es 60c 
.1.1 holds 2 22,.v. U -15 and 412 type....500 =39 holds 2 large "0" cells.6S0 
=15 holds :3 22, 11v. v. U 15 and 412 type....400 .76 holds 2 miniature 

1(1 holds I 311v. 11.21) and 417 lype....soc mucous .......... .50c 
=20 holds 2 311v. 11.20 and 413 type... .60c .29 holds 3 medium "C "ells 90c 

=S0 holds :l large I1" IIs.9SC 
=17 holds 1 30v. Y20 and 506 type....SOC BATTERY HOLDERS WITH 
=18 holds 2 30v. T20 and 306 type....0 ON -OFF SWITCH 
=44 holds 1 221 %v. Y -loss and 505 type....300 =IOU holds 1 -I," clI1 60C 
=45 holds 2 224.v. Y -15 and 505 type....500 021 hold.. 2 peovils 65c 
íl holds I 15v. U -10 and all type ....40e hrdds 2 I'1e6ulm "( " 

- 52 holds 2 15v. U10 and 411 tylx....SOC 
53 holds 3 15v. U -10 and 411 t3Me....85C 

.31 holds 1 15v. 3.10 and 504 type... 40c 
.:)2 holds 2 15v. Y -10 and 5114 type. ...500 

LARGE '0" CELLS (SIDE- BYSIDE) 
= 11 holds t '0" Cell 12 Insulated terminals, 400 

12A holds 2 "U" Cells 12 Insulated terminals, 40e 
.12 holds 2 "II" Cells 14 Insulated terminals, SOR 

=28 holds 3 0 Cells (6 Insulated terminals, 90e 
These are all list prices. Manufacturers and suppliers -- advise your needs 

for best possible quantity prices. 
This Is only a partial listing. Complete list Of ACNIE1 battery holders free 

n request. 
Ask for ACME battery holders from your supplier. Do not accept an inferior 
substitute. 

Order direct if not available. 
Add SC shipping charge for each holder ordered. 

cells ...ac 
S:f colds 2 I.:... '0" 

cells 75e 
-21 holds ^ miniature 

penrell 6Sc 

See Our Model R.R. 

Accessories and 
Model Plane Fuel 
Tanks at Your Hobby 
Store. 

ENGINEERING CO. 4703 -E Third Avenue, Brooklyn 20, N. Y. 

r 
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by richard graham 

The "Economy" 
Transistor 
Checker 

It doesn't take long to accumulate a small but varied stock of transistors once 
you start experimenting with these little gems. Fortunately, to determine whether a 
transistor is good or bad requires a tester of extreme simplicity. The "Economy" Tran- 
sistor Checker performs two sensitive tests which will quickly tell you if a transistor 
has been damaged due to overload or contamination of the germanium, whether the 
transistor is shorted or open -circuited, or if it is just excessively leaky. 

Construction of the transistor checker should take about one evening. It is housed 
in a 3" x 2" x 5 %" Minibox. Layout is not critical. 

The transistor socket requires a i:o_" xi rr rectangular hole. Lay out the hole size 
carefully on the front panel with a scriber, then drill two 1/s" holes within the rectangle. 
The remaining aluminum can be readily removed in a few minutes with a variety of 
small "Swiss Files." 

Mount the 6 -volt battery on the rear cover of the checker. Bend strap of scrap alu- 
minum so that it fits around the battery and clamp it firmly into place. 

Wiring the unit should present no problem if the wiring diagram is carefully followed. 
If you've worked with transistors at all, you've probably realized that particular care 
must be exercised regarding battery polarities and short circuits, etc. Usually you get 
one chance with transistors- unless you're fortunate and fast. 

Battery drain is small and intermittent, so solder the wire from the checker directly 
to the battery terminals. The battery should last for its shelf life. 

using the checker 
To test a transistor in the checker, it is first necessary to know which basic type 

of transistor you have, i.e., whether it is a p -n -p or n -p -n type. You can determine this 
from the manufacturer's description or from the polarity of the battery connections 
to the transistor if it is in a piece of equipment. A p -n -p transistor always has the 
collector supplied from the negative pole of the battery and the emitter supplied from 
the positive pole. The n -p -n type is reversed completely, i.e., the collector is supplied 
from the positive pole and the emitter from the negative pole of the battery. 

Once this fact is established, it is only necessary to set the switch on the checker 
front panel to the leakage position for the type of transistor under test. Plug the 
transistor in the socket provided and observe the reading on the meter. The data in 
Table 1 give representative readings for several transistor types (see page 31). 

In general, the lower the leakage, the better the transistor. It can then be noted 
that the inexpensive low- frequency types usually exhibit higher leakage than the more 
expensive low- frequency types. 

r 

i 
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Pictorial and schematic diagrams show how 
parts are interconnected. See parts list below. 

BI -6 -volt battery (Burgess Z4 or equivalent) 
MI-0-I ma. meter (Shurite, Electro Mech, or 

equivalent) 
R1, R2- 560,000 -ohm I/2 -watt resistor 
SI -3- circuit, 4- position switch (Erie =612 -08 or 

equivalent) 

COLLECT 

I I 

I I BASE 

I EMITTER 

TRANSISTOR 
SOCKET 

BI 6V. 

RI 
560K 

4 

2 

R2 
560K 

L SWITCH FUNCTION 
POS. 

I - P -N -P GAIN 
2 - P -N -P LEAKAGE 
3 - N -P -N LEAKAGE 
4 - N -P-N GAIN 

To check the common -emitter current gain, merely set the switch to the gain posi- 
tion. An upward swing indicates a current gain. If the leakage reading was very low, 
the meter reading, multiplied by 100, can be called the approximate beta (ß) for the 
transistor. At any rate, the meter reading can be checked against Table 1. 

If the transistor has an appreciable amount of leakage, the current gain (ß) can be 
obtained by observing the change in meter reading when switching from the leakage 
to gain positions. The difference between 
these two readings divided by the change 
in base input current which occurs when 
switching between leakage and gain po- 
sitions will give the common emitter cur- 
rent gain. For example, in the transistor 
checker, the base input current is 10.7 
microamperes. Thus, if the meter reads 
a change of 0.5 milliampere in going from 
leakage to gain positions, the approxi- 
mate current gain would be 0.0005 di- 
vided by 0.0000107, or 46.7. 

Many manufacturers rate transistor 
gain as alpha (a) which is the common - 
base current gain. This is a number al- 
ways less than "1" for junction transist- 
ors and is generally of the order of 0.98. 

Transistor 
Type No. 

Leakage 
Reading 

Gain 
Reading 

CK722 0.1 0.3 
2N107 0.1 0.5 
2N45 0.2 0.4 
2N78 0.05 0.55 
2N94 0.0 0.3 
2N137 0.1 0.7 

Table 1. Typical leakage and gain readings ob 
tained for several different types of transistors. 
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Looking into the transistor checker from the 
back, you can clearly see the layout of the parts. 
This unit will check any junction -type transistor. 
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Tricks with Banana Plugs and Adapters 

32 

It's a tough job to fit standard 
banana plugs onto Fahnestock clips 
without bending either the clips or 
the split noses on the plugs. Try 
'oldering short lengths of metal 
ubing onto some of your clips, as 

-,hown at left, to enable firm con- 
nections to be made between the 
clips and plugs. Obtain some steel, 
brass, or copper tubing having the 
correct inside diameter, and cut it up 
into %" or 1/2" lengths; then solder 
the sleeves onto the Fahnestock clips. 
If you have trouble locating metal 
tubing of the right inside diameter, 
you can bend your own sleeves using 
tin salvaged from a tin can. Another 
trick is to cut a lengthwise slot in the 
metal sleeve so that you can spread 
or pinch it to the correct inside diam- 
eter to fit the banana plug snugly. 

When you want to connect stand- 
ard banana plugs to apparatus using 
various types of binding posts, the 
simple adapters at left center will 
help you out. Obtain a No. 42 -S 
spring sash rod (10 cents at all dime 
stores), and clip off a few %" lengths 
with a pair of sidecutters. Uncoil one 
end of each piece of spring and 
straighten it out. Bend a '2" -long 
hook on some of the springs, and 
leave a '2"-long straight pin on the 
others, as shown. The binding post 
nearest top of photo is of the stand- 
ard variety, such as is found on "hot- 
shot" batteries, etc., and it uses the 
hook type of adapter. The one at the 
bottom is the "Eby" type having a 
hole to receive a wire lead, and it 
uses the straight -end adapter. 

With simple, insulated, dual re- 
ceptacles (below, left), you can quick- 
ly and economically extend test leads 
which use standard banana plugs on 
the ends. Cut off a few 1" -long pieces 
of the spring sash rod with your side - 
cutters and smooth the sharp edges 
of the cut wire with a file. To in- 
sulate your couplers, and to color - 
code them, half may be covered with 
black Mystik tape (see top coupler), 
and the others with red tape. The in- 
side diameter of the No. 42 -S rod is 
just right to make a snug fit with 
standard banana plugs, but any other 
spring stock or metal tubing of the 
correct inside diameter can be used 
instead. -Art Traufer 
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Building an 

efil**11 

"ECONOMY" 
Signal Generator 

by richard graham 

A signal generator means as much to the electronics experimenter and service- 
man as a hammer does to the carpenter. It is considered an essential tool of the trade. 
This particular signal generator is tailored for the experimenter with "good tool" taste, 
but without the financial resources to back it up. 

The "Economy" signal generator is fairly straightforward in electrical design. Al- 
though it uses only one tube, it offers a frequency range that can be spread or tailored 
to one's individual requirements. This is achieved by the use of plug -in coils. It also 
results in a general cost reduction ... particularly since the coil forms are free! 

Four plug -in coils cover the range of 375 kc. to 65 mc. The generator incorporates 
an internal 400 -cycle audio modulation. The audio tone is made available through the 
front panel to check audio systems, amplifiers, etc. 

Mechanical considerations involved in building a signal generator are as important 
as the electrical design. Ever try to lift a high -quality laboratory unit? It often takes 
two men to transport it across a room. Mechanically rugged and rigid construction is 
a primary aim in these generators. 

While the "Economy" generator can certainly be lifted by a very small boy, it has 
this same philosophy of good mechanical design in its layout. A steel chassis and box 
are used purely for mechanical rigidity. The rear edge of the chassis has a metal post 
stand -off and the plug -in coil bracket has a special metal post to hold it to the cabinet. 
These precautions make a fairly rugged unit in which the output is reasonably immune 
to pounding and vibration. 

construction 
The unit is housed in a black crackle 6° x 6" x 6" steel utility box with a 4%" x 51,,i" 

steel shelf. The 12AT7 is mounted vertically under the chassis, and the coil socket is 
mounted on a right -angle bracket formed from a 1% "x2'î" piece of steel. If short 
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OCTAL SOCKET 
FOR PLUG-IN 

COILS 

Pictorial and schematic diagrams 

and parts list for the signal generator. 
CI -50 -µpfd. ceramic capacitor 
C2-365-ppfd. variable capacitor 
C3, CS, C7, C8 -0.01 -pfd., 600 -volt 

disc ceramic capacitor 
C4- 0.25 -pfd., 400 -volt paper ca- 

pacitor 
J2 C6 -80 -40 pfd., 150 -volt electrolytic 

R.F. OUTPUT capacitor 
JI -Open -circuit jack 
J2- Coaxial jack 
PLI -P.lot light = RI- 15,000 -ohm, I/2 -watt resistor 
R2- 500 -ohm carbon potentiometer 
R3- 75,000 -ohm, I/2 -watt resistor 
R4- 56,000 -ohm, I -watt resistor 

\ R5 -2200 -ohm, 2 -watt resistor \ SI- S.p.s.t. switch 
S2- S.p.s.t. switch on R2 

\\ SRI- 6S -ma. selenium rectifier 
T2 52 

P.S.T. _ \ TI- Modulation transformer, 4000 - 
$ 

-"40-e ohm secondary, 10,000 -ohm can - 

CT 
01 1a 

ter -tapped primary (Stancor 
A3812) i T2 -Power transformer, 125 volt @ 

15 ma., 6.3 volt @ 0.6 amp. (Stan - 
OIP1a. cor P58415) 

VI -Type I2AT7 tube 

1/2 
12AT7. 

e_ 

SRI 
R5 65MA. 

2.2K + 
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Three views of the "Economy" signal genera- 
tor chassis show placement of the major com- 

ponents: Q bottom view; © right side view; 

and © left side view. Layout is very critical. 

leads are maintained in the coil (L1) and 
variable capacitor (C2) circuitry, you will 
find that there is nothing critical in the wir- 
ing. 

The coil forms can be salvaged from de- 
fective octal tubes. Just make sure that the 
coil is wound on the diameter base specified. 
Break a tube in a paper bag with a sharp 
hammer blow. The base can then be cleaned 
out with a pair of cutters. A screwdriver 
will pick or scrape out the cement. Remove 
wires from the pins by heating the pins with 
a soldering iron. After the solder has melted, 
give the base a sharp rap and the hole in 
the pin will be clear of both wire and solder. 

The post providing support between the 
rear chassis edge and cabinet and the post 
between the coil socket and cabinet are 
made up of standard 1" threaded metal 
spacers. They are fastened together by cut- 
ting the head off a screw and using the 
threaded portion to hold the two posts to- 
gether. 

calibration 
This poses a more interesting challenge 

than building the generator, but an accu- 
rate and reliable calibration, can be worked 
out with a good communications receiver. 
An "all- wave" receiver of undetermined ac- 
curacy can be used if it has a short -wave 
coverage up to approximately 22 mc. 

The calibration method to be described 
uses broadcast -band 'stations of known fre- 
quencies. These are made to beat against 
the generator fundamental and harmonics 
up through the highest frequency received 
by the receiver. The lowest frequency of 
the generator is around 375 kc. 

Let's assume that there is a broadcasting 
station at 800 kc. in your locality, and that 
the receiver is tuned in to this station. 
Place the receiver antenna close to the gen- 
erator output lead. If the low -frequency 
coil is plugged in the unit, and the generator 
is set to the lowest frequency (i.e., the vari- 
able plates of C2 are all in), as the genera- 
tor is slowly rotated toward the higher fre- 
quencies a beat note or whistle will be 
heard. 

As the dial is rotated, the beat note will 
first be noticed as a high -pitched whistle 
which decreases in frequency as the dial is 
rotated further. This continues until zero 
frequency difference is reached, known as 
"zero beat." As the dial is rotated still fur- 

SRI-. CHASSIS SUPPORT 

JI R2 
S2 

J2 

COIL BRACKET 
SUPPORT 

T2 TI C4 C5 C2 

0 
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375 KC.-2.0 MC. I B MC.-7.0 MC 

110 

E 
s 

6T 

, 
25 T 10 T 

22 T 

USE #36 ENAM. WIRE 
WOUND ON 3/8 DIA. 
OCTAL TUBE BASE 

7 

USE #30 ENAM. WIRE 
WOUND ON I I/4' DIA. 
OCTAL TUBE BASE 

O ® 
6.5 MC.-21 MC. 18 MC.-65 MC. 

5T 

ST 

USE #30 ENAM. WIRE 
WOUND ON 11/4" DIA. 
OCTAL TUBE BASE 

36 

7 

2T 

2T 

Ea 

. 

USE #20 ENAM. WIRE 
WOUND ON 11/4" DIA. 
OCTAL TUBE BASE 

Four plug -in coils, such as the one shown 
here, cover the basic frequency range. 
Data for each coil is given in the box above. 
You can salvage the coil forms from defec- 
tive octal tubes as described in the text. 

how if works 
This signal generator utilizes a series -fed Hartley 

circuit, with stability being achieved through rigid 
mechanical construction. Oscillation occurs through 
feeding the signal appearing in the plate circuit 
back into the grid with the proper phase change. 

The generator is plate- modulated through a small 
Stancor modulation transformer. This method is un- 
usual in signal generator design but is capable of 
rendering a higher percentage of modulation, and 
no has the effect of giving a louder audio signal 
output when used during receiver alignment. 

The primary of transformer TI is connected as an 
audio oscillator in the same type of Hartley oscil- 
lator circuit as the r.f. oscillator. Audio output for 
test purposes is coupled from the secondary of 11 

through capacitor C4 to block d.c. from the output 
test lead. 

ther, the frequency will again increase until 
it is inaudible. However, when we were 
"zero beat" with the broadcast station at 
800 kc., it really meant that the generator 
was exactly set to 400 kc. Thus, the first 
calibration point has been obtained. 

The generator frequency is increased un- 
til a carrier is heard, indicating that the 
generator is set at 800 kc. That point is 
then calibrated on the generator. Now, with 
the generator set at 400 kc., previously cali- 
brated, the third and fourth harmonics of 
the generator can be picked up on the re- 
ceiver at 1200 kc. and 1600 kc. They will 
be considerably weaker. 

With these frequency points calibrated 
on the receiver, more calibrated points on 
the generator can be determined as follows : 

Set the receiver to the newly calibrated fre- 
quency of 1200 kc. on the dial. Continue 
increasing the generator frequency until a 
strong carrier (no whistle) is heard. This 
frequency will be 1200 kc. and is so cali- 
brated on the generator dial. The receiver 
is then set to 1600 kc. and the generator 
adjusted until the new carrier is heard, 
which would be at 1600 kc. Thus, we have 
determined four frequencies with good ac- 
curacy. 

With the generator at 1600 kc., scan the 
receiver frequencies starting at 1600 kc. for 
generator harmonic points. The first should 
be heard at 3.2 mc., then 4.8 mc., and a 
weaker one at 6.4 mc. Now set the re- 
ceiver at the 6.4 -mc. spot and double -check 
the lower generator frequencies. For ex- 
ample, as the generator frequency is in- 
creased, the next signal heard in the re- 
ceiver will be when the generator is set at 
3.2 mc. This point is calibrated on the gen- 
erator dial, then the carrier at 6.4 mc. Such 
a boot -strap process can be repeated to the 
highest frequency covered by the receiver.* 

The generator frequencies beyond the 
highest frequency received by the short- 
wave receiver can be calibrated by means of 
an rM tuner. As generator harmonics will 
lie in the FM and TV band, the procedure 
described above can also be used to extend 
the calibration of the generator. 

" Something to watch in calibrating by this method is 

that, since each calibration point is based on the previous 
calibration, extreme care must be used. 

Also, feed as little signal from the generator into the 
receiver as possible to avoid the false responses that would 
result if the generator signal were too strong. Such re- 

sponses are always weaker than the desired response and 

spaced twice the intermediate frequency away. For exam- 
ple, if a receiver has a 455 -kc. i.f., the image response 

might appear 910 kc. higher or lower (only one or the 

other) than the stronger desired frequency. 
The above statements are not meant to confuse but rather 

to serve as words of caution to enable the successful cali- 
bration of the generator. After the method is understood, 
calibration can be completed quite rapidly. 
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double the value of 

your oscilloscope 

with this simple 

easy -to -build unit 

Economy Oscilloscope Calibrator 
by richard graham 

We can all agree that the oscilloscope tells more about the operation of a 
piece of equipment than any other test instrument. But what do you do when you 
need more than just a picture? Suppose you want to know the actual peak voltage of 
the waveform under observation ? This economy oscilloscope calibrator can give you 
this information in a fraction of time, conveniently and accurately. 

Price -wise, the construction cost of the calibrator shouldn't exceed $4.50 for the 
unit complete as shown. If you've invested in an oscilloscope, which probably cost up- 
ward of 10 times this amount, you're cheating yourself out of a large part of the 
utility and versatility inherent in the oscilloscope if you don't build the calibrator. 
Looking at it this way, you almost can't afford not to build it. 

Basically, the calibrator is a device that will put out a standard a.c. voltage. This 
a.c. reference voltage is unaffected by variations in the 117 -volt a.c. line voltage. 
Switching is provided in the calibrator to select either the waveform under observa- 
tion or the standard voltage signal from the calibrator. Further provision is made 
so that any of three standard a.c. voltages can be obtained. 

construction 
The oscilloscope calibrator is housed in a 5" x 4" x 3" aluminum utility box. Since 

nothing is critical in the layout or construction of the unit, any other size and shape 
box may be used. Preferably, the housing should be made of metal to act as shielding. 

The heart of the calibrator is the one -watt neon lamp (NE1), the odd -shaped glass 
object you can see in the rear view photo. This is a standard one -watt type NE -30 
neon lamp, which can be obtained at most electrical distributors, from which the 
screw base and internal resistor has been removed and which has been mounted 
with the lead end up. Care must be used in removing the base from the lamp; since 
the brass screw base is very thin, however, only a pair of cutters is required. 
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NEI 
(SEE TEXT) 

LINE CORO ANO PLUG 

Follow the pictorial and schematic diagrams in putting the oscilloscope calibrator to- 
gether. The parts list and a description of how the unit operates are given below. 

CI -1.0 -pfd., 200 -volt paper capacitor 
C2-0.1 -pfd., 200 -volt paper capacitor 
NEI -Neon lamp (NE -30 or NE -32; see text) 
RI -8200 -ohm, 1 -watt, 10% resistor 
R2- 150,000 -ohm potentiometer 
R3- 18,000 -ohm, 1/2 -watt, 5% resistor 
R4- 62,000 -ohm, 1 /2watt, 5% resistor 
R5- 16,000 -ohm, 1/2 -watt, 5% resistor 
R6- 3000 -ohm, 1/2 -watt, 5% resistor 
R7 -1000 -ohm, 1/2 -watt, 5% resistor 
SI- D.p.d.t. toggle switch 
S2 -S.p. 3 -pos. rotary switch 

38 

117 V.A.C.S 
I 

V 
SCOPE I 

C$J) 
INPUT 

o 

R7 
I K R6 I ufd 

CAL 

1 
o 

SCOPE 
o 1 

how if works 
The calibrator is an a.c. voltage regulator capable of 

supplying a constant, known voltage to the oscillo- 
scope. The regulator utilizes a one -watt neon lamp 
(NEI) that will conduct whenever the voltage across 

INPUT VOLTAGE NEON LAMP 
WAVE SHAPE 

I 

FIRING 
VOLTAGE 
OF NEON s / 
-LAMP S g 

APPROX. %. 
60 V. 

REMAINS CONSTANT 
REGARDLESS OF 

INPUT VARIATIONS 

the lamp exceeds its firing voltage, which is on the 
order of 60 volts. When the lamp "breaks down," it 
will start to conduct, but the voltage across the neon 
will remain constant. Thus, as the 60 -cycle voltage 
waveform exceeds the firing voltage, the lamp begins 
to conduct, effectively clipping the voltage waveform 
to a maximum of 60 volts. It does this for both halves 
of the 60 -cycle waveform, since the lamp will conduct 
equally well in either direction. The drawing above 
shows the regulating action. 

To make the calibrator more versatile, a voltage 
divider is connected across the lamp. Potentiometer 
R2 is used to adjust the voltage across resistors R3 

through R7 to exactly 50 volts peak -to -peak. The 

divider drops this to 10 and 0.5 volts peak -to -peak. 
These three standard voltages are usually adequate. 
Switch S2 selects the standard voltage to be fed to 
the oscilloscope, and switch SI is used to feed either 
the calibrator output or the signal to be observed and 
measured to the oscilloscope input. Capacitors Cl 
and C2 isolate the oscilloscope input from the power 
line. 
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V 

Output waveshape of 
the calibrator showing 

clipping action of 
neon regulator. 

When the hori- 

Close-up of " "" zontal oscilloscope 

the calibrator con- sweep is not synchro- 

trols on the front panel. nized with the calibra - 

In the photograph on page 37, the calibrator is tor, a waveform like the one at the right is obtained. 

shown in action -being used to test an amplifier. This is easier to use in calibrating the calibrator. 

If your radio parts distributor is well stocked, try and get a type NE -32 neon 
lamp. It has the same characteristics as the NE -30 except that the base is a double - 
contact bayonet base and does not include an internal resistor. 

Mount the lamp in an electrolytic capacitor mounting clamp. To reduce the 
possibility of breaking the glass, first wrap the bulb with a few turns of tape. The 
clamp can then be tightened, remembering that it's a piece of glass we're clamping, 
not a piece of steel. 

After the calibrator is completed and the wiring checked out, hook up the scope 
terminals on the calibrator to the vertical input terminals of your oscilloscope. Turn 
everything on, and place the calibrator switch in the cal. position of switch Si. The 
oscilloscope can be ad- 
justed until a waveform 
similar to that shown in I ` 
the photo above (the 
top one) is seen. This 
indicates that the cali- 
brator is working prop- 
erly. Now all that is 
needed is to perform the 
calibration of the cali- 
brator. 

calibration 
The setup is shown in 

the drawing on page 40. 
A reasonably accurate 
a.c. voltmeter is re- 
quired. Since the full 
a.c. line voltage will be 
across the potentiom- 
eter, some caution should 
be exercised. A small 
% -amp fuse is in series 
with the incoming line 
to prevent any serious 
short circuits. 

Adjust the potentiom- 
eter until a reading of 
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17.7 volts is obtained on the a.c. voltmeter. 
This voltage reading corresponds to a 
peak -to -peak voltage of 50 volts used to á zsK Oámj 

calibrate the oscilloscope. Place switch ñ 
2W 

ßóÚz 
S1 in the scope position. Adjust the oscil- _ POT 

loscope vertical gain for a specific number 
of boxes on the face of the oscilloscope. 
Let's use ten boxes for our example. 

Once this is done, do not touch the verti- 
cal gain setting for the remainder of the 
calibration procedure. Now place switch S1 in the cal. position and the volts peak -to- 
peak switch in the 50 -volt position. Adjust potentiometer R2 in the calibrator to 
produce the same ten boxes of deflection. 

To check the accuracy of the voltage divider, set switch S2 to 50 volts peak -to- 
peak. Adjust the oscilloscope vertical gain to produce a deflection of ten boxes. Then 
set switch S2 to the 10 -volt peak position. The deflection on the screen should now 
equal two boxes. 

Similarly, to check the 0.5 -volt peak -to -peak position, first set the switch S2 to the 
10 -volt peak -to -peak calibrating position and then adjust the oscilloscope gain for ten 
boxes of deflection. When switch S2 is placed in the 0.5 -volt peak -to -peak position, 
the deflection should be one -half box if the divider is accurate. 

During actual use of the calibrator, the unit is left connected to the vertical input 
of the oscilloscope and the signal waveforms under observation are fed into the 
input terminals of the calibrator. With the switch S1 in the scope position, the oscil- 
loscope input terminals are merely transferred to the input terminals of the cali- 
brator. 

I/8 AMP 

FUSE 

ADJUST TO READ 
177 V RMS ON METER A.C. VOLTMETER 

Setup for calibrating the calibrator. 

using the calibrator 
To measure the voltage of a waveform being fed into the oscilloscope, use a reverse 

procedure to that of the calibration just described. To measure a peak -to -peak 
voltage, first calibrate the screen of the oscilloscope in terms of volts with the cali- 
brator. This is done by placing switch 21 in the cal. position. Then set switch S2 to 
one of the voltage settings on the calibrator. For our discussion, let's use the 10 -volt 
position. 

Adjust the vertical gain of the oscilloscope to produce a signal of a specific num- 
ber of boxes on its face. If you make the calibrator signal ten boxes high, then each 
box on the oscilloscope face will represent one volt. If you adjust the oscilloscope 
vertical gain so that a 10 -volt calibrator output is only one box high, then ten boxes 
on the oscilloscope face will represent one hundred volts. Thus, it can readily be seen 
that the three ranges included in the calibrator will cover any voltage normally en- 
countered with the oscilloscope. 

Adapter Connects "Tiny Plug" to Standard Phone Jack 

You can make a simple adapter that plug to one lug on the "tiny jack," and 
will connect a "tiny plug" (Lafayette solder another lead from the rim of the 
MS -283) to a standard phono jack in a plug to the remaining lug on the jack. 
jiffy. Just obtain a metal can at least 1" 
in diameter having a friction lid (such as 
a bouillon cube can), and saw it off to a 
length of V. Drill or punch a Ss" hole 
in the bottom center of the can. Then 
twist an Amphenol 75 -MC1P phone plug 
into this hole and solder the plug to the 
bottom of the can. 

Drill four small holes for a "tiny jack" 
(Lafayette MS -284) in the lid of the can; 
the two outside mounting holes are 14J" 
in diameter, but the two center holes 
should be about in diameter to pre- 
vent shorting of the plug's prongs. Mount 
the "tiny jack" to the inside of the lid. 
Now solder a short flexible insulated lead 
from the center electrode of the phone 
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Rejuvenator 
For 
Dry Cells 

by 

frank h. 
tooker 

This model of the 
rejuvenator is the circuit 

of Fig. I assembled in the 

plastic box which originally con- 

tained the transistor audio transformer. 

If you use an average number of ordinary zinc -carbon dry cells in flashlights 
and transistorized devices around your home, you'll find that either of the convenient 
rejuvenator circuits described in this article will soon pay for itself. 

The rejuvenator shown in the photo is the assembled circuit of Fig. 1. Appearance 
of the setup for Fig. 2 would be identical except for the additional rectifier and re- 
sistor. Either unit may be assembled in the handy little plastic box in which the 
transformer, T1, is purchased. 

using the rejuvenator 
Always make sure that the positive terminal (brass cap) of the dry cell is con- 

nected to a positive terminal of the rejuvenator. The bottom of the zinc can is the 
negative terminal of the dry cell. It should 

si 1 always be connected to the negative (cen- 
T1 E` I ter) terminal of the rejuvenator. 

CRI Don't try to rejuvenate two cells simul- 
+ ".4 á taneously with the circuit of Fig. 1. It 

won't work. The two positive terminals are 
o provided on this unit merely for conven- 

15K + ience. If you want to charge two cells at 
once, use the circuit of Fig. 2. 

cell. Connect a voltmeter, at intervals, across 
the dry cell being rejuvenated. If the cell 
voltage tends to go above 1.7 volts, turn 
the rejuvenator off and allow the cell to 
rest. If the potential is 1.6 volts after sev- 
eral hours of rest, cell is fully rejuvenated. 

parts list 
- CRI, CR2*-Type IN91 diffused ¡unction germanium recti. 

Fier (General Electric) 
RI, R2- 1500ohm, 1/2-watt resistor 
SI- D.p.s.t. slide switch 
TI- Transistor audio transformer used as voltage step - 

down transformer (Argonne AR -143) 

5K 3- Miniature Fahnestock terminal clips 
I- Lightweight power cord and plug 
I- Plastic box 
Misc. hardware, plastic cement, wire, solder, etc. 

CR2 and R2 are required only for the circuit of Fig. 2 

Fig. 1. Circuit for rejuvenating 

--- -1 
SI 

YEL 

'' 

1 

RED 

RI 

CR 
1Ñ9i 

a - 
I1J91 

o 

one dry 

GRN 

Fig. 2. Circuit for rejuvenating two dry cells 

of the same or different size and type simul- 
taneously. It will also accommodate single cells. 
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Two Transistor Signal Tracers 
battery operated transistorized tracers avoid the 
noise problems associated with older models. One 
model provides a watt of audio output. The other 
costing less than $5 to assemble will give you an 
inexpensive start in the radio servicing business. 

Power 

Transistor 

Signal Tracer 

by homer I. davidson 

zooNk. 

With the possible exception of a volt- ohm -milliammeter, signal tracers are per- 
haps the most useful test instruments in the home workshop. However, a.c.- operated 
signal tracers have always been handicapped by their sensitivity to 60 -cycle pick -up. 
And battery - powered models, using vacuum tubes, have the disadvantages. of high - 
battery drain, tube fragility and low audio output. 

The "de luxe" model tracer shown here incorporates four transistors and a self -con- 
tained 6 -volt battery and has almost 1 watt of audio available at the output of the 
CBS 2N255 power transistor! 

Construction is simplified by using a standard aluminum chassis as a cabinet. A 
small individual subchassis for parts mounting is cut from a scrap piece of aluminum 
and bolted directly on the speaker. The power transistor is insulated from the chassis 
and plugged into a 9 -prong miniature socket. All other transistors and parts are sol- 
dered directly into place as the circuit is wired. 

Spaghetti is placed on the collector and base leads of each transistor to prevent 
shorts to other components or to the chassis. Parts placement is not particularly 
critical, but try to keep the input components away from the output circuit. 

Note that this model tracer has two separate input jacks labeled respectively "phono" 
and "probe." The "probe" jack (JI) is the input for the r.f. detector lead. This probe 
contains a crystal diode which demodulates the r.f. signal and allows the transistor 
audio amplifier to build up the signal to audible level. 

When testing in audio stages where less gain is required, use the "phono" jack input. 
This jack (J2) is fed by a shielded cable terminated on one end by a standard type 
phono plug and on the other by an isolating capacitor. For audio applications, such 
as crystal phono cartridge testing or hi -fi amplifier servicing, this input is best. 

Using the tracer for trouble- shooting is simplicity itself. First turn the radio receiver 
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PROBE cc 
INPUT CI 

IOpfd. 

CK722 C2 CK722 
TR2 

C3 
+ 

IOpfd 

R6 
47K 

PHONO I 

R3 
-^NAANJ 

20K 

51 

I BI 6V. 
J 

R7 
JJVAM/ 

CK722 220K 2N255 
TR3 

E 

TR4 
C 

parts list 
BI-6 -volt midget battery (RCA VS068) 
CI, C2, C3 -10 -pfd., 50 -volt elec. capacitor 
JI- Chassis- mounting microphone connector (Amphenol 

75- PC I M ) 

J2 -Phono jack (RCA type) 
RI- 12,000 -ohm, 1/2-watt carbon resistor 
R2- 120,000 -ohm, I/2 -watt carbon resistor 
R3- 20,000 -ohm, I/2 -watt carbon resistor 
R4- 15,000 -ohm volume control 
R5- 100,000 -ohm, /2 -watt carbon resistor 

TEST t- PROD 

z z IN34 

ALLIGATOR 
CLIP 

OOlpfd. 

f11 
I 

W 
;14-13 SHIELDED CABLE HIC. 
CONNECTOR 

DETECTOR PROBE 

Olpfd.1 SHIELDED CABLE PHONO 
PLUG 

ALLIGATOR 
CLIPS 

AUDIO PROBE 

These special probes should have all elements well 
shielded. The detector probe components can be 
built into a small tube shield. All capacitors should 
be 600 volt miniatures. Thin lapel microphone 
cable can be used for utmost flexibility. 
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R6- 47.000 -ohm, I/2 -watt carbon resistor 
R7- 220,000 -ohm, I/2 -watt carbon resistor 
R8- 270 -ohm, I/2 -watt carbon resistor 
SI- S.p.s.t. switch (on R4) 
TRI, TR2, TR3 -CK722 transistor (Raytheon) 
TR4 -2N255 transistor (CBS) 
Spkr. -4" PM speaker, 45 -ohm voice coil 

(Operadio -DuKane Corp., St. Cherles, III.) 
1 -7" x 5" x 3" aluminum chassis with back plate 

(Bud AC -429) 

how it works 

SPKR 

Signal tracing is a "dynamic" test in that the equip- 
ment under test is in operation and has a signal going 
through it. The tracer is used to follow the path of 
the signal from input to output. The signal in the 
case of a broadcast receiver is a tuned -in station or 
an r.f. oscillator. For amplifier tracing, you can use an 

audio oscillator or phono player as a signal source. 
The input signal is coupled to the base of the first 

audio stage by a 10 -pfd. capacitor (Cl). The collector 
of TR1 is coupled to the base of the second audio 
stage through a 15,000 -ohm volume control, Rd. A 
phono jack (J2) installed at this point enables pickup 
from a crystal phono pickup head. 

A 270 -ohm resistor (R8) is used as an emitter load 
resistor, common to both TR3 and the output stage, 
TR4. The collector of TR3 is tied directly to the 6 -volt 
power supply. As the output impedance of a 2N255 

transistor is approximately 48 ohms, a 45 -ohm voice 
coil speaker provides the proper collector load. 
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on and tune it to a strong local station. Connect the signal tracer's ground lead to 
the receiver's chassis or "ground." Then turn the signal tracer on, adjusting gain con- 
trol R4 for full volume. Starting at the receiver's antenna, the probe may be touched 
to the "input" and "output" of each stage to check individual stage operation. If the 
program is heard at one stage but not at another, check the circuit between. Defec- 
tive radios, hi -fi amplifiers, p.a. systems, TV receivers and intercom circuits should 
present no problems for this little transistorized signal tracer. 

Bargain 

Basement 

Signal Tracer 

by r. 1. winklepleck 

signal tracers are useful in troubleshooting radio receivers since they permit 
checking a circuit under operating conditions and use the received signal itself as 
the common denominator. They quickly and easily check for the presence, strength 
and distortion of the signal at various points in the circuit. Here is a junior -grade 
signal tracer which performs on a par with the best, yet is so cheap and so simple to 
construct that anyone who ever probes the innards of an ailing radio will really 
treasure it. 

Actually, the gadget isn't a complete signal tracer: it's just the front end. It's a 
very compact detector /preamplifier. Plug it into the phono jack of a working radio 
or a small amplifier, and you'll have an r.f. or a.f. tracer which will pick up the 
signal from the antenna of the set under test and follow it through to the speaker 
voice coil. 

This unit won't tell you the amount of gain in each section with a meter or magic - 
eye tube. You must operate strictly by ear. But a five -dollar bill will buy all the 
parts if you shop around a little, and the junk box probably will provide enough 
parts to leave some change for another project. 

construction 
The tracer consists of a crystal detector using a 1N34A diode. The detector feeds 

into a single -stage, grounded- emitter transistor preamplifier using a CK722. A 

potentiometer (R2) between the battery and the collector is adjusted once for max- 
imum gain with minimum distortion, and then touched up only occasionally as the 
battery ages. All this is fitted into one of those small aluminum boxes and connects, 
via a length of microphone cable, to the phono jack of a convenient radio receiver. 

Most of the components are hung on a 3 -point tie strip with the center point 
grounded. These are all soldered in place before being installed in the box. The input 
connection is an insulated banana jack, so it's easy to substitute an alligator clip for 
the simple probe -both of which are soldered to banana plugs -when you want to 
clip the tracer to the section being examined. 

A strip of aluminum or tin can stock holds the battery in place. And the tran- 
sistor can be soldered directly into the circuit, thus eliminating the socket. Remem- 
ber not to overheat the diode and transistor while soldering. 

The tracing technique is very fast and simple. Tune the set under test to a strong 
local station or feed a modulated signal into the set from an r.f. signal generator. 

1 
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Hook up the "bargain basement" signal tracer's 
components as shown in the pictorial diagram 
above; schematic and complete parts list for this 
simple test unit are given below and at right. 

Plug the tracer into the phono input of a 
working radio and turn the volume clear 
up. Then clip the ground lead of the 
tracer to the chassis of the test set. 

Starting with the antenna, pick up the 
signal at the input and output of each 
stage. This is easily done at the input grid 
and the plate of each tube. As you progress 
through the set and signal strength in- 
creases, the gain of the radio being used as 
an amplifier can be cut back. Best results 
may be obtained through disabling the 
a.v.c. of the set being tested 
by grounding the black lead 
from the first i.f. coil; this 
isn't strictly necessary but it 
will give you a better idea of 
the gain contributed by each 
stage. 

When a stage is reached where the signal 
disappears, weakens, or becomes distorted, 
the trouble is localized. Then it is only nec- 
essary to check out the few components in 
this stage to find the trouble. 

Do your friends and neighbors bring you 
their old radios for you to fix? Are you just 
getting started with a little part -time serv- 
ice work? If so, this junior -grade signal 
tracer is for you. 
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BI -9 -volt mercury transistor battery (Mallory TR- 

146R) 

CI- 0.001 -µfd. mica capacitor 
C2, C3 -1.0 -µfd. miniature electrolytic capacitor 
CRI -IN34A crystal diode 
RI- 1- megohm, 1/2 -watt resistor 
R2- I- megohm linear potentiometer with stub shaft 
SI- S.p.s.t. slide switch 
TRI -CK722 transistor 
I -1 Vs" x 31/4" e 21/4" aluminum case 
I- Three -point tie strip 
I- Insulated banana jack 
2- Banana plugs 
I -4' length of microphone cable 

length of limp test lead wire (for ground 
lead) 

I -Phono plug 
2- Alligator clips 

Interior view of tracer. All components -ex- 
cept BI, C3, R2 and 51-are attached to three - 
point tie strip before being installed in box. 
An insulated alligator clip is used in input jack. 
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Test lamps come in a variety of sizes and 
shapes. Included in the photos below are manu- 
factured neon lamps, drop lights, and homemade 
test lamps and sockets. Any of these can be used 
to check fuses and mysterious a.c. grounds. 

Using a j Test Lamp 
Drop lights with extension cords should be 
well insulated with a shade and heavy wire 
screen protecting the bulb (left). Some of 
these drop lamps will have a built -in switch, a 

handy item if the light is to be used regularly. 

You can buy a general -purpose "test lamp" in 

most electrical appliance stores for a few cents. 
It consists of a socket and short lengths of heavy 
wire leads which are bared. Using a low- wattage 
bulb, check a.c. availability by sticking the leads 
into an a.c. outlet (above, right). The author ex- 
tended his socket leads with sealed -in lengths of 
wire (below, right). The rubber -covered alligator 
clips shown provide a safe method of contacting hot 
a.c. lines. A two -fuse line is being checked out here. 

`b 

Occasionally it is difficult to see whether a 

fuse has blown. To "cross- check" fuses, remove 
one and tap the test lamp from the input to 
appliance side of fuse (above, left). If the 
light glows, the fuse removed is burnt out. 

A low- amperage ground often eats up cur- 
rent without notice. To check for such a ground, 
turn off all electrical gadgets in the house, and 
insert the connector plus bulb (left). If 
bulb glows, the ground indicated should 
be located quickly to prevent a fire hazard. 
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Make Your Own 

"Economy" 
Multitester 

by richard graham 

Usually the first piece of test equipment to be acquired by the electronic experi- 
menter is a multitester or VOM. Once in a while, though, this acquisition is delayed 
while the necessary capital accumulates. The multitester described here isn't intended 
to replace any of the VOM's or VTVM's available in finished or kit form, but it will 
enable you to have the fun of electronic experimenting while you're waiting for the 
"real thing." Best of all, it's guaranteed not to deflate any but the most meager of 
pocketbooks. 

The neon tester will measure a.c. voltages between 40 and 200 volts, d.c. voltages 
between 60 and 300 volts, and resistances between 10,000 and 250,000 ohms. 

construction 
Only a minimum amount of time is necessary to construct the tester. As a matter 

of fact, to duplicate the unit described requires only the drilling of seven holes. The 
tester was housed in a 3" x 4" x 5" metal utility box. As there are no critical compo- 
nents or wiring in the unit, successful operation is practically guaranteed after con- 
struction and calibration. 

Power transformer Ti is wired to the panel but mounted inside the box. Since the 
transformer leads aren't quite long enough to mount the transformer and then wire it, 
first wire the unit, including the transformer, and then mount the transformer inside 
the bottom of the box. The neon bulb (NE1) is mounted by forcing it into a rubber 
grommet on the panel of the instrument. Be sure to mount the grommet on the panel 
first, then gently slide the bulb into it. Also, don't forget to use insulated tip -jacks 
through the metal panel of the instrument. If you make your own box out of Masonite 
or plywood, however, this won't be necessary. 

The filament winding on the power transformer is not used. Taping up these leads 
is a better practice than simply cutting them off, for you may eventually want to use 
the transformer for another purpose. 

calibration 
The voltage calibration of the neon tester is best accomplished by direct compari- 

son with another multimeter. Meters of this type are about in such great profusion 
that you should have little difficulty in borrowing one temporarily. If a friend with a 
VOM is not immediately available, you might try the local radio /TV service shop. Most 
of these people are pretty friendly and helpful about things like this. The calibration 
can be done "on the spot" in just a few minutes if the procedure and necessary test 
setup are prepared beforehand. 
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Before beginning the actual calibration, prepare a finished blank scale. It should 
consist of three concentric circular scales without calibration marks. For best results 
and greater durability, use India ink in preparing the scale and later in making the 
calibration marks and figures. The scale can be made on a white file card. 

Put the blank scale in place on the front panel of the tester. Since you'll want to 
remove it later on for the finishing touches, fasten it in place with two small tabs of 
Scotch tape. 

Voltage calibration can be effected with the setup shown in the diagram below. The 
transformer, which can be any common re- 
ceiver- type power transformer, supplies the 
voltage necessary to calibrate the upper end 
of the scale. With the 500K pot adjusted so 
the "standard meter" reads 40 volts, adjust 
the neon tester control (R1) until the neon 
just ignites and begins to glow. The voltage 
at this point (as read on the "standard me- 
ter") should be marked on the blank scale 
in pencil. The pencil mark will be inked 
over later. 

Adjust the 500K pot to 45 volts, and the 
neon tester control until the neon just glows. 
Then mark this new point on the scale. Con- 
tinue until the scale is completely calibrated 
with as many points as desired. This one 
procedure calibrates both the a.c. voltage 
scale and the d.c. voltage scale. 

Ohms calibration is best accomplished by 
digging around in the junk box and finding 
as many different resistor values as possible 
between 10,000 and 250,000 ohms. If you are 
missing any essential values, they can be 
made up by series or parallel combinations 
of available resistors. 

To calibrate the ohms scale, simply place 
the known resistance between the common 
and ohms lead of the neon tester and adjust 
R1 until NE1 just begins to glow. Mark this 
point on the scale with the resistance value 
of the resistor. Continue the procedure until 
sufficient resistance points have been ob- 
tained. 

Remove the pencil- calibrated scale from 
the neon tester. Now, simply multiply the 
a.c. scale by 1.41, and you can mark in the 
d.c. voltage calibration. For example, the 
a.c. voltage calibration of 100 volts would 
correspond to the d.c. calibration point of 
141 volts. The reason for this becomes ap- 
parent when we realize that an r.m.s. a.c. 
voltage of 100 volts, as read on any meter, 
has a peak value of 141 volts. Since the 
neon lamp in the tester responds to the peak 
voltage applied, a d.c. voltage (which of 
course has a peak voltage corresponding to 
its average value) will read 1.41 times the 
a.c. voltage. 

Then go over the pencil -calibrated scale 
with the more permanent India ink. The 
surface of the scale can be coated with poly- 
styrene Q dope to give it a hard glossy 
finish. If the lettering is carefully done, the 
results will look quite professional. 

The neon tester is now ready for opera- 
tion. When you use it, adjust RI to the 
point where the neon lamp lights up. 
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IS0V. 

63V. 
(NOT 

USEDI NEI 

VOLTS 

GND. 

OHMS 
NEI -NE -51 neon lamp 
R I- 100,000 -ohm potentiometer 
R2- 22,000 -ohm, 1/2 -watt resistor 
SI- S.p.s.t. switch (on RI) 
TI -Power transformer, p:;mary 117 volts; secondary 

150 volts, 25 ma. (Stancor PBIBI or equivalent) 
1 -3" x 4" x 5" utility box 

Schematic diagram of the unit, with parts list. 

VO.M 
NEON 

MULTI- TESTER 

o 0 

LOMMON RECEIVER TYPE POWER TRANS. 
FORMER SUPPLYING AT LEAST 300 VOLTS 

Voltage calibrating setup for the multitester. 

how if works 
This tester utilizes the firing voltage of a NE -51 

neon lamp to measure both voltage and resistance. 
When the tester is used to measure voltage, the un- 
known voltage is applied across calibrated potenti- 
ometer RI. This resistance is adjusted to divide the 
unknown voltage and apply some of it to the neon 
lamp - (NE1). For the NE -51 model, this is approxi- 
mately 60 volts. Thus, the setting of RI at which the 
neon lust fires will thin denote the value of the 
voltage being measured. 

When the tester is used to measure resistance, the 
transformer secondary voltage is effectively placed in 
series with the external unknown resistance and cali- 
brated potentiometer Rf. Now the voltage is divided 
between the unknown resistor and RI. Voltage across 
121 is actually a measure of the unknown external re- 
sistor. The higher the external resistance, the less 

voltage drop appears across RI. Conversely, the lower 
the external resistance, the higher will be the voltage 
drop across Rl. This voltage drop is measured by the 
same action lust described for the voltmeter. However, 
in this case, the voltage being measured is calibrated 
in terms of resistance. 
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" Capaci- Meter" Salvages 
Unmarked Capacitors 

by r. 1. winklepleck 

Stop wondering 

whether or not 

those capacitors 

are good or bad 

Probably every reader of ELECTRONIC EXPERIMENTER'S HANDBOOK Who builds his 
own projects has a VOM. It's of the first test instruments an electronics fan buys, and 
it is used constantly. How else can one determine voltages, tell if a resistor is open, 
discover the value of an unmarked resistor or know whether a marked one has changed 
in value? 

Every day similar questions arise concerning capacitors, but only a few experi- 
menters have the necessary test instrument to supply the answers. The pile of 
resistors in the junk box represents a definite use potential; the small capacitors, so 
often unmarked, continue to accumulate and are seldom used. Worse yet, small radio 
servicing jobs take forever when a bad capacitor is found only by replacement. 

This easily built "Capaci- Meter" will accurately read values as small as 5µµfd. It 
can be used to measure the values of small trimmers, the interelectrode capacitance 
of vacuum tubes, and the lengths of rolls of shielded cable. Its real worth, however, 
lies in checking out the values of capacitors in ailing radios and TV sets, and putting 
on the "ready shelf" the unknowns from the junk box. You'll use it almost as frequent- 
ly as your ohmmeter. 

construction hints 

The photographs show a suggested layout of components, but modification -when 
using other parts either to reduce the size or change the shape of the Capaci- Meter- 
can be made without altering its accuracy. Changes can be made in the power supply 
to utilize components from the junk box in the best way possible; remember, however, 
that a regulated 150 volts at 60 to 70 ma. is needed. The cost of the meter can be re- 
duced by selecting one of smaller size, or one may occasionally be found in war sur- 
plus sales. 

Components can be arranged quite compactly to permit short, direct wiring. In- 
sulating the chassis from the panel, as is done here with insulating shoulder washers, 
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((11(17'N---.0000" 

Suggested layout of the 
" Capaci- Meter" compo- 
nents is shown below and 
at left. Physical modifica- 
tions may be made with- 
out altering its accuracy. 

R5 R6 MI 

S2 C7 C8 TI SR2 SRI 

eliminates any danger of shock in using this 
particular type of power supply. It should 
be noted that the test posts are "hot" when 
a reading is being taken. 

Be sure and grasp the crystal diode leads 
with a pair of pliers when soldering to pre- 
vent heat damage to the sensitive crystal. 
Check the wiring very carefully before turn- 
ing the instrument on to avoid any possi- 
bilities of mistakes which might damage the 
meter. If all seems correct, turn the five 
potentiometers to the position which places 
maximum resistance in the circuit. Plug in 
the unit and turn it on. 

Allow it to warm up for a few minutes. 
Then, with nothing connected to the test 
posts, depress the test switch; the regulator 
tube should glow on every range switch po- 
sition. If it fails to glow on one or more 
positions, the line voltage is probably low 
and the 2500 -ohm, 10 -watt resistor (R2) 
should be replaced with one of 1500 ohms. 

calibrating the unit 
Calibration is accomplished with the aid 

of five accurate capacitors, one for the max- 
imum reading on each range. As the Capaci- 
Meter can be no more accurate than the 
calibrating capacitors, it is advisable to use 
only those with the best possible tolerance. 
Capacitors which are accurate to ±1% in 
values of 100 µpfd., 1000ppfd., and 0.01 pfd. 
are available at quite reasonable prices. 
However, the two larger capacitors (0.1 pfd. 
and 1.0 pfd.) are both hard to find and very 
expensive when very close tolerance is de- 

VI C3 C2 R8 CR2 RIO 

sired. Usually it is sufficient to consider the 
purchase of only the three smaller precision 
capacitors. 

First attach the 100 -ppfd. standard capac- 
itor to the test posts and turn the range 
switch to the position which places C4 and 
R9 in the circuit. Press the Read switch and 
adjust R9 until the meter needle is deflected 
to full scale. Make this adjustment going 
toward full deflection rather than returning 
from beyond full scale. Follow this same 
procedure with each of the other standards 
(1000 µµfd. and 0.01 pfd.) for the respective 
range positions, and the calibration is com- 
plete. 

After calibrating the 0 -0.01 pfd. range, a 
search of your junk box should turn up at 
least five 0.01 -pfd. capacitors whose values 
can be individually measured. Connect these 
capacitors in parallel to the test posts, and 
calibrate the meter on the 0 -0.1 pfd. range 
at a value representing the sum of the five 
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Pictorial of the " Capaci- Meter." Schematic and parts list are on page 52. 

capacitors. Follow this same procedure with 
a group of 0.1 -µfd. capacitors to calibrate 
the 0 -1 pfd. range. 

During calibration, the capacitors should 
be fastened directly to the test posts. Two 
short test leads connected to the test posts 
and terminating in alligator clips will be 
very convenient for rapidly attaching and 
detaching capacitors after calibration has 
been completed. Such leads contribute a 
slight capacitance and may have signifi- 
cance on the lowest scale. This value can be 
determined by taking a reading before con - 
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necting a capacitor, and the amount then 
subtracted from the final reading. 

testing capacitors 

Attach the capacitor to be tested and 
start with the high range. If the needle goes 
off scale, the capacitor is larger than the 
meter can measure -or it is shorted. If the 
needle is only slightly deflected, drop down 
to a smaller capacity range until a point is 
reached which gives a significant needle de- 
flection. 
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Schematic and parts list for the "Capaci- Meter ". 
CI- 0.05 -pfd., 200 -volt tubular capacitor 

C2 -40 -pfd., 350 -volt electrolytic capacitor 
C3a /C3b -40.40 pfd., 350 -volt electrolytic capacitor 
C4- 100 -µpfd. mica capacitor 
C5- 1000 -µpfd. mica capacitor 
C6, C9 -0.01 -pfd. tubular capacitor 
C7-0.1 -pfd. tubular capacitor 
C8-1.0 -pfd. tubular capacitor 
CRI, CR2-1N34 crystal diode 
MI -0-50 microampere meter 

PLI -Pilot light assembly 

RI -27 -ohm resistor 

R2 -2500 -ohm, 10 -watt resistor 

R3- 15,000 -ohm, 2 -watt resistor 

R4-100 -ohm resistor 

R5, R6, R7- I- megohm linear potentiometer 
R8- 250,000 -ohm linear potentiometer 
R9- 100,000 -ohm linear potentiometer 
RIO -10,000 -ohm resistor 

SI- S.p.s.t. toggle switch 

S2- D.p.s.t. push -button switch 
53-2 -pole, 5- position wafer switch 

SRI, SR2 -100 -ma. selenium rectifier 
TI-6.3 -volt, 1.2- ampere transformer 
VI-0A2 tube 

V2 -6BX7 tube 

how it works 

The conventional bridge method of measurement 
(not used here) is accurate but inconvenient, and 
requires a signal generator for best results. The 
impedance method of measuring capacitance is a 

suitable alternative. Basically, an a.c. voltmeter or 
ammeter, in series with a resistor, is connected in 
series with the capacitor to be measured and then 
connected across a source of alternating current. The 
reading of the meter will be inversely proportional 
to the capacitor's impedance which, for non- electro- 
lytics, we'll call its reactance at the measured fre- 
quency. 

In other words, advantage is taken of the fact 
that the flow of current through a capacitor connected 
to an alternating voltage source is directly propor- 
tional to its capacitance. By calibrating the meter 
with a standard capacitor, the capacitance of the 
unknown can be read directly from the meter. This 

method cannot be used for capacitors with an ap- 
preciable resistance component or leakage, such as 

electrolytics. 
The design of the Capaci -Meter utilizes a multi - 

vibrator circuit as a square -wave signal generator. 
In such a circuit, two triodes are connected as a 

two- stage, resistance- coupled amplifier with the plate 
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of one section controlling the grid potential of the 
other. The fundamental frequency of the multivibra- 
tor is determined by the time constant of the grid 
resistor and capacitor. Provision is made for switch- 
ing five different capacitor- resistor combinations into 
the circuit to produce five different fundamentals. 

By bridging the 100 -ohm resistor (R4), a portion 
of the square wave is diverted through the capacitor 
to be measured and the meter circuit. However, five 
capacitance ranges are possible since five fundamen- 
tal frequencies are individually generated and im- 
pressed on the capacitor to be measured -and since 
as much current at high frequency will flow through a 
small capacitor as through a much larger capacitor 
when the frequency is Inwer. 

Each of the five resistor -capacitor combinations 
is designed to produce full -scale meter deflection 
through each of five capacitor standards. Each re- 
sistor is variable to permit the slight adjustment nec- 
essary to deflect the meter exactly to full scale. The 
0 -1 pfd. range requires a frequency of only about 8 
cps, so the meter needle vibrates somewhat; the mid- 
point of the needle swing, however, provides a 
reasonably accurate reading. The other ranges require 
frequencies progressively higher to approximately 80 
kc., and on these ranges the needle is quite stable. 
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Buzzer -Type 

Power 

Supply 

maintain high voltage for 

your geiger counter at low cost 

This 1000 -volt power supply will deliver 
60 to 70 microamperes d.c. It is a vibra- 
tor -type supply using a high- frequency 
buzzer as the vibrator and an output 
transformer connected backward to give a 
high step -up ratio. Cost of parts is $13.00. 

The unit is driven by a 6 -volt battery 
comprised of four jumbo -size flashlight 
cells connected in series. Battery drain is 
32 ma. You can ex_. -ct the following oper- 
ating life range if y5 use Eveready No. 
950 Size D cells: 150 :;:urs at 2 hours per 
day, 90 hours at 8 ho .. s a day, and 60 
hours at 24 hours a day. 

There are no hard -and -fast rules for 
building this power unit, except to keep 
the entire circuit well insulated. The au- 
thor mounted his on a Yi6" -thick poly- 
styrene panel 5" long and 4" wide. 

Adjust the buzzer for the highest- pitched 

C1-0.1 -pfd., 600 -volt metalized paper capacitor 

C2, C3- 0.25 -pfd., 600 -volt metalized paper capacitor 

C4- 0.0033 -pfd., 1000 -volt mica capacitor 
RFCI- 2' /2 -mh, r.f. choke (National R -100) 

SRI- High -voltage, cartridge -type selenium rectifier 
(International Rectifier U5OHP) 

TI- Universal output transformer (Stancor A -3823) 

BUZZER -High -frequency buzzer (Johnson Type 114 -400) 
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QUALITY CUT QUARTZ 
FOR EVERY SERVICE 

All crystals made from Grade "A" 
imported quartz- ground and etched 
to exact frequencies. Unconditionally 
guaranteed! Supplied in: 

FT -243 holders HC/ 6U metal 
pin spacing 'c sealed holders 
pill diameter .093 pin spacing .466 
DC -34 holders pin diameter .050 

pin spacing .,, or .093 

pin diameter .156 FT -171 holders 
MC -7 holders pin spacing . 
pin spacing 3, banana plus 
pin diameter .125 

MADE TO ORDER CRYSTALS 
1001 KC to 2500 KC: 

01% Tolerance.... 51.75 
.005% Tolerance.... 52.50 

2501 KC to 9000 KC: 
111% Tolerance 51.50 
.1105% Tolerance 52.50 Specify holder wanted. 
3500 KC hermetically sealed frequency marker crystal .005'; 
tolerance tits octal tube socket Special 51.00 

ANY AMATEUR BAND CRYSTALS 
.05% Tolerance 

NOVICE BAND CRYSTALS 
80 meters 3701 -3749 KC 
40 meters 7152 -7198 KC 
15 meters 7034 -7082 KC 9c ea. 

6 METER TECHNICIAN 
BAND CRYSTALS ` 8335KC- 8550KC within 1KC each 

Exact Frequency .01% 51.51 ea. 

ASK YOUR LOCAL PARTS DISTRIBUTOR FOR TEXAS CRYSTALS... LOOK FOR THE YELLOW AND RED 
DISPLAY BOARD 

SEALED OVERTONE CRYSTALSsupplled in metal HC /617 
holders ---pin spacing .486, diameter .050. 
10 to 30 MC .005 tolerance 53.05 ea. 
30 to 54 MC .005 tolerance $4.10 ea. 
55 to 75 MC .005 tolerance $4.25 ea. 
FUNDAMENTAL FREQ. SEALED CRYSTALS in HC/BU 
holders from 1400KC- 10,000KC any frequency .005 tol- 
erance $3.50 ea. 
STOCK OVERTONE CRYSTALS In FT -243 holders $1.00 
Frequencies listed lu megacycles: 

15.01 16.7 17.15 18.225 
15.11 16.8 17.16 18.325 
16.335 16.9 18.025 18.475 
16.435 17.0 18.125 18.925 

MARINE FREQUENCY CRYSTALS - All marine fre- 
quencies from 2000 -3200 KC .005 tolerance .... $2.50 (Supplied in either FT -243, MC -7, or F7' -171 holders.) 
RADIO CONTROL CRYSTAL 27.255 MC sealed crystals ()s pin spacing . specify pin diameter ....093 or .050) 

32.50 ea. 
Stock crystals In FT -243 holders from 5675 KC to 865050e 
KC In 25 K(' steps .... 
FT -241 lattice crystals In all frequencies from 370 K(' 50e to 540 K(' (all except 455 K(' and 500 K() ... . 

Matched pairs = IT cycles $2.50 per pair. 
2011 KC Crystals, 52.00; 455 KC Crystals, 51.00; 500 KC 
Crystals. 51.00; 100 KC Frequency Standard Crystals, 54.50; 
1000 K(' Frequency Standard Crystals, 53.50; Dual Socket 
for FT -243 Crystals, 15e; Ceramic socket IIC/6U Crystals. 
15e. 

(Add Sc per crystal for postage and handling) 
WRITE FOR CATALOG AND QUANTITY PRICES 

Texas Crystals 
The Biggest Buy in the U.S. 

8538 W. GRAND AVENUE RIVER GROVE, ILL. 

ALL PHONES - GLADSTONE 3 -3555 

Terms: All items subject to prior sale and change of 
price without notice. All crystal orders MUST be ac- 
companied by check, cash or M.O. WITH PAYMENT 
IN FULL. NO C.O.D.s. Postpaid shipments made in 

U.S. and possessions only. Add 5e per crystal for 
postage and handling charge. 
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Small enough fo be mounted in the same case with a 
Geiger counter, the power supply weighs one pound. 

sound so that you will obtain the highest 
possible output voltage. Further adjust- 
ment may be necessary after you wire the 
buzzer into the circuit. 

When the wiring is completed, connect 
the 6 -volt battery to the input terminals 
through a s.p.s.t. switch. Connect a VTVM 
(switched to its 1000 -volt range) to the 
output terminals. Now close the switch and 
note the voltmeter reading. Adjust the 
buzzer, if necessary, then tighten firmly 
each of the two lock nuts on the adjust- 
ment screws and replace the cover. 

Danger, High Voltage! A word of cau- 
tion is in order regarding the handling of 
the unit. Remember that a 1000 -volt supply 
is not a plaything. This one can give a 
nasty sting. Guard against coming into 
contact with the exposed portions of the 
circuit. -Rufus P. Turner 

how it works 
The operating principle is fairly simple. Trans- 

former TI is connected so that its normal low -turns 
secondary output winding is used as the primary. 
The entire center- tapped normal primary winding 
serves as the secondary. The buzzer, connected in 
series with the transformer primary and the battery, 
chops up the battery current flowing through the pri- 
mary. This interrupted current sets up a high a.c. 
voltage across the secondary, which is converted to 
d.c. by the high -voltage selenium rectifier, SRI. 

Capacitor C1, connected directly across the buzzer 
contacts, eliminates hash which, if it were not re- 
moved, would set up electrical noise in the counter 
circuit. Capacitors C2 and C3 provide filtering ac- 
tion, and stabilize the d.c. output voltage against fluc- 
tuations in the current through the buzzer. The choke, 
RFC7, and capacitor C4 provide additional filtering 
to minimize the small amount of buzz remaining in 

the d.c. output of C2 and C3. 
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Transistorized 

Short -wave "Two -Lunger" 

introducing RCA's new 2N247 in a two -transistor receiver 

for the 10 -meter band by donald I. stoner, W6TNS 

Back in the good old days of ham radio, one -tube radio receivers were affection- 
ately referred to as "one -lungers." Although this phase in the development of ama- 
teur radio will never return as such, we are now at a similar point in time with 
respect to the development of transistors. So it seemed quite apropos that this high - 
frequency transistorized receiver be tagged a "two -lunger." 

Some of you may recollect the year 1932 when the first screen grid tube -the revo- 
lutionary 24A tetrode -was announced. The tetrode transistor is just as spectacular 
today as the first screen grid tubes were in those bygone days. 

The "two -lunger" utilizes an amazing semiconductor, the RCA 2N247 drift tran- 
sistor. All of the 2N247's tried worked well beyond 50 mc. By replacing coil L1 (as 
will be described later), it is usually possible to receive signals as high as 40 or 45 mc. 
However, if your 2N247 doesn't "cut the mustard" near 40 mc., don't sue the com- 
pany. Anything above 30 mc. is par for the course. 

putting it Together 
Chassis layout is straightforward and the circuits are not critical. The chassis 

in the model was constructed from a sheet of 6" x 57/e" 18 -gauge aluminum. This size 
is neatly accommodated by an LMB box, UC -972. The midget 15 -volt battery (B3) 
located on top of the chassis supplies power to the 2N44 audio amplifier stage. 

Components are arranged so that there is only one terminal strip, located between 
the 2N247 and the battery holders. The primary and secondary leads of transformer 
Tl, the disc capacitors C2 and C5, and one end of LI, RFC1 and C6 are all secured to 
this terminal strip. Note from the bottom view of the receiver that T1 is held in 
place with an aluminum bracket and a single screw. 
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parts list 
11I -l'/2 -volt penlite cell 
82-4/2 -volt battery, three penlite cells 
B3 -15 -volt hearing -aid battery (E dy 411) 

CI -I -5 µµíd. adjustable "gimmick" capacitor 
(see text) 

C2 -0.002 -pfd. disc ceramic capacitor 
C3 -6 -50 ppfd. variable capacitor (Johnson 

50R12) 

C4-10 -µpfd. mica or disc capacitor 
C5 -0.01 -0d. disc ceramic capacitor 
C6-10 -pfd., 25 -volt electrolytic capacitor 
JI, J2- Binding posts (Johnson 111-102 red and 

111 -103 black) 
J3 -Open- circuit headphone jack 
LI -14 turns #20 wire wound on /2" form, 

spaced the diameter of the wire (14 turns of 
Air Dux #416 or B & W 3003 "Miniductor ") 

RI- 25,000 -ohm potentiometer, linear taper 
R2 -3300 -ohm, V2 -watt resistor 
R3- 100,000 -ohm, 1/2-watt resistor 
RFCI- Homemade choke consisting of 50 turns 

#34 wire scramble -wound on a l- megohm, 
1-waft resistor 

Sla /Slb- D.p.s.t. switch (part of RI) 
TI- Transistor interstage transformer, 20,000 

ohm to 1200 ohm (Triad TZ -IS or equivalent) 
TRI -2N247 drift transistor (RCA) 
TR2 -2N44 transistor (General Electric) 
I-Case (LMB #UC -972) 

I- Vernier dial (National MCN) 
1--,Knob (National HRS -3) 

1 -3 -pin transistor socket 
I-4-pin transistor socket 

how it works 

R2 

2N2R47 

C3 CS 

J3 

83 
15V. 1+ 

Although the receiver is very sensitive, you'll find it sim- 

ple to construct if you follow the schematic diagram above. 

The "two- lunger" uses two transistors to form a complete 
10 -meter receiver. A single p -n -p RCA drift transistor, 
Type 2N247, functions as a tunable superregenerative de- 
tector and the common base configuration is employed. 
Incoming r.f. signals are applied to the collector and at 
the -same time coupled to the emitter through internal 
transistor capacity and capacitor C4. The signal is ampli- 
fied in the transistor and again appears in the collector 
circuit, this time highly amplified. With the 2N247 func- 
tioning in this manner, a feedback loop is created and 
oscillation fakes place. 

In addition to the oscillation at the incoming signal 
frequency, another oscillation occurs at approximately 17 

kc. due to the time constant of CS and RI. This secondary 
oscillation tends to pulse the high -frequency oscillations 
off and on at just the right instant for maximum sensitivity. 
This type of circuit is also known as a superregenerative 
oscillating detector. 

Transformer TI is used to couple the audio and match 
the impedance between TRI and TR2. TR2 is wired as a 

high -gain class A amplifier and uses a Type 2N44 p -n -p 
transistor. Resistor R3 provides base bias for the transistor 
and, in effect, controls its operating point. The audio out- 
put is direct -coupled to the headphones and provides more 
than adequate volume. 
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One word of caution regarding earphone 
jack J3 -be sure to use the insulating 
shoulder washers that are supplied with 
the jack and check to see that there are no 
burrs around the mounting hole that could 
short through to the jack frame. 

In the photograph of the top of the chas- 
sis, you will see another aluminum brack- 
et, fabricated to secure B3. This photo also 
shows the "gimmick" capacitor (Cl) used 
to control antenna coupling. A 2" piece of 
busbar wire (stiff and tin -plated) was sol- 
dered to the left terminal of the capacitor 
and bent parallel to the chassis. Around 
this were wound approximately 13 turns of 
insulated wire, and the free end was sol- 
dered to the antenna binding post. The 
turns of wire are free to slide on the bus - 
bar, and the amount of wire in proximity 
with the busbar controls the degree of 
coupling between the antenna and the 
receiver. 

firing if up 
If you follow the schematic faithfully, 

the receiver will probably work the first 
time around. However, you may be too 
eager to hear it perform and rush the 
job a wee bit. So it's a good idea to make 
a few checks just to protect the tran- 
sistors and batteries. There's nothing like 
a molten mass of germanium to put a 
damper on one's spirits. And that's just 
what will happen to the transistors if you 
hook them up wrong. 

First, insert the batteries but not the 
transistors. Check with the schematic to 
make sure that you get the polarities cor- 
rect. Once you are sure they are right, 
place some plus and minus marks on 
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the cnassis ror future reference. 
With the switch off, measure the 
resistance between the chassis and 
the frame of J3. It should be ex- 
tremely high. If the resistance is 
low, the jack is shorted. 

Next, couple the negative lead of 
the voltmeter on coil LI and the 
positive lead on the chassis. With 
good batteries, the meter should 
read 4.5 volts. If it does not, see if 
the coil is shorted to the chassis, or 
if the transformer leads are 
shorted. Then place the positive lead 
of the voltmeter on the emitter con- 
nection of TR1. Turn the switch on 
and rotate R1. The meter should 
read a little over a volt. Now, insert 
the phones in the jack and again 
check from the frame (negative 
meter lead) to the chassis. With a 
fresh battery, the voltage should be 
15 volts. Then check the voltage be- 
tween the base terminal of the 
2N44 socket (negative meter lead) 
and the chassis. It should be be- 
low 15 volts. 

If the meter reads down scale 
during any of the above checks, it 
means that a battery is reversed. 
Assuming that all the checks are 
satisfactory, turn off the power 
switch and insert the transistors 
correctly. It is possible to pop a 
transistor if it is inserted when the 
power is turned on. 

With the headphones inserted in 
the jack and the antenna discon- 
nected, turn on the power switch 
and slowly advance the regenera- 
tion control, Rl. You should hear a 
scratchy sound as the control is 
turned, and at about half rotation 
the 2N247 will start to oscillate. The oscillations are heard as a sizzling sound 
known as hiss. When you hear this sound you have arrived. It is time to connect 
an antenna. 

As you tune capacitor Cs, you will probably hear stations across the dial. Their 
strength can be increased by sliding more turns of wire on the busbar. If you get too 
much coupling between the two wires, the detector will quit oscillating, or else it will 
pop in and out of oscillation across the dial. If it quits as soon as the antenna is con- 
nected, you have too much coupling to start with. 

making replacements 

If you don't like winding your own r.f. chokes, you can purchase commercial units 
in the form of television peaking coils. Any choke in the vicinity of 70 microhenries 
will work. However, the handmade one wound on the 1- megohm resistor will be more 
than satisfactory, although not quite as pretty as a commercial unit. 

As mentioned earlier, replacing coil LI with one containing less turns will usually 
allow you to receive signals almost up to the six -meter amateur band. The technique 
goes something like this. With the plates of CS one -quarter meshed, remove a turn 
at a time from coil Li until the detector refuses to oscillate. For use on the six - 
meter band, the 2N247 can be replaced with a Philco SB -103 which features an 
alpha cutoff of 90 mc. You pocketbook pinchers will be very happy to know that the 
2N247 is available at your RCA distributor for approximately $3.29. 

Via 11. 

Top and bottom views of the "two -longer." Cl is a "gim- 
mick" capacitor which allows a wide range of frequencies to 

be received. Aluminum brackets hold TI and E3 in place. 

58 ELECTRONIC EXPERIMENTER'S HANDBOOK 



by herb s. brier 
W9EGQ 

Probably the most popular low - 
power transmitter available to radio ama- 
teurs in recent years has been the Heath - 
kit AT1. Thousands of them are in daily 
use. Covering the amateur bands from 80 
to 10 meters, the AT1 uses a 6AG7 crystal 
oscillator to drive a 6L6 -G amplifier - 
frequency doubler to about 30 watts input. To insure stability, the 6L6 is operated 
as a frequency doubler on the bands above 80 meters and power output is no more 
than 10 watts on the 40 -, 20 -, 15 -, and 10 -meter bands. 

This article tells how to substitute a 2E26 tube for the 6L6 in the AT1 transmitter 
and thus double its power output on the 40 -, 20 -, and 15 -meter bands. The entire job 
can easily be completed in one evening at a cost of approximately $6.00. 

amplifier stage 
If the Heathkit instruction manual is handy, it will help in making the following 

changes. Start at the output tube socket (socket B in pictorial 1 in the manual). First 
remove the 100 -µµfd. capacitor and the 1.1 -mh. r.f. choke connected to pin 3 of the 
socket from the circuit. Put the capacitor and choke aside temporarily. Then transfer 
the 22,000 -ohm resistor and the 0.001 -µfd. fixed capacitor from pin 4 to pin 3 of the 
socket. Transfer the connections of pin 8 to pin 1 and connect pin 8 to the nearest 
ground lug. 

Remove the leads from the 0.5 -µfd. capacitor and the 100 -ohm resistor from pin 6 
of the socket. Solder these two leads together, but clear of the socket pins. Replace 
the 47,000 -ohm resistor connected to pin 5 of the socket with an 188,000 -ohm, 2 -watt 
resistor. This completes the rewiring of the socket. 

Now make a "parasitic suppressor" by 
winding six turns of No. 16 or No. 14 wire 
around a pencil, spacing the turns, so that 
the coil is about 3/4" long. Slip the wind- 
ing off the pencil and insert a 100 -ohm, 
2 -watt resistor through it. Solder the ends 
of the coil to the leads of the resistor close 
to the resistor body. 

Cut one lead of the suppressor to a 
length of about ?s" and solder it to one 
lead of the 100 -014fd. capacitor previously 
removed from the circuit. Then solder the 
other lead of the capacitor of the stator 
terminal of the Output tuning capacitor to 
which is was previously soldered (2A of 
CA, pictorial 2 in the manual). Bend this 
lead so that the fixed capacitor and the 
parasitic suppressor are standing upright. 

Temporarily insert the 2E26 into the 

In revised circuit, 2E26 (in foreground) is sub- 

stituted for 6L6 -G. 
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TO 1.10y. KEY JACK 
R F. CHOKE 

¡3. TC / I O 

ONO. LUG. l (SOCKET-8) 

7. ñ 
," .001Nfd. ")7 r1 

TO 
FIL. SUPPLY 

.00lyfd. 

CA 
OUTPUT 
TUNING 

CAPACITOR 

PARASITIC 

.3SUPPRESSOR (NEW) 

TO TC-3 
(THROUGH HOLL 
IN CHASSIS) 

I.Imhy. 
R.F. CHOKE 

TÚéÉ 

Fixed capacitor and r.f. choke formerly connected 
to pin #3 (plate) of the 6L6 -G tube socket are 
moved above the chassis for connection to plate 
cap of the 2E26. Pictorial is shown at left. 

I -I00 -µµid. midget variable capacitor (Bud #1875 or 
equivalent) I- 18,000 -ohm, 2 -watt composition resistor 

I -100 -ohm, 2 -watt composition resistor 
1 -2E26 tube 
1 -34 "- diameter tube cap connector (National #24 or 

ONO. LUG equivalent) 

tube socket. Bend the wire from the parasitic suppressor towards the plate cap of 
the tube and solder a tube cap connector to it. Leave the lead just long enough to 
permit putting the connector on the tube cap without strain. 

Next, connect one end of the 1.1 -mh. r.f. choke to the junction of the fixed capacitor 
and the parasitic suppressor. Position the choke so that it extends over the I/2" hole 
in the AT1 chassis. Take about a 4" length of stiff, well -insulated wire and run it 
from the other end of the choke, through the hole in the chassis, to the same terminal 
on the three -terminal tie strip to which the choke was previously connected (terminal 
3 of TC, pictorial 1 of the manual). Center the wire in the chassis hole to prevent 
the possibility of a short circuit developing at this point. 

Viewed from the rear, the changes to the bandswitch now to be described are made 
to the terminals on the right side of the rear switch wafer. These terminals are 
numbered for identification: top terminal, 1; the next one down, 2; the third one 
down, 3; and the bottom one, 4. 

Transfer the wire on switch terminal 3 to switch terminal 4. Do not remove the 
wire already connected to terminal 4. Transfer the wire on terminal 2 to terminal 3. 
Then connect a wire jumper between terminals 1 and 2, without disturbing the wire 
already connected to terminal I. 

Replace the Driver (oscillator) tuning capacitor with a 100 -pµfd. midget variable 
capacitor, mounting it on the panel by means of its shaft bushing and panel nut. Wire 
the new capacitor into the circuit so that its connections are the same as those of 
the old one. 

Finally, unsolder the end of the oscillator coil winding from the top front lug on 
the coil form and unwind four turns. Cut off the excess wire and resolder the end 
of the winding to the same terminal. 

Eighty -meter crystals are required for 80 -meter operation of the transmitter, and 
may be used on 40 and 20 meters. Forty -meter crystals may also be used for 40- and 
20 -meter operation, and are required for 15 and 10 meters. 

Maximum power output from the modified transmitter is obtained with a maximum 
grid current of approximately 2.0 ma. to the 2E26. On 80 and 40 meters, over 5.0 ma. 
of grid current can be obtained. It is controlled by detuning the Driver control on 
these bands. 

The power output from the modified AT1 is approximately double its former value 
on the 40 -, 20 -, and 15 -meter bands. Substituting a 6146 tube for the 2E26, without 
additional circuit changes, will give slightly more output (and input), but the 6146 
costs somwhat more than the 2E26. 
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V.H.F. 

Explorer's 

Receiver 

by richard 
graham 

tune in on emergency broadcasts, FM and 
TV sound -and aircraft frequencies too 

Exploring the many services using the v.h.f. band can provide real excitement in 
listening. Not only are the familiar FM and TV broadcasting services found in this 
region, but a host of others, such as: Police, Fire, Public Utilities, Taxi, Aircraft, Ama- 
teur, etc. 

The Explorer's Receiver has three plug -in coils and will pick up all these services 
in the range of 28 to 175 megacycles. The receiver has excellent sensitivity although it 
uses only two tubes. This is accomplished by using a superregenerative detector. This 
detector circuit has long been famous for its sensitivity, as well as for some of its less 
desirable traits. A superregenerative detector is basically an oscillator. So it's only 
natural for it to cause interference. The problem is overcome in this receiver by pre- 
ceding the detector with an r.f. isolation stage. 

construction 
This receiver requires some care in building. The lengths of leads play an important 

part in successful operation. For this reason it is recommended that the photographs 
of the receiver be carefully studied. If possible, copy the parts layout exactly. 

The receiver itself is constructed in a 6" x 6" x 6" LMB box in which the chassis is 
mounted vertically. There is a good reason for this unorthodox approach. It permits 
very short leads between the antenna input and the detector. Note that the r.f. stage 
is mounted horizontally from one side of the chassis so the bottom of the socket will 
face the 6AF4 socket. 

The detector tube socket is mounted on the variable capacitor C5, which is made 
specifically for this application and has brackets for mounting a tube socket. The coil 
socket is a ceramic (or other high quality material) crystal socket. All sockets, 
couplings and capacitors used in the r.f. and detector stages should be of similar high - 
quality material. 

The National VHF -1 -S tuning capacitor C5 is different from the type of variable 
capacitor commonly used at lower frequencies. There are two stators and two rotors, 
but the capacitor wiring terminals are connected to the two stators while the rotors 
are fastened to a common shaft. Thus, two variable capacitors are effectively placed 
in series. 
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SRI C2 

TI 

Interior view of left side of the receiver showing 

location of power supply components and the combina- 

tion r.f. and audio amplifier tube, mounted horizontally. 

RFC 2 

f COIL 
SOCKET 

C5 

Cl 

J 

COIL DATA 

0 

O 

For the 28-50 mc. band: six turns of 
Barker ß Williamson Miniductor No. 
3015 coil stock (16 turns /inch), sol- 

dered into Millen No. 37412 plug. 

For the 48 to 90 mc. band: four 
turns of No. 12 wire, tinned, i /2" 
long, I" in diameter. 

For the 90 to 175 mc. band: two 
turns of No. 12 wire, tinned, 1/2" 

long, 3/4" in diameter. 

Right side of receiver (at left) con- 
tains oscillator tube and coil socket into 
which band coils are plugged. Point -to- 
point wiring and short leads are used. 

T2 

-__ C4 ___ ...-.W.. V2 

Exterior view of the receiver 

(at right) shows cutout in the 

right side through which the vari- 

ous coils are inserted into the coil 

socket to obtain the desired fre- 

quency band. In this photo, the 

coil for the 28 -50 mc. band has 

been inserted; coils for the other 

two bands are also shown. 
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TI 

SI 

E) 

4 

parts list 
CI -0.001 -fd. tubular ceramic capacitor 
C2a /C2b/C2c- 20/40/20 pfd., 250 -volt electrolytic 

capacitor (Cornell -Dubilier Type BBRT 4225C) 
C3-7 -fd. tubular ceramic capacitor 
C4-0.33 -fd., 200 -volt paper capacitor 
C5-3.0 -fd. to 22.5 -fd. v.h.f. capacitor 

R6 (National Type VHF -1 -S) 
25K C6-0.004 -fd. tubular ceramic capacitor 

C7 -25 -µpfd. tubular ceramic capacitor 
C8 -0.01 -fd. disc ceramic capacitor 
J1-Open-circuit jack 
LI -3 coils (see Coil Data on page 62) 
RI, R3- 330- ohm,1/2-watt resistor 
R2 -5600 -ohm, 1 -watt resistor 
R4-47,000 -ohm, 1/2-watt resistor 
R5- 7.5- megohm, i/, -watt resistor 
R6- 25,000 -ohm potentiometer 
R7- 2200 -ohm, 2 -watt resistor 
RFCI, RFC2 -Z50 Ohmite choke 
RFC3- 25 -mh. choke 
RFC4, RFC5-Z144 Ohmite choke 
SI- S.p.s.t. toggle switch 
SRI- 65 -ma., 160 -volt selenium rectifier 
TI -Power transformer, sec. 150 volt, 25 ma.; 6.3 volt 

@ 0.5 amp. (Stancor P8181) 
T2 -Audio transformer, interstage 1:3 ratio ( Stancor 

A -53) 
VI -12AT7 tube 
V2 -6AF4 tube I- Crystal socket (Miller No. 33102) 
I-6" x 6" x 6" cabinet (LMB) 

The power supply section is located on 
the chassis opposite the r.f. wiring. 

Before the unit is assembled, the cabinet 
will need a large hole cut through the side 
to comfortablj allow the plugging in of the 
three coils. The hole in the model shown 
is 11/4" by 2%". 

frying it out 
After the receiver is completed, including 

the coils, turn on the a.c. switch and ad- 
vance the regeneration control R6 until a 
loud hissing sound is heard in the head- 
phones. Now tune the receiver for a signal 
-always remembering to adjust the re- 
generative control for the proper level. 

The last step is to calibrate the three 
bands. If you have access to a signal gen- 
erator, this is no problem. It becomes more 
difficult, but not insurmountable, if no sig- 
nal generator is available. Generally there 
are enough signals of known frequency, 
such as TV and FM stations, to enable a 
rough calibration. 

There is no single antenna that will pro- 
duce top performance over the complete 
range covered by the receiver. An outdoor 
TV antenna will perform fairly well. How- 
ever, this type of antenna is directional and 
horizontally polarized. Most mobile services 
use vertically polarized antennas. The 
writer has found that for general listening 
a plain random length piece of wire does as 
well as anything. 

For top performance, a dipole cut to the 
desired frequency will produce superior re- 
sults. The antenna can then be hung ver- 
tically or horizontally. 
1958 Edition 

how it works 
A I2AT7 double triode serves as a grounded grid r.f. 

stage preceding the detector. The second half of this tube 
serves as an audio amplifier. The detector is of the super - 
regenerative variety and uses a 6AF4 triode. 

A grounded grid r.f, amplifier serves to isolate the os- 
cillating detector from the antenna. Since the grid is 

grounded and the signal is fed into the cathode, it is nec- 
essary to feed the filament through r.f. chokes. The output 
is very loosely coupled to the detector. 

The detector is an ultraudion type of oscillator that is 

brought in and out of oscillation at a low frequency rate. 
This low frequency is called the "squelch" or "quench" 
frequency. Feedback for the oscillator is accomplished 
through the circuit wiring and the internal capacities of 
the tube. These capacities are not shown as such on the 
schematic diagram, although they are adequate at the fre- 
quencies used in the receiver to enable oscillation. 

The detector output is fed to a conventional audio stage 
which feeds the headphone jack. D.c. power is obtained 
from a transformer -fed half -wave selenium rectifier supply. 
To enable the use of resistance filtering in the supply, the 
transformer selected has a higher output voltage than the 
usual transformer of this type. This eliminates the use of 

filter choke. 
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Front panel view of the 
spot frequency injector 
(left) which is designed 
around two printed -circuit 
kifs. Below are the printed - 
circuit boards shown with 
all small parts mounted. 

by pawl harvey 

Spot Frequency Injector 
The utility of any short -wave receiver 

can be enhanced by pairing it off with a kits simplify crystal calibration 
reliable frequency standard. If you take ad- 
vantage of commercially available printed- for ham operators and SWL'S 
circuit kits and the economy of a homemade 
power supply, you can build an accurate crystal calibrator that performs right up 
to 30 mc. 

The unit pictured here is designed around two kits manufactured by the Interna- 
tional Crystal Manufacturing Co., Inc., 18 N. Lee St., Oklahoma City, Okla. The first 
of these is a 100 -kc. crystal oscillator and the other is a 10 -kc. multivibrator. With 
the proper power supply and housing, 100 -kc. and 10 -kc. markers may be obtained 
right up to the limit of the high- frequency end of most short -wave receivers. 

construction 

After obtaining the kits and accessory parts given in the "bill of materials," you 
will find it easy to follow the constructional steps below. 

Step 1: Locate all the components in the positions indicated in the manufacturer's 
assembly instructions except for one modification: connect both the 100 -pµfd. capacitor 
that comes with the FO -1L 100 -kc. oscillator and the 0.01 -pfd. capacitor accompanying 
the FMV -1 multivibrator to the common r.f. terminal on the FO -1L board. This leaves 
two free wire ends, one on each of the capacitors. The free end of the 0.01 -pfd. capac- 
itor will later join the input terminal on the FMV -1 board while the 100 -pµfd. capacitor 
will be connected to the switch that selects either the 100 -kc. or 10 -kc. output. Solder 
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Layout of components above 
the chassis is shown at right; 
the 0A2 regulator tube is in 
the left -hand corner, while the 
6X4 rectifier is located be- 
tween the filter capacitor and 
the 0A2. In the photograph 
below, you can see the inter- 
connecting wires and how the 
chassis looks installed in the 
cabinet, viewed from the top. 

the components according to instructions. 
Step 2: Lay out and mark the positions 

of the printed -circuit boards on the alumi- 
num chassis. Group the power transformer 
(TI), filter capacitor (CI), 0A2 regulator Changeover switching system for 100 or 10 kc. 
tube (V2), and 6X4 rectifier tube (VI) 
around the boards and mark their positions. Drill the cabinet panel for the two output 
terminals, the level control (RS), pilot light assembly, and the two switches (SI and 
S2). One additional grommeted hole should be drilled in the chassis between the panel 
and the FO -1L board to permit passage of connecting wires from the parts beneath 
the chassis to those aboveboard. 

Step S: Wire the power supply. The filter resistor (Rl) and series resistor (R2) for 
the regulator are supported by solder lugs on the tube sockets and filter capacitor. 

Step 4: Secure the printed- circuit boards to the chassis with the small screws and 
brackets that accompany the kit. Complete all the aboveboard wiring at this time. 
Insert the crystal in the FO -1L board socket, the 6BH6, and the 12AT7; be certain 
that the 6X4 rectifier and the 0A2 regulator are in the correct sockets. 

With the power off, couple the output terminal of the frequency standard to the 
antenna post of your short -wave receiver and join the ground terminal of your receiver 
to the ground post on the calibrator. Tune your receiver to the National Bureau of 
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Pictorial and schematic diagrams for the power supply. 
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bill of materials 
I- 100 -kc. crystal oscillator kit supplied with 6BH6 tube (Int. Crystal 

Co. Model FO -IL) 
I- 10 -kc. multivibrator kit supplied with 12AT7 tube (let, Crystal Co. 

Model FMV -I) 
CI -40 -40 µfd., 250 -w.v., dual filter capacitor 
RI -1000 -ohm, 5 -watt resistor 
R2 -1500 -ohm, 5 -watt resistor 
R3 -1000 -ohm linear taper potentiometer 
SI- S.p.s.t. toggle switch 
52- D.p.d.t. toggle switch 
TI -Power transformer, primary 117 volts, 60 cps, secondaries 250 volts 

@ 25 ma, 6.3 volts @ 1.0 amp. (Stancor PS -8416 or equivalent) 
VI-6X4 tube 
V2 -0A2 tube 

1 -7" x 9" x 2" aluminum chassis 
I -Black crackle steel cabinet, hinged top 
2 -5 -way type binding posts, one black and one red 

2 -7 -pin miniature Bakelite sockets for subchassis mounting 
Misc. -Bakelite pointer knob, Dialco 81410 pilot assembly, #47 bayo- 

net -base, 6 -volt pilot lamp, two -lug terminal strip, a.c. line cord, 

decals for trim. 

Standards transmitter at Station 
WWV; this station can be heard 
at any time of the day on 2.5, 5.0, 
10, 15, 20, and 25 mc., and may be 
recognized by ticks that resemble 
those of a clock. 

100 kc. operation 

Set the changeover switch on the 
calibrator to "100 kc.," and turn 
the level control up to maximum. 
With proper operation, an audio 
beat note will be heard indicating 
that the 100 -kc. oscillator is emit- 
ting a harmonic close to WWV's 
frequency. Adjust the trimmer ca- 
pacitor on the FO -1L board for 
zero beat. 

Now your BFO may be turned on 
while you check for the presence 
of 100 -kc. marker signals through- 
out the band. After the initial test, 
you will want to reduce the output 
level of the crystal calibrator using 
potentiometer R3; it may also be 
advisable to loosen the coupling 
between the calibrator and the 
receiver. 

10 kc. operation 

To test the 10 -kc. multivibrator 
section, set the changeover switch 
on "10 kc." and adjust the tiny po- 
tentiometer on the FMV -1 board 
for a locked -in condition. This is 
accomplished by rotating the shaft 
while listening to the beat note of 
the harmonic of the FMV -1 with 
either WWV or any standard 
broadcast station. The potentiom- 
eter is adjusted until the multivi- 
brator locks at 10 kc. and produces 
a beat signal with the broadcast 
station of a few cycles per second. 
An S -meter is useful here because 
its slow visible oscillation tells you 
when zero beat is being approached. 

Precise frequency measurements 
and receiver calibration procedures 
are outlined in the literature which 
forms a part of each of the kits. 
The success and satisfaction you 
have with this instrument depends 
in part on the way you handle it. 
The setting of R3 is important to 
avoid overloading your receiver and 
"swamping" the incoming signal. 
More output is required for the 
higher order harmonics, of course. 
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the 21 
SPECIAL 

by william i. orr 

here's a 70 watt transmitter 
designed for today's novice, 
tomorrow's general class ham 

Intended for the Novice or the newly licensed General Class amateur, the "21 
Special" is capable of 70 watts input on the 21 -, 27- and 28 -mc. amateur bands. World- 
wide DX can be worked on these interesting, long -distance bands, and the "21 Special" 
is designed particularly for those amateurs who have had some experience in building 
their own equipment. It is completely TVI- suppressed, and delivers over 50 watts to 
the antenna on each of the three bands. 

A 6ÁG7 (VI) harmonic oscillator employing inexpensive 7 -mc. crystals is capacity - 
coupled to a 6146 IVT ?) beam tetrode. working as a class C amplifier. The correct har- 
monic of the crystal is selected by the resonant circuit CI-L2. In the plate circuit of 
V? is a pi- network coupler capable of matching the amplifier to either a 52 -ohm or a 
75 -ohm coaxial transmission line. The pi- network tunes from 20 mc. through 32 mc., 
eliminating the necessity of coil switching. Amplifier tuning is done by capacitor C17, 
and antenna loading is controlled by capacitor CM. Stable operation of the class C 
amplifier is insured by complete parasitic suppression in the grid and plate circuits of 

1958 Edition 

notice We do not suggest that the Novice Ham con- 

struct this unit as his "first" transmitter. Before 

tackling such a project, the Novice should attempt 
to gain wiring experience and knowledge on how to 
tune up a transmitter. While the circuit is foolproof, 

a little extra know -how -principally gained through 

experience -should be sought first. 
The Editors 
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the 6146 beam tetrode (V2) using components R)t. L.) and R9, L4. 
Plate power for both stages is provided by a dual -voltage supply utilizing a new 

Chicago- Standard transformer. The osciljator stage requires 300 volts, and the 
amplifier requires 600 volts. A 6AX5 (V4) is employed for the low- voltage rectifier, 
and a 5R4 -GY (V3) is used for the high -voltage rectifier. For standby purposes, the 
two high -voltage circuits are broken by S3, permitting the transmitter to come on as 
soon as the switch is closed. 

Grid and plate current of the 6146 amplifier tube are measured by a unique multi- 
plier circuit, permitting both readings to be made on a single 0 -1 d.c. milliammeter. 
Full -scale reading of the meter in the grid (Ig) position of S2 is 3 ma., and full -scale 
reading in the plate (Ip) position is 200 ma. Normal grid current should read about 
0.5 on the meter (1.5 ma.), and normal plate current should read about 0.6 on the 
meter (120 ma.) . 

You can achieve maximum TVI- suppression by placing r.f. filters in the main power 

parts list 
CI- 150 -µ/td. mica capacitor 
C2, C4, C7- 0.01 -µfd. ceramic disc capacitor 
C3, CI7-50 -µpfd. variable capacitor (Bud MC -1863) 

C5-50 -µpfd. mica capacitor 
C6-15 -µµíd. ceramic disc capacitor 
C8, C9, CIO, CII, C12, C13, C23 C24 -0.001 -µfd. ceramic 

disc capacitor 
C14, C15, C16 -0.001 -µfd., I -kv. capacitor 
CIO- 300 -µpfd. variable capacitor (Bud MC -1860) 

C19, C20, C21, C22 -0.002 -µfd. ceramic disc capacitor 
C25, C26--80 -µfd., 450 -volt electrolytic capacitor (Sprague 

TV -1716) 

C27 -20.20 pfd., 450 -volt electrolytic capacitor 
CHI- 10 -hy. @ ISO ma. choke (Chicago- Standard C -2335) 

CH2, CH3 -7 -hy. @ 50 ma. choke (Chicago- Standard 

C -1227) 
FI, F2 -2 -amp. fuse in I17 -volt line plug 
JI- Coaxial receptacle (50239) 

J2- Closed- circuit jack 
LI-8 turns of No. 16 wire, 1" diameter, 1/=" long (85W 

3015) 

L2 -12 turns of No. 16 wire, s /B" diameter, 11/2" long (B6W 
3006) 

L3 -3 turns of No. 18 enameled wire wound on 50 -ohm, 

1/2-watt resistor (R4) 

L4-3 turns of No. 18 enameled wire wound on 50 -ohm, 
I -watt resistor (R9) 

LS-8 turns of No. 10 wire, l3/4" inside diameter, 2" long 
MI-0 -1 d.c. milliammeter, SS-ohm resistance (Triplett 221, 

2" square) 
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