
MEASUREMENTS & STANDARDS- 

Covering: Atomic frequency and time 

standards, Our National electrical 
standards, How to make accurate r.f. 
measurements, High- stability crystal 
frequency standards, and others. 
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GET A FAST START WITH 
NRI'S ABSORBING, NEW 
ACHIEVEMENT KIT 
Delivered to your door - 
everything you need to 
make a significant start in 

-the Electronics field of 
_your choice! This new 
- starter kit is an outstand- 

ng, logical way to intro - 
duce you to NRI. What's 
n it? Your first group of 
esson texts; a rich vinyl 
desk folder to hold your 

-study material; the indus- 
try's most complete 
Radio -TV Electronics Dic- 
tionary; valuable refer - 

-?nce texts; lesson answer 
-sheets; pre -addressed en- 

/elopes; pencils; pen; 
engineer's ruler, and even 
)ostage. No other school 
ias anything like it. 

ELECTRONICS COMES 
ALIVE WITH CUSTOM 
TRAINING KITS 
You get your hands on ac- 
tual parts and use them to 
build, experiment, explore, 
discover. NRI pioneered 
and perfected the "home 
lab" technique of learning 
at home in spare time. 
Nothing is as effective as 
learning by doing. That's 
why NRI puts emphasis on 
equipment, and why it in- 
vites comparison with 
equipment offered by any 
other school. Begin now 
this exciting program of 
practical learning created 
by NRI's Research and De- 
velopment Laboratories. 
It's the best way to under- 
stand fully the skills of the 
finest technicians -and 
make their techniques 
your own. 

"BITE- SIZE" LESSON 
TEXTS PROGRAM YOUR 
TRAINING AT HOME 
Certainly, lesson texts are 
necessary. NRI's pro- 
grammed texts are as 
simple, direct and well il- 
lustrated as 50 years of 
teaching experience can 
make them. They are care- 
fully programmed with NRI 
training kits to make the 
things you read about 
come alive. You'll experi- 
ence all the excitement of 
original discovery. 

HOBBY? CAREER? 
PART -TIME EARNINGS? 
MAIL COUPON TO NRI 
Whatever your reason for 
wanting to increase your 
knowledge of Electronics 
... whatever your educa- 
tion . . . there's an NRI 
instruction plan to fit your 
needs. Choose from three 
maor training programs 
in Radio -TV Servicing, In- 
dustrial Electronics and 
Communications or select 
one of seven specialized 
courses. Mail coupon for 
NR9 catalog now. 

DISCOVER THE EXCITEMENT OF 
NRI ELECTRONICS TRAINING 

Founded 50 years ago -in the days of wireless -NRI pioneered the "learn -by- 
doing" method of home -study. Today, NRI is the oldest, largest home -study Elec- 
tronics school, offering the kind of instruction that makes learning exciting, fast. 
You build, test, experiment, explore. Whatever your interest, your need, your 
education, investigate the wide variety of NRI training plans ... find out about the 
NRI Achievement Kit. Check and mail the coupon now. No salesman will call. 
NATIONAL RADIO INSTITUTE, Washington, D.C. 20016. 

50 YEARS OF LEADERSHIP IN ELECTRONICS TRAINING 
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INTERNATIONAL FREQUENCY METERS 

Equip your lab or service bench with the finest .. . 

Discover new operating convenience. 

FM -5000 FREQUENCY METER 25 MC to 470 MC 
The FM -5000 is a beat frequency measuring device incorporating a transistor 
counter circuit, low RF output for receiver checking, transmitter keying circuit, 
audio oscillator, self contained batteries, plug -in oscillators with heating. circuits 
covering frequencies from 100 kc to 60 mc. Stability: at- .00025% -t 85= to +95 °F, 

.0005% +50c to +100`F, ±.001% +32° to +120'F. A separate oscillator (FO -2410) 
housing 24 crystals and a heater circuit is available. Dimensions: FM -5000, 
10" x 8" x 71/2". 

FM -5000 with batteries, accessories and complete instruction manual, less oscil- 
lators, and crystals. Shipping weight: 18 lbs. Cat. No. 620 -103 $375.00 
Plug -in oscillators with crystal $16.00 to $50.00 

C -12B FREQUENCY METER For Citizens Band Servicing 
This extremely portable secondary frequency standard is a self contained unit 
for servicing radio transmitters and receivers used in the 27 mc Citizens Band. 
The meter is capable of holding 24 crystals and comes with 23 crystals installed. 
The 23 crystals cover Channel 1 through 23. The frequency stability of the C -12B 
is ± .0025% 32- to 125 °F, .0015% 50° to 100'F. Other features include a transis- 
torized frequency counter circuit, AM percentage modulation checker and power 
output meter. 

C -12B complete with PK (pick -off) box, dummy load and connecting cable, crystals 
and batteries. Shipping weight: 9 lbs. Cat. No. 620 -101 $300.00 

C -12 CRYSTAL CONTROLLED ALIGNMENT OSCILLATOR 
The International C -12 alignment oscillator provides a standard for alignment of 
IF and RF circuits 200 kc to 60 mc. It makes the 12 most used frequencies 
instantly available through 12 crystal positions 200 kc to 15,000 kc. Special 
oscillators are available for use at the higher frequencies to 60 mc. Maximum 
output .6 volt. Power requirements: 115 vac. 

C -12 complete, but less crystals. Shipping weight: 9 lbs. Cat. No. 620 -100 . . $69.50 

[C-12M FREQUENCY METER For Marine Band Servicing 
The International C -12M is a portable secondary standard for servicing radio 
transmitters and receivers used in the 2 mc to 15 mc range: The meter has sockets 
for 24 crystals. The frequency stability is -` .0025% 32' to 125 °F, ± .0015% 50° to 
100 °F. The C -12M has a built -in transistorized frequency counter circuit, AM 
percentage modulation checker and modulation carrier and relative percentage 
field strength. 
C -12M complete with PK (pick -off) box and connecting cable, batteries, but less 
crystals. Shipping weight: 9 lbs. Cat. No. 620 -104 $235.00 
Crystals for C -12M (specify frequency) $5.00 ea. 

KEEPING YOU ON FREQUENCY IS OUR BUSINESS... 

August, 1964 

Write today for our FREE 1964 CATALOG 

:. >=. 
./l/ '-. 

I I"lU// 
C R Y/l L 

-01 NC. 

18 NORTH LEE OKLAHOMA CITY, OKLA. 

CIRCLE NO. 117 ON READER SERVICE PAGE 
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The value of a name Dealers have long found that SILVER SCREEN® 85 picture 

tubes move off the shelves fast. Why? One big reason is the tube's precision- engineered 

features. Another is that through the years these same features have created the guaranteed 

acceptance of a name - SILVER SCREEN 85. In picture tubes no brand name approaches the 

assured recognition of SILVER SCREEN 85 tubes. To your customers, the name means built -in 

quality and long life dependability. To you, SILVER SCREEN 85 picture tubes mean sales, profits, 

fewer callbacks, better satisfied customers. Sylvania values that acceptance and safeguards 

it by applying every new research and development technique for product improvement. That's 

why the newest SILVER SCREEN 85 picture tubes have longer life and greater product uniformity. 

Stay with the quality name in TV picture tubes -SILVER SCREEN 85. See your Sylvania Distributor. 

SILVER SCREEN 85 picture tubes are 
made only from new parts and 
materials except for the envelopes 
which, prior to reuse, are 
inspected and tested to the same 
standards as new envelopes. 

SYLVAN IA 
SUBSIDIARY OF 

GENERALTELEPHONE & ELECTRONICS GT &E 
NEW CAPABILITIES IN: ELECTRONIC TUBES SEMICONDUCTORS MICROWAVE DEVICES SPECIAL COMPONENTS DISPLAY DEVICES 

2 ELECTRONICS WORLD 
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17 Floating Spacecraft Tracking Stations Richard LaCoste 

20 Frequency & Time Standards George E. Hudson 

The .4ssistant Chief of the Radio Standards Physics Diu., .National Bureau of Standards, 
discusses the latest atomic frequency standards and their accuracy. The U.S. Frequency 
Standard. which can control clocks to within a second in 3000 years, is described. 

24 Meter Reading Conversion Nomograms Robert Jones 

26 Recent Developments in Electronics 

28 Distortion in Phono Cartridges James H. Kogen 

29 Units and Standards of Electrical Measure Forest K. Harris 

The Chief of the Absolute Electrical Measurements Sec., \ational Bureau of Standards, 
examines our National Standards of resistance, current, voltage. An assessment is 
made of the present state of the art on the accuracy of measurements that is possible. 

33 High -Fidelity Measurements -Science or Chaos? Edgar villchur 

36 Data Flow in Digital Computers Ed Bukstein 

38 DSB and the Citizens Bander Bruce E. Packham 

41 New Approach to High- Frequency Measurements Bob Ferrous 

By using a long length of coax, a sweep generator, and scope, it is pos- 
sible to determine v.s.tc.r., R, C, L, and "Q" at television frequencies. 

44 High -Stability Crystal Frequency Standards Irwin Math 

46 The Gate Turnoff Controlled Rectifier David L. Pippen 

47 Precise Measurement of Radio Frequencies J. Richard Johnson 

flow to use u simple secondary standard to measure transmitter or r.f, 
generator frequency with accuracies far beyond those required by the FCC. 

60 New Look in Microwaves Leo G. Sands 

63 Simple Transistor Tests Glen McKinney 

65 Measuring Filament Voltage 

71 Transistorized Audio Sweep Generator Robert H. Douglas 

6 For the Record (Editorial) w. A. Stocklin 

The Electronic Parts Show 

12 EW Lab Tested 
Eico Model 2036 Stereo Amplifier 
Electro.Voice EV -2 Speaker System 

52 Ignition Noise Problems Jahn Frye 

68 Test Equipment Product Report 
Heathkit 110-13 Spectrum Monitor 
Budelman 17A4 CB Frequency Meter 
General Radio Type 1396 -A Tone -Burst Generator 

MONTHLY FEATURES 
Coming Next Month 
Letters from Our Readers 
Reader Service Page 

Manufacturers' 

August, 1964 
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Book Reviews . . 

New Products 
81 
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OUR COVER is a somewhat 
simplified illustration of the 
National Bureau of Stand- 
ard's "atomic clock." This 
is the primary standard for 
the measurement of fre- 
quency and time in the 
United States. Cesium 
atoms are shot through the 
long cylinder into which 
radio waves are injected. 
When the radio waves match 
the vibration -per- second 
rate of the cesium atoms 
(9192.63177 mc.), absorp- 
tion occurs and a near abso- 
lute standard is available. A 
clock, controlled by this in- 
strument might vary no more 
than one second, loss or 
gain, after running continu- 
ously for 3000 years. (Illus- 
tration: Otto E. Markevics.) 
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Outperforms Finest Vacuum Tube Units 

NEW SCOTT 312 
SOLID STATE 
FM TUNER 

... yet it's only $259.95! 

Scott announces a top - performing 
solid -state FM stereo tuner at a 

modest price...a no- compromise 
tuner that exceeds the performance 
of conventional tube units . .. it's 
factory -guaranteed for 2 full years. 
Not just a redesigned unit, the Scott 
312 incorporates an entirely new 
approach to tuner circuit design: 

Exclusive "Comparatron" provides 
foolproof silent automatic stereo 
switching. Momentary changes in 
signal strength will not cause stereo 
to switch in and out as do ordinary 
automatic devices. 

"Flat -Line Limiting" circuits assure 
quiet, noise -free FM reception, im- 
pervious to outside electrical inter- 
ference. There's actually less than 
1 db difference in tuner output 
whether you listen to a strong local 
station or a weak distant one, 

S C OTT® 
H. H. SCOTT, INC. Dept. 160 -8 

111 Powdermill Road, Maynard, Mass. 
Please rush me complete information 

and specifications on the new Scott 312 
FM solid -state tuner, plus Scott's full - 
color 24 -page Guide to Custom Stereo 
for 1964. 

Name 

Address 

City 

State Zip 

Export: H. H. Scott International, 111 Powder - 
mill Road, Maynard, Mass. Cable HIFI Canada: 
Atlas Radio Corp., 50 Wingold Avenue, Toronto 

L J 
CIRCLE NO. 100 ON READER SERVICE PAGE 
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NEXT 
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INTEGRATED CIRCUITS 
Neu, fabricating techniques permit the 
production of multi- transistor circuits so 
small that a 28- component device can 
pass through the eye of a sewing needle. 
How they are made, how they are inter- 
connected, and a description of the vari- 
ous types of devices are included in this 
industry -wide survey. 

SELECTING AN H.F. TRANSISTOR 

Roy Hejhall and Darrell Thorpe of 
Motorola explain how the selection of 
high- frequency transistors can be sim- 
plified. Since different parts catalogues 
quite often use different parameters in 
specifying these units, two simple nomo- 
grams are included to permit easy inter - 
conversion. 

CLIP -ON D.C. CURRENT PROBE 

Three engineers from Hewlett -Packard 
describe a technique which permits the 
measurement of d.c. current in a circuit 
without either opening or loading down 
the test circuit. 

DESIGNING THE I.F. CIRCUIT 

It is common knowledge that the design 
parameters of circuit components vary 
with frequency. The article describes 
more than the reasons -it covers the de- 

All these and many more interesting 
in the SEPTEMBER issue of ELECTR 

:lecliYñicsWoild 

I.MTRCRAffiD,RnS . 

gree of change in resistors, capacitors, 
and inductors u-hen operating at these 
various radio frequencies. 

CAPACITANCE TRANSDUCER SYSTEMS 
3lany modern instrumentation and 
control systems use the principle of 
capacitive variation to sense mechanical 
changes and convert them into corre- 
sponding electrical signals. The article 
describes how these transducers are be- 
ing used in the precise measurement of 
fluid pressures of gas, oil, steam, and 
hydraulics materials as well as deter- 
mining the moisture content of soils, 
paper, and related products. 

PIANO -TUNING -THE ELECTRONIC WAY 

Frederick Van Veen of General Radio 
explains how you can put a piano "on 
key" with the aid of a test instru- 
ment that picks out the correct har- 
monic and beat note. The technique 
described involves a tuned amplifier 
and null detector plus a "universal 
counter." 

SCA BACKGROUND -MUSIC DEMULTIPLEXER 

Details on a transistorized adapter de- 
signed to be used with FM tuners for 
the home reception of background music 
f rom "storecast" transmissions. 

and informative articles will be yours 
ONICS WORLD ... on sale Aug. 18th. 
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Planning his future is one thing... providing for it is another 
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Accredited Member of the National Home Study CGUncd 

CREI 
Founded 1927 

Can you do it 
without more 
education in 
electronics? 
You don't want to accept second -best for yourself and 
those who depend on you. But you may have to unless 
you get more education. In electronics, you must learn 
more to earn more. And, because electronics keeps 
changing, you must keep learning. Stop -and you soon 
won't be worth what you're earning now. 

Your jcb and `amity obligations may keep you from going 
to school. But you can continue your education in elec- 
tronics beyond high school through a CREI Home Study 
Program in Eectronic Engineering Technology. 

CREI Programs cover all important areas of electronics 
including communications, servomechanisms, even nu- 
clear engineering technology. They have just one purpose 
-to get you from where you are now to where you want 
to be in electronics. They do it by giving you the special- 
ized knowledge of electronics that will make yoù worth 
more money to your employer. 

You're elig ble if you have a high school education and 
work in electronics. Our free book gives all the facts. 
Mail coupon or write: CREI, Dept. 1108 -B. 3224 Sixteenth 
Street, N. W., Washington 10, D. C. 

SEND FOR FREE BOOK 
I"' 

The Capitol Radio Engineering Institute. 

Dépt. 1108 -B, 3224 Sixteenth St., N. W. 

Washington 10, D. C. 

L 

ELECTRONICS 

Please seid me FREE book describing CREI Pro- 
grams in Electronics and Nuclear Engineering 
Technology. I am employed in electronics and 

Blaye a high school education. 

Name Age 

Addres- 

City Zone State 

Employed by 

Type of Present Work 

Check: ,C Home Study Residence School G. I. Bill E-1 

J 
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ALL NEW 
I better than ever 

N 
" O GENUINE 

OISE" 

- 

Available Only TET 
In 6 -oz. Spray Cans 

CLEANS, LUBRICATES, 
RESTORES AND PROTECTS 

WON'T ECT 

PLASTICS 

NON- 

FLAMMABLE 

NON -TOXIC 

NO 

CARBON 

Volume Controls, Push Button Assem- 
blies, Band Switches, Relays and other 
electrical contacts. 

Conforms rigidly to ALL Federal, State, 
Municipal Laws and Regulations! 

All NO -NOISE Aerosol Products 
NON- FLAMMABLE, NON -TOXIC, 

NO CARBON TET 

Tuner -Tonic 
with PERMA -FILM 

WON'T 

AFFECT PLASTICS 

Economical - a little does 
a lot. Cleans, lubricates, 
restores all tuners includ- 
ing wafer types. Non-toxic 
and non -flammable. For TV, 
Radio and FM. 

Buy EC -44 FOR 
ALL ELECTRICAL CONTACTS 

IN 6 OZ. SPRAY CAN 

NO PRICE INCREASE! 
NEW 1964 JOBBER PLAN 

Ask Your Rep. For Details 

Only With "NO- NOISE" 
Aerosol Products 

FREE 5" 
PLASTIC EXTENDER 

with push- button assembly 
FOR PIN -POINT 
APPLICATION. 

WON'T CAUSE SHORTS 

ALL PRODUCTS 
FREIGHT PREPAID and SOLD 

with MONEY -BACK GUARANTEE 

ELECTRONIC CHEMICAL CORP. 
813 Communipaw Avenue Jersey City 4, N. J. 

CIRCLE NO. 109 ON READER SERVICE PAGE 
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or the 
WM. A. STOCKLIN, EDITOR 

THE ELECTRONIC PARTS SHOW 

a( 

THE "Electronic Parts Distributor Show" in Chicago is supposedly 
the "show of the year" for all manufacturers and distributors of 

electronic components. It is their only show and, if one were to judge 
the success of this year's performance solely by attendance, no one 
would doubt that it was a failure. Exact attendance figures are im- 
possible to come by but we were able to walk through aisles from 
exhibitor to exhibitor without the customary pushing and shoving. In 
most cases booth attendants were readily available for discussion. To 
the newcomer this probably would not seem unusual but the old -timer 
remembers past years when one had to wait thirty minutes just to get 
on an elevator. 

Times have changed -so have the industry and people in it. Ten 
years ago television was still young and manufacturers were working 
on new circuits, new components, and were making use of new test 
equipment. Dealers were excited about the potential growth of the 
industry and this was reflected at the Show. There was a lot of excite- 
ment and everybody in the industry attended. 

Since that time we have seen the development of the CB and high - 
fidelity industries and they have helped to maintain some of this earlier 
enthusiasm. However, within the past few years the industry has gen- 
erally standardized on circuits and components. Even test equipment 
is much the same as it was in previous years. Sure, there were new 
products; almost every exhibitor had something new or different to 
show, but in many cases it was a matter of restyling or a new form of 
packaging. The really new items -those capable of generating special 
excitement -were hard to find. 

The Parts Show, however, is not just a showcase for new products. 
The component industry is a billion dollar market and, like most other 
industries, it is plagued with problems. The over -all sales of electronic 
components through parts distributors has increased only 1.8% in 1963 
over 1962. This is the smallest gain in the last 8 years. The problems 
are obvious: community antenna systems are cutting heavily into an- 
tenna and tower sales; foreign imports of electronic parts are rising each 
year; there are more and more parts to handle; profit margins are de- 
creasing while operating costs are rising. Just imagine what effect inte- 
grated circuits alone will have on the sale of individual components. 

These are problems of both manufacturer and distributor and there 
is no better place to review them than at the Show. Obviously they can- 
not be eliminated but, at the same time, they cannot be ignored. One 
must learn to compete even against these odds. 

This, in essence, was the real theme of the Parts Show: new market- 
ing plans, sales aids, and profitability were subjects under major con- 
sideration among manufacturers, their reps, and distributors. 

For those manufacturers who planned their programs ahead of time, 
planned meetings, and pre -arranged personal appointments, the show 
proved profitable. We talked with many exhibitors and nearly every- 
one, although not all, mentioned that they were extremely pleased with 
the results. 

The Show Committee, like that for any show, can only set the stage 
and arrange the time and place. What the participants get out of the 
Show is in direct proportion to their own efforts. For astute business- 
men who have the foresight to plan, the Show will continue to be a 
profitable venture year after year. 

Sure, it is nice to have a large attendance but simply counting noses 
isn't a true measure of success. The importance of the Show lies in the 
caliber of the people who attend and, from what we saw, those that 
"counted" were there. 

ELECTRONICS WORLD 
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Pick the course for your career... 

Electronics Technology 

A comprehensive program 

covering Automation, Com- 

munications, Computers, 

Industrial Controls, Tele- 

vision, Transistors, and 

preparation for a 1st 

Class FCC License. 

First Class FCC License 

If you want a 1st Class 

FCC ticket quickly, this 

streamlined program will 
do the trick and enable 

you to maintain and serv- 

ice all types of transmit- 

ting equipment. 

Electronic Communications 

Mobile Radio, Microwave 

and 2nd Class FCC Prep- 

aration are just a few of 

the topics covered in this 

"compact" program .. . 

Carrier Telephony too, if 
you so desire. 

Broadcast Engineering 

Here's an excellent stu- 

dio engineering program 

which will get you a 1st 

Class FCC License and 

teach you all about Pro- 

gram Transmission and 

Broadcast Transmitters. 

Get A Commercial FCC License 
...Or Your Money Back! 

A Commercial FCC License is proof of electronics skill 
and knowledge. Many top jobs require it ... every em- 
ployer understands its significance. In your possession, an 
FCC Commercial Ticket stamps you as a man who knows 
and understands electronics theory . a man who's 
ready for the high -paid, more challenging positions. 

Cleveland Institute home study is far and away the 
quickest, most economical way to prepare for the FCC 
License examination. And that's why we can make this 
exclusive statement: 

The training programs described above will pre- 
pare you for the FCC License specified. Should 
you fail to pass the FCC examination after 
completing the course, we will refund all tuition 
payments. You get an FCC License ... or your 
money back! 

Before you turn this page, select the program that fits 
your career objective. Then, mark your selection on the 

Cleveland Institute 
of Electronics 
1776 E. 17th St., Dept. EW -92 
Cleveland, Ohio 44114 

August, 1964 
Accredited Member 

coupon below and mail it to us today. We'll send you . . . 

without obligation ... complete details on our effective 
Cleveland Institute home study. Act NOW and 
insure your future in electronics. 

Mail Coupon TODAY For FREE Catalog 

L 

Cleveland Institute of Electronics 
1776 E. 17th St., Dept. EW -92 
Cleveland, Ohio 44114 

Please send FREE Career Informa- 
tion prepared to help me get ahead in 
Electronics, without further obligation. 

CHECK AREA OF MOST 
INTEREST- 

Electronics Technology 
Industrial Electronics 
Broadcast Engineering 

How to Succeed 
in Electronics 

W.tWr,440M04'.141 

First Class FCC License 
Electronic Communications 
Advanced Engineering 

Your present occupation 

Name Age 
(please print) 

Address 

City State 
I would like a representative to call on me. Yes 

Zip 

No_ 
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only SWITCHCRAFT offers 
a low -cost molded 
closed -circuit jack 

SWITCHCRAFT 
LEAF CLOVER JAX* 
MOLDED PHONO JACK 

Only Switchcraft's all -new "4 Leaf Clover" 
phono jack offers you a low -cost connector 
with closed- circuit and all these other "lucky" 
features: 

Exclusive! Tip spring with shunt forms DUAL 
contact around pin of phono plug upon 
insertion. REAR VIEW 

PLUG OUT ' PLUG IN 

Lower in cost ... higher in reliability. 
High -impact plastic molded body for extra 
ruggedness. 
Special nickel silver springs for maximum 
life, dependability. 

Available in four models: open circuit, grounded 
or ungrounded; closed circuit, grounded or un- 
grounded. Mounts on 3/4" centers. 

WRITE FOR CATALOG NO. C502, 

5577 N. Elston Ave., Chicago, Illinois 60630 
*Patent Applied For. 

CIRCLE NO. 130 ON READER SERVICE PAGE 

3 WAYS TO BIGGER 
G.88;'c:« I. 
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v,yt 
ARTQICGFS 

NEEDLE 

CARTRIDGE PROFITS! 

1. More "look- alike" exact replacement 
models than any other brand. Over 350 
needles, 225 cartridges. 2. Easy -to -use 
reference material. E -V computer -printed 
catalogs make proper needle /cartridge 
selection easy, fast and accurate. 
3. Highest standards. Rigid quality con- 
trol and inspection cuts call- backs, gives 
full value to every customer. Stock and sell 
E -V needles and cartridges for more profits, 
today! Write for FREE replacement guides! 

ELECTRO -VOICE, INC., Dept. 341 I, Buchanan, Michigan 

SETTING NEW STANDARDS IN SOUND 

LETTERS 
FROM OUR 

READERS 

CONSTRUCTION HELP 
To the Editors: 

You recently ran a construction story 
entitled "Unusual D.C. to D.C. Supply" 
(May, 1964 issue). I cannot seem to get 
the circuit to operate properly although 
I followed the article carefully. The 
only change I made was in the type of 
transistor used. 

Assuming you can help me to get the 
supply working, I would like to know 
how to modify the circuit to give 150 
volts output. Also, do you have any ad- 
ditional information showing the layout 
of the parts and giving me some con- 
struction details? 

JAMES B. YOUNG 

Rochester, N.Y. 

The above letter is fairly typical of a 
large number we receive every week on 
some of our construction projects. The 
performance described in any of our 
articles will be obtained only with the 
exact parts specified. We cannot give in- 
formation on the circuit changes that 
would be needed with substitute parts. 
Also, we cannot design specific equip- 
ment or suggest modifications in our 
projects. A look through our Annual 
Index (December issue) might disclose a 
circuit that would be closer to your 
needs. Finally, we do not have pictorials 
or additional information on the articles 
other than that which has been pub- 
lished. 

We like to hear about interesting ex- 
periences of our readers, particularly 
those pertaining to any of the stories we 
run. We also would like to know about 
circuit improvements or possible errors. 
Such information is always published 
just as soon as we hear about it.- Editors. 

a a a 

TRANSISTOR IGNITION SYSTEM 

To the Editors: 
Last fall I constructed a transistor ig- 

nition system according to the instruc- 
tions by Mr. Mayfield, as described in 
June, 1963 and revised in the September, 
1963 issue. 

The system has been working very sat- 
isfactorily since I rewired the car. I neg- 
lected to record the mileage when I in- 
stalled it, but I estimate I have driven 
about 6000 miles since I installed it. 
Starting seems to be somewhat better 
and I am sure the acceleration has im- 

proved, even in the low -speed range 
where I usually drive. 

The trouble I experienced upon in- 
stalling the unit may be of some interest 
to others contemplating such systems. I 
installed it on a warm afternoon with the 
engine warm. After setting the coil cur- 
rent, it fired right off. I then opened 
the plugs to .055 and again it fired right 
off. Later that evening, with a cold en- 
gine, it wouldn't start until I increased 
the coil current. Checking the next day 
I found that the voltage at the unit was 
very low, about 43 v. (from the 6 -v. bat- 
tery). Until I could install a relay I car- 
ried a jumper so that I could short out 
part of R2 when starting it. When I in- 
stalled a headlight relay, I was able to 
get 6 v. at the unit. 

A few days later, on a rather cool 
morning, it wouldn't fire until I released 
the starter switch. That told me that the 
starter was pulling the voltage down. I 
overcame this by installing another mov- 
able contact on R2 and connecting it to 
the other contact through a relay. This 
relay is controlled by the starter. The 
main contact was set to give a coil cur- 
rent of 7 amp. and the auxiliary contact 
set for about 10 amp. Under reduced 
voltage during starting the coil current 
is still about 7 amp. The relay used in the 
starting circuit is a modified horn relay. 

DAVID H. McGouN 
Pensacola, Fla. 

Although the 10 -amp. setting is too 
high for normal operation, if this setting 
is made in warm weather, operation 
should be normal in cold weather when 
the battery voltage drops during start- 
ing.- Editors. 

o a a 

SIMPLE TRANSISTOR TESTER 
To the Editors: 

The "Simple Transistor Tester' article 
by J. E. Content and B. K. Morse in your 
May issue was interesting. The increas- 
ing number of transistors in use creates 
a high demand for such a field tool, and 
typical transistor failures justify this 
type of testing. 

We have put together a similar item 
that is even simpler, both in content and 
in operation. We use it in conjunction 
with the safe ohmmeter in our Model 
300 Digital Passive Scaler. A terminal 
post, a s.p.d.t. push -button, a d.p.d.t. 

CIRCLE NO. 108 ON READER SERVICE PAGE 
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READER SERVICE PAGE 

Please use the coupon at the bottom of this page to obtain more in- 
formation about products advertised in this issue. 
Simply circle the number on the coupon that corresponds to the 
number at the bottom of the advertisement in which you are inter- 
ested. 

Additional information on items mentioned in "New Products," "Hi -Fi 
Product Report," and "Test Equipment Product Report" can also be 

obtained by following this same procedure. 

PRINT your name and address on the coupon and mail it to: 

ELECTRONICS WORLD 
P.O. BOX 7842 

PHILADELPHIA 1, PA. 

Your requests for literature will be forwarded to the 
manufacturers who will be glad to fill them promptly. 

ELECTRONICS WORLD 
P.O. BOX 7842 
PHILADELPHIA 1, PA. 

TOTAL NUMBER OF REQUESTS 

Please send me additional information concerning the products of the advertisers 
whose code numbers I have circled. 
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This one is 
101-010 

twice as safe. 
When Sonotone designs a retractable cartridge, you can be sure it offers some- 
thing extra. Like other retractable cartridges, the new Sonotone "21 TR" with- 
draws into the safety of the arm to avoid bumps and bruises. Further, it has 
"bottoming" buttons which act as shock absorbers between the needle assembly 
and the record. Unlike other retractables, the "21 TR" features the exclusive 
Sono -Flex® stylus, which can be dropped or mauled and still continue to pro- 
vide superior performance. The high- output "21TR" is a direct replacement 
for the thousands of record players requiring a quality retractable cartridge. 

This one is 
twice as safe and 
twice as compliant. 
The new Sonotone "23T" offers performance specifications never before avail- 
able in a budget -priced ceramic cartridge -plus record protection. High com- 
pliance of 10; channel separation of 24 db; output voltage of 0.38; low tracking 
force of 2 to 4 grams make it the ideal replacement in quality stereo phono- 
graphs. Performance is only half the story of the "23T ". This new cartridge 
features "bottoming" buttons and the flexible Sono -Flex® needle. Another 
Sonotone cartridge, the "22T;' offers the high performance of the "23T" 
with a slightly higher output. Both feature the Sono -Flex plus a unique 
snap -in mounting bracket, for rapid replacement without tools. 

Both are direct 
replacements 
for popular makes 

...and themselves. 

SONOTONE 
audio p r o d u e t $ ¡ 

Sonotone Corp.. Electronic Applications Div Elmsford. New York 
JCartridges Speakers Microphones Headphones Hearing Ards Batteries 

10 CIRCLE NO. 128 ON READER SERVICE PAGF 

TO SAFE 
OHMMETER 

(MODEL 300) 

CLIP LEADS TO 
ISTOR UNDER TEST 

toggle switch, and three clip leads are 
needed. The ohmmeter, which is power - 
limited, supplies the voltage. The circuit 
is shown here. 

Ohmmeter connection polarity and 
whether the device is n -p -n or p -n -p are 
immaterial. The base clip lead is a dif- 
ferent color from the other two leads. 
The user needs to know which terminal 
of his device is the base. With this item 
and the safe ohmmeter, he observes tran- 
sistor action by noting an appreciable 
difference in the resistance indication on 
the ohmmeter (at least a 30 percent de- 
flection of the meter pointer) as push- 
button P is depressed for both positions 
of switch S. He can also determine very 
readily if any open or short circuits exist 
by observing that no appreciable resist- 
ance change, the same 30 percent, oc- 
curs as the push- button is depressed for 
both positions of switch S. 

The ohmmeter used here presents a 
maximum voltage of 50 mv. on the XI 
through Xlk ohms ranges with a maxi- 
mum current of 20 µa. on the X lOk and 
X100k ohms ranges to any circuit under 
test. The X100k range is used for the 
transistor checker. The maximum power 
transferred is 25 t.rwatts. Use of this 
test with a conventional ohmmeter, as 
contained in a v.o.m. or v.t.v.m., can he 
disastrous to the device being tested. 

EDWARD W. RUMMEL 
Western Reserve Electronics, Inc. 
Cleveland, Ohio 

If the characteristics of the ohmmeter 
are known accurately, such as the maxi- 
mum voltage and current on the various 
ranges, and if these do not exceed the 
ratings of the transistor being checked, 
such meters can be used for quick, non - 
qu[altitative checking. -Editors. 

e o 

BACK ISSUES OF EW 

To the Editors: 
I have been a subscriber to ELEC- 

TRONICS WORLD for several years and 
have accumulated approximately 80 
copies of back issues, some dating back 
to 1952. Do you ever have any inquir- 
ies for back issues, or do you know 
whom I should contact to determine if 
there is an interest in these copies? 

I would prefer to sell all back issues 
to one address, or to break them up into 
no less than a calendar year's group to 
any one address. 

JOHN O4:ZER 
7865 Jolain Dr. 
Cincinnati, Ohio SS'_ 12 
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Exclusive with RCA ... 

AUTOTEXT 
new,faster, easier way 
toward a career 
in electronics 

EXCLUSIVE WITH RCA. "AUTOTEXT ", developed by RCA and 
introduced by RCA Institutes, Inc. is a system of programmed 
instruction, a method of learning proved with thousands of 
students. This beginning course in electronics is accurately 
planned so that as you read a series of statements, questions, 
and answers, you learn almost without realizing it. It's fast! 
It's easy! It's fun! 

BEGIN NOW WITH RCA "AUTOTEXT ". Now you can start your 
home training the amazing new RCA " AUTOTEXT" way. And, 
you get a complete set of theory lessons, service practice 
lessons, experiment lessons, and all the kits you need. Because 
" AUTOTEXT" has been designed to help you master the funda- 
mentals of electronics more quickly, more easily -almost auto- 
matically - you'll be ready to go on to advanced training in 

electronics sooner than you ever thought possible. 

STUDENT PROVED. Prove it to yourself as others throughout 
the country are now doing. An interest or inclination in elec- 

tronics is all you need. RCA " AUTOTEXT" helps you to do the 
rest. The future is unlimited. The jobs are available! The im- 
portant thing is to get started now. 

CLASSROOM TRAINING ALSO AVAILABLE 
RCA Institutes Resident School in New York City and RCA 

Technical Institute in Cherry Hill (near Camden), New Jersey 
offer training that will prepare you to work in rewarding posi- 
tions in fields such as automation, communications, tele- 
vision, computers, and other industrial and advanced electronic 
applications. You are eligible even if you haven't completed 
high school. Check Classroom training and information will be 

rushed to you. 

Send in this coupon today. 

RCA INSTITUTES, INC., Dept. EW -84 

A Service of Radio Corporation of America 350 West 4th St., New York 14, N. Y. 

The Most Trusted Name in Electronics 

August, 1964 

Complete Selection of Home Training Courses. 

Electronics Fundamentals 
(also available in Spanish) 

TV Servicing 

Color TV 

Transistors 

Communications Electronics 

FCC License Preparation 

Mobile Communications 

Drafting 

Computer Programming 

Automation Electronics 

Industrial Electronics 

Automatic Controls 

Industrial Applications 

Nuclear Instrumentation 

Digital Techniques 

All RCA Institutes Home Training Courses are complete step by 
step easy -to- understand units. You get prime quality equipment 
in the kits furnished to you to keep and use on the job. In addition, 
RCA's liberal tuition plan affords you the most economical pos- 
sible method of home study training. You pay for lessons only as 

you order them. If you should wish to interrupt your training for 
any reason, you do not owe one cent. Licensed by the N.Y. State 
Department of Education. Approved for Veterans. 

RCA Institutes, Inc. Dept. EW -84 
350 West 4th St., New York, N.Y. 10014 

Please rush me FREE illustrated book with information! 
checked below. No obligation. No salesman will call. 

Electronics Fundamentals 

Other Home Training (choice of courses) 
Classroom Training (choice of city) 

Name Age I 

Address I 

City Zone State I 

1 

CANADIANS: Take advantage of these same RCA Institutes Courses at no 
additional cost. No postage, no customs, no delay. Fill out coupon and send' 

Lin envelope to: RCA Victor Ltd., 5581 Royalmount Ave., Montreal 9, Quebec. 
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EW 

LAB TESTED 

HI -FI PRODUCT 
REPORT 
TESTED BY IIIBSCII -HOliCK LABS 

Eico Model 2036 Stereo Amplifier 
Electro -Voice EV -2 Speaker System 

Eico Model 2036 Stereo Amplifier 
For copy of manufacturer's brochure, circle No. 52 on coupon (page 9). 

THERE is a current tread toward 
deluxe, highly styled, high -fidelity 

equipment kits which are designed for 
the utmost ease of assembly. These 
might better be termed "semi- kits," since 
all sockets, terminal strips, and trans- 
formers are pre -mounted on the chassis, 
and all critical circuits are pre -wired and 
pre- aligned. The builder, in return for 
the moderate effort required to complete 
the kit, gets a handsome piece of equip- 
ment which usually cannot be distin- 
guished in performance or appearance 
from much more expensive factory -wired 
units. 

The new Eico "Classic Series" of kits 
represents the firm's entry into the de- 
luxe kit field. The kits come with three 
spiral -bound manuals: a two -color con- 
struction figures manuals, a construction 
steps manual, and an operating manual. 

20 
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4 10 

r 7 

5 

Ó 3 

w 2 

0 
a 

12 

Folding easels are supplied to support 
the construction manuals while working 
on the kits. The construction process is 
broken clown into wiring steps, with not 
more than 20 components to be wired in 
each step. All the parts for each step are 
packaged as a group, and a separate fig- 
ure is used for each step in the construc- 
tion manual The kit may be replaced in 
its case in a partially completed state 
and taken out at a later time without the 
necessity of searching for parts or other- 
wise getting organized. 

The "Classic Series" comprises several 
integrated amplifiers, mono and stereo 
receivers, and an FM stereo tuner. We 
tested the Model 2036 stereo amplifier, 
rated at 36 watts music power output. 
Other amplifiers are available with 
music -power ratings of 50 watts and 80 
watts. The Model 2036 is designed for 

CONTINUOUS SINE -WAVE POWER PER CHANNEL WITH BOTH CHANNELS DRIVEN 

THD =2% 
EICO 2036 
AMPLIFIER 

lo 30 50 70 100 200 300 500 700 IKC. 

FREOUENCY-CPS 
2KC. 3KC. 5KC. 7KC IOKC. 20KC. 

the wide market of users who are look- 
ing for good sound with a minimum of 
expense and gadgetry. It is rated at 28 
watts continuous output ( both channels ) 
at 2% IM distortion, with a frequency 
response of -±-1 db from 15 to 40,000 
cps. It has inputs for tape preamplifier, 
high -level auxiliary, tuner, and magnetic 
phono. 

Each output stage uses a pair of 
6BQ5 /EL84 pentodes, driven by a 

12DW7/7247 triode as a voltage ampli- 
fier and phase splitter, with over -all neg- 
ative feedback. There are 8 -ohm and 
16 -ohm outputs, selected by a slide 
switch on the rear of the chassis. A fea- 
ture of the Model 2036, not often found 
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POWER OUTPUT -WATTS (EQUIV. SINE WAVE) 

in amplifiers of its price class, is the pro- 
vision for connecting two independent 
pairs of speakers, selected by a front - 
panel switch. 

The "basic- amplifier" section is pre- 
ceded by a 12DW7/7247 tone -control 
amplifier. The tone controls are of the 
negative- feedback type, with the desira- 
ble variable inflection point character- 
istic of this circuit. This allows appreci- 
able correction at either end of the 
spectrum without affecting the mid- 
range response. The tone -control stage 
is preceded by a ganged volume control 
and followed by a balance control. An- 
other front -panel control blends the two 

ELECTRONICS WORLD 
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3 SPEAKERS REPLACE 23 

These three Delco Radio 8 -10 -ohm replacement 
speakers permit you to cut your speaker inventory. 
They replace most units in current General Motors 
cars and many competitive makes. They install easily 
and quickly, take a "tip jack," "blade," or solder con- 
nection. Excellent for home hi -fi and TV sets, too! 
Speak up for the latest in replacement speakers. 
Call your United Delco supplier today. 
113e1eQ Radio Automotive Radio Service Parts and Electro- Mechan- 

ical Devices are distributed nationally through United De1cc 

August, 1964 

THREE SPEAKERS, ALL WITH SLOTTED MOUNTING HOLES 

Number Size Magnet Wt. Mounting 

6126 6 x G" 1.6 oz. front rear 

6127 4 x 13" 1.6 oz. front; rear 

6128 6" round 2.5 oz. rear -seat 

Delco 
DELCO RADIO, Division of Ger-eral Motors, Kokomo, Indiana 

CIRCLE NO. 106 ON READER SERVICE PAGE 

Uriited V 
Delco 
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NEW SAMS BOOKS 
Introduction to 

Microelectronics & 
Integrated Circuits 

by Allan Lytel. Provides a clear explanation of this 
increasingly significant development. Tells you what 
microelectronics is, how these astonishingly small 
integrated circuits are designed, how they work, 
and how and where they are used. Includes special 
glossary of terms to help you understand and work 
with miniature components and circuits. Chapters 
include: What is Integrated Electronics; Integrated 
Circuit Design; Printed Circuits; Micromodules; 
Microcomponents; Linear Circuits; Digital Circuits. 
160 pages; 5% x 8%". 
Order ICL -1, only $ 

Science Projects in Electricity /Electronics 
by Eduard M. Noll. Like the two preceding volumes 
in this series, this new book presents useful con- 
struction projects which help the experimenter to 
learn basic principles as he builds. Each individual 
project, when completed, is a useful piece of equip- 
ment. Detailed drawings, numerous photographs, 
and complete parts lists make construction easy. 
Projects include: Audio Power Amplifier; Crystal - 
controlled RF Oscillator; RF Amplifier; FM Tuner 
and Antenna System and others. A valuable and 
instructive book for hobbyists, students, and do -it- 
yourselfers. 128 pages; 5% x $ri Order SPN -1, only LLB^ 

Tape Recorders -How They Work -New 2nd Edition 
This popular book for tape recorder owners and 
repair technicians has been fully revised and com- 
pletely updated. Explains' the principles of mag- 
netic recording; covers mechanisms and components; 
describes the various types of tape recorders; gives 
teat procedures. Comprehensive and easy -to -read. 
Includes numerous illustrations and charts. A valu- 
able reference book for everyone interested in tape 
recording. 224 pages; 53. x 83Ç. rI 
Order TRW -2, only ssT 

Electronic Gadgets for Your Car 
by Len Buckwalter. This practical projects book 
includes complete instructions for building 
numerous electronic gadgets for automobile use. 
Projects include a tachometer, a transistorized 
battery checker and charger, a handbrake pro- 
tector, and other practical automotive elec- 
tronic devices. Do- it- yourselfers and auto me- 
chanic hobbyists will find this a fascinating 
book. All projects are easy to construct; parts 
used are readily available. 128 pages; . 
5!4 x 8 Ç. Order CAR -1, only =L 

pp 
-S 

Microwave Test & Measurement Techniques 
by Allan Lyle!. The first comprehensive book on 
microwave tests and measurements. Clearly written 
for easy understanding by technicians, engineers, 
and students. Of special value to technicians inter- 
ested in entering the microwave field. Fully de- 
scribes microwaves; covers the various applications; 
explains how to test and measure microwave power, 
impedance, attenuation, frequency, noise, etc. In- 
cludes special chapters on radar equipment and 
microwave tubes. 224 pages; 5% x 8.5e; hard- 
bound. Order MIL -1, only 

Closed- Circuit Television Handbook 
by Leon A. Wortman. Now -an authoritative guide 
to closed- circuit TV systems and applications. Abso- 
lutely the most comprehensive hook on the subject. 
Provides a complete explanation of closed-circuit 
TV, the equipment used, applications in every con- 
ceivable field. Covers microwave relaya, circuits, 
and service. Easily understandable for the inter- 
ested nontechnical reader; invaluable for technical 
personnel involved in planning, installing, operating 
and maintaining CCTV. Fully illustrated and in- 
dexed. 288 pages; 5% x 8% "; hardbound. 
Order CLC -1, only 

HOWARD W. SAMS & CO., INC. 
Order from your Sams Distributor today, or mail 
to Howard W. Sams S. Co., Inc., Dept. 
4300 W. 62nd Street, Indianapolis, Ind. 46206 
Send me the following books: 

ICl -1 TRW -2 MIL -I 
SPN -1 CAR -I CLC -I 

1 - -- 
Horne 

Address 

.enclosed. Send FREE Booklisl 

City Zone - - - State 

My Distributor is 
hem= IN CANADA: A. C. Simmonds i Sons, Ltd., Toronto 7 mm.I 
CIRCLE NO. 125 ON READER SERVICE PAGE 
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channels smoothly to provide any mode 
of operation from full stereo, through a 
partially blended condition, to full mono. 
The phono preamplifier is a 6EU7 dual 
triode with negative- feedback equaliza- 
tion circuits. Tape -output jacks supply 
the selected input signal to a tape 
recorder, unaffected by volume- or tone - 
control settings. A front -panel tape - 
monitor switch allows off -the -tape 
monitoring when a machine with sepa- 
rate recording and playback amplifiers 
and heads is used. There is also a front - 
panel stereo headphone jack. 

Our laboratory measurements con- 
firmed the manufacturer's performance 
specifications in all significant respects. 
The power response at 2% harmonic dis- 
tortion was flat at 14 watts per channel 
from 40 to 20,000 cps, with both chan- 
nels driven. As is the case with most 
amplifiers in this price class, the low - 
frequency power response falls off con- 
siderably, but there is plenty of power 
to drive any of the moderate- efficiency 
speakers likely to be used. 

The IM distortion was less than 0.5% 
for power outputs up to a few watts per 
channel, rising to about 2.5% at 15 watts 
per channel. The basic frequency re- 
sponse, with tone controls set at their 
mid -points, was flat within ±0.5 db 
from 20 to 20,000 cps. RIAA phono 
equalization was also very accurate, 
within -±-1 db from 30 to 15,000 cps. 
The maximum tone -control range was 
+13 to -14 db at 50 cps and 10,000 
cps, with mid -range response unaffected 
by tone -control settings. The ganged vol- 

urne control sections tracked within 1 
db over a 35 -db range. 

The input voltage required to drive 
the amplifier to 10 watts per channel out- 
put was 0.2 volt on high -level inputs and 
1.7 millivolts on phono inputs. Unused 
inputs are shorted out, eliminating any 
possible crosstalk from the tuner when 
listening to phono. The hum was an in- 
audible -75 db on high -level inputs, 
and -41 db on phono, referred to 10 
watts. The front -panel tape- monitor 
switch picked up a slight hum when the 
hand was brought near it. This hum, 
while not very loud, would be recorded 
on a tape being made and would come 
directly over the reproducing system. 

In listening to the unit, we found it to 
be free from any audible faults. It was 
clean- sounding, with excellent tone -con- 
trol characteristics and complete free- 
dom from the input -circuit crosstalk and 
switching transients which mar so many 
otherwise satisfactory amplifiers. A 
minor criticism could be directed against 
the labeling of the volume control as a 
"loudness" control. This implies that it is 
compensated for the Fletcher- Munson 
characteristic, with bass boost at low vol- 
ume levels. Actually, the volume control 
is uncompensated. 

With a host of operating niceties and 
a set of honest specifications, the Model 
2036 deserves serious consideration from 
anyone looking for a moderate -priced 
stereo amplifier. It sells for $79.95 in kit 
form, or $109.95 factory- wired. An oil - 
finish wooden cabinet is available for 
$19.95, and a metal cover for $7.50. 

Electro -Voice EV -2 Speaker System 
For copy of manufacturer's brochure, circle No. 53 on coupon (page 9). 

ALTHOUGH Electro -Voice has long 
been noted for its efficient, horn - 

loaded speaker systems, it is now also 
producing speakers of quite different de- 
sign. An example is the Model EV -2. 
This compact, bookshelf -type speaker 
system combines a low- efficiency acous- 
tic- suspension woofer with a horn - 
loaded, compression -type tweeter. The 

5 

0 
to 

w 5 

2 

enclosure, which is available in oiled - 
walnut or mahogany finish, measures 
14 "x 25 "x 133f" and weighs 43 pounds. 

The woofer is a 12 -inch diameter 
driver with a heavy die -cast frame and 
a ceramic magnet. The 8 -ohm voice coil 
is wound with edgewise ribbon on a 
glass -fiber form. The compliant suspen- 

(Continued on page 75) 
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1958...the RCA Radio -Phone Series 
1959... the RCA Mark VII 
1963...the RCA Mark VIII 

and now 1964... 

THE NEW RCA MARK NINE 
the latest and greatest RCA CB radio of them all 

Look at some of the new features... 
NEW! Combination "S" Meter 

and Relative RF Output Meter 

"S" Meter indicates the relative 
strength of incoming signal in "S" 
units. RF Output Meter (EO) indi- 

cates relative strength of the sig- 

nal being transmitted. 

NEW! Spotting Switch 
Permits precise manual tuning of 

receiver without use of receiver 

crystals. Receiver can be tuned 

(or "spotted ") quickly to any in- 

coming channel.This means, when 

you buy crystals for extra chan- 

nels, you can (if you wish) omit 

the RECEIVE crystals and buy only 

TRANSMIT crystals. 

RCA, a pioneer in the development of citizens' band 

radio, has been providing quality equipment since the 
inception of the Class D Citizens' Radio Service in 

1958. Now, these years of experience culminate in 

the great new RCA Mark Nine. 

9 fixed crystal -controlled TRANSMIT /RECEIVE channels, separately controlled 
All- channel continuously tunable receiver 
Illuminated meter and working channel indicator 
Push -to -talk ceramic mike with coiled cord 

ONLY $1341 
AC !UNIT 

'Optional Lser Price 

vThe Most Trusted Name in Electronics 

r 

NEW! External Speaker Jack 

Letsyou connect an external speak- 

er to the set, so incoming calls can 

be heard in remote locations. 

Get all the Facts Before You Buy. 

Mail Coupon Today. Paste on 4o Post -Card 

RCA ELECTRONIC COMPONENTS AND DEVICES 

Commercial Engineering Dept. H -41 -R 

415 South Fifth Street, Harrison, N. J. 

Please send more information on the RCA Mark 
Nine CB Radiophone 

Name 

Address 

City 

L 
Zone State 
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Build your own 
top quality Eico Kits 
and save up to 50% 

New Tape Deck 

New 

Eico Classic 2400 stereo /mono 4 -track 
tape deck, 3 motors. Kit $199.95; wired 
$269.95 (Incl. oil finish walnut base) 

3"Portable Scope 
Eico 430 General Purpose 3" 
Scope. Flat-face CRT with mu -metal 
shield. Kit $69.95; wired $99.95 

New 
Bow /FM Sweep Generator 

New 

Eico 369 TV /FM Sweep generator, 
with built-in post injection marker 
adder. Kit $89.95; wired $139.95, 

CB Transceiver 
Eico 777 dual conversion 6 crystal -controlled channels, 
5-watts. 3 -way power supply. Kit $119.95; wired $189.95 

New Stereo Rcvrs. 
Eico Classic 2536 36 -watt FM -MX Stereo Receiver. 
Kit $154.95; wired $209.95 (Incl. F.E.T.) 
New Stereo Tuner Eico Classic 2200 FM -MX Stereo 
Tuner. Kit $92.50; wired $119.95 (Incl. F.E.T.) 
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New Stereo Amplifiers Eico Classic 2036 36 -watt. 
Kit $79.95; wired $109.95. Eico Classic 2050-50 - 
watt stereo. Kit $92.50; wired $129.95. Eico Classic 
2080 80 -watt stereo. Kit $112.50; wired $159.95. 

New Tube Testers 
Eico 667 Dynamic 
Conductance Tube & 
Transistor Tester. Kit 
$79.95; wired $129.95. 
Eico 628 Tube Tester. 
Kit $44.95; wired $59.95 

Add 5% in West 

EICO Electronic Instrument Co., Inc. 
13101 39th Avenue, Flushing, N.Y. 11352 
Please send tree New 1964 catalog Ew_8 

Name of nearest Eico dealer 

Name _ - 

Address 

City 

Zone State- 

CIRCLE NO. 107 ON READER SERVICE PAGE 

it 
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AMERICAN MARINER 

FLOATING 
SPACECRAFT 

TRACKING 
STATIONS 

By RICHARD LaCOSTE 

Spacecraft tracking stations are not always located 

on hard ground. In fact, a pair of the most highly 

sophisticated stations are mounted on two specially 

equipped ships that can he located on any ocean. 

THE Atlantic ylissile Range (AMR) extends from Cape 
Kennedy, Florida, to the Indian Ocean, some 10,000 
miles away. This range is used to provide exact data 

on all phases of a missile's performance from launch to termi- 
nation of flight. 

To accomplish its mission, the AMR has established ground 
tracking stations at Grand Bahama Island, Eleuthera Island, 
Trinidad, Ascension Island, and Pretoria, South Africa. 

Another network for use in manned space operations is the 
former Mercury Ground Communications Network, now part 
of the Manned Space Flight Network controlled from God- 
dard Space Flight Center, Greenbelt, Md. This network also 
has ground -based tracking stations scattered around the earth. 

Both of these tracking networks also require the use of 
a pair of floating tracking stations that can be stationed at 
sea in any part of the globe to cover otherwise empty sectors 
of the missile's planned flight path. 

This is the purpose of the Advanced Range Instrumenta- 
tion Ships (ARIS), the "General H. H. Arnold" and the 
"General Hoyt S. Vandenberg." These two vessels, part of 
a fleet of 10 ships, carry the very latest in electronic 
equipment for reception and recording of spacecraft teleme- 

August, 1964 

TWIN FALLS 

GENERAL HOYT S. VANDENBERG 

GENERAL H. H. ARNOLD 

COASTAL CRUSADER 

SAMPAN HITCH 

www.americanradiohistory.com

www.americanradiohistory.com


The "General H. H. Arnold" is a converted hoop transport and is the world's largest and most heavily instrumented missile 
and space tracking ship. The interior arrangement shows how bulk of the electronic equipment is arranged in the vessel. 

BALLOON 
LAUNCH 
DECK 

ARCAS 
ROCKET 
LAUNCHER \Y 

RAWINSONDE 
TRACKER 

PRIMARY 
TELEMETRY 
ANTENNA 

L/X BAND 
RADAR 

XBAND 
ITRAN5MiT'ER 
ROOMi-c- 

C -BAND 
TRACK ER 

COMMUNICATIONS 
DATA TRANSMISSION 
RECORDING 

MAINMAST 

INERTIAL 
NAVIGATOR 
(SIN S) 

STAR TRACKER 

IIR 
ROOM 

FLEXURE 
MONITOR 

I .C. ROOM 

OPERATIONS 
CONTROL CENTER 

L -BAND TRANSMITTER ROOM ELECTRICAL. 
POWER 
GENERATOR:- 

C -BAND CENTRAL ELECTRONIC AND 
TRANSMITTER COMPUTER MACHINE SHOPS 

TRUNK FOR 
TUBE REMOVAL 

try, tracking, and voice communications in the case of manned 
flights. Navigation equipment on board these ships is capable 
of placing its position within yards relative to Cape Kennedy, 
many thousands of miles away. 

ARIS instrumentation is divided into eight subsystems: 
operations control center; integrated instrumentation radar; 
stabilization; navigation; communications /data handling; 
telemetry; meteorological; and timing. 

Operations Control Center 
This center functions as the command post during track- 

ing missions and systems tests. The centralized control fa- 
cility provides for smooth internal operation and assures 
proper integration of the ARIS station into AMR operations. 

During missions, center personnel coordinate with other 
AMR stations, aircraft and ships; review system and sub- 
system status; assure correctness of ship's position, speed and 
heading; monitor and countermand subordinate decisions; 
and select the source of sensor designate information. 

Integrated Instrumentation Radar 
This consists of three radars operating at C (5.7 -6.2 kmc.), 

L (.39 -1.55 kmc.), and X (5.2 -10.9 kmc.) bands. The pri- 
mary tracking device is the C -band radar using a parabolic 
reflecting antenna thirty feet in diameter. Precision has been 
stressed in the construction of the antenna. The radar pro- 
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vides complete tracking data on re -entry bodies from the 
launching of the missile to its impact. Similar to C -band 
radar is the L/X -band radar. This uses a dual- frequency 
antenna forty feet in diameter. The center 18 feet are used 
for X -band radar and the remaining portion for the L -band 
radar. These radars also provide data on re- entry. 

Stabilization and Navigation 
The exact location of the ship must be known if the re- 

ceived satellite tracking data is to be of any value. A com- 
plex navigation system continuously supplies this information 
on the ship's position, heading, speed, and vertical reference. 
The system consists of: SINS (Ships Inertial Navigation Sys- 
tems) , a navigation control console; a water speed -measuring 
system (E -M log); a star -tracker; and a Mk -19 gyro- compass 
and sonar bench mark equipment. 

The heart of the system is SINS. It contains three gyros 
and two accelerometers. Because of gyro drift, this inertial 
system develops errors that increase with time. The drift or 
precision error is determined by a star fix. A star- tracker 
measures star altitude by locking onto the star's position, 
then a computer solves the celestial problem and a navigation 
fix is made. Sonar bench marks also are used as a navigational 
aid for updating SINS' accuracy. The bench mark is dropped 
over the side in a known position. It has an acoustic trans- 
ponder mounted on a buoyant tank which is anchored by a 
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Three radar and telemetry antennas are used on the larger 
ships. In the foreground is the 30 -ft. telemetry antenna. 

battery container. When the sonar set is triggered, a reply is 
received from the transponder. The elapsed time, as a func- 
tion of range, is measured to each beacon thus locating the 
ship with respect to the bench marks. 

Communications 
The highly sophisticated communications system is de- 

signed to meet all external and internal needs. It includes 
one of the most powerful radio communications systems ever 
installed on board a ship. One 10,000 -watt and two 2500 - 
watt high -frequency transmitters provide complete long - 
range voice, teleprinter, and high -speed data communications 
up to 10,000 nautical miles from Cape Kennedy. An interior 
communication network has been developed for use by the 

t1:31 A 

Vntegrated instrumentation radar room of the "General H. H. 
Arnold. This system uses alternate polarization of three 
radars to gather 3.6 million bits of data per minute about 
the trajectory and impact point of the incoming vehicle. 

Navigation area of the "General H. H. Arnold." Accuracy of 
this system is such that it can locate the ship within yards of 
Cape Kennedy although vesse! is thousands of miles dis ant. 

instrumentation personnel. This network consists of three 
types of intercom stations, each varying in channel capacity, 
which link key shipboard instrumentation personnel. 

Data Handling 
The data handling system consists of the central data 

conversion and control equipment and a Univac 1206 stored - 
program digital computer. The conversion equipment has 
two main purposes: to serve as an interface between the 
major systems (SINS, C -band radar, L/X -band radars, 
telemetry) and the Univac 1206 computer, and to store all 
trajectory and non -trajectory data collected during a mission. 
The over -all accuracy of the data conversion equipment is 
0.4 percent. All stored information is in digital form, having 
been transformed by the conversion equipment. The data 
processing needs are met by the Univac 1206 digital com- 
puter. This is a general -purpose machine of small size and 
high resistance to shock, vibration, and unusual climatic con- 
ditions. The computer performs such functions as system 
checkout, target acquisition, target tracking, data format, 
data transmission, navigational fixing, and information up- 
dating. Most information is stored on magnetic tape. 

Telemetry 
The telemetry system is used for acquiring, tracking, re- 

ceiving, and predetection recording of telemetry data from 

An inflated bag is secured to an Atlas nose cone after it has 
landed in the ocean. This particular nose cone flew 5000 miles. 

the re -entry vehicle. It is capable of either independent or 
integrated operation with other sensors, or it can be used to 
aim other tracking sensors to a proper angle of acquisition, 
and it can be slaved to the C -band radar or computer for 
position information. A 30 -foot parabolic antenna is used 
for reception of telemetry signals. 

Meteorological 
To aid in the analysis of missile performance and the 

scheduling of tests, the ARIS vessels provide data on atmos- 
pheric pressures, density, wind direction, and speed of sound. 
This is accomplished through surface weather equipment, 
weather balloons, and high -altitude ARCAS rockets. 

Timing 
The timing system provides real -time codes and indexes 

for time correlation of pertinent data. These codes are dis- 
tributed in various digital serial formats throughout all the 
systems for accurate time correlation of all recorded data. 
The time code and indexes will maintain time correlation, 
relative to Cape Kennedy timing, within 10 microseconds at 
distances up to 10,000 miles. Two radio systems provide this 
synchronization. 

The general operational procedure of the ARIS ships will 
be as follows: 

1. The ships will sail prescribed courses in the vicinity of 
the expected impact points, (Continued on page 56) 
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& TRIE STANDARDS 

N recent years, the National Bureau of Standards has 
been conducting developmental research on the precise 
measurement and generation of frequency and time. For 

radio communications, the tracking of satellites, the control 
of long -range rockets, and astronomical observations, timing 
accuracies of one part in a billion or better will be required 
in the future. 

Many scientific and engineering activities rely on regular 
radio transmissions of standard frequencies from Bureau 
stations WWV, WWVB, WWVL, and WWVH and from 
the Navy's NBA to provide high accuracies. These broad- 
casts are based, in part, on astronomical observations related 
to the earth's rotation as made by the U. S. Naval Observa- 
tory. However, to meet the ever -increasing need for even 
greater accuracy, the Bureau has been investigating atomic 
frequency standards, which are a thousand times more pre- 
cise for time -interval determinations than the earth's rotation. 

A Frequency -Time Standard 
Let us first consider a device which actually realizes the 

limits of accuracy with which we are able to generate and 
determine frequencies -and times -for the present. This is 

the United States Frequency Standard, illustrated on the 
cover and in the various accompanying pictures and dia- 
grams. It is located in Boulder, Colorado, in the Radio 
Standards Laboratory of the Institute for Basic Standards - 
one of the four Institutes which now comprise the National 
Bureau of Standards. 

By GEORGE E. HUDSON, Asst. Chief 
Radio Standards Physics Division, National Bureau of Standards 

The work of the NBS on atomic 

frequency standards and 

their accuracy. Included is a 

description of the U.S. 

Frequency Standard, which can 

control clocks that could 

run 3000 years without gaining 

or losing over a second. 

For some time now the primary standard for frequency in 
the United States has been an atomic one. Up until now the 
most precise such standard has used a cesium beam, under- 
going a hyperfine dipole structure transition using magnetic 
resonance as its controlling element. In effect, the cesium 
atoms are constantly spinning in such a way as to produce 
magnetic poles having a certain orientation. Under certain 
conditions of excitation, the atoms appear to suddenly "flip 
over" or reverse their spin direction and the magnetic poles 
reverse. 

The cesium beam frequency standard is essentially an 
atomic beam spectrometer which emits a signal only when 
the frequency of radiation introduced through a waveguide 
into the cavity through which the beam is passing is pre- 
cisely equal to the resonance transition frequency. This 
frequency is actually in the microwave region. The presence 
or absence of the signal indicates whether the frequency of 
the radiation, itself generated by a quartz- crystal oscillator 
driving a frequency multiplier chain, is within the allowable 
tolerance limits. 

In practice, the quartz signal generator is manually or 
automatically varied over a narrow band to find the "center" 
frequency. When the spectrometer output is at a peak, the 
signal generator frequency is known within -}0.1 cps or 1.1 
parts in 1011 (a hundred billion) . Automatic equipment is 

used to control the signal generator so that the spectrometer 
output stays at the maximum. This provides a signal of 
known and nearly constant frequency for as long as the de- 
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vice can be kept running. As the separations of the quantum 
states of an isolated atom are fundamental constants of na- 
ture, they provide a stable, reproducible standard of fre- 
quency and time interval when the atomic beam resonance 
technique is used. 

Previously, the most uniform time -intervals available 
were those derived from astronomical observations of the 
rotation of the earth relative to the fixed stars. This was 
corrected to the orbital motion of the earth about the sun. 
The orbital motion of the earth at 12 hours (noon, E.T.) on 
January 0, 1900 (December 31, 1899) is the basis of what is 
called Ephemeris Time (E.T.). In 1956, the second of 
Ephemeris Time was adopted as the fundamental unit of time 
by the International Committee of Weights and Measures 
( CIPM) and this action was confirmed by the General Con- 
ference on Weights and Measures in 1960. 

Steps were taken by the Conference toward the adoption 
of an atomic standard for time -interval. In early December 
of 1963, the Consultative Committee for the Definition of 
the Second of the CIPM met in Paris. This committee rec- 
ommended, among other things, that the cesium frequency 
should serve as an international provisional standard on 
which the atomic second of time should be based. Research, 
of course, should continue as to the best atomic standard, but 
it recommended that the astronomical second be dropped 
except as needed for celestial mechanics. 

A time scale approximating Ephemeris Time can be made 
immediately available by the use of atomic standards, 
quartz- crystal oscillators, and counters. In terms of the 
ephemeris second, the frequency of the cesium transition has 
been experimentally determined to be 9,192,631,770±20 
cps. The probable error, ±20 cps (or 2 parts in 10 ") , results 
from the limitations on the precision of the astronomical 
measurements. Consequently, it is common practice now, 
and in line with the policy that the atomic frequency transi- 
tion studied at the Bureau of Standards is the primary one 
for the United States, to take the frequency of the transition 
to be exactly at 9,192,631,770 cps (or 9192.63177 mega- 
cycles). 

To avoid inconsistency, we must regard the error quoted 
of 2 parts in 10" to be the error in determination of the 
ephemeris second in terms of an exactly defined atomic sec- 
ond. Such a definition is being currently considered. If 
the cesium transition is adopted for this purpose, one second 
of atomic time will consist of 9,192,631,770 cycles of the 
electromagnetic radiation absorbed or emitted by a cesium 
atom in changing its state. The physical picture in this 

Fig. 1. Simplified block diagram of the 
frequency measuring system which utilizes 
the cesium beam U.S. Frequency Standard. 

ATOMIC AFA 
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particular case is that the magnetic dipole moment of 
the cesium atom changes because of a spin transition. 

Measurement of a frequency or a time -interval in terms 
of the cesium transition can be made with a typical precision 
of 1 part in 1012 and is not limited by the instrumental diffi- 
culties involved in astronomical observations. See Fig. 1. 
Until official action is forthcoming it can not, however, sup- 
plant the present definition of a scale for time based on the 
non -uniform apparent motion of the sun. 

It seems natural to base the standard of time -interval on 
the physical process that provides the most uniform and 
most accessible interval. The precision of measurement for 
the atomic standards is a hundred times better over a 15- 
second period than astronomical measurements made over 
a period of 3 years. 

Also under investigation as a standard of frequency is 
the thallium atom, which has certain significant advantages 
over the cesium atom in this application. However, thallium 
may have some disadvantages in practical use. A thallium 
beam is now in operation at the Boulder Laboratories to de- 
termine which of the two atomic systems is more suitable. 

Radio Transmissions 
At the present time, radio transmissions controlled by 

the Bureau's master quartz -crystal oscillators are being 
monitored with cesium beam frequency standards. Correc- 
tions for the 60 and 20 kc. standard frequency broadcasts 
from NBS radio station WWVB and WWVL at Boulder, 
Colorado, are being made regularly and are available on 
request from the Broadcast Service Section of the Bureau's 
Boulder Labs. 

The time generation system now employed at the Boulder 
Laboratories comprises the most accurate clock that man has 
ever known. Fig. 2 is a schematic diagram of this system, 
which generates the NBS -A time scale. W. Atkinson, L. Fey, 
and J. Barnes have been chiefly responsible for its develop- 
ment. 

Recent comparisons with other time scales -such as those 
of Essen in England and particularly Bononomi in Switzer- 
land -the so- called TA, time scale -have shown agreement to 
within 1 part in 1011 over about a two -year period. This means 
that these time scales diverge at the rate of 1 second in 3000 
years. 

One of the time scales that is computed at the Naval 
Observatory from astronomical observations is designated as 
UT -2. It is an approximation to Ephemeris Time and repre- 
sents an average scale obtained by correcting the earth's 

Fig. 2. A simplified block diagram of the NBS -A atomic time -scale generator. 
The U.S. Frequency Standard, shown in Fig. 1, beats against each of the five 
oscillators in turn. After a time intercomparison, a weighted average is used. 
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Scientists are shown above pouring liquid nitrogen tat a temperature of -320° F) 

from a Dewar into one of the cold traps in the NBS "atomic clock" at the Boulder 
Laboratories. The nitrogen lowers the temperature in the evacuated tube and 
causes stray gas molecules and other impurities to condense around the cold end 
of the trap. This reduces the chance of collision between the cesium atoms and 
molecules of air, thus improving the vacuum and increasing cesium -beam accuracy. 

period of rotation on its axis. After correcting for longitude 
effects on the astronomical observations which yield UT -0 
directly, one obtains UT -1. Then correcting for seasonal 
variations in rotation speed one obtains UT -2. The U. S. 
Naval Observatory obtains a composite "atomic" time scale - 
known as Al, by taking a weighted average of various atomic 
standards from the United States and European laboratories. 
The average is obtained from broadcast transmissions. How- 
ever, propagation effects lead to many technical questions 
which remain to be investigated. The Naval Observatory 
publishes the difference between Al and UT -2 regularly. 

On the basis of the NBS -A atomic scale which has been 
kept continuously since the Fall of 1957, it is known that 
the UT -2 scale, which really is simply an average represen- 
tation of the earth's rotation, shows that the earth has slowed 
down by about 2.9 seconds in this time. It is clear that the 
uniform atomic time scale NBS -A generated at the Boulder 
Laboratories and based on the atomic frequency standard 
must be heavily relied on for the serious business of accurate 
time -keeping. It is also clear that the United States is main- 
taining its eminence in this field. 

Principles of Time Keeping 

The principle of keeping time with an atomic clock is 

simple. If one has a continuous record of the frequency, f, 
of any oscillator and a concurrent record of the number of 
cycles of vibration, or phase of the oscillator, then the 
time interval between two given phases can be calculated. 
If one plots the quantity 1/2 7f versus the phase, the 
time interval is just the area underneath the curve between 
the two phase values. 

Now to do this one must have a continuously running oscil- 
lator, or several oscillators (for redundancy and to increase 
statistical reliability) and measure their frequencies peri- 
odically by comparison with the atomic standard. Then one 
must also count the cycles generated by the oscillators with 
a suitable counting circuit. The NBS -A time scale is generated 
essentially in just this way. To account for the tiny varia- 
tions in frequency of the oscillators used (four quartz ones 
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and one rubidium one) intensive studies 
have been and are being made of their 
physical and their statistical character- 
istics. 

The result is a clock whose accuracy 
in keeping time is only limited by the 
accuracy of the U.S. Frequency Stand- 
ard itself. There is not one but five corn - 
plete time keeping systems in the fail - 
safe setup shown in Fig. 2. A weighted 
average of the five leads to the NBS -A 
atomic time scale. 

Signals from this system control the 
broadcast frequencies and time fur- 
nished by the Bureau, under the direc- 
tion of Mr. D. Andrews. A recent inno- 
vation utilizing a phase -lock system 
insures that the time signals emitted by 
WWV are in phase with the NBS -A 
scale to within 25 microseconds. It is 
only at certain intervals, as the earth 
gradually changes its rate of rotation, 
that shifts must be broadcast so that all 
the signals simultaneously are kept in 
agreement with UT -2 furnished by the 
Naval Observatory. Between times, the 
rate of time ticks is atomically con- 
trolled. Thus the Bureau of Standards 
must maintain two time scales simulta- 
neously under its NBS -A system. 

Atomic Beam Spectrometer 
The atomic beam spectrometer, which 

is the heart of our frequency and time measuring system, 
is shown in cross- section in one of the photos. Neutral cesium 
atoms effuse from the oven and pass through the non- uniform 
magnetic field of the deflecting magnet. As the atoms act 
as miniature bar magnets (they are said to have a magnetic 
dipole moment), a transverse force will act upon them in 
this non -uniform field. The magnitude and direction of this 
force depends upon which of the energy states the particular 
atom is in. Of all the atoms effusing from the oven, suppose 
those with nuclear and electron spins in the same direction, 
say up, have their trajectories bent toward the axis. Atoms on 
the other side of the center line with spins in opposite direc- 
tions, with the net being down, will have their trajectories 
bent toward the axis also. Note that atoms with upward spins 
and those with downward spins experience forces in opposite 
directions. The upward -spin atoms and the downward -spin 
atoms will cross the axis at the collimator slit, pass through 
the slit, and enter the region of the B deflecting magnet. 

As the B magnetic field is exactly like that of the A mag- 
net, it exerts the same transverse force on the atoms as 
does the A magnet field. The upward -spin atoms will expe- 
rience a downward force as before and the downward -spin 
atoms will be acted on by an upward force, as before. As the 
two sets of atoms are now on opposite sides of the center 
line of the evacuated tube (compared to their previous po- 
sitions), these forces make their trajectories more divergent. 

However, if a radiation field is applied at just the proper 
frequency (which matches the energy separation of the 
two quantum states), transitions between the two states will 
occur in the region between the A and B magnets. The 
spins will be reversed in the two beams, and a quantum of 
energy will be either emitted or absorbed. Since the sign 
of the magnetic moment has changed in moving from the 
A magnet to the B magnet, the force on these atoms will 
reverse its direction and the atoms will be re- focused onto 
the axis at the detector. Thus, as the exciting radiation is 

swept in frequency, the detected signal will increase and 
reach a maximum at the critical frequency, and then de- 
crease as the radiation frequency is varied on either side. 
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An NBS scientist is shown retarding by 0.1 second on April 1, 

1964 the clock which maintains Universal Time (UT) at the 
Boulder Laboratories. This 100 -millisecond adjustment was 
necessary due to changes in speed of rotation of the earth, 
as determined by astronomical observation. Center clock (being 
adjusted) is kept in close agreement with UT -2 IGMTI. The top 
and bottom clocks, which are controlled by the U.S. Frequency 
Standard and which are not adjusted, maintain atomic time and 
were in agreement with UT -2 on Jan. 1, 1958, as determind by 
the U.S. Naval Observatory. Since that time, the clock main- 
taining UT has lost about 2.9 seconds relative to atomic time. 
Since UT -2 is determined by the earth's rotation (which is slow- 
ing down), the center clock must be retarded periodically and 
progressively loses time (150 x 1010 sec. /sec. for 1964). 

NO' 

We have tried to furnish some notion of the intense ac- 
tivity which is now current at the Boulder Radio Standards 
Laboratory of the National Bureau of Standards' Institute 

{ of Basic Standards. Highly accurate atomic standards exist 
at the Bureau -but they are constantly being improved and 
modified as the state of the art progresses. 

A hydrogen maser is under development and will soon be 
ready for comparison with the cesium beam frequency stand- 
ard. Commercial varieties are now available which hold 
considerable promise of being at least competitive with the 
presently used standard. 

The adoption of the definition of the atomic second as 
the international standard of time seems to be in the imme- 
diate offing. The NBS atomic frequency standard itself con- 
trols the rate of the very accurate atomic time scale and 

the broadcast information, whereby industry and the scien- 
tific community can feel confident that it is receiving the 
best and most up -to -date services available in the area of 
frequency and time. 

The author wishes to express his thanks for and acknowl- 
edgement of the contributions made in the writing of this 
article to his associates at NBS (BL). 

Cut -away scale drawing of the NBS cesium beam frequency standard, or "atomic clock," shows the location of the cesium oven at 
the left end where the cesium atoms are emitted; the deflecting magnets at each end which bend the beam and direct it through 
the collimator slit to the detector; the microwave cavity and w aveguide, which introduce the microwave frequency; the three 
liquid nitrogen cold traps used to remove, by condensation, impurities not removed by the vacuum pump; the magnetic shields, 
designed to eliminate the influence of terrestrial and other outs ide magnetic fields; the hot -wire detector at far right end where 
the beam impacts and is detected. This equipment is essentially an atomic -beam spectrometer excdted by a crystal oscillator driv- 
ing a frequency -multiplier chain. The radio waves, oscillating at a frequency close to the vibration -per- second rate of the ces- 
ium atoms (9192.631 77 mc.), are tuned slightly so that they matt h the atomic rate. When they match, the radio waves are absorbed; 
the radio frequency is then the same as that of the cesium atoms -and a near absolute standard is available. The device can meas- 
ure an unknown frequency with an accuracy of 1.1 parts in 1071 lone hundred billion). This is equivalent to measuring the width of 
the United States with less error than the thickness of this page. Its stability is even higher -at least a few parts in 1012 
per year -and at the present time these figures represent one of the best achievements in this field in the entire world. 
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GONVERSION of meter readings for different wave - 
forms aids in checking equipment against a diagram's 
reference voltages when limited test equipment is 

available. There are many meter types ranging from the hot - 
wire ammeter to the vacuum -tube voltmeter. Each of these 
instruments may have a slightly different reading when used 
on waveforms which are not pure sine waves. The problem 
becomes more bewildering when some meters respond to 
one value of a waveform (for example, the average) and 
the scale supplied with the instrument reads another value 
( for example, the r.m.s.) . In this case the calibration is al- 
ways performed on a sine wave, but the scale reading will 
be correct only for this particular waveform. 

The picture becomes more complicated when a square 
wave is applied to this same instrument, as it will now be 
found to be reading high by 1.15 times the true r.m.s. value 
of the wave. To further complicate matters, the reading error 
changes with each change of waveform from sine waves to 
isoceles waves, sawtooth waves, square waves, and pulses. 

Average- Responding Meters 

Meters responding to the true average value of a waveform 
are quite common. A typical example is the pocket type of 
meter or the a.c.- reading v.o.m.'s. In fact, any meter using 
copper oxide, magnesium copper sulphide, selenium, silicon, 
or a crystal diode as a rectifier, either as a half -wave or 
full -wave rectifier and without a capacitor across the output 
of the rectifier, responds to true average values for any 
waveform. The scale provided with common commercial 
instruments reads in r.m.s. values. This means the true aver- 
age value can be found by multiplying the meter scale by 
0.903 in order to obtain the correct average value for any 
other waveform that we might be interested in. 

R.M.S. -Responding Meters 

These meters include the moving iron -vane meters, ther- 
mocouple meters, hot -wire meters, electrodynamometer me- 
ters, and electrostatic meters. For this group of meters the 
meter scale, if r.m.s., matches the meter movement and the 
instrument will read true r.m.s. values for any waveform. 

Peak -Responding Meters 

Peak -responding instruments include the slide -back vac- 
uum -tube voltmeter, cathode -ray oscilloscopes, rectifier -type 
instruments with a capacitor across the output of the rectifier, 
and some types of v.t.v.m.'s. The response of these meters 
is true peak for any waveform and most will have scales 
calibrated in peak values. These meters give correct read- 
ings for any waveform except for pulses of short duration 
compared to the repetition frequency. 

If the meter scale is calibrated to read r.m.s., then the 
true value can be found by multiplying the scale value by 
1.414. If, however, the scale is calibrated to read average o 

By ROBERT JONES 
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Fig. 1. Relation between average and r.m.s. voltage values. 
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values, then the scale reading must be multiplied by 1.571 
to give true peak value of the waveform being measured. 

Vacuum -Tube Voltmeters 

The determining factor in this type of meter is the bias 
supplied to the tube or transistor which does the detecting 
or rectifying. The bias sets the operating point and by this 
means the conventional v.t.v.m. becomes peak, average, or 
r.m.s. responding. Hence, the common v.t.v.m. without a 

special input circuit cannot usually be relied upon to read 
true values when anything but a true sine wave is applied. 
Consider the waveform as applied to the meter from the de- 
tector. The amplitude is dependent on the amplification 
provided by the tube and on the bias supplied to the control 
grid, while the waveshape or distortion at the cut -off end 
of the tube characteristic curve is dependent only on the 
bias setting. Since tubes of the same type vary from tube to 
tube and with usage, any given bias setting cannot be relied 
upon to make the conventional meter read the true value of 
peak, average, or r.m.s. This does not reduce the usefulness 
of the v.t.v.m. -being calibrated on sine waves and reading 
sine -wave values -but it does make it difficult to correct 
for other waveforms that we must measure. 

True Values & Corrections 

Once the true values of a voltage or current are known, 
be it average, root- mean -square, or peak, the remaining 
two values can be computed provided the waveshape is 

known. For example, if we have a sine wave and know 
the r.m.s. value, then we can find both the average and peak 

values by simply applying appropriate correction factors. 
This same approach can be applied to many waveforms, 
but of course the correction factor changes with each dif- 
ferent waveshape. 

The ratio r.m.s. to average values is generally called the 
form factor of a wave. This ratio is different for each wave - 
shape, being 1.11 for sine waves and 1.00 for square waves. 
Another ratio, peak to average, is known as field form factor 
and is 1.57 for a sine wave and 1.00 for a square wave. 
The peak to r.m.s. ratio, known as the peak or crest factor, 
is 1.414 for a sine wave and 1.00 for a square wave. 

Fig. 1 shows the relationships between average and r.m.s. 
values for various waveshapes. Fig. 2 relates r.m.s. and 
peak values for various waveforms. Fig. 3 relates average 
and peak values. In all cases the peak, r.m.s., and average 
values are measured true values. 

These charts are used by placing a ruler or straightedge 
from the known value in one column through the known 
waveform to the required answer in the second column. In 
using the charts, be sure that you read values on the same 
sides of the various voltage scales. Also, all scales can be 
extended by dividing or multiplying by 10, 100, 1000, etc. 

The technician without a particular type of test instru- 
ment called for in a service diagram, can forecast the value 
that would be measured by the proper meter. This, of 
course, requires that the diagram show the waveform or 
that the technician be able to forecast the probable wave - 
shape at the point of measurement. If a scope is the meas- 
uring instrument, then both waveform and true peak values 
are available and the charts can provide conversion. A 

Charts permit the conversion of peak, r,m.s., and 
average meter readings so that existing meters can 

be used to check a variety of applied waveforms. 
Fig. 2. R.m.s. and peak voltage values for various waveforms. Fig. 3. The relation between average and peak voltage values. 
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RECENT 

DEVELOPMENTS 

in ELECTRONICS 

Thermoelectric Cooler. A com- 
pact thermoelectric cooler for 
epoxy cements and other fast - 
setting compounds has been in- 
troduced. The unit draws less 
than 45 watts and is completely 
solid- state, having no moving 
parts or cooling fans such as 
would be used in a mechanical 
refrigeration system. The mate- 
rial to be cooled is placed in a 

disposable 4 -oz. aluminum cup 
which fits into a block of foam 
insulation. The cooler has two 
temperature settings: one cools 
10 -15 degrees C below room tem- 
perature, the other 28 degrees C 

below room temperature. The 
device sells for approximately 
$100 from Carter -Princeton Co. 

26 

Electron Multiplier Tube. A cutaway view 
of a five -stage electron multiplier tube 
shows a pentode structure surrounded by 
five dynode electrodes. This tube uses 
secondary emission, such as is used in 
photo -multipliers, to achieve high gain 
and fast response. One of these Tung -Sol 
tubes can replace complete multistage am- 
plifiers in microwave systems. They are 
also used to supply trigger pulses for 
traveling -wave tubes and klystrons with 
a total input to output time delay of only 
20 nanoseconds. The tube can supply a 

pulse of 4 amps peak at 600 volts peak. 

Molded Memory for Computers. An experimen- 
tal "flute" memory array has been made by 
molding tiny magnetic ferrite tubes over a 

mesh of fine wires. The name of the IBM - 
developed array is derived from the flute- 
like appearance of the individual magnetic 
tubes. This experimental array can store 
5000 bits of information. A bit, either a 

"1" or a "0," can be stored by changing the 
magnetization direction of the ferrite ma- 
terial at the intersection of any two wires. 

Laser -Beam Deflector. A scientist at the Gen- 
eral Telephone & Electronics Labs is shown 
with a newly developed device which elec- 
tronically deflects laser light beams. The 
bending occurs when the beam is directed 
through a crystalline bar just above his hand. 
The index of refraction of the crystal varies in 
direct proportion to an applied electric field. 
This changing refraction causes the beam to 
sweep back and forth as much as 30 times the 
beam angle. Such deflection would permit an 
earth -based laser to sweep 900 sq. mi. over 
the moon's surface in search of a receiver. 
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Integrated- Circuit Tester for Minuteman. A 

shoebox -sized unit for testing ground elec- 
tronic equipment for the Minuteman missile 
has been developed. The test set uses in- 
tegrated circuitry to achieve smaller size 
and lighter weight than the previously used 

steamer -trunk -sized tester (at left in the 
illustration). Where previously two tech- 
nicians were needed to move the bulkier test 
equipment into position, and cables and con- 
nectors were used to attach it to a rack 
of electronics equipment, the new 12 -lb. 
Sylvania unit is handled by one man and 
plugs directly into the rack. The tester first 
tests itself and then performs a series of 
tests on the equipment. Light panels give 
immediate indication of equipment perform- 
ance. Entire test cycle takes 20 seconds. 

Molecular Electronic Radar. An X -band doppler radar using 
molecular electronic functional blocks for all receiver and 
signal -processing circuits has been developed by Westinghouse. 
The entire system, except for the antenna array (center), servo 
motors, and gyros, can be packaged in the 2 "x 2 "x 6" mock -up 
being held in the photo. The only non -molecular device in- 
cluded, besides these items, is a solid -state local oscillator. 

..oo ,ac.o'¢crxoNK 
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Experimental Picture Telephone. An experimental telephone that 
transmits a caller's picture along with his voice was demon- 
strated at the N.Y. World's Fair by the Bell System. The video 
bandwidth of the system is 500 kc., scanning is 275 lines per 
frame interlaced, and there are 30 frames or 60 fields per sec. 
A person using the system can control whether he wants to be 
seen, whether he wants to see himself or the person being called. 

Computer Monitors Defense Communications. 
A new status reporting and control complex is 
being used to monitor the Defense Commu- 
nications System's 19- million mile network of 
communications channels. A display board, 
activated by IBM computers, shows the status 
of the various circuits and identifies trouble 
anywhere in the system. Landlines, high - 
frequency circuits, microwave links, iono- 
spheric and tropospheric scatter circuits, and 
other channels, are indicated with varicolored 
lights. Military commanders can monitor the 
entire network or any selected portion of it. 
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DISTORTION IN PHONO CARTRIDGES 
By JAMES H. KOGEN / Chief Engineer, R &D, Shure Brothers, Inc. 

By matching the playback stylus vertical angle with 
that of the cutting stylus, distortion is reduced. 

CENTER OF ROTATION 

-4- CUTTING STYLUS 

A 

RECORD SURFACE ///////7///// 
4 ROTATION 

PATH OF CUTTING STYLUS TIP 

PERPENDICULAR TO RECORD 

(A) 

/CENTER OF ROTATION 

PLAYBACK STLUS 

PATH OF PLAYBACK STYLUS 

PERPENDICULAR TO RECORD 

RECORD SURFACE 

ROTATION 

(B) 
Fig. 1. (A) Motion of the cutting stylus on the master record. 
IB) The motion of the playback stylus with respect to record. 

THERE are many factors which can contribute to dis- 
tortion in a phono cartridge. Assuming that any good 
cartridge design will eliminate the flagrant sources of 

distortion, we can still cite at least five significant contributors. 
1. Lateral tracking error. Lateral tracking distortion occurs 

when the center of rotation of the playback stylus is not on 
a line tangent to the record groove at the point where the 
stylus makes contact. Distortion from this source is mini- 
mized by proper geometrical configuration of the tonearm. 
Lateral tracking error in all good tonearms, properly mount- 
ed, is less than 5° -and the resultant distortion is quite small. 

2. Vertical tracking error. Vertical tracking distortion is 
caused when the playback stylus moves in a different ver- 
tical arc than that which is cut in the record. 

3. Tracing error. Tracing distortion results from the fact 
that the round playback stylus differs in shape from the 
wedge -shaped cutting stylus. 

4. Dynamic di.stortion. Dynamic distortion results from the 
fact that the playing surface of the record is not infinitely 
hard and is, therefore, indented to some extent by the play- 
back stylus. 

5. Rattling in the groove. This distortion occurs when the 
needle loses contact with the groove wall. Such a situation 
can happen during very highly modulated passages. 

Vertical Tracking Error 

The cutting stylus used in making the master record fol- 
lows a motion as depicted in Fig. 1A. It has been known 
for years that distortion will result if the playback stylus 
does not have the same effective center of rotation as the 
cutting stylus. Formulas have been developed from which 
the expected distortion can be calculated. The significant 
variable in the formula is the vertical tracking angle error, 
defined as the difference between the effective cutting angle 
A (Fig. 1A) and the effective playback angle B (Fig. 1B) . 

Although this theoretical information had been used for 
some time, something seemed to be amiss. Measurements con- 
sistently showed distortion to be considerably higher than we 
would expect from the theory. Late in 1962, engineers at 
both the CBS and RCA Laboratories discovered at least one 
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major cause for the discrepancy. It had previously been as- 
sumed that the effective cutting angle of the record could 
be determined by measuring the free motion of the cutting 
stylus. Precise measurement proved, however, that the ef- 
fective angle at which the record is cut differs from this free 
motion by as much as 21°, a startling difference. 

The reasons for this difference have not been thoroughly 
proved as yet, but at least two major contributors are known. 
One factor is the bending of the cutting stylus as it slices 
through the surface of the master disc. A second factor is 
the so- called "springback" of the record material as it is being 
cut. Although this material is literally being cut, there is a 
certain amount of springiness in the record material which 
results in a slight alteration of the groove modulation after 
the cutting stylus passes. 

Clearly the way to eliminate this source of distortion is 
to eliminate the tracking -angle error. To do this, it is neces- 
sary that the cartridge manufacturer have a single target to 
shoot at. This means that the record companies must stand- 
ardize on a vertical cutting (recorded) angle. Such a standard 
has been proposed as 15° by several standardizing organiza- 
tions both in the United States and abroad. Many of the 
major recording companies are now cutting records at this 
angle. The way is now clear and cartridge manufacturers 
are designing pickups to match this standard. 

The dramatic decrease in harmonic distortion that can be 
obtained by matching the playback stylus tracking angle to 
that on the record is shown in Fig. 2. This curve was drawn 
from measurements made with the CBS Labs' test record 
STR -160 and the Shure M44 -7 cartridge, designed for a 15° 
vertical tracking angle. This curve shows that a significant 
reduction in distortion can be obtained when the angles are 
matched. A considerable increase in distortion can be noted 
when the tracking angle error is 20 °, which was the best 
match possible for most of the older style high -fidelity car- 
tridges and records. 

To guarantee a continued reduction in distortion, there- 
fore, it is imperative that: 

1. The recording industry agree on standard measuring 
methods for determining vertical tracking angle. 

2. Recording companies standardize on a single vertical 
tracking angle, preferably 15 °. 

3. Playback cartridges be designed to match the record- 
ing standard. 

s 

10 

Fig. 2. Distortion characteristics of Shure M44 -7 cartridge 
at 2 grams tracking force on CBS Labs STR -160 test record. 
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UNITS and 

STANDARDS 

of ELECTRICAL 

MEASURE 
Examination of our National Standards, their 

derivation, maintenance, and accuracies, and 

an assessment of the present state of the art. 

By FOREST K. HARRIS 
Chief, Absolute Electrical Measurements Section 
National Bureau of Standards 

IF we wish to say how large some physical quantity is, our 
description of its size has two parts -a unit and a num- 
ber. The unit is a defined reference amount of the quan- 

tity; and, if our statement is to be understood, everyone who 
is concerned must agree on the size of the unit. The number, 
which completes our statement, tells how much bigger or 
smaller is the quantity we are discussing than the defined 
unit quantity. The size of the unit can be fixed by definition, 
quite independently of any measurement, and therefore can 
be exact. We can arrive at the numerical part of our state- 
ment only through measurement -this number is subject to 
the errors of the measuring process by which we obtain it, 
and therefore can never be exact. 

Thus if a statement of quantity is to have meaning, there 
must first be agreement on the size of the unit. Next, there 
must be acceptable reference standards to represent the 
physical embodiment of the defined unit or some multiple 
of it; and it is through such reference standards that meas- 
urement errors are controlled. 

Reference standards form the basis for the calibration of 
measuring devices and systems; and, to the extent that their 
assignment derives from National or International Standards, 
they can also serve to coordinate measurements made at dif- 
ferent times and places. It will be the purpose of this article 
to examine our National Standards of electrical measure, their 
derivation and maintenance, and, in addition to these items, 
to assess the present state of the art in just a few of the im- 
portant areas of electrical measurements. 

History of the Electrical Units 
In the years following the promulgation of Ohm's Law 

(1827) many suggestions were made regarding a standard 
(and unit) of resistance. Examples were: (1) a foot of cop- 
per wire weighing 100 grains; (2) an English mile of No. 16 
copper wire; (3) a kilometer of iron wire 4 mm. in diameter; 
and (4) a column of mercury 100 cm. long and 1 mm. in 
cross -section at 0 °C. The last of these units was used for a 

The practical standard for d.c. voltage is provided in this 
country by saturated standard cells forming National Reference 
Standards. These cells are extremely stable, but sensitive to 
change in temperature. Both the reference cells and cells sent 
to the Bureau for calibration are kept in a circulating oil 
bath whose temperature is electrically controlled to with- 
in a few thousandths of one degree of 28 degrees centigrade. 

time in Germany, and was known as the Siemens unit. It is 
interesting to note that it differs from today's resistance unit 
by a little more than 6 %. During this same period the e.m.f. 
of the Daniell (zinc -copper) cell was widely used as the 
unit of voltage. 

By the middle of the 19th century the work of Gauss and 
Weber had shown that electric and magnetic quantities could 
be measured in terms of mechanical units. Then in 1861, the 
British Association for the Advancement of Science formed a 
Committee on Electrical Units and Standards with Maxwell 
as chairman. This committee realized the value of a corre- 
lated system of electrical and mechanical units based on the 
metric system -which was already familiar to scientific work- 
ers through the world; and in 1863 (just over a century ago) 
the committee recommended a set of "absolute practical" 
units that were decimal multiples of the centimeter -gram- 
second electromagnetic units. By "absolute" was meant that 
the unit was defined directly in terms of mechanical units; 
and "practical" signified that the unit was of a convenient 
size for practical engineering measurements. The following 
is a list of the British Association recommendations: 

Absolute practical unit 

1 coulomb 
1 ampere 
1 volt 

1 ohm 
1 joule 
1 watt 

Equivalent in c.g.s. electro- 
magnetic units 

0.1 c.g.s. unit of charge 
0.1 c.g.s. unit of current 
108 c.g.s. units of potential 

difference 
= 109 c.g.s. units of resistance 

107 ergs 
107 ergs per second 

These units were accepted on an international basis in 
1881 by the Paris Electrical Congress and have been formally 
recognized as the electrical units in the United States by 
Congressional acts. (The most recent such act is Public Law 
617 of the 81st Congress.) The choice of 109 as the conver- 
sion factor between ohms and c.g.s. units of resistance 
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brought the size of the new unit close to that of the existing 
German unit (the Siemens unit, smaller than the ohm by 
about 6 %). Similarly, with 108 chosen as the factor between 
the volt and the c.g.s. unit of e.m.f., the new unit did not 
differ greatly from the Daniell -cell unit ( within about 20 %) . 

Having fixed the values of these two conversion factors, the 
others are all fixed by the simple relations -such as Ohm's 
Law -that exist between the units. 

The wisdom of the BA committee's choice will be seen 
when we consider that if the e.m.f. of the Daniell cell had 
been chosen as an electrical unit together with one of the 
suggested units of resistance (a mile of No. 16 copper wire), 
the electrical and mechanical units of power and energy 
would have differed by a factor of about 25, whereas with 
the chosen units they are identical. 

The BA committee sponsored "absolute" experiments that 
resulted in the assignment of values to a number of wire 
standards that were distributed to various laboratories in the 
interest of international agreement. These standards were not 

O,, 

Wir> Standard 

VOLT 

Saturated Cell 

Fig. 1. Present absolute electrical units, used since 1948. 

completely stable, and the assigned value of one was found 
by Rowland in 1878 to differ by 1.5% from its intended ab- 
solute value. 

At that time there were no national laboratories where 
standards could be checked; and there was a need for "re- 
producible" standards that could be set up in any laboratory 
to duplicate the units. In 1893 the Chicago Electrical Con- 
gress fixed on a mercury column- 106.3 cm. long aril with a 
cross- section of 1 sq. mm. to represent the ohm at 0° C. In 
1892 the British Association adopted as a "reproducible" am- 
pere, the current that would deposit silver from a silver 
nitrate solution under specified conditions at the rate of 
0.001118 gran per second. The apparatus used for this 
measurement was called a "voltameter." 

National Laboratories 
During the closing years of the 19th century and the be- 

ginning of the 20th, national laboratories were organized in 
a number of countries including the United States, to pre - 
serve and disseminate the units of measure; and in 1910 
representatives of the national laboratories of Germany, 
France, Great Britain, and the United States met in Wash- 
ington to compare standard resistors and standard cells 
whose values had been assigned in terms of their national 
units, and to resolve differences among the various silver 
voltameters. As a result of this meeting each representative 
returned to his own national laboratory with a group of re- 
sistors and standard cells whose values were assigned in 
terms of a mutually acceptable "International" ohm and volt, 
realized through the "reproducible" units. 

During the next four decades, the various national labora- 
tories maintained their electrical units more or less in terms 
of these groups of resistors and cells; but by 1930 it was 
quite generally argued that the mercury ohm and silver 
ampere, on which the "International" system of units was 
based, were not reproducible with sufficient accuracy for 
scientific and technological purposes -in short, the techniques 
of measurement were outgrowing them; and also, unaccepta- 
bly large discrepancies were showing up in comparisons be- 
tween the national standards of some countries. So it was 
agreed that "absolute" ohm and ampere experiments would 
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be performed at some of the national laboratories, and that 
the results of these experiments would be used to re- assign 
the various national units on an "absolute" basis. At an inter- 
national meeting in 1935 it was hoped that the transition to 
the "absolute" units could be made on January 1, 1940; but 
the outbreak of war in the summer of 1939 interfered with 
this plan. 

The transition was finally made on January 1, 1948, with 
changes amounting to a few hundredths of a percent. For 
example, the "International" ohm as then maintained at the 
National Bureau of Standards was stated to be 1.000495 ab- 
solute ohms, and the "International" volt, 1.000330 absolute 
volts. Conversion factors for the remaining electrical units 
can be derived in terms of these two factors and the simple 
relations that exist between the units. 

It should be noted that if the meter, kilogram, and second 
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Fig. 3. Present voltage and voltage -ratio accuracies. 

are used in place of the centimeter, gram, and second as 
mechanical units, and if the permeability of free space is 

assigned the value 10 -7, the absolute system of electrical 
units becomes identical with the practical system. Alterna- 
tively, since four arbitrarily chosen quantities can be used 
to define a system of electrical units, it has been suggested 
that the meter, kilogram, second, and ampere be used as the 
basis of the defined system of units, the m.k.s.a. system. 
This was adopted by the General Conference of Weights and 
Measures in 1960 as a part of the general system to be 
known as the Systeme International d' Unites (which is com- 
monly abbreviated SI). 

Experimental Realization of Units 

Section 12 of the Public Law that defines the electrical 
units contains the following statement: "It shall be the duty 
of the National Bureau of Standards to establish the values 
of the primary electrical units in absolute measure; and the 
legal values for these units shall be those represented or 
derived from National reference standards maintained by the 
National Bureau of Standards." 

Two types of "absolute" measurements have been used in 
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assigning numerical values to our basic electrical standards 
in terms of the mechanical units. The ohm is evaluated in 
terms of length and time; the ampere in terms of length, 
mass, and time. (See Fig. 1.) 

The absolute -ohm determinations on which our "legal" ohm 
are based were performed in the National Bureau of Stand- 
ards and in the national laboratories of other countries. These 
determinations have involved an inductor (either self or 
mutual) of such construction that its value can be computed 
from its measured dimensions together with the convention- 
ally assigned permeability of the space around it. This in- 
ductance is supplied with a periodically varying current and 
its reactance at the known frequency is, in effect, compared 
with the resistance of a standard resistor. 

A similar experiment could involve the comparison of a 
capacitive reactance and a resistance; and such a determina- 
tion would have the advantage that the electrical field of a 
capacitor can be completely confined by a shield so that the 
capacitance value is independent of anything outside the 
shield, whereas the magnetic field of an inductor cannot be 
limited to be free from proximity effects. However, it is only 
within the past few years that a practical capacitor geometry 
capable of simple measurement and computation has been 
described in terms of a new theorem in electrostatics -the 
Thompson -Lampard theorem. The value of such a capacitor 
can be assigned with sufficient accuracy to make attractive 
an absolute -ohm determination in terms of capacitance; and 
such determinations have been made, although their results 
have not yet (1964) been incorporated into the "legal" ohm. 

In an absolute- ampere determination, a pair of coils is ar- 
ranged so that the force between them when they carry 
current can be measured in terms of the force of gravity 
acting on a known mass -thus the units of measure are 
length, mass, and time. The current, measured in absolute 
amperes, is passed through a standard resistor whose value 
is known in absolute ohms. The resulting voltage drop is 
compared to the electromotive force of a standard cell, and 
its value is assigned in terms of absolute volts. 

"Legal" Electrical Units 
The absolute measurements on which are based the as- 

signment of the National reference standards are time con- 
suming and require great care and skill. Their occasional 
repetition, to maintain surveillance on the constancy of the 
national standard, is desirable. But for the purpose of pro- 
viding a continuing measurement capability, groups of wire - 
wound resistors and of standard cells constitute the National 
reference standards and form the basis of the "legal" electrical 
units. 

The National reference standard of resistance for the 
United States is a group of ten 1 -ohm resistors of special 
construction. Their values were assigned on January 1, 1948, 
in terms of an international agreement based on the results 
of the various absolute -ohm determinations. The "legal" unit 
of resistance is preserved in terms of their group average, 
which is assumed not to have changed since the 1948 assign- 
ment. The resistors of the group are regularly intercompared 
to about a part in 107. In addition, our national standard is 
compared at regular intervals, through measurements made 
at the International Bureau of Weights and Measures in 
Sevres, France, with the standards maintained by National 
laboratories of other countries. 

The maximum net change in any of the group with respect 
to the group average has been a little over 2 ppm (parts per 
million) in the 30 years that have elapsed since the group 
was first set up. In the international comparisons over the 
past decade, the differences between our unit of resistance 
and that maintained by the International Bureau have never 
been greater than 1 ppm; and in only one instance was the 
difference greater than 0.4 ppm. It is believed very unlikely 
that the "legal" ohm -maintained in terms of the average 

August, 1964 

Over -all view of the NBS helical- N. 
coil balance. In the center of the 
coil (bottom) is a small movable 
coil which is attached to the arm 
of the precision balance. This ar- 
rangement measures change in force 
on the small current -carrying coil 
when current in the two parts of 
the outer coil is reversed. From 
the change in force and the di- 
mensions of the coils, the exact 
current value in amperes is found. 

This large, double -walled standard 
1 -ohm resistor is used to maintain 
the standard unit of resistance . 

of this group of ten resistors -differs from the defined abso- 
lute ohm by as much as 4 ppm; and there is evidence in 
terms of recent absolute -ohm determinations (capacitive) 
that the difference is no more than 1 ppm (Fig. 2). 

The National reference standard of e.m.f. is a group of 44 
saturated standard cells (commonly referred to as Weston 
cells), maintained continuously at a temperature of 28 
±0.01° C, and held at 28 ±0.001' C d_uing intercompari- 
sons. Eleven of the cells have been in the reference group 
since 1906; of the remainder, 7 made in 1932 and 26 made 
in 1949 were added to the group in 1955. New cells are made 
periodically of carefully purified materials, and are kept 
under the same conditions as the reference group and com- 
pared with it regularly. Thus a cell having a known history 
of constancy is always available for replacement, if one of 
the National reference group fails. The cells of the reference 
group are intercompared regularly and their average value 
is assumed to be constant. It is in terms of this group average 

The 100- ohm -per -step dial of a universal ratio set is being 
checked against one of the group of 100 -ohm reference standards. 
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Improved standard of capacitance. This design, based on a 

recently discovered theorem in electrostatics, allows capac- 
itance value to be calculated directly in terms of length. 
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and its 1948 assignment that the `legal" volt is maintained. 
This unit is regularly compared with those of other coun- 

tries at the International Bureau. Over the past decade the 
differences between our unit and the one maintained by 
the International Bureau have generally been less than 2 
ppm, although on one occasion (1953) the difference 
amounted to about 3 ppm (Fig. 3) . 

Recently an additional means of checking the constancy 
of our National electrical units has become available by using 
a natural physical constant -the gyromagnetic ratio of pro- 
tons in a sample of pure water. These elementary charged 
particles are continually spinning like miniature tops. Because 
of this spin and their electric charge, they behave like mag- 
nets and tend to align their spin axis in the direction of the 
ambient magnetic field. When they are thus oriented and 
then disturbed, they precess about the direction of the mag- 
netic field, just as does a spinning top or gyroscope in the 
earth's gravitational field. This precession frequency, which 
we can measure very accurately, can be used to measure the 
strength of the field. 

In our experiment, the field is set up within a precisely 
made solenoid and can be computed from the coil dimensions 
and the measured current in the coil. This current is meas- 
ured by comparing the voltage drop it produces in a standard 
resistor to the e.m.f. of a standard cell. If the measured pre- 
cession frequency is constant we know that the current has 
not changed and therefore that the ratio of the National volt 
to the ohm has not changed- strong evidence that neither 
has changed, since it is quite unlikely that they would both 
drift in such a way that their ratio would remain constant. 
A series of measurements over the past four years indicate 
that the Bureau's ampere has been constant over that interval, 
the maximum departure from the mean value being 0.4 ppm 
(Fig. 4). 

While all available data indicate constancy of the National 
reference standard of e.m.f., there is evidence -both from 
absolute- ampere determinations and from consideration of 
internal consistency of the assigned values of various atomic 
constants -that the "legal" volt (maintained in terms of the 
National reference standard) differs from the defined absolute 
volt by about 10 ppm. Certainly there is need for further 
absolute measurements, and there is now under consideration 
an absolute -colt determination directly in terms of the 
amount of force that is associated with a potential difference 
between the electrodes of a capacitor. 

Capacitance and Inductance 

There are no national reference standards for capacitance 
and inductance in the pattern used for the National refer- 
ence standards of resistance and e.m.f. However, the 1 -pf. 
computable capacitor used in the absolute-ohm determina- 
tion can be set up and measured without great difficulty; and 
the assignment of its value is believed to be correct within 
1 -2 ppm in terms of the defined absolute unit. Studies are in 
progress to develop stable capacitance standards in the 
range 1 -103 pf.; and in this range, the values of "ideal" ca- 
pacitors can be compared within 1 -2 parts in 107. In this 
context, the term "ideal" means a standard vhich is com- 
pletely stable and whose value is independent of ambient 
conditions. For values of capacitance greater than 103 pf., 
the attainable measurement accuracy falls off, and is less by 
a factor of about 10 at the 1 -; ).f. level of capacitance ( Fig. 5) . 

Inductances are regularly measured at low frequencies in 
terns of capacitance and resistance, for example in a Max- 
well -Wien bridge. In the middle range of inductance (1 -100 
millihenrys) and at a frequency of 1 kc., an "ideal" inductor 
can be measured in terms of real capacitors and resistors to 
about 0.01%. Measurement accuracy falls off at higher and 
lower values. In fact, if one were to plot measurement ac- 
curacy for any kind of quantity against magnitude, the typical 
shape of the curve would be a (Contintucl on page 55) 
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HIGH 

FIDELITY 

MEASUR 

By EDGAR VILLCHUR 
Acoustic Research, Inc. 

SCIENCE OR CHAOS? 

Is objective testing possible? Do some tests have 

reliability but no validity? Can a device measure 

well but sound bad? Here is the viewpoint of a 

speaker designer with examples in his own field. 

THE problem of testing, which is so crucial to design 
work, is one that a good many engineers know less 
about than they should. In schools, the techniques of 

testing have for the most part been the concern of the social - 
science discipline. I first learned about the basic principles 
of testing -the difference between reliability and validity, 
and the use of controls -from courses in psychology, soci- 
ology, and statistics, not from engineering courses. 

We will consider here natters which are more often dis- 
cussed in classes of social science than of physical science, 
but they are matters that you should be masters of. 

Objective Testing in Audio 

Objective tests of reproducing equipment -for frequency 
response, distortion, transient response. etc. -have been 
criticized from two widely different points of view, one sci- 
entifically legitimate and the other scientifically childish. I 
will discuss the latter first to get it out of the way. 

It is an accepted principle among some of the hi -fi writers 
who aclyise the public on the mysteries of sound reproduction 
that high- fidelity eomponents, and particularly loudspeakers, 
cannot be tested objectively. The reasons given usually relate 
to hearing differences in different individuals, differences in 
room environment, and differences in taste. 

If we think of a hush- fidelity system as a new musical in- 
strument, a creator rather than a reproducer of sound, these 
reasons have relevance. Bnt if we consider that the function 
of a high -fidelity system is to recreate with maximum ac- 
curacy sound whose character has been determined pre- 
viously, they are irrelevant. 

Differences in individual hearing have no more to do with 
comparing a copy to its original than differences in vision 
affect the objective accuracy of a matching color sample. The 
same hearing aberrations come into play in listening to both 
the live and the reproduced sound, and they do not affect 
the process of matching. 

Room environment profoundly affects the final acoustic 
output of a sound reproducing system; this simply means that 
the room is one lint: in the chain of reproduction. Compensa- 
tion for the effects of room environment (other than power 
requirements) must be sought in the flexibility of controls, 
not in design idiosyncrasies of the reproducing equipment. 

Taste may determine whether a listener prefers a Stradi- 
vari violin to a Cuarneri, but it cannot affect the objective 
determination of the accuracy of reproduction of either. Taste 
can only be involved seere a choice must be made between 
different kinds of inaccuracy, for example, a given amount Of 

distortion us restricted frequency response. 
These experts often tip their hand by an interesting con- 

tradiction. Knowing that audio design laboratories have 
invested in elaborate and expensive test equipment, and 
suspecting that this amount of cold cash would not be spent 
for useless measuring devices, they hedge. Sometimes hi -fi 
writers state that while objective measurements cannot pro- 
vide a basis for the evaluation of high -fidelity equipment, 
measurements do serve as a useful tool for the designer. It 
should be clear that any measurements that do not have pre- 
cisely the significance denied 1>v these writers are as useless 
to the designer as to the consumer. 

_1 kind of scientific know- nothingism is all too common in 
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the field of high -fidelity testing, and it is necessary to bring 
some order into this chaos. What is needed is an understand- 
ing of the basic principles of testing, and particularly the 
difference between reliability and validity. Most engineers 
understand the teen "reliability "; however, they are quite 
often not sufficiently familiar with the term "validity." 

Reliability 
The reliability of a test is an index of its accuracy, an 

index of the extent to which we can expect the test results 
to be repeatable. 

Let us suppose that we have a device with two electrical 
terminals, that we put the prods of a meter across these 
terminals, and read 5.3.8 volts. The reading is the same the 
next day with a meter of another make, which conforms to the 
specifications that we have laici out. It is the same in a 
testing laboratory in Alaska. Apparently we have specified 
the conditions of this test sufficiently so that we can expect 
the same reading each time. We have a reliable test. Note 

A live versus recorded concert with the Fine Arts Quartet 
at a moment of changeover from live to reproduced sound. 

that I can call it reliable before I know what meaning, if any, 
the test has. 

Let me give you an example of an unreliable test of this 
same device. A low -impedance meter may affect the circuit 
that we are measuring, but we fail to mention this in our 
description of the test procedure. With a vacuum -tube volt- 
meter we measure 53.8 volts. Someone comes along with a 
low -impedance meter and he reads only 32.6 volts. He may 
conclude that the voltage across the terminals is erratic and 
cannot be depended on for anything, but his analysis is 
wrong. It is the test procedure that is unreliable. 

Validity 
Now we come to the real crux of the matter, validity. What 

does that 5:3.8 volts mean -is it good, bad, high, or low? Is 
this voltage an index of some quality of the device? 

The validity of a test is that key quality which tells us 
whether the test measures what it is designed to measure. 
We say that a given test measurement is, or is not, a valid 
index of a given characteristic. 

There are test techniques surrounded by all kinds of 
quantitative controls, techniques that give us beautiful, ac- 
curate results, but which do not give us the information that 
we think they do. They are reliable but invalid. It is such 
test techniques that have given rise to the legitimate criti- 
cism of objective audio testing to which I referred. Some- 
times a device is described as measuring well but sounding 
bad. When this is so, it is obvious that someone has measured 
the wrong things, however accurately. 

I can give you an example from my own field of speciali- 
zation, loudspeakers. As in other components of a hi T1,- 
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fidelity reproducing system, the frequency response of a 
loudspeaker is of prime importance. We are concerned with 
how even the response is over the range, and we are also 
concerned with how great that range is compared to the 
audio spectrum. 

Now it is generally accepted in the audio field that the 
way to measure the frequency response of a loudspeaker is 
to place the speaker in an anechoic environment, put a micro- 
phone in front of it, run a sweep signal into the loudspeaker, 
and measure the output of the microphone at different fre- 
quencies. About twenty years ago Standards were published 
by RETMA (now EIA) and the American Standards Asso- 
ciation, introducing the controls necessary to make this 
speaker testing technique reliable. If these Standards are 
followed in testing a given loudspeaker, you will get the 
same curve without significant difference every time. 

But this on -axis curve does not represent what it purports 
to represent- loudspeaker frequency response. Two loud- 
speakers with almost identical curves macle in this way may 
sound entirely different in terms of whether they are bright 
or dull, smooth or rough. 

The output of an electronic amplifier appears across defi- 
nite terminals. Whatever comes out of the amplifier will be 
sensed by test prods across the terminals, and complete 
information on the amplifier output can be provided through 
the prods. 

The output of a loudspeaker, which is acoustical rather 
than electrical, appears in quite a different way. This out- 
put is thrown out into the room in all directions, and the 
frequency distribution of the energy radiated directly in 
front of the loudspeaker is not the sane as that of the en- 
ergy radiated to the sides. It is also true that when we 
listen to a loudspeaker in a normally reverberant room we 
hear a combination of direct sound from the speaker and re- 
verberant sound reflected from the walls, floor, and ceiling. 
The major part of what we hear is due to the sound field 
created by the reflected sound. 

Thus, we respond more to the integrated power output of 
all those pencil -rays of sound that are radiated in an infinite 
number of directions than to the pressure of a particular ray 
between the loudspeaker and our ears. Even if we sit directly 
in front of a loudspeaker, the frequency response that we 
are affected by is not represented by the on -axis response 
curve. The test microphone was in an anechoic environment 
and did not sense any off -axis reflected sound. 

To know the frequency response of a loudspeaker as it re- 
lates to non -anechoic environments, then, we need to know 
how much total energy the loudspeaker will radiate at one 
frequency compared to another, and the shape of the re- 
sponse curves at various angles to the speaker axis. This in- 
formation is contained in a family of curves of the response 
at different angles from the axis of the loudspeaker, from 0 
to 90 degrees. If the horizontal and vertical dispersion are 
not the same, we need to know both. 

I have said that two loudspeakers can have almost identi- 
cal on -axis response curves and yet sound completely differ- 
ent. This can occur in two ways. The off -axis response of 
one may drop severely at high frequencies compared to the 
other, giving the former a much duller character; or the 
off -axis response of one may be much more ragged than the 
other, giving it a rougher quality. (See Figs. 1 and 2.) These 
differences between the two speakers would be apparent 
from any listening position, including one directly on -axis. 

The conclusion that we must draw is that the test tech- 
nique of measuring only the on -axis frequency response of 
a speaker is not a valid one. The single curve does not rep- 
resent the frequency response of the speaker, let alone serve 
as an index of its quality. But the conclusion sometimes 
drawn is that objective measurements are therefore useless 
wlien it comes to high -fidelity loudspeakers. 

If I now say that we must not rely on the on -axis response 
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curve but take a family of curves at different angles, and 
then take distortion cure rs frequency curves and tone- 
burst data (we (lo actually use this particular gamut of tests 
at my company), wyhat proof (lo I have that these measure- 
ments give us meaningful information? We can't just invent 
tests in our heads :u id then apply them. There must be 
validation of test techniques. 

If We wanted to develop tests for trie evaluation of print - 
ing equipment designed to reproduce paintings, the method 
or validating a proposed test would be obvious. We a-o;dd 
see whether our test predicted the degree of accuracy of the 
reproduction, and we would check the accuracy in a (Erect 
comparison between the reproduction and the original 
painting. 

In 1936, Nee' York's Museum of Modern Art staged a "high- 
fidelity" show, an exhibition of calot- reproductions of paint- 
ings. The original paintings and reproductiols of the paint- 
ings were hung side by sicle on the tyalls of the Museum, the 
reproductions in exactly the saule sizes and in matching 
fraies. One judged the success of the reproduction by direct 
comparison with the original. One didn't loo!: at the repro- 
duction and say, "The color is too dull." If the color was 
accurate compared to the original, dull or no. then the re- 
production was a good one. All of the psycho!ogical and per- 
ceptive variables that would normally be oper:lti e in evalu- 
ating reproductions were under control. The control was the 
presence of the original. 

Similarly, the validation of test techniques for audio equip- 
ment lies in a showdown display -the reproduced sound 
compared directly to the original live sound.' If a test tech- 
nique predicts well the degree of similarity between the live 
and reproduced sound it is valid; if test results do not cor- 
relate well with the results of the comparison, however in- 

volved the quantitative controls of the test, it is invalid 
and useless. 

Several companies in high -fidelity manufacturing, includ- 

IThe analogy to the reproduction of paintings is not perfect, since reproduced 
music k usually heard in a changed acoustical environment. but it does work. 
Accurate h'gh- fidelity equipment can re- create musical timbres either r:¡w or 
as they are molded by the concert hall. depending on the recording technique. 
If the character of these sounds is to be changed purposely for living -room 
listening. such a change will have to be brought about by composers and musi- 
cians, not by design engineers. 

Fig. 1. Family of machine -run frequency- response curves on a 

commercial tweeter, from on -axis to 60 off -axis. Based on 

on -axis curve alone, response could be described as 3.5 db 
from 3 kc. to 20 kc., leading one to expect outstanding per- 
formance. An examination of the off -axis curves, however, 
shows that total power radiated is badly peaked at 3.2 kc. 

and high- frequency response is greatly attenuceed off -axis. 
It is the latter characteristic hat shows up in listening 
test, whether or not the listener involved is seated on -axis. 

IKC. 
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ing my own, have staged or participated in what Nye call 
"live rs recorded" concerts, in which live and reproduced 
sound are alternated. We have used ,t string quartet and a 
pipe organ, as has G. A. Briggs of \i liarfedale, The valida- 
tion of test techniques, or the evaluation of equipment di- 
rectly, call then be niade with guesswork reduced to a 
minimum. 

These public concerts serve u dual function for us -thee 
are p :irt Of a serious validating and evaluation program, and 
they are also part of an advertising program. In serving the 
former function the concerts have certain disadvantages. We 
c'an't have the Fine Arts Quartet travel to AR every time we 
Wa'It to test a design variation, or validate a new test tech- 
nique, or compare a group of loudspeakers. There is also a 

Iran In element involved -the musicians may not be playing 
exactly the saune tray during the test as they played to slake 
th: original tape. So we have worked out a technique in 
t}l' h ,.ve use this live es recorded approach- but instead 
of a quartet ive use a mechanical sound generator, and in- 
stead of music we tuse white noise (or a portion of the white 
noise speculum) as the live sound.- 

You all know what \white noise sounds like --if you have 
never h!ard a white noise generator you've heard F \I inter - 
stutb'l hiss. It is neutral, without musical pitch. Any aberra- 
tion or color :aiou in its reproduction is even more evident 
than in music, and so its use makes the test more sensitive. 
Our reproduction of white noise has never been so close that 
it co:ad rot he distinguished from the original, whereas we 
were able to reproduce a pipe organ or string quartet well 
enough so that most of the switchovers from live to repro- 
dm-ed so!e'd would not be detected if one's back were turned. 

\t.'c -,eke an anechoic recording of this white noise and 
then play it back, switching hack and forth between the orig- 
inal live white noise and the reproduced white noise. When 
we listen we puy no attention to whether we like the repro- 
duced white noise or don't like it, whether it soothes us or 
jangled Om. nerves, whether (Continued on page 54) 

2Villchur. E.: "A Method of Testing Loudspeakers with Random Noise Input." 
Jou.nal of the Audio Engineering Society. October 1062, Vol. 10. No. 4. pp. 
3.:6 -319. Reprints are available from Acoustic Research. Inc.. 24 Thorndike 
Street. cambi edge. Massachusetts. 02141. 

Fig. 2. Family of machine -run frequency- response curves on a 
suFe,- tweeter, from on -axis to 60 off -axis. As in Fig. 1, a 

read`ng of the on -axis curve alone would give misleading in- 
formation, since there is far less power radiated at higher 
frequencies than this curve would suggest. While the off -axis 
curves rema'n fairly smooth, there is clearly room for improve- 
ment i-1 high- frequency dispersion. At the present state of 
the art, however, author knows of few speakers that will even 
equal the performance that is illustra ed by the curves below. 

IKC. 2KC. 5KC. 
FREQUENCY -CPS 

10KC. 2OKC. 
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DATA F L 0 w- 
3:3 1G7TAL IN 

Ci M PUS ERS'' 
By ED BUKSTEIN /Northwestern TV and Electronics Institute 

Step -by -step description of how computer is programmed 
in order to perform simple calculations automatically. 

CORDING to a popular belief, the outstanding char- C 
acteristic c of the modern digital computer is its amazing 
speed. Although it is true that the computer operates 

with electronic swiftness rather than the motor -and -gear 
speed of the desk -type adding machine, this is not its most 
outstanding characteristic. It is the automatic sequencing of 
its internal operations that makes the computer something 
more than just a king -size adding machine. What would be 
the use of a machine capable of thousands of mathematical 
operations per second if it were not automatic? Could an 
operator punch the keyboard fast enough to keep the com- 
puter supplied with data and to control the internal opera- 
tions? Obviously not. The automatic digital computer must, 
therefore, contain a memory unit capable of holding large 
amounts of data and instructions, and these must be auto- 
matically extracted from memory as they are needed. 

Because computers employ two -state ( "on -off ") type of 
circuits, data and instructions must be handled in binary 
form. The binary system of notation employs only two 
symbols, 0 and 1, and various combinations of these symbols 
are used to represent numerals and letters of the alphabet. 
Several such representations are shown below: 

001001 =9 010111 =X 
110101 =E 001011 =! 

Each numeral, letter, etc. is represented by a unique group 
of six bits (binary digits). There are a total of 64 different 
six -bit combinations -more than enough to represent all the 
letters of the alphabet, the numerals from 0 through 9, 
punctuation marks, and other special symbols. A code re- 
cently adopted by the American Standards Association 
employs seven -bit groups. Since there are 128 seven -bit 
combinations, this code handles all the alphabetic and 
numeric characters and special symbols, and leaves many 
other combinations to be used for special control purposes. 

Computer Words 
Two types of information are stored in the memory unit 

of the computer: data words and instruction words. Data 
words comprise the information to be operated on -the 
"given" information in a mathematical calculation, for ex- 
ample. Instruction words indicate the types of operations to 
be performed ( addition, subtraction, etc.) and also specify 
the location in memory of the data words to be added, sub- 
tracted, etc. The composition of typical instruction and data 
words is illustrated in Fig. 1. Decimal digits are shown but, 
as described previously, each digit is represented in the 
computer by a group of binary bits. 

As indicated in Fig. 1. the data word uses one digit po- 
sition to indicate sign (plus or minus). A five -digit number is 
shown but most computers employ longer words for greater 

precision. Data words are not always numerical. In business 
data processing, for example, they often contain alphabetical 
characters to represent customer names, street addresses; 
and similar material. 

An instruction word consists of two parts. The operation 
code specifies the type of operation to be performed (mul- 
tiplication in the example shown in Fig. 1) . The address 
part of the instruction word specifies the location in memory 
of the data word to be used. The instruction word in Fig. 1 

therefore means that the data word located in address 1306 
is to be multiplied (times the number already in the arith- 
metic section of the computer). 

Operation codes are selected rather arbitrarily by com- 
puter designers. The code for multiplication, for example, 
may be .32 in one computer, 61 in another, and 07 in still 
another. In Fig. 1, the code is 25. A list such as shown is 
a repertoire of instructions and most computers have a rep- 
ertoire of 50 to 150 instructions. Not all operation codes 
specify arithmetic operations. Typical non -arithmetic oper- 
ations are: clear the memory, clear the arithmetic section, 
transfer the data from arithmetic section to memory, write 
on magnetic tape. examine the contents of the arithmetic 
unit to determine if it is plus, minus, or zero. 

The Program 
In the memory section of the computer, the location of 

each word is identified by an address number. If the memory 
can hold 10.000 words, for example, the addresses can be 
identified by numbers ranging from 0000 to 9999. All of the 
instruction words needed to perform a particular data proc- 
essing job are known collectively as the program and these 
instructions are stored in successively numbered addresses in 
the memory. If the program requires 500 instruction words, 
for example, these could be stored in addresses 0000 to 0499. 
The remaining addresses, or as many as are needed, would 
then be available for holding the data words. All of the 
data and instruction words are loaded into the memory at 
the start of the program, and the instructions are then read 
out one at a time. This establishes the basic rhythm or 
machine cycle: obtain an instruction from memory, perform 
the operation specified by the instruction, obtain the next 
instruction from memory, and so on. 

A list of instructions necessary for performing a relatively 
simple calculation is given below. Actually, a computer 
would not be used for the solution of such a simple calcula- 
tion, but the principles are the same. Suppose that it is de- 
sired to calculate M in the following equation: 

iq - XZ -¡ Y2 

R 
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DATA WORD 

2 7 6 3 4 

INSTRUCTION 'TORD 

2 5 I I 3 O I 6 

OPERATION ADDRESS 
CODE OF 

OPERAND 

REPERTOIRE OF INSTRUCTIONS 

14 ADD 

22 SUBTRACT 
25 MULTIPLY 
67 DIVIDE 
51 STORE (TRANSFER INFORMATION FROM ARITHMETIC 

SECTION INTO MEMORY) 
05 CLEAR (ERASE CONTENTS OF ARITHMETIC SECTION) 
38 JUMP (GO TO INDICATED ADDRESS FOR NEXT 

INSTRUCTION INSTEAD OF TAKING 
INSTRUCTIONS IN NORMAL SEQUENCE) 

49 HALT 

Fig. 1. Data and instruction words are stored in memory of 
computer. instruction words are those that are employed to 
determine which operations are performed on the data words. 

The numerical values of X, Z, Y, and R are stored as data 
words in the memory. Assume that they are stored at 
addresses 1500, 1501, 1502, and 1503 respectively. The 
following list of instruction words would also be stored in the 
memory and, when performed in sequence, will yield the 
solution to this equation. In each instruction word, the 
first two digits represent the operation code as listed in Fig. 1. 

1. 050000 6. 141500 
2. 141502 7. 251501 
3. 251502 8. 141600 
4. 511600 9. 67150:3 
5. 050000 10. 511601 

11. 490000 

The first instruction (050000) therefore serves to clear the 
arithmetic unit of any data which may remain from a 

READ O OWRITE 

MEMORY ADDRESS 
REGISTER 

STORAGE REGISTER 

Fig. 2. Information can be transferred to or from memory. Ad- 
dress register and decoder determine which word is transferred. 

previous calculation. The second instruction acids the value 
of Y from the storage address 1502 into the arithmetic unit. 
Instruction number three causes Y from the address 1502 to 
be multiplied by Y in the arithmetic unit. The contents of the 
arithmetic unit is now Y2, and this value is stored (instruc- 
tion four) in storage address 1600. Instruction five now clears 
the arithmetic unit. The sixth instruction brings X from ad- 
dress 1500 into the arithmetic unit. Instruction seven causes 
multiplication by Z so that the arithmetic section now 
contains the product XZ. The eighth instruction causes the 
addition of Y2 from address 1600, and the arithmetic unit 
now contains XZ +Y2. Instruction nine divides by R, and 
the arithmetic unit now contains the value of 111. This value 
is stored by instruction ten at address 1601. Instruction 
eleven therm halts the machine completely. 

Memory Operations 
In addition to its main memory, the computer contains 

several one -word storage units known as registers. Informa- 
tion can be transferred from a register to the memory or vice 
versa. A read- from -memory type of operation is illustrated 
in Fig. 2. When a pulse is applied to the "Read" terminal, 
one word is transferred from memory to the storage register. 
The rnenlort address roister and the address decoder de- 
termine which word will be transferred. In Fig. 2, the 

memory address register is set to 1294. The "Read" pulse 
therefore transfers the word from this address to the storage 
register. As indicated, the word is +51832. A store instruc- 
tion (write -into -memory) is accomplished in a similar 
manner except that the pulse is applied to the "Write" ter- 
minal instead of the "Read" terminal. This pulse will cause 
the word in the storage register to be transferred into memory 
(at an address determined by the setting of the memory 
address register). 

Fig. 2 illustrates the general technique of moving words 
into or out of memory. Data words are generally transferred 
into arithmetic registers, and instruction words are trans- 
ferred into the instruction register. An instruction register 
is illustrated in Fig. 3. After an instruction word has been 

INSTRUCTION REGISTER 

ORY ADORE 
REGISTER 

ADDRESS 
DECODER 

Fig. 3. Instruction register holds instruction word dur- 
ing the time that the called -for operation is performed. 

transferred into this register, the operation and address parts 
of the instruction are dealt sv All separately. According to 
which operation code is in the instruction register, the opera- 
tion decoder produces output at one of its output terminals. 
This output then controls the pulse distribution circuits to 
activate those circuits needed for the called -for operation. 
If the operation code specifies addition, for example, the 
pulse distribution circuits will activate the adder in the arith- 
metic unit of the computer. The pulse distribution circuits 
also cause the address part of (Continued on page 59) 

Fig. 4. Generalized diagram showing the flow of data in computer. 

PROGRAM 
COUNTER 

MEMORY ADDRESS 
REGISTER AND 

DECODER 

MEMORY 

INSTRUCTION REGISTER 

OPERATION 
DECODER 
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DSB AND THE CITIZENS BANDER 
By BRUCE E. PACKHAM 

Although double sideband operation has advantages, 
the author questions its usefulness in materially 
improving coverage of most inexpensive CB rigs. 

NUMBER of double sideband ( DSB ) Citizens Band 
transceivers are currently on the market. Since they 
are "new" and give the manufacturer a chance to use 

higher power figures in his advertising, probably more will 
appear. However, there are some things about DSB which 
should be clearly understood to avoid possible disappoint- 
ment. 

There are several ideas which the author plans to discuss 
in this article, namely: 

1. Pure DSB is not compatible with existing transceivers 
except for the very few units with narrow bandwidth and 
provisions for carrier re- insertion. 

2. The DSB transceivers with which the author is familiar 
do not materially increase communications range over con- 
ventional AM units. 

3. For a given set of conditions, the ability to communicate 
may actually be decreased by using DSB. 

4. Properly utilized, DSB can be a most efficient and effec- 
tive method of communication if you exclude cost and com- 
plexity of the receiver. 

Let us develop these ideas by comparing DSB with AM 
as it applies to voice communications on the Citizens Band 
and only from the standpoint of maximum communications 
effectiveness. We must do this within the confines of five 
watts average power input to the final r.f. amplifier in the 
transmitter. (FCC regulations, you know.) Let us further 
assume that the modulating signal is a sine wave which lies 
in the useful range of voice frequencies up to approximately 
3 kc. 

An AM transmitter signal consists of a carrier with a group 
of frequencies on each side. See Fig. 1. These upper and 
lower sidebands contain the intelligence which the receiver 
must extract from the transmitted signal so that you may 
hear the message. 

The upper and lower sidebands are symmetrical about 
the carrier frequency. The carrier has no intelligence on it at 
all. It serves merely as a reference signal which the detector 

Fig. 1. An AM signal consists of a carrier along with a 

pair of symmetrical sidebands in which intelligence resides. 

r - CARRIER 

LOWER SIDEBAND -, 

-3 KC 0 
CARRIER 

FREQUENCY 

38 

TOTAL BANDWIDTH 

UPPER SIDEBAND 

FREQUENCY 

+3 KC. 

R 
INPF UT 

AUDIO 
INPUT 

R.F. 
OUTPUT 

O 

R+ 

Fig. 2. Conventional plate -modulated r.f. amplifier stage. 

at the receiver must have in order to do its detecting job. 
What is DSB? An oversimplication would be to say that 

DSB is AM with the carrier removed. However, there are 
two main degrees of DSB, namely, suppressed carrier and 
reduced carrier. 

Suppressed carrier is the pure forrn of DSB and, in tech- 
nical circles, is what is generally understood by the term 
DSB. In this form, the carrier is eliminated as thoroughly as 
the state of the art and economics will allow. Thus, the re- 
sulting signal consists only of two sidebands containing the 
intelligence. 

Reduced carrier consists, as the name implies, of the two 
sidebands and a carrier whose amplitude is reduced from 
that of the conventional AM signal. We will discuss why this 
is done when we talk about the reception of these signals. 

AM is generated by (a) applying power to a device which 
generates or amplifies an r.f. signal and then (b) introducing 
additional power to this circuit at an audio rate. This process 
is known as modulation. The resulting r.f. signal thus varies 
in amplitude as a function of the impressed audio signal. 

Consider the circuit in Fig. 2. With no audio power ap- 
plied to the transformer, let us assume the d.c. power to the 
tube (a transistor would do as well) to be 5 watts (250 volts 
at 20 nia.) . Now if we apply 2.5 watts of audio power to 
the transformer in order to obtain 100% modulation, the 
"B " will increase and decrease at an audio rate. This causes 
the tube to amplify more or less than the static condition. 
As a matter of fact, the voltage to the tube will vary from 
0 to 500 volts. The d.c. power to the tube is responsible for 
the carrier power and the modulator power is responsible 
for the sideband power in the output signal. The modulator 
power, however, is split between the two sidebands. 

If we observe an oscilloscope pattern of the carrier, we see 
something like Fig. 3. This shows an unmodulated carrier 
followed by the carrier modulated. The instantaneous voltage 
peaks of the modulated wave are twice those of the unmodu- 
lated wave. This means that across the load for the tube 
(assumed to be a pure resistive load), the peak modulated 
voltage is twice the unmodulated voltage. Since, Power 
E -VR where R is the resistance of the load, the peak power 
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from the tube is 4 times the power of the unmodulated carrier. 
The peak envelope power is 20 watts (20 watts p.e.p. ). 

If the r.f. amplifier cannot deliver this power on peaks, dis- 
tortion results in the transmitted signal. Therefore, in order 
to generate 2.5 watts of useful sideband power, it is neces- 
sary to have a transmitter capable of 20 watts p.e.p. 

We can also say that with 5 watts d.c. power to the ampli- 
fier and 2.5 watts of audio, the total average power input to 
the amplifier is 7.5 watts. At an efficiency of 75 %, the average 
sideband output power \vi1l be 1.875 kvatts. 

Double sideband (suppressed carrier) can be generated 
by several methods, but one of the most efficient and econom- 
ical is the so -called high -level balanced modulator as shown 
in Fig. 4. The grids of the tubes are fed r.f. in phase and 
since the r.f. outputs are exactly out of phase, the r.f. carrier 
cancels out. But now apply audio power to the transformer. 
The audio voltage in the transformer will alternately turn 
on first one tube and then the other. The result will be a 
signal which looks like Fig. 5 on a scope and consists of two 
sidebands and no carrier. Both the plate voltage and current 
will vary at the audio rate. If peak -reading meters are used, 
the measured power would be 20 watts p.e.p. just as in the 
AM case. 

Another type of high -level balanced modulator is shown 
in Fig. 6. In this type, audio voltage is applied to the screens. 
Audio voltage supplied to the transformer serves to turn on 
first one tube and then the other, just as in the previous ex- 
ample, producing sidebands. If we supply voltage equal to 
the peak under AM conditions, and the peak carrent is that 

2E 11 

MODULATED ENVELOPE 

CARRIER FREQUENCY 
WITHIN ENVELOPE 

TIME 

Fig. 3. Scope pattern of a 100- percent modulated wave. 

under Al \ conditions, then the p.e.p. would be 20 watts. 
As in the case of all true DSB envelopes, all the energy is in 
the sidebands (10 watts each) . 

The p.e.p. is a function of the circuit ive choose and the 
degree of liberty we take with the 5 watts average power 
rule of the FCC. 

Using average power, let us hold the average power of an 
output stage to 7.5 watts and start with A \I. If we decrease 
the d.c. power -supply input to the tube and at the same time 
increase the modulator power, eventually we will have a 
total of 7.5 watts of average sideband power. 

The DSB amplifier can be operated with about the same 
efficiency as the A \I amplifier we started with, hence at 75 
efficiency, the total average sideband output will be 5.625 
watts. 

DSB with reduced carrier has sideband power which lies 
somewhere between that of the AM case (1.875 watts) and 

R.F. 
INPUT 

AUDIO 
INPUT OUTPUT 

l o 

Fig. 4. High -level balanced modulator produces zero radio - 
frequency output when there is no audio modulation applied. 

that of the pure DSB suppressed carrier example just cited. 
With DSB we have apparently materially increased our 

sideband power (which the intelligence is) and we have not 
violated the FCC regulations. Our talk power should be in- 
creased. To see if it is and by how much, read on. 

At the Receiver 
The apparently useless carrier is of the proper amplitude 

and, more importantly, of the proper phase with respect to 
the sidebands. This allows the envelope detectors in common 
use to do their job of demodulation. The carrier also does a 
splendid job of holding up the needle on the "S" meter, but 
we can do that by other methods as well. 

If the bandwidth (selectivity) of the receiver is 6 kc. (most 
of the transceivers are this wide and more) then with AM, the 
detector sees the full 1.875 watts of average sideband power. 

Because the carrier is of proper phase, the two sidebands 
add together to form the audio output of the detector which 
will be, say, 1 output unit of audio power. 

With DSB, we are apparently doomed to failure since 
there is no carrier for the detector to work with. Let us gen- 
erate a carrier at the receiver and artificially re- insert it. We 
are still in trouble because the re- inserted carrier is probably 
of the wrong phase and frequency, and all we are able to 
hear is garble. 

Several commercially available DSB units reduce the band- 
width from 6 kc. to 3 kc. This is done to eliminate one of the 
sidebands so that proper detection can be accomplished. But 
with so mach power in sideband energy. why throw half of it 
away? Because now we can easily detect it. We have, like 

Fig. 5. A double sideband r.f. envelope as seen on scope. 

/ 
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R.F. 
INPUT 

Fig. 6. Balanced modulator with audio applied to screens. 

the ostrich, stuck our head in the sand and, by refusing the 
admittance of both of the sidebands, eliminated our problem 
-and half of our power. 

Another way by which we can ease the problem is to r -duce 
the carrier instead of eliminating it. In this Nvay it can be used 
to synchronize a re- inserted carrier at the receiver or be used 
directly by the detector. Although the sideband power does 
not match that of pure DSB, at least we get some increase in 
sideband power. 

Using the case of pure DSB (suppressed carrier) as an ex- 
ample, we must remember that we had 5.625 watts of side - 
band output. Now having thrown half of it away, we are left 
with 2.812 watts in sideband power. This will produce an out- 
put of 1.5 units of audio output power from the detector 
( compared to 1 unit for 1.873 watts of average sideband 
power with A \I) . This is a 1.8 db increase in signal strength 
over AM or about Muth of an "S" unit (assuming 6 db / "S" 
unit). It seems we have worked so hard for so little. 

If, as some commercial units have clone, we decrease band- 
width and at the same time transmit reduced rather than sup- 
pressed carrier, we have just about returned full circle to the 
effectiveness of AM. 

Synchronous Detector 
What we need is a detection system which receives both 

sidebands of DSB and adds then just as in the case of AM. 
Then we would have a 5 -db gain in signal strength and audio 
output power. This is practically a full "S" unit increase and 
well worth trying for. There is a detector which will do this 
particular job for us, and it is known as a synchronous 
detector. 

Such a detector is shown in block diagram form in Fig. 7. 
The operation is as follows: The signal input of DSB energy 
is fed to the I channel (In phase) and Q channel ( Quadrature 
phase) detectors. Following the I channel for a moment, we 
see that the detector feeds an audio amplifier and the ampli- 
fier, in turn, feeds an audio phase detector and provides audio 
output. The Q channel signal has the same circuit flow minus 
the audio output. 

The output of the audio phase detector is a function of the 
phase difference between the I and Q channels. But notice 
that the re- inserted carrier for the Q channel is displaced by 
90° from that of the I channel. The signal input can be de- 
scribed as a mathematical function, one of whose product 
terms contains the trigonometric cosine function of O. Since 0, 
the angle between the sidebands and the carrier, equals 90° 
and cos 90° =0, the entire term describing the signal equals 
zero. This is a mathematical way of saving that since the arti- 
ficial carrier for the Q channel is displaced by 90° from 
where it should be for proper detection, the output of the Q 
channel detector is zero. If the phase shift is not 90 °, the Q 
channel yields an output which feeds a signal to the audio 
phase detector. This audio phase detector gives an output 
which controls the phase of the artificial carrier generator in 
such a manner as to restore the 90° relationship. What all ih;s 
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means to the I channel is that its carrier is constantly of the 
proper phase for detection. 

Such a detector employs about 5 tubes and would probably 
retail for about 70 to 90 dollars. No such adapter is commer- 
cially available at present, to the author's knowledge. 

Over -all Effectiveness 
The over -all effectiveness of a communications system is 

what really counts. If we consider power output of the two 
communications modes, then DSB wins hands clown until vo_I 
try to detect it. If you halve the bandwidth of your receiver 
down to 3 to 3.5 kc., then DSB still wins, but just barely. 

If we consider the two modes from the standpoint of noise 
and interference rejection, then DSB wins again tnttil you 
halve the bandwidth. Although the narrower bandwidths is 
less susceptible to picking up noise and interference, it is also 
true that because it has less bits of information and less signal 
energy, it is also less able to deal with noise. Narrow bard - 
widths tend to make discrimination between noise and signal 
very difficult. In the Citizens Band, the most common tip,' of 
disruption to communication is not noise, but interference 
from stations on the same channel. No detector will eliminate 
this. To say that because we have eliminated the carrier and 
therefore annoying heterodynes is true, but to what avail? In 
channelized communications we do not have stations operat- 
ing on random frequencies with consequent random hetero- 
dynes and whistles, therefore, we are back to our principal 
difficulty in attempting to eliminate a station on exactly the 
same frequency as we are. 

Wild claims for DSB such as four times the coverage. etc. 
are unfounded in fact. A material gain can be had, howevi r. 

Cutting the bandwidth of a DSB signal may make it com- 
patible with existing units, but ivhy go to all that trouble for 
4íuths of an -S- unit increase? Using reduced carrier instead 
of pure DSB does give some of the advantages, but not when 
you slice the power in half. 

The superior method of communications is pure DSB re- 
ceived by a 6 -kc. bandwidth receiver and detected by a syn- 
chronous detector. This method is superior to AM as well as 
SSB. It has been shown that a 125 -watt AM transmitter using 
clipped audio modulation can effectively jam a 1 -kw. SSB 
transmitter. 

If you wish to materially increase your communications ef- 
fectiveness, you should consider using a speech clipper. A 
speech clipper can give 9 db or more punch to your signal. 
The higher voice frequencies are the ones which carry most 
of the intelligence. Speech compression systems usually are 
not fast acting enough to catch the higher frequencies of oar 
voice and are, therefore, not as effective as clipping. 

Until someone produces an inexpensive and effective DSB 
adapter, the author feels inclined to continue using the "old" 
AM rig. 

D.S.B. 
R.F. 

INPUT 
o 

Fig. 7. A synchronous detection system shown in block form. 
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NEW APPROACH to 

HIGH -FREQUENCY 

MEASUREMENTS 

By BOB FERROUS 

SWEEP 
GENERATOR 

RF 
OUT sYNC 

Variation of the microwave slotted -line measurement 
technique permits determination of v.s.w.r., R, C, L, 
and "Q" at TV frequencies using ordinary equipment. 

.-12 GAUGE BARE COPPER 

1000 691 SI 

IN34 

lC 
DE T. -iX 1-- 60' --0I 
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OR 331 

IOOK 

(3) 

CHI 

Fig. 1. (A) Test setup for making the various measurements 
described in the text. (B) Circuit of detector to be used. 

WHEN making R, C, L, and "Q" measurements on 
some common electrical components, the results 
sometimes cause raised eyebrows. For example, a 

resistor having a ct.c. resistance of 70 ohms may have a con- 
siderably different value at 55 mc. In one case, such a -watt 
resistor had a value of almost 270 ohms when measured at 
55 mc. This particular resistor happened to be a wirewound 
device having an inductance of .3 ahy. and a "Q" in excess 
of :3. The higher value of resistance can be accounted for by 
recalling that the higher the frequency, the closer the current 
flow is pushed to the surface of the conductor. This is called 
"skin effect." 

A second resistor, a 400 -ohm. 10 -watt wirewound unit, 
measured 400 ohms at (Lc. but at 55 inc. had a resistance of 
5000 ohms and a capacitance of 13 pf. In this case, the 
capacitance value stems from the fact that the resistor, being 
inductive, is operated at a frequency higher than its resonant 
frequency. On checking this, it was found that the resonant 
frequency was 25 mc. 

The measurement technique to be described can be used 
to measure R, C, L, v.s.w.r., and "Q" and can be used on TV 
tuners, field- strength meters, F \I receivers, antennas and 
their matching harnesses, attenuators, r.f. amplifiers, signal 
splitters, coaxial traps and stubs, and mane more r.f. devices 
operating at high frequencies. 

The technique that is used is based on the microwave 
system of slotted -line r.f. measurements. In this case, how- 
ever, the slotted line is replaced by a coaxial cable, and in- 
stead of moving the r.f. probe along the line to locate the 
maximum and minimum voltages at a certain frequency, the 
frequency is varied and the reflected signal beats produce 
maximum and minimum voltages at the detector. 

This measurement technique allows the technician with a 
sweep frequency generator and oscilloscope to measure re- 
sistance, capacitance, inductance, v.s.w.r., and "Q" of any 
device at TV frequencies, using ordinary 70- to 75 -ohm co- 
axial cable. 

The sweep generator, scope, and coaxial cable are con- 

August, 1954 

nected as shown in Fig. 1A. If the generator does not have 
an internal detector, then one similar to Fig. 1B and Fi;,. 
should be constructed. The coaxial cable used in this test set 
must not have been physically abused in any way and should 
be free from indentations that might change cable impedance. 

Detector 
The detector, shown in Fig. 1B, has an amplitude change 

of 1 db over the frequency range between 50 and 220 mc. 
and a v.s.w.r. of 1.25:1 over the same frequency range. 12 
gauge copper wire, spaced ,'_ inch from the chassis surface, 
is used for the jumper between connectors A and B. This 

Fig. 2. The construction of the detector is clean and simple. 
The 12-gauge copper wire mounted between connectors A and 
B should be kept at least 1/3" above the metal panel surface. 

Fig. 3. Typical scope trace showing internal blanking action. 
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wire and its spacing determines the v.s.w.r. of the finished 
detector. Switch S1 is incorporated so that the detector can 
be used for alignment purposes and is not required for any 
of the tests described in this article. Choke CH1 is not critical 
and can be replaced with a 33 -ohm, ;2 -watt resistor if desired. 
Choke CH2 is moderately critical and consists of 20 turns of 
#24 gauge enameled wire wound on a 100,000 -ohnl, ' -watt 
resistor body, '+ -inch in diameter. For this winding, the re- 
sistor body ends are notched with a file to allow the wire to 
be vound rigidly on the form. If this technique is not fol- 
lowed, then the wire will slip around the form as the winding 
progresses. 

If a suitable detector circuit is incorporated in the sweep 
generator that is employed, it may be used in place of the 
detector just described. 

Many technicians cringe at the thought of v.s.w.r. meas- 
urements but, in reality, this need be no more complicated 
than the measurement of resistance. Consider for the moment 

3 

4 

3 4 5 

AMPLITUDE REMAINING ON SCOPE 
6 

Fig. 4. By measuring the ripple amplitude remaining on the 
scope, the v.s.w.r. value as the ratio to 1 can be found. 

the case for resistance. It is not necessary to be able to define 
an ohm, or to be able to design an ohmmeter, to be capable 
of using an ohmmeter. The same line of reasoning holds for 
v.s.w.r. It is not necessary to know, or to be able to use any 
formula, to make such measurements. 

Sweep Generator 
The generator must be used at a frequency where only 

the swept oscillator produces an output, or where a filter is 
used to eliminate (or at least attenuate) the undesired beats 
produced by the beat -frequency type of generator. This is 
necessary in order to be certain of the frequencies at which 
measurements will be made. The generator should be capa- 
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Fig. 5. Ripple amplitude determines the circuit resistance. 
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ble of sweeping 6 mc. or more in bandwidth with the center 
frequency being the frequency of interest. 

Oscilloscope 
The scope can be almost any type since the highest fre- 

quency it must handle will be in the order of 600 cycles. It 
should be provided with a graph -like calibration scale and 
have a sensitivity of 20 or :30 rny. per inch or better in order 
to obtain a large enough amplitude pattern. 

Coaxial Cable 
The coaxial cable is ordinary RG -59 /U or other coaxial 

cable of 70- to î 5 -ohm impedance. It should be fitted with 
coaxial connectors at each end and long enough to present 
several cycles on the scope trace. A\Then using a sweep width 
of 12 mc. at television frequencies, this length will be approx- 
imately 60 feet. The length is not critical, and in fact, 60 feet 
can generally be used for any TV channel from 2 to 13. For 
other frequencies, the general rule is to double the length of 
cable when using half the sweep width indicated above. 
Small -diameter cables usually have the better impedance tol- 
erance and are preferred for this reason. 

Scope Pattern 
The pattern shown on the face of the scope will depend 

somewhat on the characteristics of the sweep generator. If 
the generator blanks the return trace, then the pattern will 
appear as shown in Fig. :3. If the return trace is not blanked, 
the wavy part of the pattern xvill appear twice and will tend 
to be confusing during some of the measurements. If the re- 
turn trace is not blanked in the sweep generator, it may be 
blanked by applying the generator synchronizing signal to 
the scope Z -axis as \yell as to the horizontal terminals, or by 
phasing the power line and applying this to the Z -axis. 

V.S.W.R. Measurement 
Measurement of v.s.w.r. depends only on the amplitude 

of the ripple shown in Fig. 3. This ripple is produced at the 
detector by virtue of the reflection from the open or shorted 
end of the coaxial cable. 

The basis for this measurement is the fact that a signal 
sent down a length of coaxial cable is either dissipated in 
the termination or reflected back to the source. The reflected 
wave passing the detector produces the interference pattern 
which is displayed on the scope as shown in Fig. 3. By leav- 
ing the end of the cable open and adjusting the generator 
output and scope vertical gain, the amplitude of the pattern 
can be adjusted to allow the pattern peak -to -peak amplitude 
to be set at 10 calibration scale divisions. A perfect match 
when applied to point X of Fig. IA will produce a perfectly 
straight line. Any departure from perfect match will allow 
some ripple to remain on the screen. The amplitude of this 
remaining ripple can be converted into v.s.w.r. by Fig. 4. To 
use Fig. 4, first set the scope pattern to 10 calibration scale di- 
visions each time a measurement is to be made. Connect the 
desired load to point X ( Fig. IA) and measure the amplitude 
of the ripple now showing on the scope. Locate this value 

Fig. 6. Ripple curve shift is used to determine inductance. 
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on Fig. 4 curve. The v.s.w.r. value is the ratio to 1. Thus 
1.5 represents a v.s.w.r. of 1.5:1. 

V.S.W.R. of 300 -ohm Devices 

The v.s.w.r. of 75-ohm devices is found as just described. 
To find v.s.w.r. of 300 -ohm balanced devices such as TV 
tuners, an impedance -converting device must be used. This 
may take the form of a coaxial balun for the frequency re- 
quired, or possibly a 75- to 300 -ohm transformer. The balun 
method is the surest way of the two, but requires one for 
each channel at which measurements are to be made. Other 
impedances may be used, but they also require impedance- 
matching sections. The matching sections are connected at 
point X of Fig 1A, and the load to be measured is connected 
to the other end of the impedance- transforming section. 

Resistance Measurement 

Measurement of resistance is accomplished in the same 
manner as v.s.w.r. except that the curve of Fig. 5 is used. 
Note that for each value of scope ripple, there are two values 
of resistance that satisfy the problem. This ambiguity can 
be removed by paralleling the load at point X with a second 
value of resistance that is known to be well up on the high 
side of the curve. For example, assume an unknown load 
producing 3 divisions of ripple amplitude. This means a re- 
sistance of either 38 ohms or 110 ohms. By paralleling the 
load with a 200 -ohm resistor, the resulting combination 
would reduce the ripple amplitude if the value of load were 
110 ohms, but would produce a slightly larger amplitude for 
the load value of :38 ohms. This is because the parallel resist- 
ance is 32 ohms in one case and 71 ohms in the second case. 
Referring these values to the curve of Fig. 5 will show that 
the amplitude of the ripple does change as described. 

Inductance Measurements 

This measurement depends on the changing of the inter- 
fering pattern at the detector with the phase of the wave 
being reflected from the open end of the coaxial at point X 
of Fig. 1A. Note the pattern on the scope with the end of the 
coaxial cable open -circuited, then with the end of the coaxial 
cable shorted. Note that where there was a crest on the open - 
circuited condition, there is a valley in the shorted condition. 
In other words, the pattern on the scope has changed through 
180 degrees. In the open -circuited condition, there is no 
load on the end of the cable. If an inductance is assumed to 
be connected, it must have infinite reactance. In the shorted 
condition, the load consists only of the inductance of the 
short length of .vire used to short the cable. This inductance 
must be very small and must have zero, or nearly zero, re- 
actance. By taking a value of inductance that has a reactance 
equal to the cable impedance, the scope curve shifts halfway 
between the two extremes of shorted and open lines. To make 
use of this in measurements, the open -circuited condition is 

used to put the peak of one of the ripples of the curve on 
the vertical center line of the scope calibration scale. The 
line is then shorted and the adjacent peak is brought to the 
plus 10 mark on the scope calibration scale. This is done by 

Fig. 7. Ripple curve shift is used to determine capacitance. 
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Fig. S. Scope trace ripple will move horizontally either way 
depending on the type of reactance in circuit being tested. 
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Fig. 9. Ripple curve shifts right or left, and change in 
amplitude is used to determine "Q" of circuit tested. 

juggling both the horizontal gain control and the horizontal 
positioning control. The direction the scope curve moves can 
be easily found by connecting a two - or three -turn loop to 
the end of the cable and inserting a brass plug into the 
coil, thus reducing the inductance and hence the reactance 
across the cable. 

By noting the direction the curve moves, and counting the 
curve displacement in this direction, we can chart a curve 
for inductance, as shown in Fig. 6. 

Capacitance Measurement 
This is similar to the method used to measure inductance. 

The theory behind this is developed the sanie way, except 
that a capacitor is attached to the cable in the open and 
shorted condition. Another viewpoint consists of consider- 
ing the results of adding capacitance and inductance to the 
ends of the coaxial cable. The capacitance has the effect of 
lengthening the measurement cable, while inductance has 
the effect of shortening the cable. To make capacitance meas- 
urements, put one of the ripple peaks on the scope calibra- 
tion scale center line and the adjacent peak on the minus 10 
scope calibration scale mark. Juggle the horizontal gain and 
horizontal positioning controls to obtain this condition. By 
connecting a small -value capacitor to the end of the cable, 
thus increasing capacitance and lowering reactance, the 
pattern will move in the opposite direction from the curve 
of smaller inductance. Thus, by counting the divisions the 
curve is displaced, and referring (Continued on page 56) 
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HIGH - STABILITY 

CRYSTAL FREQUENCY STANDARDS 
By IRWIN MATH / Electrical Engineer, Manson Labs Inc. 

Crystal oscillators can be designed to have frequency 

stabilities approaching those of atomic standards. One 

such crystal oscillator can drive a clock so that time 

variation would be less than five seconds in 300 years. 

DVANCEMENTS in the fields of satellite tracking, ter- 
restrial and extra -terrestrial communications systems, 
and new sophisticated types of navigation equipment 

for use both on and off the earth, have created a need for 
extremely accurate frequency and time standards. Just how 
accurate can be realized by a simple example. In an attempt 
to rendezvous two manned satellites or spacecraft a few hun- 
dred miles above the earth, an error of only .001 second (one 
millisecond) in the tracking system can cause a 30 -foot error 
in the trajectory of the satellites. This type of error, or the 
long term drift of a timing source, could easily be fatal to 
all personnel taking part in such a maneuver. 

Similarly, on the Atlantic Missile Range, exact synchroni- 
zation of the various range stations is essential for accurate 
determination of the performance of missiles during flight. 
In this application, measurement of time to accuracies of one 
part in ten billion (or I part in 1010), over periods as long 
as 24 hours or more, is essential. Because 
frequency is dependent on time by def- 
inition, highly stable radio- frequency 
oscillators can be used to drive various 
types of indicators for both long and 
short term measurements. 

The most familiar and widely used 
frequency standard is the crystal -con- 
trolled oscillator. For accuracies of parts 
in 104 (general communications and 
amateur radio type crystals) and higher, 
the quartz crystal is practically the 
universal frequency determining ele- 
ment. Schematically, a quartz crystal 
appears as a resonant circuit having se- 
ries inductance, capacitance, and resist- 
ance paralleled by the capacitance 
formed by the holder, case, and electri- 
cal contacts made to the crystal. When 
used in an oscillator, these parameters, 
together with the temperature of the 
quartz itself, determine the final reso- 
nant frequency of the crystal. In a high - 
stability oscillator, it is necessary to 
keep these parameters as nearly constant 
as possible. 

Variations in the ambient temper- 
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attire of a crystal is one of the major causes of changes in these 
parameters; therefore in a highly stable oscillator, the tem- 
perature of the crystal must be maintained as constant as 
possible. Where stabilities of a part in 108 or less are required, 
a thermoswitched oven is usually employed. 

Fig. 1 is a photograph of a Manson Laboratories RD -144A 
transistorized oscillator with a thermoswitched oven. This 
unit provides a 1 -mc. signal with an over -all advertised sta- 
bility of 1 part in 108 (.01 cycle at 1 mc.) or better over the 
range of 0 to 50 °C. A cutaway view of this oscillator (Fig. 2) 
shows the location of the oven (heater), mercury thermo- 
switch, and crystal. This entire oscillator is enclosed in a 
small vacuum bottle, called a Dewar flask, to prevent loss of 
heat. 

The mercury switch deserves a little more explanation. 
Fig. 3 shows an enlarged, detailed drawing of a typical mer- 
cury thermoswitch. It consists of a small thermometer to 

which two electrical contacts have been 
added. The bulb of the thermometer is 
attached to a threaded cap which fits 
into the oven shell. As the temperature 
of the oven rises, the mercury in the 
thermoswitch expands and, at the preset 
temperature, electrically connects the 
two contacts. This causes a transistor- 
ized switch to effectively disconnect the 
oven, stopping the heat flow, thus allow- 
ing the oven to cool. The mercury 
column contracts until the contacts 
open. At that point, the oven goes on, 
and the cycle repeats. Crystal oscillators 
such as these are used in various appli- 
cations ranging from digital counters 
and test equipment, to standards for 
certain types of communications sys- 
tems, as well as general laboratory 
reference oscillators. 

For extremely high stability work, 
the thermoswitched oven cannot main- 
tain a constant enough temperature, 
especially over widely varying outside 

IIlpll r #Il ambient environments. For this type of 
4 temperature control (.01 °C or better), 
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be used. In this system, heat is supplied to the crystal oven 
at the same rate at which it leaks out or is lost. There is no 
switching action, but instead a smooth, continuous control is 

used. A commercial oscillator that uses this type of control 
provides output frequencies of 1 mc. and 100 kc. with an 
advertised stability of 1 to 2 parts in 1010. This is equivalent 
to a stability of .0001 cycle at 1 inc., and .00001 cycle at 100 
kc. A unit such as this is usually employed as a master oscilla- 
tor in frequency control systems, as a time standard, or as a 
precision time or frequency marker generator. To achieve 
this order of stability, a proportional oven system, similar in 
principle to the one shown in Fig. 4, is used. Two thermistors 
(or other temperature- sensitive devices ) are mounted ad- 
jacent to the crystal. These thermistors, together with the two 
precision resistors, form a Wheatstone bridge. The bridge is 

connected across the output of an oscillator. The resistors are 
chosen so that under normal operation, the bridge is unbal- 
anced and a signal is applied to the high -gain power ampli- 
fier. The signal is amplified to a level sufficient to cause 
the oven to heat and consequently raise the temperature of 
the crystal. As the temperature rises, the resistance of the 
thermistors begins to get closer to the values of the fixed 
resistors. This brings the bridge closer and closer to bal- 
ance which, in turn, lowers the signal applied to the power 
amplifier and thus the heat supplied to the crystal. By proper 
choice of components, such a system can easily be adjusted 
to supply the exact amount of heat that is being lost with 
the result that the crystal is kept at an extremely constant 
temperature. 

Although temperature is of major importance, there are 
other factors which must be considered in ultra -stable oscil- 
lator design. Voltages, for instance, applied to both the 
crystal and its associated circuitry must be very well regu- 
lated. Supplies with regulation on the order of x-.005 volt, 
and ripple of ±.001 volt or less are frequently employed. 
Automatic- gain -controlled amplifiers, similar in operation to 
the automatic -volume -control amplifiers of a superheterodyne 
receiver, are almost always used to insure that the crystal 
current is kept at some constant value. 

Various components for these oscillators are carefully 
chosen for minimum variation in value over long periods of 

time, and extreme changes in environment. In many cases, 
new types of circuit components have to be designed in order 
to meet these stringent requirements. In 
addition, all high -stability oscillators are 
kept in continuous operation to mini- 
mize crystal "aging." This "aging" is a 

characteristic of the quartz crystal itself, 
and shows up as a slow drift in fre- 
quency over an extended period of time. 
In most cases, careful design of an os- 
cillator system can reduce this drift to 
parts in 109. 

By the choice of proper operating 
temperatures, voltages, and currents, 
long -term stabilities of .5 to 6 parts in 
108, over intervals of 100 clays or more 
can be achieved with ease. At this rate, 
a clock driven by such an oscillator will 
lose (or gain) Only 5 seconds in :300 

years! In many cases, short -term sta- 
bilities (a few minutes) can be brought 
well into the 1011 region. 

While a part in 1010 may seem like a 

fantastic amount of stability, many of 
the applications mentioned in this 
article are already demanding even 
more precise standards. At the time this 
is written, a part in 1011 has been 
achieved with a quartz crystal oscillator 
in the laboratory, and parts in 1012 seem 
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Fig. 2. Cutaway view of a commercial crystal oven shows how 
the crystal is mounted in a Dewar flask and has its operat- 
ing temperature controlled by mercury thermoswitch and heater. 

quite possible. Another approach is the atomic stand- 
ard developed in the past few years. Two parts in 1012 are 
being obtained today consistently with a cesium beam reso- 
nator, and =-2 parts in 1011 can be obtained with a rubidium 
standard. An atomic hydrogen maser, working between nu- 
clear hyperfine levels, may also permit the building of ex- 
tremely accurate clocks. 

The advantage of an atomic device is that there is no drift 
due to "aging." The output frequency is always within the 
stated limits for minutes, days, and even years. Just what the 
final outcome will be is unknown, but as the requirements be- 
come more and more exact, it is a certainty that new ap- 
proaches to frequency standards will be developed. 

CONTACT TO MERCURY THREADED 
MERCURY COLUMN CAP 

Fig. 3. When the temperature goes up, the mercury column expands to close the 
electrical contacts. This action turns off the power supplying the oven heater. 

Fig. 4. The oscillator output is amplified to drive the crystal oven heater. The 
thermistors are mounted adjacent to the crystal so that the amount of power be- 
ing supplied to the crystal oven is a function of how fast the oven loses heat. 
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OFF SI ON 

THE GATE TURNOFF 

CONTROLLED RECTIFIER 
By DAVID L. PI PPEN / Guidance and Control Labs, White Sands Missile Range 

The gate turnoff controlled rectifier (GTCR) is more 
versatile than its SCR cousin because a negative pulse 

will turn it off. Some experimental circuits are shown. 

MGCS821-I 
GTCR 3K 

3311 

_12V. C2 I as 

CI 
0.5 
Of 

MGCS821-1 
GTCR 

RL CHOSEN AS REQUIRED. MUST BE LARGE ENOUGH TO LIMIT CURRENT TO WITHIN GTCR 
RATINGS 

(A) (B) 

Fig. 1. (A) This circuit demonstrates the basic operation of 
the Motorola GTCR. (B) Modified circuit uses the charge on 
two capacitors to simulate the turn -on and turn -off batteries. 

DEVELOPMENT of the conventional silicon controlled 
rectifier (SCR) has enabled the design of many new 
electronic devices that were previously impractical. 

The SCR is frequently employed in commercial, industrial, 
and military equipment and, in many applications, the SCR 
has replaced thyratrons, fuses, power transistors, vacuum 
tubes, and a host of other devices. The SCR, like the thvra- 
tron tube, does have a major limitation. This limitation is 
that once the device is fired by applying a positive gate 
voltage, the gate loses control and cannot be used to turn 
the SCR off. 

A newly developed device, the gate turnoff controlled 
rectifier (GTCR), operates much as the SCR but overcomes 
the basic limitation of the SCR in that a negative gate voltage 
will turn the device off. 

The circuit of Fig. lA demonstrates the basic operation of 

the GTCR. S1 is a spring- return switch that will momentarily 
place either the positive or negative 9-volt battery into the 
circuit. When the 12 -volt supply is applied and Si is in the 
center position, no current will flow through the load RL. 
Should S1 be momentarily placed in the "on" position, the 
+9 -volt battery is applied to the gate of the GTCR and the 
device fires. Current then flows through the load, limited by 
the value of load resistance plus the very small resistance 
of the GTCR. When Si is momentarily placed in the "off" 
position, the minus 9 volts cuts the GTCR off and the current 
through the load ceases. 

Since it is not usually desired to have two batteries to 
turn the GTCR on and off. the circuit of Fig. 1B was devised. 
Switches Si and S2 are of the quick- return type. These 
switches, in conjunction with capacitors CI and C2, perform 
the same function as the two Mile-volt batteries of Fig. lA. 
When the 12 -volt supply is applied, no current flows through 
the load. Capacitor CI charges through R,, and 111 to a value 
that is positive with respect to the GTCR cathode. When 
"on" switch Si is depressed, the charge on Cl is applied 
across the gate -to- cathode circuit to fire the GTCR. Since the 
GTCR has a very low "on" resistance, very little voltage is 
dropped across the device and essentially all the supply volt- 
age is applied across the load. The voltage across the load 
is also applied across the series combination of C2 and R2. 
C2 then begins to charge to a value that is negative with 
respect to the GTCR cathode. Operation of S2 ( "off" switch) 
applies the charge of C2 across the gate -to- cathode circuit 
of the GTCR to turn the device off. Note that the discharge 
path of C2 is opposite that of Cl. (Continued on page 74) 

Fig. 2. Three variations of a high -power GTCR switch. (A) Free- running type uses trigger diodes to initiate switching action. 
(B) Normally off monostable version is trigge+ed on by application of positive -going pulses. (C) Normally on version re- 
quires a negative -going signal applied to the gate electrode to turn the GTCR off. The GTCR is a Motorola MGCS 821 -2. 
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By J. RICHARD JOHNSON 

Technique of using secondary standard, checked against 
WWV, to measure transmitter or r.f. generator frequency. 
Simple equipment can be employed to obtain accuracies 
far beyond that needed for FCC frequency requirements. 

WHATEVER portion of the broad field of electronics 
holds your interest, frequency and frequency meas- 
urement are undoubtedly important to you. They 

are important not only to the performance of your equip- 
ment, but often, as in the case of transmitters, are factors 
which must be considered to avoid violations of the law. 

Almost anyone with a basic knowledge of electronics, a 
modest amount of equipment, and the requisite care and 
patience can utilize the standard frequency broadcasts from 
National Bureau of Standards stations like \V \VV. Under 
such conditions, measurements accurate to within 1 part per 
million, or equivalent to an error of only one second in al- 
most two weeks, are not unusual. 

This article covers the use of a secondary frequency stand- 
ard, checked against WWV, to make frequency measure- 
ments in the range between 1 mc. and at least 30 mc. 

A complete frequency- measuring system of this type is 
illustrated in block diagram form in Fig. 1. 

One of the advantages of this type of frequency measure- 
ment is that a high degree of precision can be realized from 
relatively low -cost equipment. All you need is a reasonably 
good communications receiver, a 1000 /100 kc. frequency 
standard (often a TV marker generator will do), and a cali- 
brated audio oscillator. With these and a little care, you can 
achieve accuracy far beyond that needed for even the most 
rigorous of FCC frequency requirements. 

Direct Frequency Determination 
If the frequency is very low, the most obvious method 

of measuring it is to count the cycles as they occur and 
then to determine how many cycles there are during a sec- 

ond, an hour, a day, or during any other specified period 
of time. 

A simple example is the rotation of the earth. By defini- 
tion, the rotational frequency is 1 cycle (revolution) per 
clay. Using the sun or some star as a reference, we can 
"count days" as the earth spins on its axis. Since a day is 
defined as 24 hours, we can express the earth's rotational 
frequency in different units: 1 cycle per day; 1/24= 0.0417 
cycle per hour; 0.0417/60= 0.000695 cycle per minute; and 
365 cycles per year. This example is more than just a random 
one, because the "mean solar day" is an international stand- 
ard for the unit of time. 

As the frequency increases, the human counting method 
not only becomes less accurate, but also fails completely 
when the cycles come so fast that the operator can no longer 
distinguish individual cycles. This usually happens at about 
.5 to 10 cps. 

Cycle- counting can be done electronically at moderately 
high frequencies, but the human direct -counting method can 
be used only in very special applications in which the fre- 
quency is very low and human errors in timing can be toler- 
ated, or in which the measured signal is recorded with a 
time base. 

In all practical frequency -measuring techniques, signals 
of unknown frequency are compared with other signals whose 
frequencies are accurately known. This comparison is made 
practicable by the use of heterodyning. 

Principles of Heterodyning 
When two alternating currents of different frequencies 

fl and f2 flow together in a non -linear mixer circuit, they 
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generate a series of additional signals whose frequencies are 
equal to fl + f2, f1 -- f2, fl 2f2, fl - 2f2, fl + 3f2, fl - 
3f2, etc. The first -order signals, at fl '- f2 and fl - f2, are 
of primary interest here. These are often referred to as the 
.sum and difference heterodynes. These heterodynes are not 
generated unless the mixer circuit has a non-linear imped- 
ance. This non -linear impedance can be supplied by a vacuum 
tube, transistor, or solid -state diode, providing it operates 
over the non -linear portion of its characteristics. Thus one 
cannot hear a heterodyne signal from two r.f. signals applied 
to a pair of linear- impedance headphones even though the 
frequencies of the two signals differ only by an audio fre- 
quency. The two signals must be applied to a diode or other 
mixing device. 

Fortunately, there is such a mixing circuit in any super- 
heterodyne receiver ( and therefore in almost any receiver 
now in general use), i.e., the second detector circuit. There- 
fore, when we want to heterodyne r.f. signals to accomplish 
frequency measurements, we often need only apply them to 
the antenna terminals of the receiver and the low- frequency 
heterodyne signals can be heard at the receiver's output. 
This is the kind of process that takes place when a c.sv. signal 
is received on a communications receiver. The beat oscilla- 
tor associated with the receiver's detector circuit heterodynes 
with the received signal (after conversion to intermediate 
frequency) and the heterodyne is the tone by which it is 

"copied." 
Suppose two signals of frequencies fl and f2 respectively 

are heterodyned to produce a difference beat (heterodyne) 
in the audio -frequency range. Suppose further that fl is to 
be measured and f2 is accurately known. Frequency fl can 
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Fig. 1. Complete, accurate frequency -measuring system. 
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then be determined by careful measurement of fl - f2 and 
addition of this frequency to f2. Because a difference hetero- 
dyne is often easier to measure precisely than the unknown 
frequency, the difference -heterodyne method is the one most 
often used in high -precision measurements. In such meas- 
urements, f2 in the above example is a frequency standard 
that has been either provided directly by the National Bureau 
of Standards standard- frequency broadcasts or by standards 
that have been checked against them. 

Secondary Frequency Standards 

Because of the complicated equipment required, astronom- 
ically checked primary standards are maintained at only a 
few locations. (Refer to the article "Frequency and Time 
Standards" in this issue.) However, this is not a serious 
handicap, thanks to the standard time and frequency broad- 
casts made available by NBS in this country and by govern- 
ment agencies in some other countries. 

Our own NBS broadcasts provide a wide variety of stand- 
ard time and frequency signals of extreme accuracy. The 
most important in the applications we are now considering 
are the reference standards provided by the carrier frequen- 
cies of these stations. These frequencies, as transmitted by 
WWV, are kept accurate to better than 1 part in a hundred 
billion or one ten -thousandth of a cycle per second at 10 mc. 
(outside of a fixed frequency offset of -1.50 parts in 1010). 
Accuracy at the receiver is on the order of 1 cps at 10 mc. 
(0.00001 %) due to ionosophere instability. With the lower 
frequency stations, «TXVVB and WWVL, accuracy at the re- 
ceiver is much better. The frequencies and types of trans- 
mission from NBS stations are given in Table 1. 

Frequency measurements of great accuracy can be made 
at any location within range of the standard broadcasts by 
employing a .secondary frequency standard which is itself 
quite stable and whose accuracy can be optimized by align- 
ment with the transmissions from the NBS broadcasts. 

The simplest type of secondary frequency standard is il- 
lustrated in block form in Fig. 2. It is a stable crystal -con- 
trolled 100 -kc. oscillator. The oscillator is equipped with a 
trimmer capacitor connected across the crystal, or with some 
other arrangement to allow very small adjustments (up to 
several hundred cycles per second) of the frequency of the 
generated signal. This allows compensation for variations in 
the oscillator frequency due to such things as temperature 
and voltage variations. A typical 100 -kc. crystal oscillator cir- 
cuit suitable for use as a secondary frequency standard is 

shown in Fig. 3. 
The oscillator output contains not only the 100 -kc. funda- 

mental signal, but also harmonics at integral multiples of 
100 kc. throughout the useful frequency range. One of these 
harmonics ( say the 50th, at 5 mc.) is tuned in on a receiver 
that is also receiving a standard broadcast from WWV on 
that frequency. The two signals beat or heterodyne, produc- 
ing a third signal having a frequency equal to the difference 
between the frequencies of the local standard and the stand- 
ard broadcast. Calibration checks of the secondary standard 
are made by adjusting the trimmer on the oscillator until 
there is zero beat between the oscillator harmonic and the 
WWV signal. When the oscillator frequency is very close to 
that of WWV, a slow pulsing (beating), indicating a differ- 
ence heterodyne on the order of 1 or 2 cycles per second, 
can be heard in the earphones or loudspeaker or seen as 
fluctuations of the pointer on the receiver's "S" meter. 

Much of the time WWV transmits tone modulation at 
either 440 cps or 600 cps (as well as pulse -type second mark- 
ers) . It is preferable not to make secondary standard zero - 
beat adjustments while the tone is on. The audio frequency 
beat between the signal from the frequency standard and 
WWV's carrier, in turn, beats against the tone modulation 
signal, giving a false zero -beat indication. For example, sup- 
pose WWV is sending a 600 -cps tone. If the harmonic of the 
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signal from the standard is 0.6 kc. higher or lower in fre- 
quency than 5 mc., a 600 -cps beat tone is produced and 
beats against the 600 -cps tone modulation, causing an effect 
very much like that when the r.f. signals themselves are 
zero -beat. 

Fortunately, it isn't necessary to make the adjustment 
while the tone is on. Starting at 3 minutes after the begin- 
ning of each 5- minute interval, there is a period of almost 2 
minutes when the tone and all other modulation except the 
second markers are off and thus the difficulties just men- 
tioned are avoided. The details of the typical \VW \V modula- 
tion during each 5- minute period are shown in Fig. 4. The one 
exception is the 5- minute period starting at 45 minutes after 
the hour, when WWV goes off the air entirely for a period 
of -I minutes. 

Although a 1 -cps or lower beat can normally be obtained, 
even with modest equipment, between the secondary stand- 
ard and WWV, let us be conservative and assume mainte- 
nance of the oscillator frequency only to within 5 cps of that of 
\V \VV, so that the frequency error is limited to 5 cps in 5,000,- 
000 cps or 0.0001 %. Since the harmonics of the 100 -kc. oscil- 
lator are all exact multiples of the fundamental oscillator 
frequency, they are all accurate to within the same percent- 
age. Thus, any harmonics, in any part of the frequency spec- 
trum, can be used as frequency markers for reference in 
making measurements. 

Often a communications receiver is equipped with a crystal - 
controlled "marker" oscillator, whose harmonics are used to 
check the receiver's dial calibration. Such an oscillator is ex- 
cellent for moderately accurate checks at 100 -kc. intervals 
and can, like the frequency standard, be synchronized to 
W\V'V if equipped with a trimmer. 

For example, if a measurement were to be made of some 
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Fig. 3. Typical circuit of oscillator useful as a standard. 

frequency near 20 mc., there would be frequency markers at 
19.8, 19.9, 20.0, 20.1, 20.2, etc., mc. If the receiver has an 
accurately calibrated dial, these markers can be used as 
checks of receiver calibration so that rough readings of fre- 
quencies between can be made right from the receiver's dial. 
For a heterodyne frequency meter whose output is also fed 
into the receiver, the 100 -kc. harmonics can provide accurate 
calibration references. 

If the frequency to be measured falls close to one of the 
harmonics of the 100 -kc. standard, it can be measured with 
great accuracy by measuring the audio frequency heterodyne 
between it and the harmonic. This is the process of interpola- 
tion and will be described in detail later. But if the frequency 
to be measured is spaced relatively far from either of the two 
adjacent harmonics, such precise measurement cannot be 
made. To provide the same accuracy at all frequencies, a fre- 

Fig. 4. Type of information transmitted by station WWV. 
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Fig. 6. Illustration of how signal at 15,019.1 is measured. 

quency divider is added to the secondary frequency standard. 

Frequency Divider 
A properly designed multivibrator circuit can take an input 

signal with frequency f and put out a signal with a frequency 
which is some submultiple of f. Iu frequency standards, a mul- 
tivibrator which divides by 10 is the most common. Fig. 5 
shows how it is used to divide the 100 -kc. frequency down to 
10 kc. The 10 -kc. signal, plus its harmonics, provides signals 
at 10 -kc. intervals throughout the radio- frequency spectrum 
( usually as high as to 100 mc. ) . Because the multivibrator 
divider is locked to the 100 -kc. oscillator frequency, the fre- 
quencies of all these harmonics are equally accurate. 

Consider the example of Fig. 6. As in the previous discus- 
sion, the 100 -kc. oscillator of the standard is adjusted to 
within 5 cps of \V\V'V on 5 mc., or within (5 _ 5 x 106 )100 - 

0.0001% or 1 part per million. A measurement is then to be 
made near 15 mc. (sa'r, on a frequency of 15,019.1 kc.) . 

Since 15 mc. is three times 5 mc., the adjustment tolerance, 
reflected in the 15 -mc. signal is three times 5 cps, or 15 cps, 
which is still 0.0001% of the new 15 -me. frequency. This ac- 
curacy now applies to all the 10 -kc. harmonics, including 
those in the vicinity of 15 mc. 

A typical multivibrator divider circuit for dividing from 
100 kc. to 10 kc. is shown in Fig. 7. Frequency dividing is 
also sometimes clone by means of digital logic circuits, such 
as adders. These are used primarily where other associated 
circuits are of the digital type, but are usually not as practical 
as multivibrators in the majority of installations. 

Interpolation 
With a harmonic of precisely known frequency every 10 

kc. through the spectrum, we have only 10 kc. between any 
pair to be covered. Thus no unknown frequency to be meas- 
ured can ever be more than 5 kc. away from one of these har- 
monics. By heterodyning the measured signal against either 
the next higher or next lower 10 -kc. harmonic, one can always 
come up with a beat signal in the audio frequency range. 
Assuming that we can identify the 10 -kc. harmonic we are 
using, we can simply add or subtract the frequency of the 
beat signal, depending on whether the unknown is above or 
below the nearest 10 -kc. harmonic. 

J 

J 900 CPS BEAT 
9100 CPS BEAT 

A.F. SIGNALS 
TO BE 
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Consider the case mentioned earlier, in which the frequency 
to be measured is 15,019.1 kc. Before measurement, of course, 
this frequency is not known. However, the measured signal 
is found with the receiver dial between the 10 -kc. harmonics 
at 15,010 and 15,020 respectively. By tuning from the un- 
known signal toward the 15,020 -kc. harmonic we hear a beat 
note of lower pitch than in the other direction, so we know 
that the unknown frequency is closer to 15,020 kc. than it is 

to 15,010. The receiver is then tuned to give the strongest and 
clearest output of this lower beat signal. 

Next, the beat signal is in turn measured by comparing it 
with a calibrated source of audio- frequency signal until the 
two audio- frequency signals are themselves at zero beat. If 
the beat signal is measured as 900 cps, it means that the un- 
known is 900 cps, or 0.9 kc. below 15,020 kc. and this places 
it at 15,019.1 kc. If the a.f. source is even moderately accu- 
rate, at least one more decimal place can be obtained. For ex- 
ample, if the beat signal is measured as 955 cps, the radio 
frequency is 15,020 minus 0.955, or 15,019.045 kc. If we 
should tune the receiver toward the 15,010 -kc. harmonic, we 
would hear a beat signal of 10 kc. minus 0.955 kc., or 904.5 
cps, which, being so much higher than the 955 -cps beat, is not 
as easy to measure accurately. 

The above process of determining the exact location of the 
unknown frequency in the spectrum space between known 
frequency- standard harmonics is called interpolation. The 
audio -frequency signal generator used to determine the beat 
frequency is referred to as an interpolation oscillator. 

Interpolation Oscillators 

An interpolation oscillator, in its simplest form, is a stable 
and accurately calibrated audio -frequency signal generator. 
Any a.f. signal generator is suitable providing its calibration 
is accurate and stable enough. When using the interpolation 
oscillator, the accuracy of the over -all radio- frequency meas- 
urement depends on the accuracy of the a.f. calibration and 
on how high a radio frequency is being measured. For ex- 
ample, if the measured radio frequency is 50 mc., an a.f. beat 
signal accuracy of 100 cps is only 0.0002% of the radio fre- 
quency. A relatively inexpensive a.f. oscillator can read fre- 
quencies to within 100 cps, especially if below 2000 cps. On 
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Fig. 7. Typical multivibrator for dividing from 100 kc to 10 kc. 

Fig. 8. Use of scope and Lissajous figures during interpolation. 
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OSCILLATOR 

CD {=fp fi =2fb 31b 

NBS STANDARD TIME AND FREQUENCY BROADCASTS 

Tone 
Call Letters Location Carrier Freq. Mod. Other Modulation 

WWV Beltsville, Md. 2.5, 5, 10, 15, 600 cps Second markers; Voice 

20 & 25 mc. 440 cps and code time an- 
nouncements every 5 

minutes; propagation 
forecasts; time -of -year 

binary codes 

WWVH Maui, Hawaii 5, 10, 15 mt. 600 cps Same as WWV 

440 cps 

WWVB Ft. Collins, Colo. 60 kc. None None 

WWVL Ft. Collins, Colo. 20 kc. None None 

Table 1. Information about standard broadcasts by NBS stations. 

the other hand, at a measured frequency near 1 me., the in- 
terpolation oscillator must read accurately to 2 cps for the 
same relative r.f. accuracy. 

Elaborate commercial interpolation oscillators are used in 
sophisticated frequency- measurement equipment. Accuracies 
are normally ±2 cps or better. The mixing circuit is usually 
self- contained. This is a circuit in which the a.f. beat between 
the unknown signal and the harmonic from the frequency 
standard can be mixed with the interpolation oscillator signal. 
As in the calibration of the r.f. standard against W \VV, the 
beat signal is heard in earphones or loudspeaker or by indica- 
tion on an output meter. 

Another popular method of comparing the interpolation os- 
cillator frequency with that of the a.f. beat from the measured 
signal is through use of an oscilloscope and Lissajous figures. 
This method is illustrated in Fig. 8. One advantage is that the 
interpolation oscillator does not need to be at zero beat, but 
can be set at some integral multiple or submultiple of the 
frequency that is being measured. 

Use of 1 -Mc. & Higher Markers 
The procedure just outlined works well with just a 100 -kc. 

reference oscillator and 10:1 divider at frequencies of approxi- 
mately 5 mc. and below. But as the measured frequency gets 
higher, it gets more and more difficult to identify harmonics. 
The 100 -kc. harmonics can be distinguished from the 10 -kc. 
harmonics by use of a switch that allows the divider circuit 
in the standard to be shut off, leaving just the 100 -kc. signals. 
However, at relatively high frequencies, the 100 -kc. harmon- 
ics themselves bunch together so closely that, on most receiver 
dials, it is almost impossible to determine which one is which. 

This problem is solved by adding to the frequency standard 
a 1 -mc. crystal oscillator to help the operator, in effect, "get 
his bearings." With the 100 -kc. oscillator turned off and the 
1 -mc. oscillator turned on, harmonics are found every 1 mc. 
throughout the frequency spectrum. The 1 -mc. harmonic 
nearest to the measured frequency can be tuned in, then the 
100 -kc. oscillator turned on and the 100 -kc. harmonics 
counted as the receiver is tuned away from the identified 
1 -mc. point. When the 100 -kc. harmonic of interest has been 
identified, operation of the 10 -kc. divider can be restored 
and 10 -kc. harmonics counted, starting at the 100 -kc. har- 
monic. 

At frequencies above 20 mc., even the 1 -mc. harmonics may 
not be sufficient to allow easy identification and some fre- 
quency standards also contain 5 -mc. and /or 10 -mc. oscillators. 
These oscillators do not have to be referenced exactly to 
WWV, because the final measurement is with reference to the 
100 -kc. oscillator and its divided 10 -kc. harmonics. 

All the components of a complete frequency standard and 
interpolation setup are included in the block diagram of Fig. 
1. With reasonable care and skill on the part of the operator, 
such equipment will permit measurement to within 5 cps on 
frequencies between 1 mc. and 5 mc. All of the components 
required are of the type whose nature and use has been dis- 
cussed in this article. A 
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New 1964 Heafhkif All -Channel Color TV 

G R-53A 

$39900 
(Includes chassis, 

all tubes, VHF & UHF 
tuners, mask, mounting 

kit, & special speaker) 
cabinet optional $49.00 

Everyone Agrees It Outperforms Any Other, 

Is Easy To Build, &Saves Up To 5400! 
Here's What The Experts Say! Popular 
Electronics, May issue: The GR -53A is not 
a skimpy receiver in which corners have 
been cut to keep costs down and still pro- 
vide color TV. Instead, the GR -53A (on a 
comparison shopping basis) has the same 
color and sound fidelity, flexibility, and 
ease of handling as those manufactured 
receivers which sell for over $600." 
Radio -TV Experimenter, June issue: The 
repair cost savings during the Heath Color 
TV set's life compared to commercial units 
may be more than $200." 
Popular Mechanics, February issue: "Mount- 
ed, prealigned critical circuits enable be- 
ginners to assemble. Picture quality is top- 
notch." 
Science & Mechanics, April issue: "Built - 
in servicing circuits such as a dot generator 
are valuable aids in getting the set operat- 
ing for the first time & eliminating ex- 
pensive service calls C bills when realign- 
ment or part replacement is needed later 
on." 
Anyone Can Build It! No special skills or 
knowledge required . . . all critical assem- 
blies arc factory -built & tested . . . simple 
check -by -step instructions take you from 
parts to picture in just 25 hours! Here's 
what one Heathkit Color TV owner, Mr. 
Thomas R. 111cMahan of Cincinnati, Ohio 
says about the GR -53A manual: "I would 
consider the manual to be equal to a life- 
time of warranties with an ordinary tele- 
vision." 
Exclusive Built -In Service Center Eliminates 
Maintenance Costs! You adjust and main - 
lain the GR -53A yourself with the degaus- 
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sing coil, service switch, and built -in dot 
generator! No more costly TV service calls! 
No other set has these self -servicing fea- 
tures! 

No Expensive Service Contract! Since you 
maintain the set, there's no need for a 
costly service contract. Heath warrants the 
picture tube for 1 year, all other parts for 
90 days! 

Keep Your Present TV As A "Second" Set! 
Many manufacturers require your present 
set as a trade -in to qualify for their adver- 
tised price. With Heath, no trade -in is re- 
quired! . . . your present set becomes a 
handy "second" set for use in den, chil- 
dren's room, bedroom, etc.! 

Quality & Performance Comparable To 
Sets Costing $600 & More! Mr. J. I. New- 
ton of Chapel Hill, N. C. is even more 
enthusiastic about the performance of his 
Heathkit Color TV: "My friends tell me 
the color is better than they have seen on 
sets costing $895, and I must say that I 
agree." 

Compare These Additional Features: 26- 
tube, 8 -diode circuit Deluxe Standard - 
Kollsman VHF tuner with push -to -tune 
fine tuning for individual channels, 2 thru 
13 New transistor UHF tuner for chan- 
nels 14 thru 83 High definition 70° 21" 
color tube with anti -glare bonded safety 
glass 24,000 volt regulated picture power 

Automatic color control & gated AGC 
for peak performance 3 -stage high gain 
video I.F. Line thermistor for longer 
tube life Thermal circuit breaker for 
component protection. 

Cabinet Or Custom Installation! After as- 
sembly, just slip the complete unit into the 
handsome GRA -53 -6 walnut- finished hard- 
board cabinet! Or, if you prefer, mount it 
in a wall or custom cabinet. 

Enjoy Complete TV Reception Now! . . 

by ordering the new 1964 Heathkit 21" 
High Fidelity Color TV! 

Kit GR -53 A, chassis, tubes, mask, VHF and 
UHF tuners, mounting kit, speaker, 121 
lbs. $399.00 

GRA -53 -6, walnut -finished cabinet 
53 lbs. $49.00 
r 

FREE 1964 
HEATHKIT CATALOG 
See these and over 250 other 
exciting Heathkits available in 
easy -to -build kit form. Save 50% 
or more by doing the easy as- 
sembly yourself I Send for your 
free catalog today I 

L___ 

ri 

1- --- - -1 
HEATH COMPANY Dept. 15 -8 -1 

Benton Harbor, Michigan 49023 

0 Enclosed is $ plus freight. Please 

send model(s) 

Please send my Free 1964 Heathkit Catalog. 

Name 

Address 

City 

L 

State Zip 
CL -185 
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Noise suppression in mobile installations has become an 
urgent problem -what with FM, CB, and u.h. f . receivers. 

IGNITION NOISE PROBLEMS 
ee OU know, Mac," Barney said to his employer, "auto- 

mobile noise suppression jobs are getting more nu- 
merous and tougher every day. I'm not talking 

about broadcast -band car radios. I'm talking about the FM 
receivers, the CB receivers, and the commercial v.h.f. receiv- 
ers so common in cars today. Believe you me: there's a whale 
of a difference between `de- noising' an ordinary car radio and 
keeping the noise out of one of these high- frequency jobs." 

"I reckon we both know why," Mac answered. "Ignition 
noise usually peaks somewhere between 25 and 100 mega- 
cycles. On top of that, a broadcast receiver is ordinarily tuned 
to a nearby station radiating hundreds or thousands of watts 
from an antenna several hundred feet high. The CB receiver 
is trying to pull in a signal from a transmitter running a 

measly three watts into an antenna mounted, at best, on a 

rooftop. 
"Incidentally, I dislike that term `noise suppression.' It 

sounds as though all you need do is prevent popping sounds 
issuing from the speaker. Squelch or a.n.l. circuits will do that, 
especially if you're content to receive only strong stations. In 
fact, in an FM receiver with good limiters and a properly 
operating FM detector, you won't licor quite heavy ignition 
interference; yet that interference will be seriously degrading 
your reception by loading up the a.g.c circuit and reducing 
the receiver sensitivity. A good way to check on the presence 
of such interference is to use the diode probe of a signal tracer 
to pick off the signal at the grid of the first limiter. 

"It's very important to keep basic concepts clearly in mind 
and to proceed in a methodical fashion in clearing interfer- 
ence. Remember any electrical spark is a miniature broad- 
band interference transmitter. The higher the voltage 
producing the spark, the stronger is the interfering signal. 
Since ignition voltage is several hundred times greater than 
other voltages present in the car, that's why ignition interfer- 
ence should be suppressed first. 

"Wires leading to sparking electrodes serve both as radiat- 
ing antennas and linear tuned circuits peaking the interfer- 
ence. Resistance in these wires lowers the `Q' of the tuned 
circuits they represent and damps out r.f. oscillations in them. 
The r.f. oscillations can be short- circuited to ground through 
a bypass capacitor of sufficiently low impedance at the inter- 
fering frequency where this does not interfere with the igni- 
tion spark. Lumped resistance inserted in the wire or bypass 
capacitors will be most effective when placed as near as pos- 
sible to the interference -generating spark, for this effectively 
shortens the radiating portion of the lead." 

"You mentioned interfering with the ignition spark. Some 
guys insist any kind of resistance noise suppression degrades 
engine performance. What do you think ?" 

"What I think doesn't matter, but tests conducted by auto- 
mobile manufacturers have proved that where the ignition 
system is in good shape, the addition of approved resistor - 
type spark plugs, ignition cable, or suppressors does not affect 
engine performance. Of course, if the system performance is 

already marginal because of a weak coil, leaky capacitor, 
worn -out plugs, or some similar condition, the addition of 
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suppression resistance may cause the engine to miss. In that 
case the answer is to correct the ignition defect, not take off 
the suppressors." 

"Am I right in thinking the fundamental steps in prevent- 
ing ignition interference are: (1) attenuate the pulses of in- 
terference greatly through the use of resistor suppression and 
bypassing; (2) bottle up the remaining interference inside 
the engine compartment by judicious bonding, shielding, and 
bypassing of all routes by which it can leak or be conducted 
outside; and (3 ) make sure the only way any signal- includ- 
ing ignition interference -can reach the receiver is by way of 
the antenna itself ?" 

"You've got the big picture! The first thing to do when 
starting on a job is determine how many of these measures 
have already been taken. Is the engine equipped with resistor - 
type spark plugs? Champion precedes the plug number with 
an `Y.' Autolite and A.C. resistor plugs have an 'R' in the plug 
number. Is resistance ignition cable used? If so, what kind? 
General Motors. resistance cable is plainly marked `GA1 Radio 
TVRS.' It has a resistance of about 4000 ohms per foot. Other 
kinds will be marked `HTLR' (3000 to 7000 ohms per foot) 
and `HTHR' (6000 to 12,000 ohms per foot). This cable will 
not stand rough handling and should never be cut to install 
a screw -on suppressor or to attach a new end terminal. When 
resistance value exceeds 18,000 ohms per foot, the cable 
should be replaced." 

"How about combining resistor plugs, resistance cable, and 
lumped- resistance suppressors? If one is good, three ought to 
be dandy." 

"That's like taking a whole bottle of aspirin to cure a head- 
ache! Actually, resistor plugs are often used in conjunction 
with resistance cable or suppressors in two -way radio instal- 
lations. The Law of Diminishing Returns prevents the im- 
provement of adding external resistance to resistance plugs 
from being breath -taking, but it is usually noticeable. Increas- 
ing resistance, though, makes it tougher for the ignition sys- 

tem to produce the proper spark. 
"A good ignition system in top shape may put out as much 

as 30,000 volts across an open circuit. In operation, this volt- 
age is lowered to the amount actually needed to jump a spark 
across the plug electrodes. This required voltage goes up 
under heavy acceleration, and it also goes up if the plug is 

dirty or too widely gapped. With a single type of suppression 
installed, there is enough reserve to take care of ordinary 
variations, but adding resistance to the high -tension system 
cuts down on this reserve. The kind of driving also determines 
how much suppression an ignition system can stand. Stop - 
start, long -idle driving will sometimes foul plugs in an overly 
suppressed installation. If you're worried about the car's per- 
formance, it's a good idea to have the car checked with an 
electronic ignition analyzer, such as the Heath job or the 
Champion Plug- Scope,' after the suppression is in place." 

"To avoid over -suppressing, a guy has to be on guard 
against hidden built -in suppressors," Barney offered. "Some 
older cars and trucks have 15,000 -ohm suppressors built into 
the distributor rotor arm or concealed in the cap. 
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"Right. and in concentrating on the 
high -tension circuits, you must not over- 
look the importance of proper bypassing 
of the coil primary. Ignition pulses from 
the secondary can `kick back' through 
the primary and spread out over the 
whole low- voltage system. A.1 -11f. coax- 
ial bypass capacitor should have its cen- 
ter lead inserted in the lead coining from 
the BAT connection of the coil as close 
to that connection as possible. An ordi- 
nary capacitor here will not work at 
v.h,f. and u.h.f. frequencies. It has too 
much inductance. Only a coaxial ca- 
pacitor presents sufficiently low im- 
pedance to the high -frequency r.f. to do 
an adequate job of bypassing. Both the 
capacitor case and the coil case should 
have an excellent. paint -free electrical 
connection to the firewall or block." 

"How about bonding ?" 
"That's what confines the residual ig- 

nition interference to the motor compart- 
ment. Heavy duty Belden 8662 bonding 
braid should be used to bond all four 
corners of the motor, the steering col- 
umn, the firewall, the exhaust pipe, and 
the tail pipe to the frame. Lighter Belden 
8668 can be used to bond metallic tubes 
and rods to the firewall at the point 
where they pass through this wall. 
Tooth -type washers that will bite 
through the paint should be used to se- 
cure the ends of the bonding braid. In 
some cases, it may be found necessary 
to bond both sides of the hood and the 
trunk lid." 

"How can we be sure any signal 
reaching the receiver comes only by way 
of the antenna. I don't quite dig that." 

"It's mostly a matter of proper instal- 
lation. The case of the receiver must 
make a good connection to the car frame 
Or body. The antenna lead shield must 
have good ground connections at "both 
the receiver end and the antenna end. 
A body - or fender- mounted antenna can 
be mechanically solid and yet have a few 
ohms of resistance between the ground- 
ing lug and the body because of paint or 
undercoating. In the case of a bumper- 
mounted antenna, the bumper itself may 
have to be bonded to the frame. A 
shielded lead should bring power di- 
rectly from the battery to the receiver- 
ideally by way of a feedthrough coaxial 
capacitor through the firewall. It's a good 
idea to install a .5 -of. capacitor between 
the hot battery connection and ground 
at the receiver if one is not already pres- 
ent. When the receiver is not picking up 
any signal through the battery lead or 
through a poorly grounded case or an- 
tenna lead, disconnecting the antenna 
will reduce the ignition noise to zero." 

"That about takes care of the three 
main steps I mentioned. What if you still 
have some ignition noise ?" 

"You probably will be able to hear a 
little, especially after you have cleaned 
up voltage -regulator, generator, instru- 
ment, and other kinds of masking noise 
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and when you arc l Dui 'coned to a station. 
But it will disappear when even a weak 
station is tuned in. If you want to get the 
ultimate in noise suppression and are 
willing to pay for it, you must go to com- 
plete shielding of the ignition system as 
the aircraft and military people do. That 
means completely shielding the coil, the 
distributor, all high- tension wiring, and 
the spark plugs themselves. The shield - 
ing must be as complete and free of r.f. 
leaks as that used in keeping a transmit- 
ter from causing TVI." 

"Can't you buy this sort of shielding 
and install it yourself ?" 

"Yes, the Hallett Mfg. Co. in Los An- 
geles manufactures two lines of shield- 
ing. The `Signal- Saver' line provides 
complete customized shielding for prac- 
tically any motor. In ordering, you give 
the make, model, and year of the car. 
plus the displacement of the engine; and 
the shielding sent you is tailored to fit 
your particular motor. 

"The saine company manufactures the 
`Eliminoise' universal noise suppression 
kit which is marketed through the E. F. 
.lohnson Company/. With this kit, which 
sells for considerably less than the cus- 
tomized line, you have to do more fitting 
ai-d truing; but step -by -step instructions 
are sent to help you." 

"You've been reeling off facts and fig - 
ures pretty recklessly," Barney observed 
shrewdly. "I somehow get the feeling 
you didn't learn all this on your own." 

"Never said I dici," Mac defended 
himself. "I learned long ago to supple- 
ment my own experience and observa- 
tion with expert help whenever possible; 
so I've written spark -plug companies, ca- 
pacitor manufacturers, automobile mak- 
ers, ignition -component manufacturers, 
and shielding manufacturers for any 
facts they liad turned up in their re- 
search. All were most helpful. Champion 
Spark Plug puts out a free booklet en- 
titled `Giving Two -way Radio Its Voice' 
that is full of helpful tips. Both Cornell - 
Debilier and Sprague have special cata- 
logue sheets describing their capacitors 
specifically designed for noise suppres- 
sion. Delco -Radio has good material on 
the subject, and Hallett Atfg. Co. has 
promotional material and installation 
manuals that show you just how their 
shielding is installed. Well, we better get 
to Nvork, but what say we continue the 

discussion by talking about stopping 
noise from non -ignition sources in the 
near future ?" 

"Fine with me," Barney said; "but be- 
fore we leave ignition noise, I've got a 
question: do you think transistorized ig- 
nition systems are going to give more 
noise trouble than conventional sys- 
tems?" 

"While I could get no auto manufac- 
turer to stick his neck out on this sub- 
ject, I got the impression they are antic- 
ipating no special problems with the tran- 
sistorized systems they expect to use." A 

Wherever you use a screwdriver 

QWCKWEDGj 

SCREW-HOLDING SCREWDRIVER 

does the job faster and easier! 

BECAUSE a Quick-Wedge' Screw -Holding 
Screwdriver holds, starts and drives the screw 
... straight, every screwdriving job is easier ... 
goes faster. No longer will you waste time fumb- 
ling with the screw . Thus if your screw - 
driving job is overhead, below ground 
level, or even in hard -to- get -at places 
you simply affix the screw .. . 

place it in the desired spot . . . 

drive it in ... release the screw- 
driver and the job is done! 
Prove it yourself! Use a 

Quic1:41'edge" once 
and you'll never be 
without one. They're umondi- 
tinnallt guaranteed! d.cl, your 
dealt, r o'Ile for our (-aims! today! 

KEDMAN COMPANY 
233 So. 5th West, P. 0. Box 267. SALT LAKE CITY, UTAH 84110 
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when it's time to think of college 
you should read this 
FREE CAREER BOOKLET 
about electronics at 

MSOE 
MILWAUKEE MS -na 
SCHOOL OF ENGINEERING 
Dept. EW -864, 1025 N. Milwaukee Street 
Milwaukee, Wisconsin 53201 
Tell me about an engineering career through 
residence study in: 

Electrical fields Mechanical fields 

Name Age 

Address 

City, State 
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FULL PLANS $2. 
RELCO, Dept. EW-8, Box 10563, Houston 18, Tex. 
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hallicrafters gives y 
the basic superior performance 

you need for just $159.95... 
All the gadgets ever invented wouldn't improve the tremendous basic performance and 

reliability of the CB -3A. You get 8- channel, crystal controlled convenience ... 100% 

modulation capability ... 40 db. min. adjacent channel rejection ... less than 1 }r v. 

sensitivity ... 6 kc. selectivity ... removable accessory panels and built -in accessory 

jack -plus a reliability record unequalled in the field. 

eight-channel, dual conversion 
basic transmitter /receiver 

...and lets you decide 
which extras you want 

HA -9 S -Meter Kit. Illuminated. HA -11 Noise Eliminator. "Racket 
Complete hardware; installs in min- Buster" deluxe. Mounts completely 
oies in removable CB -3A front hidden on back of CB -3A; front 
panel. Universal. $8.95. panel thumb control. $15.95. 

r " 
144441 

lion Noise Suppression Nit. Pass 

r 
onde 

uons, g 
ound braid, etc Mini- 

,s system noise. $13.95. 
5P3 spark plug suppressor, $2.95. 

the new ideas in communications 

are born at .. . 

HA -12 Encoder /Decoder. Full 
duplex selective calling system. No 

tubes or transistors. Single switch 
operation. $79.95. FIA-12A Encoder 
only, $44.95. 

ha11>crafers 
5th and Kostner Avenues Chicago 24, Illinois 

Overseas Sales: International Division, Hallicrafters Canada: Gould Sates Co., Montreal, P.Q. 
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INTO ELECTRONICS 
V.T.I. training leads to success 
as technicians. field engineers, 
specialists in communications, 
guided missiles. computers, 
radar and automation. Basic & 
advanced courses in theory & 
laboratory. Electronic Engi- 
neering Technology and Elec- 
tronic Technology curricula 
both available. Assoc. degree in 
29 mos. B. S also obtainable. 
G.I. approved. Graduates in all 
branches of electronics with 
major companies. Start Sep- 
tember, February. Dorms, 
campus. nigh school graduate 
or equivalent. write for catalog. 

VALPARAISO TECHNICAL INSTITUTE 
Dept. RD, Valparaiso, Indiana 
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SCIENCE/ 
ENGINEERING 

Educationally- strong college courses in the fastest 
growing professional fields of Physics, Mathe- 
matics, Engineering (Nuclear, Electronic, Electri- 
cal); including Engineering Technology (Nuclear, 
Electronic). Optional four -quarter, all -year sched- 
ule permits completion of regular 4 -year B.S. 

degree courses in three years; and, A.S. degree 
courses in two years. Electronic Engineering in- 
cludes computer and space communication systems; 

and, laser /infrared engineering. Fall Quarter en- 

rollments limited. Write now to Director of Ad- 
missions, for Catalog E -10. 

NORTHRIDGE COLLEGE of 
SCIENCE & ENGINEERING 

"In The San Fernando Valley" 
NORTHRIDGE, CALIFORNIA 91325 

Hi -Fi Measurements 
(Continued from page 3.5) 

we think it pleasant or unpleasant. We 
only consider whether it is similar to 
the original. The basic technique, in- 
stead of an A -B technique, is an A -B -C 
technique, where C is the live sound. 

The standard A -B technique is like 
like comparing the reproduction of a 
painting to another reproduction instead 
of to the painting itself. It is better that 
nothing, particularly if yon know the 
original painting, but ;Itt A -13 choice lacks 
the control V 'iiic 1 will pin the matter 
down to that of reproducing accuracy. 

Let us assume that we make a design 
variation in a speaker. We will designate 
the standard speaker as A, B the speaker 
with the design variation, and C the live 
reference. Then we switch C -A C -13. Its 
surprising how little listening time is re- 
quired before we l:uoW whether the 
standard speaker A sounds more like the 
live C, in which case the design varia- 
tion has failed, or the new design B 

sounds more like C, in which case we 
know that were going in the right di- 
rection. 

The very subjectivity of the test read- 
ing eliminates those elements which are 
not significant to aural perception. The 
test is conducted in a normally rever- 
berant room, so we respond to the corn - 
plete frequency response of the speaker. 
We use the technique both as a direct 
design and testing tool and as a valida- 
tion teclutique. When the primary pur- 
pose of testing is to rank a group of 
reproducing devices in their order of 
excellence, the live 1ìs recorded display 
is useful for direct evaluation. AViìen in- 
formation about a single device is to be 
communicated, or where diagnostic in- 
formation is required, the live CS re- 
corded display serves as a validation of 
other test techniques rather than a test 
technique itself. After making these tests 
with both random noise and music., we 
find that the noise is an accurate stand -in 
for musical sound. 

It should now be clear that the choice 
sometimes presented in methods of 
equipment evaluation- listening us ob- 
jective testing -is a false one. Objective 
measuring techniques are useless unless 
they have been validated by subjective 
means, that is, by listening. Such listen- 
ing must ultimately make a comparison 
with the original live sound, and a live 
us recorded display provides the basic' 
validating technique. Any meaningful 
listening to recorded material, of course, 
at least makes reference to a memory 
of the live sound, but this memory is 

necessarily imperfect, 
Once a test has been validated as an 

index of performance, it can reveal in- 
formation that might take many hours 
or even clays of uncontrolled listening to 

discover. 
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Electrical Measure 
(Continued from page 32) 

triangle with its apex (the region of best 
accuracy) in the intermediate range of 
values (Fig. 6) . 

Accuracy of Measurement 
For resistance and voltage measure- 

ments, where a national reference stand- 
ard is maintained, the apex of the "accu- 
racy triangle" coincides with the value at 
Nvhich the standard is maintained. That 
this must be so is apparent when one 
considers that at this value one -to -one 
comparison or substitution methods are 
available for measurement, with only 
small differences involved. As one de- 
parts from the reference value, measure- 
ment techniques grow more involved and 
complicated; and the additional sources 
of error are present. For example, the 
accuracy vwith which a ratio can be es- 
tablished may need to be considered as 
part of the problem. Thus, whereas 
1 -ohm standards can be compared to 1 -2 
parts in 10', when we reach 10 -: ohm 
on one side of our accuracy triangle and 
10" ohms on the other side, state -of -art 
accuracy has fallen off to perhaps 4 -5 
ppm, somewhat more than a factor of 10. 

Using potentiometers and appropriate 
voltage -divider techniques, direct volt- 
ages can be measured within 10 ppm be- 
tween 10 -2 and 1(1 volts, and standard 
cells (at the 1 -volt level) can be com- 
pared within 1 -2 parts in 10'. Direct cur- 
rents can be established at the 1- ampere 
level within a few parts in 107, and 
within 10 ppm for lower values down to 
perhaps 10 -4 ampere. In the higher cur - 
,_ent range (above 1 ampere) where 
measurement is complicated by the heat- 
ing effect of power that must be dissi- 
pated in the measuring equipment, 
measurement accuracy is somewhat less 
-- perhaps a few parts in 10' up to 10' 
amperes. 

In transferring from direct to alternat- 
ing voltage, an additional uncertainty is 
involved, amounting to perhaps 10 ppm 
in state -of -art voltage transfers up to 20 
kc. between 1 to 500 volts. In current 
transfer over the same frequency span, 
the state -of -art transfer uncertainty is 
about the same, 10 ppm, in the 5 -10 mil- 
liampere range where no shunts are re- 
quired. The use of shunts or other circuit 
elements designed to carry currents of 
higher magnitude, involve further uncer- 
tainties because of their inductance. The 
total transfer uncertainty, up to about 20 
amperes, need not amount to more than 
0.01%. 

In this article, we have described and 
examined our National Standards of 
electrical measure. We have covered 
their derivation and maintenance, as 
well as assessed the present state of the 
art regarding measurement accuracy. A 
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WHY 
you should buy and enjoy 

TARZIAN TAPE 
Most of its users say that Tarzian Tape is the finest tape you can 

buy for the entire range of audio recording purposes, from stereo 
music to school work. Tape dealers who sell Tarzian Tape do so 
because they believe it is a very good product for you, the user -not 
because we give them fancy advertising support and free premiums. 

The package for Tarzian Tape is 
strictly functional, not ornate. The 
price is standard: not cheap like 
"white box," not artificially high be- 
cause of some "magic ingredient." 
The quality is professional, not 
because you run a recording studio 
or a radio station, but because any 
good tape recorder deserves it and 
any discriminating pair of ears 
appreciates it. 

Insist on Tarzian Tape...depend 
on it for long lasting, professional 
quality performance whatever your 
recording assignment. 
FREE...Tarzian's "Lower the Cost 
of Fun With Tape Recording" con- 
tains 32 illustrated pages of tape tips. 
Send for your free copy. 

ITEM 

Standard Play 
1.5 Mil 
Acetate Tape 

Reel Length Code 
Size (Feet) Number 

3" 150 1131 -01 

5" 600 1131 -06 
7" 1200 1131 -12 

Reel 2400 1131-24R 
Hub 2400 1131 -24H 

Long Play 
1.0 Mil 
Acetate Tape 

3" 225 1121 -02 
5" 900 1121 -09 

7" 1800 1121 -18 
Reel 3600 1121 -36R 
Hub 3600 1121 -36H 

Long Play 
1.0 Mil 
Mylar Tape 

3" 225 1321 -02 
5" 900 1321 -09 
7" 1800 1321 -18 

Reel 3600 1321 -36R 
Hub 3600 1321 -36H 

Extra Long 
Play 0.5 Mil 
Mylar Tape 
(Tensilized) 

3° 300 1411 -03 
3y" .600 1411 -06 
5" 1200 1411 -12 r 2400 1411 -24 

SARKES TARZIAN Inc. 
World's Leading Manufacturers of TV and FM Tuners Closed Circuit TV Systems Broadcast 
Equipment Air Trimmers FM Radios Magnetic Recording Tape Semiconductor Devices 

MAGNETIC TAPE DIVISION BLOOMINGTON, INDIANA 
Export: Ad Auriema, Inc., N.Y. Canada: E. J. Piggott Enterprises Ltd., Toronto, Ont. 
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Features new Gen- 
eral Motors Delco 

transistors with pat- 
ented "surface passi- 
vated ambientcontrol ''. 

Gives higher volt- 
age ratios to 180 

volts, allowing higher 
zener voltage-Maxi- 
mum output from coil. 

U.S. Pat. 3089067 
on every transis- 

tor proves beyond any 
doubt that each one is 
new and exclusive. 

,,,or Improved circuitry 
uses reverse bias- 

ing rectifiers, allows 
operation beyond 230° - solves heat problem. 

,,,of Improved circuitry 
provides faster 

transistor turn-off - 
means less heat build- 
up inside transistors. 

V High- voltage spark 
has up to 15 mil- 

liamperes output - 
nearly twice that of 
electronic magnetoes. 

The NEW AEC 77A 50,000 -volt transistor ignition sys- 
tem with GM Delco Type 2N2210A transistors guaran- 
tees twice the output of any electronic magneto, at 
half the cost. Guaranteed to outperform all other igni- 
tion systems in existence, regardless of price. New 
performance carries with it greater power, new reli- 
ability, new dependability, new FIVE-YEAR GUARANTEE. 

AEC 77A's constant high-.oltage output guarantees 
more complete combustion . releases full engine 
power, increases gas mileage by 15 %, keeps plugs 
and points clean beyond 50,000 miles, fires fouled 
plugs, makes engine run smoother, increases top 
speeds, eliminates 4 out of 5 tune -ups, gives you that 
"tuned -up" performance for thousands upon thousands 
of miles usage. 

Every AEC 77A delivers full voltage at 2,000 rpm as 
against 18,000 volts of other ignitions. AEC 77A con- 
tinues to deliver full voltage beyond 7 500 rpm, while 
other ignitions fail to deliver any voltage. At crank- 
ing speed, AEC 77A delivers 20,000 volts as against 
8,000 volts of other ignitions, guarantees instant start- 
ing in any type weather. 

Completely waterproof and shockproof - every system 
tested under actual operational load with 4 fouled and 
4 operating spark plugs. Quality components are sup- 
plied by General Motors, Delco, Motorola, Mallory and 
others. Installs in only 20 minutes by anyone. 

Regular price, $49.95 postpaid. Use the coupon below 
now and save $10.00. Or see your local dealer. 

COMPLETE FACTORY WIRED SYSTEMS 

AEC 77A with 400:1 coil, 6/12 volt $39.95 
AEC 77A for Positive ground British 

cars, 6/12 volt $39.95 
AEC 77A 400:1 Coil only, 6/12 volt $11.95 
Ballast resistor, 

var. .3 to .9-250 watt $ 1.95 
AEC K5 Complete do- it- yourself Kit, 

Negative ground only $32.95 

AUTOMOTIVE ELECTRONICS CO. 
387 PARK AVE. SO., NEW YORK, N.Y. 10016 

NAME 

ADDRESS 

CITY ZONE STATE 
AEC 77A For Negative ground 6/12 v $39.95 
AEC 77AP For Positive ground 6/12 v $39.95 I 

n Kit $32.95 Cl 400:1 Coil $11.95 Ballast $1.95 1 

FREE BROCHURE ON AEC 77A SYSTEMS. FW-', 
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H.F. Measurements 
(Continued from page 43) 

to Fig. 7, capacitance may be measured. 
The curve of Fig. 8 may help clarify 

the explanation. Using the center peak at 
0 and the peaks as shown to plus 10 or 
minus 10 (depending on What you are 
going to measure), when the load is con- 
nected to point X of Fig. 1A, count the 
number of divisions that the scope trace, 
or center peak has moved. The directions 
shown in Fig 8 are those for the author's 
scope and generator. For other scopes 
and generators, the reverse directions 
may be the ones to use. This can be de- 
termined by noting the direction for the 
coil and brass plug is described under 
inductance mcasuremcuts. 

.:Q' 'Measurement 

Since resistance, capacitance, and in- 
ductance can be measured, "Q' can 
also be measured. There are, however, 
several problems encountered when this 
is attempted. 13v connecting a small 
capacitor at point X of the test setup, 
the curve on the scope screen shifts left 
or right. Paralleling this capacitor with 
several resistors will cause the curve 
amplitude to change. However, as 70 
ohms is approached- the ripple reduces 
and disappears. The second problem 
occurs \\lien we continue to lower the 
resistance value placed across the ca- 
pacitor. In this case- the amplitude of 
the ripple increases in value. Thus, for 
each ripple shift and amplitude meas- 
ured, there are two possible values of 
"Q." The first problem cannot be skirted 
and must therefore be lived with. The 
second problem disappears vwhen the 
O values represented by these meas- 

urements are found. The highest `Q" 
that any measurement here could rep- 
resent is a -O" of 2, and the lowest 
is about 0.03. This refers of course to 
those "Q' values represented by the 
parallel resistors below 70 ohms 

These values are so low that von may 
encounter some confusion if yon are 
measuring coils made with resistance 
wire or coils wound on low-value re- 
sistors. but such low values should not 
present MIN' difficulty in normal meas- 
nrements. Similarly, low values of "O., 
for a capacitor would occur only if 

high -value resistors are in series with, 
or low values in parallel with, the ca- 
pacitor. The ordinary coil or capacitor 
that may be encountered does not fall 
into this range. For this reason, the "O" 
chart shown in Fig. 9 appears adequate 
considering the measnremcut range 
available. One check that can he made 
is to parallel any unknown "Q" at point 
X with a short -lead composition resistor 
of about 200 ohms. If the ripple size 
decreases, von can be stare that Fig. 9 

applies to the nnkr.ovv n; if the ripple 

has a "Q" of some value less than 2. 
For \.s.w.r., resistance, and "Q," the 

charts are correct for any applied fre- 
quency, while for capacitance and in- 
ductance, the charts are for 55 mc. or 
TV channel 2 only. Other capacitance 
and inductance ranges could be used by 
converting these to their reactance at 
55 me. and charting the amplitude ob- 
tained. This new chart would then show 
reactance ver.slrs amplitude and could 
be used at any frequency. The draw- 
back to this method is that a reactance 
frequency chart would then be re- 
quired to convert these values back to 
capacitance or inductance values. 

Variations of this method of using con- 
ventional TV test equipment to deter- 
mine the characteristics of circuits and 
components at v.h.f. (TV') frequencies 
are used by many companies producing 
T \' equipment as well as by many_ serv- 
ice companies that are responsible for the 
proper operation of community antenna 
systems. 

Floating Trackers 
(Continued from page 19) 

measuring position accurately with ref- 
erence to surveyed sonar beacons. 

2. The communications system will 
receive post -burnout signals from Cape 
Kennedy. 

3. The computer \\ill integrate the 
equations of motion of the missile faster 
than real time to determine an acquisi- 
tion point prior to the missile's arrival. 
Using measured values of latitude and 
longitude from SINS, a continually cor- 
rected stable acquisition point, relative 
to the ship, is acquired. 

4. SINS vwill supply heading, pitch, 
and roll through the Central Data Con- 
version and Control Equipment (CDCE) 
to the computer, which combines these 
with the acquisition point. The result is 

a digital acquisition orders. 
5. CDCE converts these orders to 

synchro voltages for aiming the antennas 
to the proper position. 

0. The tracker which first acquires 
the missile is designated th,. master. 

7. The other antennas are slaved 
through C:DCE with corrections for 
ship's flexures. 

S. N\ 'hen the C -hand radar acquires 
the missile, CDCE converts the trajec- 
tory and signal strength to digital form 
and records on magnetic tape. 

9. The missile path is plotted from 

the acquisition point to impact. 
10. After impact, recorded data is 

transmitted to waiting, aircraft via telem- 
etry and balloon snatch. 

The prime mission of ARIS is accu- 
rate tracking and data gathering of re- 
entry vehicles. However. these ships also 
will participate in future projects like 
Dvina -Soar, Gemini, Apollo, and other 

size increases in amplitude- the unknown space ships to follow. 
CIRCLE NO. 102 ON READER SERVICE PAGE - 

ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


SAVE AS NEVER BEFORE! 

LOWEST PRICES ANYWHERE! 

FREE MAIL 
CARD 
TODAY 

WORLD'S LARGEST ELECTRONICS CATALOG 

WITH THE BIGGEST SAVINGS IN ALLIED'S HISTORY 

indudj,, 
the 

COM PL E rE 

kit 

490 
VALUE - 
PACKED 
PAGES 

send today for your money- saving 

including the 
COMPLETE 

knight -kit ° 

CATALOG 

411/ED 1965 CATALOG 
BIGGEST SELECTION 

PLUS 
SPECIAL PRODUCTS 

AND EXCLUSIVE 
VALUES AVAILABLE 

ONLY FROM 

ALLIED 
EXTRA! BARGAIN PARTS SECTION! 

BIGGEST SAVINGS ON: 
Famous Build- Your -Own Knight -Kits ° 

Our Own Knight ° Stereo Hi -Fi 
Other Famous -Make Stereo Components 
& Complete Systems 
Tape Recorders and Tape 
Phonographs and Accessories 
FM -AM and AM Radios 
CB Transceiver Values 
PA Systems & Intercoms 
Ham Station Equipment 
Test and Lab Instruments 
Automotive Electronics Equipment 
TV Tubes, Antennas, Accessories 
Parts, Tubes, Transistors 
Tools and Hardware Books 

satisfaction guaranteed or your money back 
EASY TERMS: Use the Convenient Allied Credit Fund Plan 

SEE 
OTHER 

SIDE 

For your FREE 1965 ALLIED 
Catalog, fill in card, detach and 
mail now. (Please give other 
card to an interested friend.) 

SEND 
CARD 
TODAY 

MAIL 
NOW 

Name 
PLEASE PRINT 

Address 

City Zone 

State 

1 -H 

SEND CARD TODAY 

for your 

FREE 
ALLIED 

1965 CATALOG 

ALLIED 
ELECTRONICS 
POR EVERYONE 1906 

A.=-, LIS_wöió 

Name 
PLEASE PRINT 

Address 

City Zone 

State 

1 -H 

SEND CARD TODAY 

for your 

FREE 
ALL /ED 

1965 CATALOG 

ELECTRONICS 
POR EVERYONE 1000 

ALLIED RAMO 

www.americanradiohistory.com

www.americanradiohistory.com


o 
o 
o 
o 

-I 
0 

N X 
D 

Xi 
3 c) 

m 

o 
o 

o 

o 

_ I- 
RI D D 

m 3 rf 
y m 

FREE 
send for your money- saving 

LL /ED 490 -PAGE 

1965 ELECTRONICS CATALOG 

WORLD'S LARGEST BIGGEST SELECTION 
WITH THE BIGGEST SAVINGS IN ALLIED'S HISTORY! 

1965 knight -kits' -save more than ever 

NEW 
Electronic 
Exposure Meter- 
ultra- sensitive, 
professional 
performance 

NEW 
KG -834 Solid -State 
54 -Watt Stereo Hi -Fi 
Amplifier -at 
amazing low cost 

NEW 
Electronic Auto 

Analyzer for 
troubleshooting 
ignition systems 

lsrow' 

TM". 

NEW 
C -560 Deluxe 
CB Transceiver 
with transistorized 
power supply 

NEW 
King -size 6" VTVM- 
tops in accuracy at 

the lowest price 

See many other outstanding do -it- 
yourself kits: Hi -Fi, Hobby, Citizens 
Band, Amateur, Intercom, Test In- 
strument- wonderfully easy to 
build -savings up to 50 %. 

NEW STEREO HI -Fl -most for your money 

NEW 
Knight KN -330 Ster- 
eo Hi -Fi Receiver - 
top performance at a 
new low price 

NEW 
Knight KN -990A De- 
luxe Hi -Fi Record 
Changer at tremen- 
dous savings 

NEW 
Knight KN -2350 
Speaker System - 
acoustic suspension 
type at lowest cost 

CITIZENS BAND TRANSCEIVERS -top values in CB 

NEW 
Knight KN -2565 23 Channel 
CB Transceiver -a deluxe per- 
former at big savings 

NEW 
Knight KN -2580 8- Channel CB 
Transceiver, with transistorized 
power supply 

PLUS: Tape Recorders and Tape Phonographs & Accessories 
FM -AM and AM Radios Ham Station Equipment Test and Lab 
Instruments Automotive Electronics Equipment PA Systems and 
Intercoms Top Values in Power Tools, Soldering Guns, Hardware 

Biggest Selection of TV Tubes, Antennas, Parts, Tubes, Tran- 
sistors, Books... everything in Electronics for everyone. 

FREE 
SEND CARD TODAY FOR 
YOUR 1965 ALLIED CATA- 
LOG, and give one card to 
an interested friend. 

satisfaction guaranteed 
or your money back 

EASY TERMS: Use the con- 
venient Allied Credit Fund Plan to 
make your purchases. 

ALLIED RADIO 
loo N. Western Ave., Chicago, Illinois 60680 

www.americanradiohistory.com

www.americanradiohistory.com


Data Flow in Computers 
(Continued from page :37) 

the instruction word to transfer into the 
memory address register. The data word 
at this address will therefore transfer 
into the adder. 

Data Flow 

Fig. 4 shows a generalized block 
diagram illustrating data flow in a com- 
puter. Assuming that the address of the 
first instruction word has previously 
been placed in the program counter, the 
following events occur. 

1. The address in the program 
counter transfers into the memory ad- 
dress register. 

2. The instruction word at this ad- 
dress transfers from memory into the 
instruction register. 

:3. The address part of the instruction 
word transfers from the instruction reg- 
ister to the memory address register. 

4. The data word from this address 
transfers to the arithmetic unit (or other 
destination according to the operation 
code). 

5. The operation decoder, respond- 
ing to the operation part of the instruc- 
tion word, controls the pulse distribution 
circuits so that the called -for operation 
will be performed. 

6. The pulse distribution circuits 
supply an input to the program counter, 
increasing its count by one. Since the 
instruction words are in sequential ad- 
dresses in memory, the program counter 
now contains the address of the next 
instruction to be executed. The above 
steps are repeated over and over until 
all of the instructions have been per- 
formed. 

Not only can the computer perform 
a series of instructions in sequence, it 
can be programmed to modify this se- 
quence. One type of instruction that 
causes the computer to abandon the 
normal sequence is the branch or jump 
instruction. This causes the computer to 
skip to a specified instruction instead of 
taking the next instruction in the normal 
sequence. jump instructions are often 
made conditional, that is, the jump 
occurs only if a certain condition exists. 
A typical instruction of this type causes 
the computer to "jump" if the number 
in the arithmetic unit is negative. 

Another technique commonly em- 
ployed by programmers is to include an 
instruction which directs the computer 
to return to a previous instruction. This 
puts the machine into a loop of instruc- 
tions which it repeats over and over. 
A counter circuit keeps track of the 
number of times the loop has been re- 
peated and allows the machine to 
escape from the loop after a predeter- 
mined number of repetitions. Such 
loops can considerably reduce the total 
number of instructions employed in the 
program. 
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NEW LOOK IN MIGRO «AWLS 
By LEO G. SANDS 

There have been many changes in microwave communication 
systems the past few years. Besides moving to all 

solid -state devices, heterodyne techniques are coming to the fore. 

MICROWAVE communications 
equipment is taking on a new look. 

Conventional vacuum tubes are now be- 
ing replaced by transistors, klystrons are 
on the verge of being superseded by 
solid -state microwave power sources, 
storage batteries are replacing engine - 
driven standby power plants, channel 
capacity has risen to 600 (up from 24 a 
decade ago), and the trend is away from 
passive reflectors to directly fed anten- 
nas, and to higher operating frequencies. 
In the past, microwave systems were 
purchased principally for oral communi- 
cations purposes. Today, the need for 
data, TV, and high -speed facsimile 
transmission is the prime justification for 
investing in a microwave system. 

The cost of installing a microwave 
system has not gone down, but has in 
fact gone up, because users are demand- 
ing more sophisticated equipment. How- 
ever, some manufacturers are consider- 
ing production of lower -cost equipment 
for short -haul, lower- density systems. 

While there is vigorous competition 
among microwave equipment manu- 
facturers, they are now jointly competing 
even more vigorously with the telephone 
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Fig. 1. TV microwave link has audio signal 
on a subcarrier located above video signal. 

and telegraph companies. The telephone 
companies now offer Telpak service 
which, in some cases, costs less to use 
than to own and operate a private micro- 
wave system. 

Under Telpak rates, a 12 -voice 
channel facility can be leased for $15 
per mile per month, 24 channels for $20, 
60 channels for $25, and 240 channels 
for $45 per month. But, the customer 
must also pay $5 per month for termi- 
nating each end of a channel, whether 
used for voice, Teletype or slow -speed 
data, except for the first channel of a 
group for which the charge is $15 per 
end. In all cases, the taxes involved and 
the installation costs are additional. 

It is rates like these that have made 
some prospective microwave users hesi- 
tate, and cause equipment manufac- 

MICROWA 
RECEEI1VE 

AUDIO OUTPUT 

CAR 
RECEIVER 

FILTER 

Wm.!. 
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hirers to offer systems of higher capacity 
and greater reliability which also cost 
less to operate than former systems. 

Solid -State Equipment 
Transistorized microwave equipment, 

now on the market, uses no tubes. In 
some so- called hybrid equipment, oper- 
able in the 6000 -mc. band, a klystron is 
required and, in most cases, a klystron 
is still used as the receiver local oscilla- 
tor. However, the local oscillator klys- 
tron is being replaced by a solid -state 
signal source consisting of a crystal - 
controlled transistor oscillator and 
varactor diodes for multiplying the fre- 
quency to the 6 -gc. region. 

Fully solid -state microwave equip- 
ment is available at the present time. 
Claimed power output of these systems 
is 100 milliwatts in the 6 -gc. band. 
Transmitters for the same band, using 
klystrons, have been available for sev- 
eral years in 100 -milliwatt and 1 -watt 
output types. 

Solid -state klystrons are coming out 
of the laboratory and recently Fairchild 
introduced its version. But they are not 
yet used in any commercial microwave 
communications equipment. 

Power Sources 

Until recently, nearly all microwave 
equipment was designed for operation 
from a.c. power lines. Today, most 

manufacturers offer equipment which is 

operable from storage batteries floated 
across a battery charger. When batteries 
are used, there is less need for perma- 
nently installed, engine- driven, standby 
power generators. Since the batteries 
are usually capable of several hours' 
operation after power line failure, there 
is usually sufficient time to bring in a 
portable generator to take over the bat- 
tery replenishing job. 

Increased Capacity 

When the microwave era began a 
dozen years ago, 24 voice channels was 
deemed adequate for private systems. 
Channel capacity was later upped to 60, 
then 120, doubled to 240, and now 
stands at 600. While most users do not 
envision ever requiring 600 voice chan- 
nels, they do expect to need reserve 
bandspace both for high -speed facsimile 
which requires 250 kc. of the available 
3 -mc. baseband of a 600 -channel sys- 
tem, or 1 -mc. baseband of a 240 channel 
system, or for high -speed data service. 

The latest multiplex equipment is 

capable of expansion to 600 voice chan- 
nels in increments of 3, 12, and 60 
channels. Several manufacturers offer 
this type of equipment using solid- state, 
plug -in circuitry resulting in less heat 
generation and smaller space require- 
ments. 

Telegraphy, slow -speed data, tele- 

Fig. 2. The old look (Al used back -to -back repeaters where the signal was demod- 
ulated and remodulated. IB) The new look uses a heterodyne technique where the 

FM signal is passed through a system similar to a double- conversion superhet. 
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metering and control signals are trans- 
mitted as pulsed tones and as many as 
18 tone channels, each operating at an 
audio frequency below 3400 cps, can be 
transmitted over a single voice channel. 
Each tone channel is usually rated as 
being capable of handling 75 bits per 
second. A tone channel consists of an 
FSK (frequency -shift keyed) or AM 
( "on -off" keyed) audio oscillator, and a 
companion receiver at the far end of the 
circuit. 

Microwave equipment now on the 
market can be used for transmitting TV 
or up to 600 voice channels, or a com- 
bination of audio, video, and data. One 
of the newer types can accommodate 
modulating signals from d.c. to 10 mc. 

When TV is transmitted, audio pro- 
gram channels or voice carrier channels 
are operated at frequencies above 6 mc. 
so that the video signal occupies the 
lower portion of the baseband. Such a 
system is illustrated in Fig. 1. 

Other Improvements 
Some repeater stations, such as shown 

in Fig. 2A, consist of two transmitter - 
receiver terminals connected back -to- 
back. In this system, the FM signal is 
demodulated upon reception, and used 
to modulate the companion FM trans- 
mitter. 

Lately, there has been a growing de- 
mand for the heterodyne -type of re- 
peater, where the FM signal is not 

6600 \ 
MC. 

6825 -- 
MC. 

DIPLEXER 

6825 MC. 

FREQUENCY 
MULTIPLIER 

mitter is then mixed with a crystal -con- 
trolled local oscillator and the 6 -gc. beat 
is picked out (up- conversion), amplified, 
and used as the output signal (6825 
mc.) . Incoming signals pass through a 
conventional high- quality superhetero- 
dyne receiver having a broad bandwidth. 

Another improvement in microwave 
system receivers is the use of phase -lock 
detectors, parametric amplifiers and tun- 
nel diodes to improve effective signal - 
to -noise ratio. 

Most prospective users of low -cost 
microwave systems, those who are eligi- 
ble for licenses only in the Business 
Radio Service, must operate at frequen- 
cies above 10,000 mc. Equipment is now 
available for the 12,000-mc. Business 
Radio band that costs about the same as 
6000 -mc. band equipment. 

It is expected that low -cost 12,000 - 
mc. band equipment svill be available 
that will make short -haul private micro- 
wave systems more competitive with 
leased- circuit facilities. This new equip- 
ment will probably use vacuum tubes to 
keep cost within reason. 

Antennas and Radiation 
Most 6000 -mc. -band microwave sta- 

tions use passive reflectors at the top of 
a tower to reflect the signal from verti- 
cally oriented antennas at the base of 
the tower. This use of reflectors elimi- 
nates the need for long waveguide runs. 

However, when antennas are aimed 
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Fig. 3. In a microwave terminal setup, the input signal modulates an FM trans- 
mitter whose signal beats with a local oscillator in the up converter. The 6 -gc. 
beat is amplified as the output. The receiver is a high -quality, broadband type. 

demodulated at each repeater. As shown 
in Fig. 2B, the incoming frequency fl is 
passed to a mixer where it is combined 
with a crystal -controlled local oscillator 
to form a 70 mc. i.f. This signal is passed 
to another mixer where it is combined 
with another crystal -controlled local 
oscillator. In this case, the higher beat 
frequency is chosen (f3), amplified and 
transmitted as the relayed signal. The 
other channel works the same way. 
Diplexers in each antenna system keep 
each of the different r.f. frequencies 
from entering the wrong channel. 

The heterodyne principle is also being 
used in microwave terminals as shown 
in Fig. 3. Here, the input signal is ampli- 
fied and used to modulate a 70 -mc. FM 
transmitter. The output from the trans- 
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skyward, it is possible that in the future, 
interference to, or from, space com- 
munications systems might result. An- 
tenna systems for the 6000 -mc. band, 
using special coaxial cable and per- 
mitting top -of -tower mounting of an- 
tennas, have been introduced. Micro- 
wave systems operating in the 960- and 
2000 -mc. bands ordinarily use top -of- 
tower mounted antennas fed through 
conventional coaxial cable. 

Longer distances can be spanned by 
scatter systems (see Fig. 4) but their 
use within the United States is not per- 
mitted because of their capability of 
interfering with other stations over a 
wide area. However, there are no restric- 
tions against the use of trans -horizon 
transmission as long as all pertinent 

FCC requirements are otherwise met. 
To get microwave signals over moun- 

tain tops without installation of hard -to- 
get-at repeater stations, large passive 
billboard reflectors are sometimes used. 
A pair of parabolic antennas, connected 
back -to -back, can also be used as a 
passive repeater. 

Propagation tests conducted in Cali- 
fornia revealed that trans -horizon trans- 
mission is superior to the use of a 
back -to -back parabolic repeater in an 
over -mountain test link about 50 miles 
long. As a result of these tests, more 
trams -horizon links are expected to be 
installed for the longer hops. 

While telephone and telegraph com- 
panies can employ frequency diversity 
to ensure more reliable communications, 
other private microwave system users 
cannot. They are permitted to use space 
diversity which requires installation of 
a second antenna system above the 
primary antenna. To add 50 feet of 
height to a tower, it must be done at the 
bottom end to obtain the required 
strength -and this costs money. 

When a hop is relatively long or 
crosses water, and the use of diversity 
would ensure greater reliability, there 
is a new wrinkle. Frequency- diversity 
operation, achieved by operating a 
6000 -mc. -band and a 12,000 -mc. -band 
system in parallel, is permitted, accord- 
ing to an FCC official. New antennas 
have been developed which can be uti- 

Fig. 4. Three techniques for transmitting 
over mountains. (Al Shows the scatter meth- 
od, (BI the trans -horizon (knife -edge) 
system, and (Cl a line -of -sight system 
that uses a pair of parabolic reflectors. 

TRANSMITTER 
(A) RECEIVER 

(e) 

(C) 
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RFOR "DOCTORS OF 

SERVICING" 

Where there's 
a contact... 
or a re /ay... 

cLeANs, t_uy<< 

Pr?a7 
ES 

Service with Contact Shield! Pro- 
tective! Corrective! It not only 
cleans and safeguards contacts bet- 

ter on TV, radio, and hi -fi sets; on 

all relay- operated electrical equip- 
ment, regular protective mainte- 
nance with this versatile cleaner 
prevents sticky relays -while cor- 
rective servicing unsticks them... 
in seconds. Promotes greater con- 
ductivity, keeps relays working 
smoother, longer. Contact Shield - 
the professional service man's 
cleaner. 

APPLICATIONS 

INCLUDE: 

Bowling Alley Automatic Pin Spotters 

Vending Machines 
Pinball Machines 

Slot Machines Telephone Switchboards 

IBM Computers and other data 

processing equipment 

Industrial Equipment using relays, such as 

welding machines, etc. 

For handy guidebook to better servicing, write Channel Master Corp., Ellenville, N.Y. 

NEW! 
Win egard 

BOOSTER COUPLER 
A Dramatic Improvement 
on an Old Favorite 

MODEL 
BC -208 
Runs 1 -4 TV or FM Sets 
Replaces Model WBC4 -X 

jytd 

ONLY 2995 
LIST 

Winegard engineers have used two of the new 
6HA5 ampliframe shielded triode tubes and 
new circuitry to create the all new Winegard 
Booster coupler that dramatically increases 
signal power á cuts noise to a minimum. This 
increased power means 8 DB gain to each of 4 

outputs, reducing snow, picture smear and 
interaction between sets. 

FM gets a boost in this new, circuit as well, 
because it covers the entire FM Band 88- 108MC. 
The new BC -208 Booster Coupler is another 
forward -looking product from Winegard . 

providing better color, black and white and FM 
reception. Ask your distributor or write today 
for soec. sheets. 

lYineyand Co. ANTENNA 
SYSTEMS 

3003-H Kirkwood Burlington, Iowa 
CIRCLE NO. 136 ON READER SERVICE PAGE 
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NEED A 
1 10 VOLT 

A.C. OUTLET? 

In CAR, BOAT or TRUCK, 
YOU HAVE IT WITH A 

POW ER 
INVERTER 

Actually gives you 110 volt, 60 

cycle A.C. from your 6 to 12 volt 
D.C. battery! Plug inverter into 
cigarette lighter, and operate 
lights, electric shavers, record 
players, electric tools, portable TV, 

radios, testing equipment, etc. 
Frequency stable within one cycle. 

Models from 15 to 600 1295 
watts, priced as low as LIST 

See Your Electronic Ports Dealer or Jobber, or Write: 

4;ç:iidAT CORPORATION 
PAU/ Ave. 

St. PA U/ 8. Minn. 

In Canada, Atlas Radio Corp. Ltd. - Toronto, Ont 

CIRCLE NO. 132 ON READER SERVICE PAGE 

lized on both the bands simultaneously. 
In a frequency- diversity system, the 

transmitters and receivers operate simul- 
taneously. The receivers are linked to a 
diversity combiner that selects the out- 
put of the receiver producing the highest 
usable signal level. 

ETV and Other Markets 

One of the big new markets for micro- 
wave is in ETV (educational television). 
A recent survey indicates that about 
82% of colleges responding to queries 
expect to have a requirement for trans- 
mission of closed- circuit TV behveen on- 
campus buildings and off- campus points, 
some at considerable distances. 

Under recently proposed FCC rule 
changes, educational television (ETV) 
microwave systems not only can be op- 
erated at frequencies above 10,000 mc., 
but also in portions of the 2000 -mc. 
microwave band. 

Another new market for microwave 
equipment is in the remote control and 
data gathering field. The FCC recently 
permitted use of omni- directional trans- 
mission on specified frequencies in the 
952 -960 mc. band. It is now possible to 
use an omnidirectional base station for 
one -way or two -way transmission of 
coded signals to street corner traffic 
signal controllers. Another application 
for omnidirectional microwave is trans- 
mission of burglar alarm signals to a 
central point. 

Citizens Band 

The FCC is considering opening up 
new microwave bands for Citizens Radio 
type operation at frequencies above 
16,000 mc. While most citizens will not 
be able to afford a microwave system, 
there will be a growing need for fre- 
quency space for short -haul microwave 
systems. Since present microwave bands 
are already congested, the only direc- 
tion in which expansion is possible is 
higher in frequency. 

// 

"My wife's away and I found I couldn't 
stand the silence." 
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SHORT 

(A) 

-LOW IL+ 
+HIGH n - 

+LOW IL- 
-HIGH li+ 

+LOW JL- 
- -HIGH ll+ 

(B) 

Fig. 1. IA) shows how voltage at transistor terminals varies 
with different elements shorted. (B) shows approximate values 
of resistance measured between various transistor elements. 

SIMPER 

TRANSISTOR TESTS 
By GLEN McKINNEY 

SINCE operation of a transistor depends largely on the cur- 
rent flowing through its associated resistors, they can be 

used as convenient test points for determining the transistor's 
condition. 

Fig. IA shows the probable change in voltage across these 
resistors when the transistor shorts in any of the three possible 
ways. This information is useful in locating a shorted transistor 
as the circuit resistors will indicate either an increase or de- 
crease in voltage drop depending on which two electrodes of 
the transistor have become shorted. When there is an ab- 
normal drop, either high or low, across these resistors (and 
the resistors test good ) chances are that the transistor is de- 
fective. A little experience in this voltage measuring technique 
will yield fruitful results in pin -pointing `leaky" or shorted 
units. 

Fig. 1B is helpful for checking and comparing transistors 
that are out of the circuit. This shows the approximate resist- 
ance to expect when measuring between the different elec- 
trodes, for both forward and reverse directions. 

There should be a large difference between the resistance 
measured as the ohmmeter leads are reversed if the transistor 
is good. In one direction, the resistance will be very low. In 
the other direction, it should read fairly high (200,000 ohms 
or so) . The exact resistance measured will vary for different 
types of transistors, but there will always be a high -to -low 
resistance ratio when the ohmmeter leads are reversed. This 
method of checking works with either n -p -n or p -n -p transis- 
tors, however, the polarities shown will be reversed for the 
high -low readings with the p -n -p type. A word of caution is in 
order here as to the ohmmeter range to use when making 
these resistance measurements. The lower scales of some ohm- 
meters can supply damaging currents to the transistor under 
test, while the higher scales can supply damaging potentials. 
As a precautionary measure, it is best to start out on the 
highest, safe range (depending on the ohmmeter) then 
change to the scale that gives an adequate reading. 
August, 1964 

SOLDERING TIPS 
FOR HI-FI KIT BUILDERS 

HEAT WIRES NOT THE SOLDER 
Wires or leads will then become hot enough 
to melt the solder and it will flow into the 
joint. Never apply heat directly to the solder. 

USE PROFESSIONAL EQUIPMENT 
Virtually all radio and TV servicemen use 
Weller Dual Heat Soldering Guns. A Weller 
Expert Soldering Kit includes everything you 
need for strong, noise-free connections. 

A Weller Dual Heat Gun is indispensable in 
electronic soldering. Heat and spotlight 
come on instantly when trigger is pulled. 
2 trigger positions let you switch instantly 
to low 100 -watt or high 140 -watt heat. Low 
heat prevents damage to components and 
prolongs tip life. High heat is ready when 
you need it. 
Kit includes gun in plastic utility case, 3 
tips, tip wrench, flux brush, soldering aid 
and solder. Model 8200PK $8.95. Weller 
Electric Corp., Easton, Pa. 

WORLD LEADER IN SOLDERING TECHNOLOGY 
CIRCLE NO. 135 ON READER SERVICE PAGE 63 

www.americanradiohistory.com

www.americanradiohistory.com


DO YOU SAVE YOUR COPIES OF 

Electronics World 

Make sure they're kept neat and always 

handy for instant reference -with a hand- 

some file that's designed to hold a full 
year's copies! 

washable Kivar cover has a leather- 

like appearance 

available in maroon backing with black 

sides or black with maroon 

24 -karat solid gold leaf embossed letter- 

ing for magazine's name 

attractively priced at only $2.95 each, 3 

for $8.00, 6 for $15.00 

files are shipped to you prepaid and are 

fully guaranteed 

NOTE: these special -quantity prices apply for 
any combination of titles, so you can have them 
for all your favorite magazines. 

Order several today -for all the Ziff -Davis mag- 

azines: Popular Photography, Modern Bride, HiFi/ 
Stereo Review, Electronics World, Popular Elec- 

tronics, Flying, Car and Driver, Popular Boating, 
Amazing, and Fantastic, and for your other favor- 
ite publications, as well. (Ziff -Davis magazine files 
available in colors of your choice as noted in cou- 

pon. Those for other publications will be shipped 
in standard colors available.) 
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Jesse Jones Box Corp., Dept. EW Box 5120 
Philadelphia 41, Pa. 
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check appropriate column for color desired) 
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Zone State 

RADIO 

TV NEWS 

WE normally think of a color TV 
transmission as a conventional 

monochrome signal with the chromatic 
portion interwoven within it. There are 
many ways to transmit color. In this 
country we use the NTSC system, but 
there is also the German PAL, the 
French SECAM, and the Mexican SBS 
systems. All of these systems have one 
thing in common -they are analog meth- 
ods in that the transmitted signal con- 
tinuously varies in amplitude or phase 
to the desired levels within the modula- 
tion capabilities of the transmitter being 
used. 

A new approach to color TV transmis- 
sion was recently unveiled by RCA in 
their secure color TV system that uses 
digital signals, similar to those used in 
computer techniques. This RCA system 
first converts the analog color TV signal 
to digital form through the use of sam- 
pling analog -to- digital converters. The 
digital signals can then be coded or 
"scrambled" if desired to insure security 
of the transmitted image. At the re- 
ceiver, the signals are decoded and 
passed through a digital -to- analog con- 
version system where they are recon- 
verted to analog form to produce the 
original color image. This is viewed on 
a conventional color monitor. One of the 
byproducts of this method of color trans- 
mission is the lack of amplitude or phase 
distortion that can contribute heavily to 
degradation of a color image. 

While on the subject of color TV, re- 
cently there was a meeting of more than 
100 delegates from 20 European coun- 
tries in London, England who spent con- 
siderable time discussing the relative 
merits of the three available color sys- 
tems. (These are NTSC, PAL, and 
SECAM.) 

They were trying to establish a color 
system for use throughout Europe in- 
cluding Britain. No decision was reached 
and another meeting was scheduled for 
next year in Vienna. 

The delegates at this meeting repre- 
sented the sub -group on color TV of the 
International Radio Consultive Commit- 
tee (CCIR), a part of the International 
Telecommunications Union, an agency 
of the United Nations. 

Meanwhile, back in England, the 
view is that since it is difficult for the 

Europeans to agree on a color standard, 
the British Government should unilater- 
ally adopt the American NTSC system. 

This view was discounted by the BBC 
although a BBC spokesman stated that 
by using NTSC, they (Britain) could 
start limited color programs on 625 -line 
u.h.f. in 1965. Adoption of any other 
color system would mean a later start 
for color TV in England. 

Flying TV 
NASA engineers over at Langley Re- 

search Center are experimenting with 
the use of a closed -circuit TV camera 
mounted on the wing of an aircraft with 
the monitor in front of the pilot as a 
new approach to aircraft landing tech- 
niques. 

Looking forward to the day when very 
high performance aircraft may have re- 
stricted forward vision, the closed- circuit 
TV approach has already made 45 suc- 
cessful landings with the pilot entirely 
dependent on the TV for vision. 

The wing- mounted camera not only 
provided adequate forward view during 
landing but also enabled pilots to take- 
off without any trouble. 

Automatic Degaussing 
Some of the 1964 RCA color TV sets 

include a built -in degaussing coil per- 
manently mounted near the CRT 
shadow mask and connected to the 
power supply. 

When the set is first turned on, the 
rush of a.c. current flowing through the 
coil demagnetizes the shadow mask. As 
the set warms up, the current flow di- 
minishes, thus reducing the magnetic 
field around the coil. This produces the 
same effect as keeping the coil energized 
and moving it away from the CRT be- 
fore turning off the current. 

This automatic degaussing action 
every time the set is turned on will re- 
duce degradation of the color (or con- 
tamination of the monochrome image) 
due to accidental application of a mag- 
netic field, such as that produced by 
an appliance being turned off near the 
set, or by a magnet such as that found 
in many toys being brought near the 
set, or by slight re- positioning of the 
color set such as may occur during nor- 
mal household cleaning. 
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MEASURING 

FILAMENT VOLTAGE 

ONE of the major problems associ- 
ated with certain types of high - 

voltage rectifiers is that sometimes it is 
difficult to tell when the filament is lit, 
and if it is, then we have to guess at the 
filament voltage. 

A recent issue of G -E "Techni -Talk" 
shows a simple way to measure this volt- 
age using the circuit shown. It consists 
of matching the brilliancy of a bulb de- 
riving its filament voltage from the high - 
voltage rectifier socket, with the brilli- 
ancy of a bulb drawing power from a 
dry cell. When the brilliancy of the two 
bulbs is matched, the amount of battery 
voltage should be about the same as the 
voltage from the socket. Accuracies of 

.1 volt have been attained. 
Insulated high -voltage leads are used 

to interconnect the filament test bulb 
with the high -voltage rectifier socket. 
Place the anode high -voltage lead in a 
safe place. The 10 -ohm resistor in paral- 
lel with the s.p.s.t. switch is used to 
measure a wide range of filament volt- 
ages. With this resistor shorted, up to 1.5 
v. can be measured. With the resistor in 
the circuit, up to 3.6 v. can be measured. 

DOES o -wV O o 
. Ir /,/ ° 

BUSINESS SLUMP ((°/ 
AS TEMPERATURES SOAR? 

YOUR 

DIVERSIFY WITH 2 -WAY 
MOBILE -RADIO MAINTENANCE! 
Hundreds of progressive radio servicemen are filling the summer slump in entertainment ra- dio-by adding mobile -radio maintenance! Actually, mobile -radio service is business 12 months out of the year -often on contract basis -paid for by going organizations. So rise above competition -and end that summer slump - send coupon below for "How to Make Money in Mobile -Radio Maintenance ". It's free! 

THIS BOOKLET IS BASED UPON A CAREFUL 
SURVEY OF THE ACTUAL OPERATING PRAC. 
TICES OF SUCCESSFUL MOBILERADIO EN- 
GINEERS. IT SHOWS TYPICAL CONTRACT 
PROVISIONS . . . MONTHLY FEES . IN 
STALLATION CHARGES . . . LABOR RATES 
. . . ETC. 

Lampkin instruments are the most popular 
mobile- maintenance meters. 

MAIL COUPON TODAY 
I 

LAMPKIN LABORATORIES, INC. 
BRADENTON, FLA. 

LAMPKIN 105 -8 
FREQUENCY METER 
RANGE 0.1 TO 175 MC AND UP 
PRICE $260.00 NET 

LAMPKIN 205 -A 
FM MODULATION METER 
RANGE 25 TO 500 MC 
PRICE $270.00 NET 

LAMPKIN LABORATORIES, INC. 
MFM Division, Bradenton, Florida 
At no obligation to me, please send 
Cl Free booklet O Data on Lampkin 
meters 
Name 
Address 
City State 
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G-E 112 

TO 
FILAMENT 

SOURCE 

I.SV. 

TO 
VOLTMETER 
(OPTIONAL) 

The No. 112 lamp is an ordinary 1.2- 
volt, 0.22 amp, flashlight -type bulb. 

The G -E 112 lamp filament resistance 
closely approximates a rectifier filament 
resistance. 

When the push -button switch is de- 
pressed, the second bulb filament cur- 
rent, hence its brightness, is controlled 
by the 5 -ohm linear potentiometer. 
When this bulb filament brightness is 
adjusted to equal the test bulb filament 
brightness, the voltmeter will indicate 
the approximate filament voltage. 

With the left -hand switch in the low 
position (10 -ohm resistor shorted) , the 
voltmeter requires no correction factor. 
However, in the high position, 2.1 volts 
must be added to the meter reading to 
compensate for loss incurred in the 10- 
ohm dropping resistor. 

It should be pointed out that this de- 
vice does not actually measure the fila- 
ment source voltage, but indicates how 
much d.c. voltage is required to make 
the power input of one lamp equal that 
of another, matched, lamp. 

August, 1964 

If you've recently changed your address or 
plan to in the near future, be sure to notify 
us at once. Place magazine address label 
here and print your new address below. 

NEW ADDRESS: 
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PLEASE PRINT 
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CITY ZONE STATE 

MAIL COPIES TO NEW ADDRESS STARTING 

WITH ISSUE. 

If you have any questions about 
your subscription be sure to include 
your magazine address label when 
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Mail to: ELECTRONICS WORLD, 434 So. 

Wabash Avenue, Chicago 5, Illinois 

...INEXPENSIVELY, CONVENIENTLY, 
QUICKLY 

NO "AGREE TO PURCHASE" 
OBLIGATION and CHOOSE 
THE RECORDS YOU WANT 
Our special membership plan en- 
ables you to buy your records at dis- 
count prices. . . Classical, popular, 
jazz, show hits, folk, etc. - Monaural 
and Stereo. 
Citadel is a unique kind of record club 
that features: 

No "agree to purcnase" obligations. 
Buy as few or as many records as you want, when you want them . . . the choice is yours. 
No "preselected" record list. You choose the records you want from catalog containing virtually all artists 
and all labels. 
No "list price" purchases. You never 
pay more than the club price. 
Periodic specials. Outstanding buys are made available periodically, and again, 
you are under no obligation to purchase 
any of these specials. 
Prompt service. Many orders are 
shipped the day received . rarely later than the next several days. 

(All 4 -track pre- recorded 
stereo tape also available) 

We invite you to join thousands of other Citadel members who are purchasing their records at discount prices, are enjoying complete freedom of selection and have not obligated themselves in any way. For complete details write . . . 

CIT.1DE1 RECOIL) CLUE 
545 Fifth Ave. Dcot.EW New York,N.Y.10017 
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"THE STORY OF THE LASER" by John Ni. 

Carroll. Published by E. P. Dutton & 
Co., Inc. 176 pages. Price $3.95. 

This interesting high -school level book 
is intended as a semi -technical introduc- 
tion to the laser (and maser) from the 
original concepts that led to the discov- 
ery of this remarkable device through its 
latest outer -space applications. 

The author has assembled consider- 
able laser information which he has suc- 
cessfully reduced from its engineering 
aspects to a readable handbook for the 
intelligent layman. 

Starting with the relatively simple 
ruby laser, the author covers the opera- 
tion of other types such as the gas and 
injection laser, explains how various col- 
ors are achieved, what power outputs 
can be obtained, what can be done with 
a laser, and what cannot be done. Be- 
sides the military thinking in the area of 
"death rays," the book also covers the 
many commercial and medical applica- 
tions of the laser. He concludes with a 
somewhat tongue -in -cheek discussion on 
how to make a laser. 

* * 

"TEST EQUIPMENT MAINTENANCE HAND- 
BOOK" by Robert G. Middleton. Pub- 
lished by Howard W. Sains & Co., Inc. 
160 pages. Price $2.95. Soft bound. 

This is an easy and quick reference 
volume for the service technician to en- 
able him to keep his vital test equipment 
in good operating condition. Included is 

information on the calibration, trouble- 
shooting, repair, and modification of a 
variety of test instruments -v.o.m.'s; 
v.t.v.m.'s, audio oscillators; square -wave 
generators; r.f. generators; color gener- 
ators; oscilloscopes; and tube, transistor, 
and CRT testers. 

The material is presented in practical 
down -to -earth style and enough sche- 
matics, scope patterns, partial schemat- 
ics, and block diagrams have been 
included to cover a typical and repre- 
sentative selection of such instruments. 

o a o 

"SEMICONDUCTOR ELECTRONICS" by Tu- 
gomir Surina & Clyde Herrick. Published 
by Holt, Rinehart and Winston, Inc. 414 
pages. Price $8.00. 

This is an interesting collaboration by 
the director of the Institute for Elec- 
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tronics and Automation in Yugoslavia 
and an instructor of electronics at San 
Jose City College. With the authors' 
pedagogic background, it is not at all 
surprising that this material is in text- 
book format. The book covers the field 
of semiconductors from basic physics 
and construction of the devices to the 
theory of their operation in practical 
circuits. 

Prerequisite are a background in al- 
gebra, vector algebra, basic trig as well 
as a good foundation in a.c. and d.c. 
fundamentals and basic circuit theory. 

Each chapter carries as series of ques- 
tions plus a "multiple choice" test for 
self -testing or classroom assignment. 
Two appendices which include much of 
the basic reference material and infor- 
mation on semiconductors, plus a Greek 
alphabet, and a listing of pictorial sym- 
bols used in the diagrams accompany- 
ing the text make this volume more -or- 
less "self- contained." 

a n o 

"GRAMMAR REVIEW FOR TECHNICAL 
WRITERS" by Rufus P. Turner. Published 
by Holt, Rinehart and Winston, Inc. 112 
pages. Price $2.25. Soft cover. 

Since the author is both an Assistant 
Professor of English and a Registered 
Professional Engineer, he is in an envi- 
able position to act as mentor for the 
many engineers and technical men who 
have been pushed into "technical writ- 
ing" for professional reasons as well as 
technical writers who have more or less 
forgotten their English grammar courses. 

The early chapters of the book deal 
with parts of speech and their uses while 
later chapters are devoted to composi- 
tion and the language of science and 
technology. 

Almost all of the examples given to 
illustrate various points of usage and 
structure are technical in nature so that 
the student can find direct equivalents 
for the material he is preparing. There 
is also a list of frequently used (and 
often misspelled) words along with cur- 
rent "preferred" spellings. 

C O 4 

"CB RADIO SERVICING GUIDE" by Leo 
G. Sands. Published by Howard W. 
Sams & Co., Inc. 158 pages. Price $2.95. 

This one is for technicians who handle 

the servicing of CB equipment -base sta- 
tion, mobile, or portable. The bulk of 
the book is devoted to troubleshooting 
procedures and the tracking down of 
operational difficulties in single and mul- 
tichannel receivers and transmitters. 
Also covered are the alignment and 
measurement of receiver sensitivity, cir- 
cuit analysis, determining the cause of 
low sensitivity, poor selectivity, distor- 
tion, and intermittent operation. A step - 
by- step analysis of transmitter circuitry 
includes sections on crystal oscillators, 
modulators, power amplifiers, antenna 
tuning, and coupling networks. 

Information on CB regulations and 
laws is included along with chapters on 
how to set up a CB shop, field servicing, 
and the business aspects of CB work. 

o fl a 

"TV HOME -CALL SERVICE GUIDE" by Sams 
Staff. Published by Howard W. Sams & 
Co., Inc. 192 pages. Price $3.95. Soft 
bound. 

Since often what seems to be a simple 
service call involving tube replacements 
or a new fuse develops into a full -fledged 
job of troubleshooting, the authors sug- 
gest that this compact and condensed 
manual of pertinent information on a 
great number of popular receiver models 
might accompany technicians on all 
home calls 

The guide is intended to provide the 
information necessary for making TV 
repairs and adjustments in the field as 
quickly and easily as possible. It includes 
such helpful aids as the type of controls 
employed and their location on the 
chassis, the location of fuses or circuit 
breakers, a tube placement chart for lo- 
cating and identifying the various tubes 
and their functions, and a tube failure 
chart listing possible suspects which 
might produce specific symptoms. 

Also included are instructions for hori- 
zontal sweep -circuit alignment and de- 
tailed disassembly instructions to be used 
in cases where the chassis must be re- 
moved. The sets covered are listed alpha- 
betically and then by model numbers 
in the master index at the front of the 
guide. 

0 o a 

"FUNDAMENTALS OF ELECTRIC AND ELEC- 

TRONIC CIRCUITS" by Matthew Mandl. 
Published by Prentice -Hall, Inc. 376 
pages. Price $13.25. 

This is a medium -level text designed 
for those in the early semesters of tech- 
nical schools and junior colleges. Because 
of this, the prerequisites include only a 
basic grounding in algebra and trig, with 
familiarity with slide -rule operation de- 
sirable but not essential. The appendix 
carries tables of trigonometric ratios, 
logarithms, exponential functions, and 
other data needed to work with this 
text. 

Since many fields today, notably corn - 
puters, automation, control systems, and 
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guided missiles, radar, communications, satellite instrumen- 
tation and allied circuitry, involve both electricity and elec- 
tronics, this text is set up to provide an explanation of the 
dual applications of these principles. 

The text is divided into seventeen chapters covering sys- 
tems of units, atoms and electrons, basic electrical units, 
simple series and parallel circuits, complex series -parallel 
circuits, principles of magnetism, d.c. measurements, induct- 
ance, capacitance, a.c. circuits, RLC circuits, a.c. measure- 
ments, resonance, transformers and coupling, polyphase a.c., 
and pulse- shaping circuits. 

Since this volume is designed especially for classroom use, 
there are numerous problems to be worked out by the student. 
Answers for the odd- numbered problems are included. 

D O A 

"MAGNETIC TAPE RECORDING" by H.G.M. Spratt. Published 
by D. Van Nostrand Company, Inc. 361 pages. Price $10.50. 

This is a second edition of a book that first appeared in 
1958, and represents an up- dating of the original material 
as well as the addition of new information on circuits and 
techniques which have made their appearance in the ensuing 
six years. 

The text covers the principles of magnetism, sound repro- 
duction and electro- acoustics, magnetic recording, tape man- 
ufacturing materials, tape manufacture, tape testing, tape 
recording machines, testing of machines, applications of mag- 
netic recording, and trends and new developments. 

This volume is addressed to recording engineers and, as a 
result, the treatment is mathematical and technical. Would - 
be readers are advised that this is not a handbook for the 
owner of the home -type tape recorder who wants to know 
how to operate his machine or make simple modifications for 
doing trick recording. 

Since this volume is written by a Britain and published in 
England, the coverage is basically English as far as tech- 
niques and equipment is concerned. 

SIMPLE TESTS FOR INDUCTORS 
OCATING a shorted turn in a multi -turn inductor is al- 

most next to impossible. Usually it is very difficult to 
tell if there is a shorted turn unless the inductor has been 
carrying a large amount of current, in which case the coil 
may have some discoloration. 

In the short -turn checker suggested by Sylvania, the 
inductor is shock- excited by a pulse and the resultant 
damped oscillation can then be displayed on an ordinary 
oscilloscope. 

The required test pulse can be taken from the common 
cathode connection of the scope sweep generator (A). Ex- 
ternal connections for the test circuit are shown at (B) in 
the diagram below. The value of the pulse output coupling 
capacitor is not critical. 

When the inductor is shock- excited by the pulse, it will 
ring and produce a damped sine wave at that frequency. If 
there is a shorted turn, the displayed waveform will be dis- 
torted as shown in (C) . To check several inductors of the 
same type, first try a known good one, then wrap several 
turns of insulated wire around the coil and short the ends. 
Note the distorted waveform that results. This can be used 
as a comparison for testing the others. 

(A) 

PULSE 
OUTPUT 

INDUCTOR 
UNDER TEST 

(B) 

DISTORTED 

(C) 

A CB BASE STATION ANTENNA 
that's built to really take it! 

Giant Maximum Signal Capture Aperture 
Full S/B Wavelength Radiator - 19'10'/2" 
4 Full 1/4 Wavelength Radials 
Special Reinforced "Stress Point" Construction 
Completely Iridite Treated 
Challenges 100 MPH Winds 

Hy- Gain's new Model GCLR2 combines super -strength construction and ever - 
enduring gold iriditing with optimum performance electrical and configuration 
characteristics to bring you the finest omni- directional antenna available for 
Citizens Band. The GCLR2 delivers 8db gain in all directions -6 to 20db gain in 
signal -to -noise ratio - SWR of less than 1.2:1. And, look atthese pl uses...constructed 
of extra heavy gauge seamless tubing throughout...double wall thickness at points 
of stress...unique full circumference compression clamps at taper swaged joints... 
ever -enduring Gold Iriditing applied to all surfaces to provide maximum resistance 

- -- . -_w, to corrosion. Unmatched in performance...unrivaled in 
.,-..._rD mechanical reliability. Hy- Gain's New Model GCLR2 

August, 1964 

$39.95 CB Net 

Hy- Gain's 16 -page fully illustrated catalog of Base Station and Mobile 
Antennas for Citizens Band. Get yours today from your favorite Hy -Gain 
Distributor or write for the name of the Distributor nearest you. 

HY -GAIN ANTENNA PRODUCTS CORPORATION 
8501 N.E. Highway 6, Lincoln, Nebraska 
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Heathkit HO -13 Spectrum Monitor 
For copy of nunuljacturrr..N broclitn( (Irene No. 54 on coupon (page 9). 

IOW 
SIGNAL quality and operating habits 

are the topics of much discussion 
these days on the ham bands. The new 
Heathkit Model HO -13 "Ham- scan" 
Spectrum Monitor should be able to 
answer many of the questions about the 
signals with its panoramic display of the 
received r.f. spectrum. 

The "Ham- scan" is essentially a super- 
heterodyne receiver combined with an 
oscilloscope. The receiver is continu- 
ously tuned over a given frequency 
range and the output is visual rather 
than audio. Each signal received is dis- 
played as a sharp vertical deflection of a 
cathode -ray tube trace ( "pip ") and the 
horizontal position of the "pip" is pro- 
portional to frequency. Thus, the oper- 
ator can observe all signals appearing 
either side of the received signal. As 
the companion receiver is tuned, the 
"pip" display moves horizontally across 
the CRT face, with the received fre- 
quency always appearing in the center 
of the screen. 

Referring to the block dia,ram, the 
sii,nal input is obtained from the plate 
of the mixer stage which produces the 
receiver i.f. signal. The response of the 
companion receiver is broad at this 
point and enables the spectrum monitor 

SIGNAL_ 
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R.F 
AMP. 

VI 

MIXER 
V2A 

t 

I 

REACTANCE 
PIP CENTER CONTROL -- { MODULATOR -4SWEEP 
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I.F. 
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V3 

e 

,At POS 

MOR P05, 

SWEEP 

Swap iRf0 

PIP GAIN 

HA M-SC AN 
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to view as much as 50 kc. on each side of 
the received signal with a fairly constant 
response. This receiver i.f. signal is am- 
plified by the r.f. amplifier (V1) and fed 
to the mixer ( V2A) where it is com- 
bined with the local oscillator signal 
from V2B, which is electronically tuned 
by the horizontal sweep signal. The i.f. 
frequency is fixed at 350 kc. by the ce- 
ramic filters F1 and F2 which also pro- 
vide the narrow selectivity required for 
good "pip" resolution. The i.f. signal is 
amplified by 1':3, detected by V5, then 
fed to an amplifier which provides ver- 
tical deflection of the CRT (V7) . The 
detector also supplies a.g.e. voltage for 
controlling the gain of the i.f. amplifier, 
if desired. The sweep generator (V6) 
supplies both horizontal deflection to 
cathode -ray tube as well as the signal 
which electronically tunes the reactance 
modulator (V2ß). 

One of the outstanding features of the 
Model HO -13 is its inherent capability 
for accommodating a wide range of 
companion receiver i.f. frequencies. Op- 
tional components and instructions are 
provided for wiring the r.f. amplifier and 
reactance modulator circuits so that the 
"Ham -scan" can be assembled to oper- 
ate with receiver i.f.'s of 455, 1600, 

350-KC 
FILTER 

F2 

68 

I.F. 350 -KC. -f AMP. I.F. 
V4 TRANS. 

I A.G.0 
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V5 

WIDTH CONTROLl4 -- 
SWEEP 
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V6 

CRT 
V7 

V8 4- H-V 
RECT. 

1650, 1681, 2075, 2215, 2445, 3000, 
3055 or 3395 kilocycles. 

The ceramic i.f. filters fix the i.f. fre- 
quency at 350 kc. and make alignment a 
simple matter of tuning the i.f. trans- 
former for maximum output. In addition, 
the excellent selectivity obtained with 
the ceramic filters results in narrow 
"pips" which can be easily discerned 
even though they are within a few kilo- 
cycles of one another. Circuitry is also 
simplified by means of a semiconductor 
diode which functions as a voltage vari- 
able capacitor to tune the reactance 
modulator. The use of a.g.e. in the i.f. 
circuit permits extremely strong signals 
to be accommodated without producing 
off -screen deflection while having little 
effect on weak -signal reception. 

Many characteristics of received sig- 
nals can be determined by careful obser- 
vation of the CRT display. The monitor 
is just as usable with general- coverage 
receivers as it is with ham -band receiv- 
ers since it permits monitoring any 
100 -kc. segment of the spectrum within 
the tuning range of the receiver. Opera- 
tors of CB equipment will find the unit 
an ideal visual channel monitor which 
can detect the activity on channels adja- 
cent to the one being audibly monitored. 

The monitor provides approximately 
1 inch of vertical deflection with a 100 - 
microvolt input signal. A control is also 
provided for placing the received signal 
"pip" at the exact center of the screen 
and a horizontal gain control is provided 
for adjusting the horizontal size of the 
display. Sweep width can be varied from 
approximately 30 kc. to 100 kc. 

The kit price of $79 will prompt many 
hams to add sight to sound in their 
shacks. 

Budelman 1744 
CB Frequency Meter 

For copy of nunwfacturcr's brochure, 
circle No. 55 on coupon (page 9). 

THE Budelman 17A4 frequency meter 
is a battery- operated, portable in- 

strument which can be used for measur- 
ing up to 12 Citizens Band frequencies 
when equipped with only four frequen- 
cy-reference crystals. The instrument 
was originally designed as a frequency - 
deviation meter to test FM transmitters. 
But, since it indicates frequency error 
directly on a meter scale, it can be em- 
ployed to check off -frequency operation 
of CB transmitters. When equipped with 
a crystal for CB channel 14, for example, 
it can be used to measure CB channels 
13, 14, and 15. If also equipped with a 
crystal for channel 2, it will cover chan- 
nels 1, 2, 3, and so on. 

The instrument consists of a switch - 
selectable four -channel crystal -con- 
trolled frequency reference oscillator, 
harmonic generator /mixer, beat -fre- 
quency amplifier, amplitude limiter, and 
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direct- reading counter, as shown below. 
By means of a short wire antenna, the 
CB transmitter signal ( fl) is picked up 
and fed to the mixer. The reference 
signal (f2) is also fed to the mixer. The 
beat signal (f3), whose frequency is 

equal to their difference, is amplified, 
limited in amplitude, and displayed by 
a meter. 

The reference oscillator consists of a 
Pierce crystal oscillator circuit and an 
electron -coupled amplifier, utilizing a 
single pentode tube. The crystal is set 
to the correct frequency at the factory. 
The plate circuit is tuned to the second 
harmonic of the crystal frequency. If the 
crystal operates at 6781.2.5 kc., for ex- 
ample, the oscillator output is 13,562.5 
kc. This second harmonic is fed to the 
crystal mixer which generates harmon- 
ics. The second harmonic generated by 
the diode (fourth harmonic of the crystal 

REFERENCE 

OSCILLATOR 

f, 

MIXER 

frequency) is at 27.125 nie. in the Citi- 
zens Band. 

If the CB set being checked operates 
at 27.126 mc. (1 kc. off frequency) , for 
example, its signal will mix with the 
27.125 mc. reference signal and produce 
a 1 -kc. beat. This beat signal passes into 
the beat- frequency amplifier, is ampli- 
fied about 55 db, and is then fed to a 
full -wave amplitude limiter, which 
changes the signal into a train of positive 
and negative square -wave pulses. The 
pulses pass through a coupling capacitor 
to a full -wave rectifier. Only the positive 
pulses pass through to the 0 -150 d.c. 
microammeter, whose reading is in di- 
rect proportion to the frequency error. 
In this case, the 15 -kc. deviation scale 
(0 -150) would be read as a value of 10, 
indicating a 1 -kc. error. 

While it has been assumed here that 
the CB set is operating 1 kc. too high, 
the instrument would give the same in- 
dication if the CB set were 1 kc. below 
the correct channel frequency. This can 
be determined by momentarily closing a 
switch which lowers the frequency of 
the reference oscillator. If the meter 
reading increases when the switch is 
closed, the CB set is operating at a fre- 
quency higher than the correct channel 
frequency since there is now a greater 
difference between the reference and 
measured signals. If closing the switch 
causes the meter reading to fall, the CB 
set is low in frequency. 

The frequency meter has three fre- 
quency- deviation ranges: 0 -1.5 kc., 0 -5 
kc., and 0 -15 kc. The accuracy of the 
reference oscillator is .001% at room tern - 
perature. The price of the unit is from 
$310 to $385, depending on the number 
of crystals installed. 

INCOMING SIGNAL 

BEAT -FRED. 

AMPLIFIER LIMITER 
PUL SE 

COUNTER 
O METER 

General Radio Type 1396 -A Tone -Burst Generator 
For copy of manufacturer's brochure, circle No. 56 on coupon (page 9). 

THE General Radio Type 1396 -A 
Tone -Burst Generator is a unique in- 

strument which, when used in conjunc- 
tion with an audio oscillator, generates 
short, precisely controlled bursts of an 
a.c. signal. Such tone bursts are useful in 
a wide variety of time -response tests on 
a.c. circuits and for simulating pulsed 
a.c. signals commonly used in sonar and 
other audio -ultrasonic systems. 

The tone -burst generator operates as a 
coherent gate, that is, the starting and 
ending points of each tone burst are ex- 
actly in phase with one another. (This is 
often required for oscilloscope display, 
since a steady trace is possible only with 

a coherent burst.) The operation of the 
instrument's electronic gate produces al- 
ternate periods of no output when the 
gate is closed and a reproduction of the 
input signal when the gate is open. The 
gate -open and gate -closed durations are 
set by front -panel controls. The gate - 
open duration may be 1, 2, 3, 4, 7, 8, 15, 
16, 31, 32, 63, 64, 127, or 128 cycles. 
The gate -closed duration may be ally of 
these or may be timed from 1 millisecond 
to 10 seconds. 

While the above summarizes the basic 
principles of the tone -burst generator, a 
full complement of controls adds many 
capabilities. For instance, there are two 

GET 250 
HOURS WORTH 

OF PROJECTS FOR 
ONLY $1.00... 
THE COST 

OF THE 
1964 EDITION OF.. 

asimmammum 
196,4ELECTRONIC 

EXPERIMENTER'S 
HAN DBOOK 

If you like the challenge of working on 
your own construction projects, this is 
the publication for you! It's chock full 
of projects, detailed charts, circuit dia- 
grams, cutaways, and photographs -all 
in one handy, compact 164 -page maga- 
zine. Your copy of ELECTRONIC EX- 
PERIMENTER'S HANDBOOK offers you 
hours and hours of enjoyment while you 
build fascinating projects like these: 

BC Photoflash Thermistor Fish 
Finder Silent Hi -Fi Listening In- Flight 
Eavesdropper Wired Wireless for Col- 
leges CB /Ham Crystal Test Set... plus 
many more! 

The 1964 edition of ELECTRONIC EX- 
PERIMENTER'S HANDBOOK is now on 
sale. Get your copy at your favorite news- 
stand or send in this coupon and we will 
mail your copy to you. 

Ziff -Davis Service Division, Dept. EW84 
589 Broadway, New York 12, New York 

Please send me copies of the 
1964 ELECTRONIC EXPERIMENTER'S 
HANDBOOK, at $1.00 each plus 15¢ han- 
dling charge per HANDBOOK. 

I enclose 

Name 

Address 

City Zone State 
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SELLING THAT 

I RECORDER? 

I BUYING A 

I RECEIVER? i 

ELECTRONICS WORLD runs a Hot 
Line into the 201,000 electronics 
professionals who buy the magazine 
each month. And, for only 35¢ a 

word, a personal classified ad will 
help you make your connection. 

ELECTRONICS WORLD has the 
largest audience of its kind in the 
world, and this creates an ideal 
market place for you. Actually, when 
you get together with your co -pro- 
fessionals, you may find that many 
are near neighbors. Yet your mutual 
needs may be met only through the 
medium of our classified columns. 

Take advantage of our special per- 
sonal rate of 35¢ a word (including 
name and address) 

NO MINIMUM REQUIRED 

a saving of 25¢ a word 
from our commercial 
rate of 60¢. 41# 

A small investment can bring quick 
results, and complete data is 

printed in the Classified Advertis- 
ing Section. Write your ad and mail 
it today, with your payment to: 

MARTIN LINCOLN 

Classified Advertising Manager 
ELECTRONICS WORLD 

One Park Ave., N. Y., N. Y. 10016 

OCTOBER ISSUE CLOSES AUG. 5th i 
GATE TÖNE BUR9T pÉNERATÓR- .Aft NIA i.A WNA 

a ßCYCI,E COUNTN 

32 on 

8 _ 

GENERAL Mao COMPANY 
ammo wommm., P.A 

POWER 

sets of input connectors, and one signal 
may be used to time the bursts of a sec- 
ond signal. Also provided on the front 
panel are trigger level and slope controls, 
which function as on an electronic 
counter. The user can thus control the 
phase of the input signal at which the 
main gate opens. For use with oscillo- 
scopes, a gating output signal of + 10 
volts during gate -open and -10 volts 
during gate -closed is supplied. 

A simple block diagram is shown here. 
When the gate is opened, the binary 
scaler advances one count per input 
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O -Y 

TRIGGER GATE -DURATION 
CONTROLS CONTROLS 
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I 

INPUT 
CIRCUITS 

BINARY 
SCALER 

GATING 
SIGNAL 

MAIN H... 
GATE 

UNIT Y- 
GAIN 

AMPLIFIER 

GATED f SIGNAL 
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cycle. When the number of cycles set by 
the "Gate Open" control has been 
counted, the gate closes and the scaler 
resets to zero. The scaler then counts the 
number of cycles selected by the "Gate 
Closed" control, after which the gate re- 
opens, the scaler resets to zero, and the 
cycle repeats. The unity -gain amplifier 
has a bandwidth of about 1 mc. The 
maximum input frequency is 500 kc. 
Nonsinusoidal signals with repetition 
rates up to 500 kc. can be gated pro- 
vided the significant harmonics are with- 
in the amplifier's bandwidth capability. 

Applications for the tone -burst gen- 
erator are many. The short, precisely 
controlled bursts can be fed to sonar 
amplifiers to measure rise and fall times, 
pulse -envelope distortion, and frequency 
response. Also, many measurements (im- 
pedance, response, power) may be made 
on sonar transducers. The tone -burst 
generator may be used as a source of 
pulsed a.c. for bridge measurements, 
and as a source of transients in the 
measurements on loudspeakers. In fact, 
useful measurements may be made on 
virtually any audio -ultrasonic device (fil- 
ters, detectors, recorders, etc. ) by means 
of calibrated transients from the gener- 
ator. 

Specifications are as follows: 
Input signal, d.c.- coupled ±7.5 volts 

maximum, from d.c. to 500 kc., with a 
typical input impedance of 12 kilohms. 

Timing signal, d.c.- coupled, ± 10 volts 
maximum, 1 volt peak -to -peak minimum, 
from d.c. to 500 kc., with a typical input 
impedance of 7 kilohms. 

Gated output signal: Total distortion 
products are less than - 60 db with ref- 
erence to maximum output (15 volts 
peak -to -peak sine wave) at 1 and 10 kc. 
During closed -gate condition, feed - 
through of input to output is less than 
-40 db with reference to maximum out- 
put. 

Output impedance, 600 ohms. 
The tone -burst generator is housed in 

an 8" x 51I" x 6" cabinet with optional 
provision for rack mounting. Price is 
$490. 

METER PROTECTION 
By JAMES G. LEE 

WHEN you want to check a d' -trson- 
val meter movement quickly to 

see if it is all right, simply wiggle the 
meter with the terminati open and note 
the approximate meter deflection. Titen 
short the terminals with screwdriver or 
wire and then wiggle the meter again. 

If the meter movement is good, the 
deflection will he reduced drastically and 
should appear sluggish. The short causes 
a low- impedance (high current) load to 
appear across the ureter movement as it 

cuts through the magnetic lines of force. 
This requires a stronger turning moment 
than the lightweight movement can sus- 
tain. As a result, the movement becomes 
highly damped. If the deflection remains 
the same, however, it is possible that the 
movement is open and the meter is de- 
fective. 

Using this same technique, you can 
protect your unused meters by simply 
putting a wire short across the terminals 
before you store them. A 

70 ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


Front -panel view 
of the author's 
compact a.f. 
sweep generator. 

TRANSISTORIZED 

u limiim 

AUDIO SWEEP GENERATOR 
Construction of device that will produce a scope 
display of frequency response of audio amplifiers, 
bandpass filters, and audio compensating networks. 

I I AVE 

you ever wanted to monitor the frequency 
response of an audio system while you were work- 
ing on it? If so, here is an instrument that will 

indicate the frequency response of audio amplifiers, bandpass 
filters, compensating networks, or any other audio circuit. 

Audio sweep generators produce a varying tone which 
covers the range from the low end of the audio band to above 
20 kc. This changing frequency can be applied to a circuit 
lender study and the output of that circuit connected to an 
oscilloscope. If the sweep of the scope is synchronized with 
the sweeping of the generator, the scope display will be a 
plot of gain versus frequency for the circuit under study. 

Most audio sweep generators sweep the audio spectrum at 
a constant rate. This type of sweeping distorts the plot of 
frequency response and does not give the user a standard 
frequency response curve. If you look at the frequency 
response curves given for hi -fi equipment, you will notice that 
the frequency scale is not linear, that is, one inch is not equal 
to, say, 1 kc. at all points on the scale. Instead a logarithmic 
scale is used, where the scale is graduated so as to give 
greater space to the low frequencies than the high ones. The 
audio sweep generator to be described can plot frequency 
response on a logarithmic as well as a linear scale. (See 
scope -trace photos in Figs. 3, 4, and 5.) 

Circuit Description 
In this transistorized audio sweep generator, the audio 

frequency output is obtained by heterodyning two r.f. signals 
and utilizing the difference frequency. If one of the r.f. 
signals is held fixed and the other varied slightly in fre- 
quency, the audio difference will also vary. Referring to 
Fig. 1, the circuit block diagram, we see Q1 connected as a 
fixed -frequency oscillator operating at about 1500 kc. Q3 
operates as a variable- frequency oscillator that sweeps in 
frequency from 1500 to 1520 kc. These two oscillators feed 
buffer amplifiers Q2 and Q4, whose outputs are mixed and 
the difference frequency generated in the detector. This 
difference signal will then sweep from zero to 20 kc. 

The output of the detector is coupled to an audio ampli- 
fier, Q5 and Q6, where the r.f. signals are filtered out and 
the difference signal amplified. The signal used to sweep 
the variable- frequency oscillator is generated by Q9, a saw - 
tooth generator. Q7 and Q8 serve to modify the slope of the 
sawtooth when the generator is in the normal (logarithmic) 
mode of sweeping. 

Looking at the circuit in more detail (Fig. 2), we see 
Q1, the fixed -frequency oscillator, connected in the grounded - 
base configuration. The combination of Cl, C2, and T1 res- 
onate at approximately 1500 kc. The output of the oscillator 

By ROBERT H. DOUGLAS 

is developed across R4 and coupled through C5 to Q2. The 
output of Q2 is coupled through C7 to the detector. 

The variable- frequency oscillator and amplifier, Q3, Q4, 
T2, and associated circuitry, is identical to the fixed -fre- 
quency oscillator except for the addition of Dl. The opera- 
tion of the oscillator causes a reverse -bias to be applied 
across this diode. When a diode is reverse -biased, a region 
forms around the junction, called the depletion region, where 
no current carriers are available. This depletion region be- 
comes the dielectric of a small capacitor with the p and n 

regions forming the plates. If the voltage across the diode 
increases, the depletion region becomes wider; and the capac- 
ity across the diode's terminals decreases. Since D1 is 

connected across T2, its capacity helps to determine the 
oscillator's frequency. Varying the voltage across D1 will 
vary the oscillator's frequency. 

The outputs from the two buffer amplifiers are mixed via 
C7 and C14. At this point we have an r.f. signal whose am- 
plitude varies at a frequency equal to the difference between 
the two oscillator frequencies. D2, D3, C15, and R15 make 
up a detector which produces an output equal to the instan- 
taneous amplitude of the r.f. input. This difference frequency 
is coupled through C16 to the output control and then to Q5. 
C17, connected between the collector and base of Q5, serves 
to reduce the gain of the amplifier above 20 kc. This prevents 
any r.f. signals from reaching the output. Q6, an emitter 
follower, gives the generator a low output impedance. It 
will deliver a 1 -volt signal into a 600 -ohm load. 

The sweep generator, Q7, Q8, and Q9, is a rather unusual 
circuit. The heart of this circuit is Q9, a unijunction tran- 
sistor. Unijunction transistors are similar in operation to 
gas -discharge tubes. The emitter -base (B1) circuit is essenti- 
ally open until the emitter is raised to a critical voltage. At 
this point the emitter impedance drops to a low value until 
the emitter current is reduced below a critical point. Then 
the emitter returns to the open state. 

Fig. 1. Two r.f. oscillators beat together to generate audio. 
OUTPUT 
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PARTS LIST 

R1,R4,R7.R8.R11,R14,R29 -2200 ohm, t/z w. 
res. 

R2,R9- 10.000 ohm. 2 w res. 
R3,R1O,R27- 27,000 ohm, 1,z w. res. 
R5,R12,R20,R21.R31 -1000 ohm, Si ss. res. 
R6,R13,R22- 180000 ohm, I'í s. res. 
R15,R19,R24,R26 -4700 ohm, V2 w. res. 
R16 10,000 ohm audio -taper pot 
R17,R28,R30.R32 -390 ohm, yz w. res. 
R18- 100,000 ohm, yz w. res. 
R23- 25,000 ohm linear -taper pot 
R25- 47,000 ohm, I/2 w. res. 
C1 --2 -17 pf. variable capacitor 1 Hammarlund 

APC -15B I 

C2 -33 pf. ceramic capacitor 
C3,C10,C15 -.001 µf. ceramic capacitor 
C4,C6,C11.C13,C24 -.05 µf., 50 v. ceramic ca- 

pacitor 
CS,C7,C12.C14-200 pf. ceramic capacitor 
C8,C17 -68 pf. ceramic capacitor 
C9 -22 pf. ceramic capacitor 
C16,C20,C21,C22 -10 µf., 15 v. elec. capacitor 
C18,C19,C23 -100 µf., 15 v. elec. capacitor 
S1- S.p.s.t. toggle switch 
S2- S.p.s.t. switch (on R16) 
T1,T2- Transistor osc. transformer (J. W. 

Miller #20211 

B1-9 v. trans. battery (Burgess 2N6 or 
equiv.) 

D1 -1N950 diode Isee text) 
D2,D3-1N34A diode 
Q1,Q2,Q3,Q4- 2N1086 transistor 
Q5,Q6,Q7 -2N170 transistor 
Q8 -2N107 transistor 
Q9- 2N2160 unijunction transistor 

Fig. 2. The circuit employs readily available germanium transistors and a unijunction transistor as sawtooth generator. 

In this circuit, C22 charges through Q8 until the unijunc- 
tion fires and rapidly discharges the capacitor. While the 
unijunction is discharging C22, a negative -going spike is 

developed across R31 and coupled through C24 to synchro- 
nize the oscilloscope with the generator sweep. After C22 is 

discharged, it begins to slowly charge again. This action 
forms a sawtooth waveform across the capacitor. This saw - 
tooth appears across R23 and a portion of it is coupled 
through C20 to D1, causing the variable- frequency oscillator 
to sweep in frequency. 

In the linear mode of sweeping, the sawtooth across C22 
has constant slope due to the fact that the current through 
Q8 is constant. In the normal (logarithmic) mode of sweep- 
ing, the collector current of Q8 is varied to produce a saw - 
tooth with the curved slope. 

To follow the circuit action when the generator is in the 
normal mode of sweeping (S1 is closed), let us consider the 

Fig. 3. Output of generator displayed on on oscilloscope. 
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circuit immediately after Q9 has fired and the voltage across 
C22 is at its lowest point. Due to the coupling action of C21 
the voltage at the base of Q7 is also very low, hence the 
collector current of Q7 is very small. This means that the 
input to Q8 will be very small and its collector current will 
also be low. Note that the rate of charge of C22 is determined 
by the collector current of Q8. The capacitor will, thereforè, 
charge very slowly. 

However, as the capacitor charges, the input to Q7 in- 
creases. This increases the output current of Q7, the input to 
Q8 increases, and the output current of Q8 increases. The 
rate of charging of C22 is increased which further in- 
creases the input to Q7. This action is regenerative and 
would rapidly charge C22 to the supply voltage if Q9 did not 
fire, discharging C22 and allowing the whole cycle to be 
repeated. Therefore, with Si closed we have a sawtooth 
across C22 whose slope increases as its amplitude increases. 

Fig. 4. Output of amplifier with generator in linear mode. 
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When this waveform is applied to D1, the generator produces 
a logarithmic sweep. With S1 open, the currents through Q7 
and Q8 are constant and the slope of the sawtooth is constant. 
This makes the generator sweep at a constant rate. 

Construction and Alignment 

There are no critical parts in this circuit. All the semi- 
conductors, with one exception, are standard, readily avail- 
able units. Equivalent types for the units listed in the parts 
list should work satisfactorily. D1, however, may be difficult 
to obtain. The 1N950 is a special type made by Hughes for 
use as a voltage- sensitive capacitor. The author found that 
low -power zener diodes will work in this circuit. The require- 
ments are that the diode be of the low -power type (250 to 
400 mw.) and have a zener voltage of around 30 volts. The 
two usable types are 1N725 and 1N972. The builder may 
find that this modification will reduce the amount of sweep 
but the circuit should still sweep to 20 kc. 

It is recommended that the builder adhere to the values of 
the components as specified, especially in the feedback am- 
plifier. While none of the parts is critical, circuit performance 
will be affected by major changes in component values. 
If the constructor does not need the logarithmic mode of 
sweeping, this feature can be easily eliminated. Replace the 
entire feedback amplifier, Q7 and Q8, R24 through R30, Si, 
and C21 by a 2200 -ohm resistor connected between C22 and 
the junction of C23 and R32. This modification will give the 
same sweep as when Si is open. Even with no help from the 
builder's junk -box, the entire sweep generator can be built 
for under $50.00. 

The author assembled the sweep generator in a 4 "x5 "x2" 
aluminum chassis which was then mounted inside a chassis 
box. While this particular size chassis gives a compact unit, 
it makes a very difficult wiring job for the average builder. 
Unless you are particularly adept at miniature wiring, as- 
semble the unit on a larger chassis. 

Layout of the circuit is not critical as long as the two 
oscillators are kept isolated from each other. To accomplish 
this in the author's model, the variable- frequency oscillator 
and the amplifier were mounted with the transistors and 
oscillator coil on top of the chassis and the wiring on the 
bottom. The fixed -frequency oscillator was mounted "upside 
down" with the wiring on the top and the transistor coil on 
the bottom. The prospective builder should make a sketch of 
the parts layout before the chassis is drilled. This avoids 
the problem of squeezing too many parts into a small space 
or, on the other hand, having components hanging from 1'2" 
leads on both ends. Neither situation is desirable in any 
electronic circuit. 

Once the sweep generator has been built and checked, the 
unit must be aligned. Set the output control fully up and 
the upper sweep limit control down. Connect an oscilloscope 
to the output terminals. Set the scope to observe a signal of 
about 1 volt. With the plates of Cl halfway meshed, take an 
alignment tool or insulated screwdriver and turn the slug of 
either T 1 or T2 until a signal is observed on the scope. Adjust 
the slug until the signal is of maximum amplitude. (This 

Fig. 5. Output of same amplifier, generator in log mode. 
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06 05 t 04 03 T2 

Top view of the 4" x 5" x 2" aluminum chassis employed. 

Bottom view shows fairly close wiring. A somewhat larger 
chassis would permit a little more spread in the wiring. 

Fig. 6. Setup employed to put marker pips on the display. 
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OSCILLOSCOPE 

is not a very critical adjustment; all you are doing is getting 
the difference signal within the bandpass of the audio ampli- 
fier.) If nothing is observed by turning one slug, put that 
slug in the middle of its travel and turn the other. 

When the oscillators are approximately adjusted, connect 
a lead from the sync terminals on the generator to the ex- 
ternal synchronization input of your oscilloscope and set the 
scope to external sync. Momentarily connect the scope input 
to the generator sync terminals. One should see a train of 
narrow pulses about 3 volts in amplitude. Adjust the sweep 
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controls of the scope to display one 
pulse. Without touching the sweep con- 
trol of the scope, reconnect the scope to 
the output terminals. By turning the 
upper sweep limit control and adjusting 
the zero beat control, one should see a 
display similar to Fig. 3. 

With the generator applied to a hi -fi 
power amplifier. the trace shown in Fig. 
4 was observed with the generator set 
for linear mode. N\ ben switched to the 
logarithmic mode, the same amplifier 
produced the curve shown in Fig. 5. The 
response at 20 kc. is about 11_ db below 
the mid- frequency output. 

In some applications it may be de- 
sirable to know the actual frequency 
range that the generator is sweeping. 
This is easily accomplished with a cali- 
brated audio oscillator and the circuit 
shown in Fig. 6. To use the circuit, ad- 
just the audio oscillator for an output 
equal to that of the sweep generator. 
With the scope synchronized to the 
sweeping of the s\veep generator, a pulse 
Or marker will be observed at the point 
where the sweep generators frequency 
is equal to that of the audio oscillator. 
If, for example, the audio oscillator is 
set for 5 kc., a marker will be observed 
at the point on the trace where the sweep 
generator is passing through 5 kc. 

Besides uses in the hi -fi field, several 
unusual applications for this trait have 
been suggested. The generator can be 
used to analyze the rejection of filters 
and the narrow bandpass of systems 
used in tone telemetry. In these applica- 
tions the generator does not necessarily 
have to sweep from zero to some fre- 
quency. By adjusting the controls the 
unit can be made to sweep from, say, 8 
to 12 kc. or from any lower to any higher 
frequency within the bandpass of the 
audio amplifier. The generator can also 
be used to produce a fixed frequency by 
turning down the upper sweep limit con- 
trol. 

The hi -fi enthusiast soon realizes that 
one of the weakest links in his system is 
between the system's speakers and his 
ears. The acoustic design of the room in 
which the system is installed greatly af- 
fects the over -all frequency response of 
the system. With the audio sweep gen- 
erator connected to the system and a 
good quality microphone connected to 
an oscilloscope, you can display the 
response of your entire audio system 
from preamp input to your ear. It is 

surprising what a different listening po- 
sition, speaker placement, or even the 
location of furniture in the room can do 
for system response. 

When you have built the generator, 
You will find it a valuable aid in check- 
ing all audio- frequency systems. Every- 
one from the hi -fi enthusiast to the 
broadcast engineer can undoubtedly 
find more than one use for this tran- 
sistorized audio sweep generator. 

The GTCR 
(Continued from page 46) 

Prior to introducing other circuits 
utilizing the GTCR, it is necessary to 
introduce the "trigger" or "snap- back" 
diode since this device will be used in 
the remaining circuits that will be dis- 
cussed. The trigger diode exhibits 
characteristics similar to the zener di- 
ode, but is constructed quite differently. 
Four layers of doped semiconductor 
material are joined in either an n -p -n -p 
or a p -n -p -n arrangement. As the d.c. 
voltage across the diode is increased, 
the device acts as an open circuit until 
the "snap- back" or "trigger" potential is 
exceeded. As the diode conducts, a neg- 
ative-resistance region is realized that 
allows a very fast, regenerative switch- 
ing action. This action can be used in 
GTCR circuits to great advantage. 

It is realized that if a means were 
provided whereby "turn on" and "turn 
off" pulses could be applied to the gate 
in proper sequence, then a free -running 
switch with very -high power capability 
could be designed. The trigger diode 
provides a simple way of doing this. 
Fig. 2A is a circuit diagram of such a 
free running switch. When the "B +" 
voltage is applied and the GTCR is off, 
capacitor Cl charges through RI, and 
R1 until the trigger potential of Dl is 
reached. The "snap -back" action of the 
trigger diode provides a fast discharge 
path for Cl and this discharge fires the 
GTCR. The "B +" voltage is then 
switched across RI, and the series com- 
bination of C2 and R2. Capacitor C2 
charges until the trigger potential of 
D2 is exceeded. This allows C2 to dis- 
charge into the gate to turn the GTCR 
off. The cycle then repeats, providing 
a periodic, rectangular wave output. 

The circuit given in Fig. 2A has been 
modified in Fig. 2B to illustrate a 

normally monostable switch. An ex- 
ternally applied positive switching pulse 
is applied to the gate of the GTCR 
through D1. The GTCR fires upon ap- 
plication of this pulse and conducts un- 
til the capacitor charges to the break- 
down potential of trigger diode D2. The 
capacitor then discharges into the gate 
and turns the GTCR off until the next 
switching pulse is applied. 

Fig. 2C illustrates a normally on 
monostable switch that requires a nega- 
tive switching pulse to turn the GTCR 
off. In this circuit, when "B +" is applied, 
the capacitor charges to the breakdown 
potential of trigger diode Dl and the de- 
vice fires. The GTCR conducts until the 
external switching pulse turns the GTCR 
off. The capacitor will begin to charge as 
before and when the breakdown poten- 
tial of the trigger diode is reached, the 
GTCR again conducts and will remain in 
the conduction state until another off 
switching pulse is applied. 
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EW Lab Tested 
(Continued from page 14) 

sion results in a sub -audio free -air cone 
resonance, which is controlled by the 
stiffness of the air within the fully en- 
closed box. The crossover frequency is 

800 cps and the tweeter circuit is pad- 
ded down to match the high tweeter ef- 
ficiency to the lower efficiency of the 
woofer. A three -position slide switch on 
the rear panel of the cabinet controls the 
high -frequency response of the system. 
The center position is "normal" and a 
greater or lesser amount of treble re- 
sponse may be selected to suit the taste 
of the listener or the requirements of the 
acoustic environment. 

The EV -2 is rated for a frequency re- 
sponse of 30 to 15,000 cps, with a power - 
handling capacity of 30 watts of pro- 
gram material. Due to its relatively low 
efficiency, it should be driven by an am- 
plifier of at least 20 watts rated output, 
and it thrives on the "heavyweight" class 
of amplifiers capable of delivering over 
40 watts. In our indoor frequency -re- 
sponse measurements, averaging the 
speaker response at seven different mi- 
crophone positions, we found that the 
EV -2 has a relatively smooth, wide - 
range response, within 5 db from 30 
to 2500 cps and gently sloping off at 
higher frequencies. Our response meas- 

urements, unlike the usual on -axis re- 
sponse curve, indicates the total energy 
output of the speaker and shows it to be 
an unusually smooth reproducer, partic- 
ularly above 1000 cps. The plotted curve 
was made with the high -frequency level 
switch in its normal position, which also 
sounded best to our ears. In its "high" 
setting, the over -all response would 
probably have been quite uniform to 15,- 
000 cps. In our listening room, this posi- 
tion tended to produce a rather over - 
bright sound. 

The important characteristic of the 
response curve above 1000 cps is not 
its slope, but its smoothness. There are 
no peaks or dips of more than 1.5 db 
within this important frequency range, 
which implies an excellent transient re- 
sponse. Our tone -burst tests confirmed 
this, with nearly perfect response as 
shown by the typical scope photos taken 
at 800 cps and 5000 cps. At lower fre- 
quencies, there was some ringing, as 
shown in the 310 -cps tone -burst photo. 
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The harmonic distortion of the woofer 
output, at a 1 -watt driving level, was 
low down to 40 cps, and rose rapidly at 
lower frequencies. This frequency is the 
useful lower limit of most compact 
speakers, other than a few of the most 
expensive types, and is more than ade- 
quate for reproduction of musical pro- 
gram material. 

In listening tests, the EV -2 sounded 
as good as it measured. It is relatively 
uncolored, with a solid but not boomy 
bass and crisp, well- dispersed highs. 
Compared side -by -side with other com- 
pact speaker systems, it held its own 
without difficulty against some much 
more expensive models. It has the 
natural, easy sound, unmarred by harsh- 
ness or boxiness, which has made the 
acoustic- suspension speaker so popular. 

At its price of $108, the EV -2 is a fine 
value. For budget -conscious individuals, 
it is also available in a knocked -down 
kit form for only $81, in oiled -walnut fin- 
ish. This provides an exceptional amount 
of "good sound per dollar" and is 
matched by few, if any, speakers at this 
price. 

FILAMENT TRANSFORMER 

AS AUDIO SUBSTITUTE 
By RUFUS P. TURNER 

A.THOUGH power -supply transform- 
ers are not found in the category 

of hi -fi components, a filament trans- 
former is a good emergency substitute 
in many audio circuits. The author has 
used a small, inexpensive 6.3 -volt unit 
in the following positions: microphone 
input, transistor output, low -level tube 
output, transistor interstage and voltage 
amplifier for a.c. v.t.v.m. (transformer 
steps up 1 millivolt to better than 1 volt 
for deflection of the v.t.v.m.). 

Because the 6.3 -volt secondary is cen- 
ter- tapped, two turns ratios are available 
-the lower one with respect to the full 
secondary, and the higher one with re- 
spect to one -half secondary. This trans- 
former (a Stancor F- 14X, 6.3 -volt c.t. 
at 1.2 amp) has good frequency response 
and low distortion. The table lists the 
important audio and d.c. characteristics 
as measured by the author. 

The technician who finds 1 elf sud- 
denly needing a transformer after store 
hours should remember his stock shelf 
or junk box can often provide an emer- 
gency substitute of this type. A 

Turns Ratio: 

Imp. Ratio: 

D.C. Res.: 

Pri. Inductance: 

Freq. Res.: 

Total Harm. Dist. 

Pri. to full sec. 18.2 : 1 

Pri. to half sec. 36.4 : 1 

Pri. to full sec. 332 : 1 

Pri. to half sec. 1 320 :1 

Pri. 90 ohms 
Sec. 0.5 ohm 

2.6 hy. @ 1000 cps 

20- 20,000 cps ± 1.4 db. 

1 % @ 1000 cps 
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\MT PROMJUTS 

Additional information on the items 
covered in this section is available 
from the manufacturers. Each item 
is identified by a code number. To 
obtain further details, simply fill in 
the coupon appearing on page 9. 

COMPONENTS TOOLS TEST EQUIPMENT HI -FI AUDIO CB HAM COMMUNICATIONS 

R.F. SIGNAL GENERATOR 
1 Path Products Corporation is now importing 

an all -transistor wide -range r.f. signal gen- 
erator made by Nombrex Ltd. of England. The 
Model 27 covers 150 kc. to 330 inc. in eight over- 
lapping bands. The unit is battery powered and 

completely self -contained. Accuracy is better than 
2% and modulation is 30% from an internal 
400 -cps oscillator. 

The instrument, which measures 63'I3"x 4443"x 

2Mt ", weighs less than 2 pounds. It can be used 
as a laboratory instrument, by field engineers, by 
TV and industrial technicians, experimenters, 
hams, hobbyists, and CB -ers. 

TRANSISTOR CIRCUIT DEMONSTRATOR 
2 Digital Electronics, Inc. has announced the 

availability of the "Digiac 60," a transistor 
circuit demonstrator for classroom use. 

The device covers transistor fundamentals, tran- 
sistor techniques in power supplies, voltage regu- 
lators, radio amplifiers, audio amplifiers, pulse 
circuits, computer circuits, radio transmitters, 
radio receivers, p.a. systems, among others. 

The unit consists of eleven panels, each 15 "x 
20" and a steel frame on which they can be sup- 
ported. The whole trait is mounted on casters. 
All components and panels are stored in a self - 
contained, locked steel storage cabinet. The unit 
is safe since there are no exposed high voltages. 
The circuit schematic is completed by inserting 
components. Each component is mounted on a 
rugged glass epoxy plug -in board. Circuit and 
component values may be changed by reproving 
the plug -in components and inserting new ones. 

R.F. PEAK -READING WATTMETER 

3 
Bird Electronic Corporation has designed the 
Model 4310 portable peak -reading wattmeter 

specifically for the measurement of pulsed r.f. sys- 
tems such as air navigational aids, telemetry, ra- 
dar, television, command and control, and p.e.p. 
measurement of SSB signals. 

The principle of measurement consists of dis- 
playing the demodulated envelope on an oscillo- 
scope and biasing the detector to cut off. The 
voltage from the variable bias supply is moni- 
tored on the meter which is calibrated in peak 
r.f. power. 

In a train of recurrent pulses of various ampli- 
tudes, the peak power of each pulse can he read 
separately by adjusting the bias until only that 
particular pulse has disappeared. The higher the 
scope sensitivity, the greater the measurement ac- 

curacy. 
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The Mode) 43111 measures from 50 watts to Ill 

kw. peak power from 2 to 1260 mc. and from 0.1 

microsecond pulse width, depending on the ele- 
ment selected. 

4 

DIELECTRIC STRENGTH TESTER 
Associated Research. Inc. is now offering two 
new models of its "Htpot Junior" instru- 

ments for dielectric strength testing of a.c. a wi 

d.c. electronic components, harness, cables. ca- 

pacitors, tools, motors, and allied electrical equip- 
ment. 

These single instruments now combine the pre- 
vious features of separate a.c. and d.c. units. 1 he 
Model 4016 has an a.c. -d.c. working range of 0 to 
2500 volts while the Model 4045 covers the range 
from O to 5000 volts. Output is continuously 
variable from zero to maximum on each model. 
Ripple is less than 2% on d.c. at fall load. 

Each model is housed in a steel case 6 "x 9 "x 
Mt /e ". with a carrying handle. A compartment in 
the lid holds test leads and line cord for 117 -volt, 
50 -60- cycle, a.c. input. 

FINE -POINT TIP ASSEMBLY 

5 
Wen Products, lute. has recently introduced 
a new fine -point tip for its Model 75 soldering 

pistol. The new tip is designed for fine soldering 
work and for soldering in hard -to -reach places. 
The three -inch long tip assembly steps down from 

VA" to 'A" diameter, tapering to a very fine point. 
The new design permits easy soldering and un- 
soldering of printed -circuit board connections. 
The new tip is readily interchangeable with the 
standard chisel -shaped tip. 

ELECTRONIC SNIPS 

6 
Xcelite Incorporated has added new fine -wire 
and filament cutters to its line of tools for 

electronic assembly and service work. Known as 
the No. 86 electronic snips, the new tool is made 
of high carbon, hot drop -forged tool steel. It may 
also be used for removing insulating coverings 
and for cutting sheet metals and other light mate- 
rials up to .025" thick. 

Shearing action of the short, pointed blades 
prevents peaks on cut wires and damaging shocks 
to components in electronic assemblies. Over -all 
length of the snips is 61/2 inches and maximum 
length of cut is 11/4 inches. 

NEW 300 -OHM TV LINE 
1 Alpha Wire Corporation has developed a 

competitive) priced 300 -ohm TV line which 
is being offered in three basic constructions to 
meet every possible environmental condition. 

The 5153 twin -lead is recommended for instal- 
lations where a wire with great resistance to at- 
mospheric contamination is needed and schere 

increased strength and resistance to wind whip- 
ping is essential. Type 5152 is designed for maxi- 
mum signal strength in installations requiring a 
rugged. durable cable with high resistance to cor- 
rosion and abrasion. The type 5150 is for installa- 
tions in average operating conditions. 

All three types are available in 1000 -foot spools, 
and 25,- 50,- and 100 -foot hanks. 

COMPUTER- EQUIVALENT UNIT 

8 
E.S.R. Inc. is note marketing the "Digi- 
Comp 1." a scientific toy that simulates 

an electronic computer. The colorful 41/2"x 12" 
plastic unit is easy to assemble and is capable of 

demonstrating computer logic on missile count- 
down, satellite re- entry, automatic elevator op- 
eration, missile checkout, logic problems, and 
accounting processes. 

The open -frame construction is designed to per- 
mit the observation of movable plastic sections 
operating as mechanical flip -flops and clock cir- 
cuits. In addition to solving problems, the kit 
can be used as a teaching tool. A comprehensive 
step -by -step instruction book covers assembly and 
operation plus an explanation of the scientific 
concepts behind a modern digital computer. 

V.T.V.M. POWER SUPPLY 

9 
Lectrotech Inc. is offering a new unit which 
can permanently replace the dry battery used 

in v.t.v.m.'s. Called "Lectrocell." the device is a 
miniaturized power supply of exactly the saute 
size and shape as the battery it replaces. It can be 
installed in a few minutes and, once in place, fur- 
nishes the 1.5 volts of d.c. formerly supplied by 
the dry battery. 

ANTENNA ROTOR CONTROL 
1 n Cornell- Dubilier Electronics is now offering a 

new antenna rotor control system, the TR -2C. 
Housed in an inconspicuous control box, the fin- 

ger -touch control is designed for simple. effortless 
operation. By depressing the lever either to the 
left or right, the antenna is rotated and its posi- 
tion monitored by a series of compass lights. 

11 

NON -TOXIC SPRAY PRODUCTS 
Electronic Chemical Corporation has an- 
nounced that its "No- Noise" volume control 

and contact is now being manufactured in strict 
conformity with all federal, state, and municipal 
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laws and regulations. In addition, the new for- 
mula is guaranteed not to affect plastics. 

The new line, according to the company, is un- 
conditionally guaranteed to be non -flammable, 
non -toxic, safe for plastics, and to contain no car- 
bon let. 

12 

U.H.F. TRANSLATOR CONVERTERS 
Gavin Instruments, Inc. has recently intro- 
duced two new nuvistor -powered u.h.f. con- 

verters designed especially for translator applica- 
tions. 

Designated Models GT -8 and GT -9, these sin- 

gle- and double -stage converters cover channels 
70 through 83 inclusive. Nuvistors and special 
low -noise diodes are employed. 

The converters arc housed in wood -grain front - 
panel enclosures with pilot -light channel selector. 

13 

SINE /SQUARE WAVE GENERATOR 
Waveforms, Inc. is now marketing the Model 
403C sine - and square -wave generator. a 2 -in -1 

instrument for servo. audio, and video measure- 
ments. Although designed primarily for labora- 
tory and systems use, it is small enough to fit 
under a plane seat on troubleshooting assign- 
ments. 

The instrument provides both sine and square 
waves in the 1 cps to 1 mc. range. Dial accuracy 
is ±3 %. Symmetry of the square wave is main- 
tained to within 1% at all frequencies. 

Output is 10 volts into 600 ohms and 1 volt into 
75 ohms. Voltages into both impedances are read 
directly on the front -panel controls. Attenuator 
control is precise down to 100 microvolts. 

The instrument measures 8 "x 6 "x 101/2" and 
weighs 12 pounds. 

14 

PISTOL -GRIP IRON 
General Electric's Industrial Heating Depart- 
ment has developed an all -new pistol -grip 

soldering iron for light to medium production 
work in electronics, communications, and allied 
industries. 

A threaded shank allows the new iron to ac- 
commodate a choice of three 60 -watt integral tip 
and heater assemblies, or 40- or 60 -watt heaters 
which will accommodate 20 different interchange- 
able ironclad or copper screw -on tips. .An elec- 
trical "sliding contact" in the shank allows the 
working face of any tip to be turned to the de- 
sired position, eliminating the hazards of cord or 
[wire twisting inside the handle. The unit is 
equipped with a three -conductor corclset and 
standard ground plug for added safety. 

HAND RIVETER 

1 

E Brookfield Associates is marketing the new 
J "Rivet -All" riveter, a hand -operated device 

that will join metal to metal, plastic to wood. 
fabric to fabric, eliminating screws. bolts, adhe- 
sives, and soldering irons in the repair of a wide 
variety of products. 

The riveter resembles a pair of pliers and op- 
erates on much the saute principle. One squeeze 
of the handles sets the rivet and clinches it per- 
manently for a vibration -proof fastening. 

August, 1964 

Offered in kit form. this tool (made by Marson 
Corp.) comes with an assortment of the most- 
of ten-needed rivets. 

PRECISION FILM RESISTORS 
International Resistance Company is now of- 

t fering a new line of precision film resistors 
whose hermetic glass seals are the basis for im- 
proved stability and reliability. 

The type GEM resistors, which have evaporated 
metal filin elements, surpass characteristics C and 
E of MIL -R- 55182. Hermetically scaled glass en- 
closures provide long -term stability by shielding 
the element from drift- producing moisture. 

Three sizes are available; 1Ap, t/s. and t/a watts 
at 125 degrees C. Resistance values start at 50 
ohms and range up to 100,000, 499.000, and 1 

megohnr in the various wattages. Standard tol- 
erance is ± 1%. 

NEW POWER MODULES 
11 Repro, Inc. has developed six high -power 

modules that incorporate the firm's "Flux -o- 
Tran" line- regulating transformers to provide a 
wide range of fixed voltages. The unit delivers a 
regulated square wave to a silicon rectifier and 
capacitive filter with maximum component utili- 
zation. 

The new l'RM group is being offered with out- 
puts of 6, 12, 24. 28. 36. and 48 volts at maximum 
current ranging from -1 amperes at 48 volts to 25 
amperes at 6 volts. 

SOLID -STATE U.H.F. CONVERTERS 

1 

o Blonder- Tongue Laboratories, Inc. is now of- 
I fering three new versions of its u.h.f. convert- 
ers based on the latest advances in solid -state 
circuitry and tunnel diode design. 

The BTX -99 is designed for good signal areas; 
the BTX -I1 is a converter amplifier which yields 
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a three- to five -fold increase in signal: while the 
Model BTD -44 is a tunnel -diode unit which oper- 
ates from a single flashlight battery and is cord- 
less. 

All of the units are housed in modern, incon- 
spicuous cabinets which can fit into most home 
settings. 

STAKED ROTARY SWITCHES 
19 Oak Manufacturing Co. 

J line of staked rotary switches 
has dehich loped 

are 
a 

e- 
signed for a wide range of commercial applica- 
tions. These multi- section, 11/2-inch diameter 
switches reduce costs by eliminating strut screws. 
lockwashers, nuts, and complicated hand assem- 
bly. Three types are currently available, all with 
optional spring- return feature. 

Type J switches are available in up to four sec- 
tions, with each .section ranging from six poles, 
two positions to s.p. 11- positions. Type K is avail- 
able in up to three sections, each having the 
switching capabilities identical to Type J sections. 
Type N is available with up to four sections, each 
ranging from 4 -pole 2- position to s.p. 11 -posi- 
Lions. Contacts are double- wiping and self- clean- 
ing. 

LOG -PERIODIC U.H.F. ANTENNA 

2 
n JFD Research Sc Development Laboratories is 

now in production on the "Zig -a -Log" an- 
tenna which is designed for u.h.f. channels 14 to 
83. The antenna is a 16.5 -F- db, horizontally 
polarized, back -fire surface -[cave antenna. It is 
designed to have maximum usable gain for weak 
signal areas and minimal sicle lobes for best ghost 
rejection. 

Input impedance is designed to match a 300 - 
ohm transmission line by adjusting the spacing 
between the two lightning- shaped elements. The 
v.s.w.r. remains less than 1.8:1 across all u.h.f. 
channels. 

The new antennas are currently available in 
single- and two -bay versions. 

LARGE PHOTOSENSITIVE PANELS 

2 1 

Metalphoto Corporation has announced the 
availability of new larger sizes of its photo- 

sensitive anodized aluminum plates and sheets for 
use in preparing a wide variety of instrument and 
equipment panels. 

Available sizes now include thicknesses ranging 
from .003 foil through 1/2-inch plate and sheet 
sizes from 4 "x. 5" through 24 "x 40 ". 

According to the manufacturer, anything that 
can be photographed can be reproduced on the 
panels. The imbedded photographic image is pro- 
tected by a sapphire -hard surface which makes it 
impervious to corrosive atmospheres, weathering, 
fungi, solvents, or lubricants. 

22 

NEW A.C. RELAY DESIGN 
Allied Control Company, Inc. has developed 
a new a.c. relay. the type T -255, a 4 -pole, d.t. 

design. This telephone -type relay has a polycar- 
bonate snap -on cover and plug -in base. The 
mounting design is completely compatible with 
the firm's d.c. type 'T -154, introduced earlier this 
year. 

The gold -plated contacts have a rating of 2 
amperes and are actuated by a very low coil cur- 
rent. Contact arrangements are available up to 
4 -pole d.t. A unique split armature contributes 
to a hunt -free a.c. motor section. Coils are avail- 
able up to 220 volts a.c. 

23 

CIRCUIT- BREAKER KIT 
Colman Electronic Products Inc. has an- 
nounced the availability of a compact kit of 

circuit breakers containing ten breakers of five 
different types which are said to meet over 97% 
of all replacement needs in television receivers. 

A cross -reference replacement guide is printed 
inside the cover of the box. It includes 89 differ- 
ent part numbers that can be replaced by units 
from the kit. 

24 

50 -WATT INVERTER 
Merit Coil & Transformer Corp. has devel- 
oped a transistorized 40- to 50 -watt inverter 

which is designed to operate from any standard 
12.6 -volt storage battery of the type found in cats, 
boats, and planes. 

\\'ith an input of 12.6 volts d.c., the output is 
115 volts a.c. The load can be 40 watts for con- 
tinuous duty and 50 watts for intermittent duty. 
The INV -12 -40 is fully transistorized and uses two 
replaceable 2N 23 FA power transistors. 

The Emit, which is supplied with a 3 -foot cord 
and plug for insertion into a cigarette lighter re- 
ceptacle, measures 43/4"x2W'x2t/.t" and is housed 
in a rugged steel case. 

25 

HI -FI -AUDIO PRODUCTS 

CARTRIDGE TAPE RECORDER 
Channel Master Corp. is marketing a new 
32- ounce, transistorized miniature tape re- 

corder that features a double -decker tape car- 
tridge for instant loading. 

The new cartridge design of the "Lodestar" is 
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intended to eliminate tape threading. Reloading 
takes just two seconds. The unit itself measures 
only 61/2" x 31/2" x 14é ". All controls are at the 
top of the unit For easy access and simple opera- 
tion. A four-purpose knob controls all four 
operating functions: record, rewind, stop, and 
playback. Another control, an indicator meter, 
indicates correct recording volume level and, in 
conjunction with the speed regulator, assures 
constant tape speed even when batteries age. 

The instrument operates from four penlight 
cells and is designed primarily for the voice fre- 
quencies. Two-track recording provides 16 min- 
ates of playing time on each side for a total of 
32 minutes per cartridge. 

26 

IMPROVED STEREO PHONES 
E. J. Sharpe Instruments, Inc. has announced 
a new and improved version of its HA -8 

stereo headphones. 
Among the improvements incorporated in the 

new models are an extended frequency response 
(20 to 15,000 cps), Ilse use of vinyl foam -filled cir- 
cumaural car cushions; an improved dual -slide 
headband, and the addition of a zippered remov- 
able vinyl Foam -filled headband cushion. 

The maximum input power is 2 watts and im- 
pedance is 8 ohms per phone. 

21 

FM- STEREO TUNER /AMP 
Sherwood Electronic Laboratories, Inc. has 
added an 80 -watt FM- stereo tuner amplifier 

to its line of hi -fi equipment. 
'l'he Model S- 8000IV features a powered center - 

speaker channel, a front -panel stereo headphone 
jack, and front -panel speaker disabling switch. 
The tuner /amplifier has a 1.8 µv. (IHF) sensitiv- 
ity for receiving low -power FM stations. A 2.4 -db 
capture effect eliminates stereo broadcast back- 
ground noise while special FM interchannel hush 
circuits suppress between- station noise when tun- 
ing. 

PROFESSIONAL TAPE RECORDER 

28 
%Iidwestern Instrunscnt, Inc. is now market - 

o ing the Model 1022 magnetic tape recorder, 
a professional -type for recording studio and 
radio sta ' applications. 

Differential band brakes are equipped with 
both high- and low -tension springs to provide 
gentle and smooth tape handling. Other Features 
include solenoid operation of the tape gate. pres- 

sure roller, and brakes. A rugged belt- dritcu cap- 
stan, utilizing a double flywheel arrangement. 
driven by hysteresis synchronous motor makes 
for low wow and flutter. 

The electronics are completely solid -state for 
high reliability. low heat. and low power con- 
sumption. The record amplifiers. playback ampli- 
fiers, bias erase oscillator, and power supply are 
of modular construction while the amplifier and 
bias oscillator are on printed wiring boards. 

The Model 1022 will handle reel sizes up to 8 

inches and operates at 71/2 and 15 ips. 

SPEAKER /TABLE LAMP UNIT 

29 
Acousiatenci a 

high -fidelity 
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from the lampshade and base of a normal -looking 
table lamp. 
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Called the "Omnisonic Lamp speaker. ' the 
unit consists of a cylindrical electrostatic loud- 
speaker in the form of a translucent lampshade 
and a special woofer its the lamp base. The 
electrostatic speaker, including the fabric shade 
cover, is less than I/4 inch thick. Frequency range 
is said to be from below -10 cps to over 25,000 cps. 

The lamps are offered in variety of decorator 
designs to fit various home decorating schemes. 
Although designed to he energized by the com- 
pany's all- transistor FM- AM/FM- stereo receiver/ 
amplifier, the new speaker system may be used 
with most quality hi -fi systems. 

REPLACEMENT CARTRIDGES 

30 
Soinottne Corporation is now offering three 
new stereo ceramic cartridges designed cspe- 

ciaily For replacement applications. 
The Models 211-R, 22T, and 23T provide new 

safety features to protect records and needles. The 
21TR is designed around a retractable mounting 
bracket while the 22T and 23T offer snap -in 
mounting brackets. Replacement can be donc in a 

matter of minutes without using tools. All of the 
cartridges are equipped with the company's 
"Sono -Flex" flexible needles and protective "bot- 
toming" blutons. These buttons act as bumpers 
between the needle assembly and the record. 
When pressure is applied to the tonearm, the but- 
tons ride across the record instead of the needle. 
These buttons still not harm the record surface. 

FM ANTENNA BOOSTER 

31 
TV-inegard Company has des-eloped a compact 
FM ansplifier that is said to provide eight 

times more FM signal power for improved FM 
reception. 

Known as the "FM Supercharger," the new 
unit is designed to cut down background noise 
and bring in more FM stations on stereo or mono 

s in suburban, fringe. and es-en deep- fringe 
areas. 

The booster uses a 2N2495 transistor to provide 
a minimum gain of +17 db. Itandpass is 88.108 
Inc. and response is flat ±t2 db.; v.s.w.r. input 
is 1.2:1 and output 1.25:1. Both input and output 
impedances are 300 ohms. 

The unit is a.c. operated, 117 volts at 60 cps. It 
draws 2.1 [watts. 

32 

MIKE MIXER- AMPLIFIER 
TRW Columbus Divis' has added a new 
four -channel all transistorized microphone 

mixer -amplifier to its "Bell Sound" line of p.a. 
equipment. Designated the BE \14. the new unit 
is designed to work with any existing p.a. ampli- 
fier or booster amplifier to extend the input 
capability of the system. 

The instrument includes individual input and 
gain controls For four low- impedance micro - 
phones and an external phono unit. A su meter 
is included as well as headphone jacks so program 
level may be cd loth aurally and visually. 

Response is 20 to 20.000 cps ±2 db. The unit 
requires only 5 watts a.c. for operation. It meas- 
ures 3" x 10" x 15" and is styled to be compatible 
with other of the firm's BE- series amplifiers. 

HIGH -POWER P.A. SPEAKER 
Atlas Sound has tipped the continuous poster 
rating of its Model CJ -44 "Cobra- Jector" re- 

producer to 40 watts (60 watts equalized re- 
sponse). 

An improvement in diaphragm design and 
magnetic circuitry has made this power increase 
possible. The unit is an all -purpose, wide -angle 
projector complete with super -power driver. The 
horn is of all -weather fiberglass construction. Im- 
pedance is 16 ohms and response is 113 to 12.000 
cps. 

The bell opening is 23 "x 13" and over -all length 
is 19 ". 

SENSING /EXPANDER MODULE 
Harman -Kardon Incorporated is now offer- 

t) ing a "sensing expander" module for use 
with its "Galaxy" series of commercial- industrial 
amplifiers. 

The Model M -8 module incorporates a special 
expander section which, when operating with a 

"sensing" microphone. automatically adjusts the 
sound output level of the entire sound system in 
proportion to a rise or fall in ambient noise. 

The M -8 serves to monitor the environment 
and imposes its intelligence on the system, mak- 
ing the necessary adjustments as required. It is 
especially suited to installations at racetracks, 
airports. factories in heavy industry, and arenas. 

AUTOMATIC FM- STEREO TUNER 

35 
Kenwood Electronics, Inc. has recently added 
a new automatic FM- stereo tuner, the Model 

Kt1' -550, to its line of hi -ft equipment. The new 
unit features an exclusive FM- stereo instant indi- 

cator. The front -panel design incorporates a red 
light which automatically changes to blue when 
receiving an FM- stereo broadcast. 

Frequency response is 20-28.000 cps ± t/a db on 
FM and 50. 15,000 cps ±t/§ db on FM-stereo. Sen- 
sitivity is 1.6 µv. (IHF) for 20 db quieting. Stereo 
separation is 36 db. 

The unit also features automatic relay switch- 
ing to proper mode and automatically indicates 
FM .stereo or mono operation. 

36 

STEREO TONE SIGNAL UNIT 
Lafayette Radio Electronics Corporation is 

now offering a low -cost stereo tone signal unit 
for use with FM tuners utilizing external multi- 
plex adapters. 

Known as the LT -87 "Stereo Searcher," the 
unit is designed to be connected between the 
adapter and tuner to provide an audible tone 
signal through the speaker systems for instant 
identification of an FM- stereo broadcast. A single 
switch controls the tone function. 

The unit which is housed in a slim cabinet 
measuring 2114," x 3" x 91/2", employs one 613E6 

tube and one diode. 

31 

ACOUSTIC MATERIAL 
Hartley Products Company is now offering its 
"Soundsorber" acoustic material for those 

who build their own speaker enclosures or wish 
to improve the performance of existing units. 

"Soundsorber" is a combination of two acoustic 
materials of varying densities, interleaved in a 

jell roll pattern. Sound from the rear of the 
speaker penetrates the more open material, which 
has a low absorbency factor. and is then almost 

ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


completely absorbed by the other material which 
is highly absorbent. The two materials act to- 

gether to effectively damp the rear sound wave by 

reducing its output 65 db. 
The material is standard in all of the firm's 

speaker systems. A module contains approximately 
35 square feet of acoustic materials which is suf- 

ficient to treat an enclosure up to 3 cubic feet in 
volume. 

24 -HOUR RECORDER 

38 
Concord Electronics Corporation is now mar- 
keting the Model 440 stereo tape recorder 

which allows up to 24 hours of recording time on 
a single 3600 -foot reel of tape at IVs ips. In ad- 
dition, the recorder features full push -button op- 

eration, transistorized preamps, three speeds, 
sound -with- sound, separate mixing inputs, auto- 
matic pressure- roller disengagement, two dynamic 
mikes, cue and edit buttons, and a digital tape 
counter. 

Two 6" speakers, one separated from the unit, 
are used. with added speaker output available. 

CB- HAM -COMMUNICATIONS 

TONE CONTROL FOR CB 

39 
Webster Manufacturing is now offering a 

"fiat pack" selective -calling tone control for 
CB transceivers. The 5.15 "Trans-Pager" is espe- 

cially designed to plug directly into the firm's 
"Band- Spanner 412" which is pre -wired to accept 
it. The accessory can also he connected to most 
two -way radio transmitter, and receivers. 

Employing a high -precision reed relay, the unit 
provides signal control to within ±0.1 %. All cir- 
cuitry is solid -state for low current drain and 
minimum size. 

The unit sends out one of twelve coded tones. 
This tone actuates a receiver tuned to the same 
frequency and puts it into full operation or flashes 
a lamp on the panel of the unit. 

The "Trans- Pager" operates front either 12 -volt 
d.c. automotive circuits or 117 -volt a.c. lines. 

40 

ACCESSORY UNIT 
Raytheon Company is now marketing a "si- 
lent sentry" attachment for two -way radios 

which causes the transceiver to which it is at- 
tached to remain silent until a message for the 
unit is received. 

The encoder -decoder generates a tone of a spe- 
cial frequency on transmit. On receive, another 
unit listens for the tone and permits only the pre- 
set frequency to pass. This signal will either flash 
a light or actuate the loudspeaker in the set. 

The "Ray -Call" is fully transistorized and 
measures only 13/4 "x 57 /s "x 7 ". It can operate from 
an automobile or boat 12 -volt battery or from 
117 -volt a.c. 

41 

ALERTING /MONITOR RECEIVERS 
Etter Laboratories, Inc. has developed the 
slodcls TX 30 and TX 150 F\I communica- 

tions tone -voice alerting and/or monitor receiv- 
ers. These compact units, 4" high by 7" deep by 
11" wide. are completely transistorized and crystal 

controlled. They operate from all power sources. 
Frequency range is 25 -54 Inc. or 144 -174 inc. 

Both feature powerful audio output, modular 

construction, dual conversion superhet, 15 tran- 
sistors for tone alerting sensitivity and 17 transis- 
tors for monitoring for a sensitivity of less than 
1 µv. for 20 db quieting. 

These new units have been designed especially 
for fire departments, Civil Defense, or commercial 
applications. 

23- CHANNEL CB UNIT 

42 
)Iulti -Elmac Contpauy has added the Model 

L SS "Citi -Fone" to its line of CB equipment. 
The new unit features full 23- channel, crystal- 

controlled operation. della tinting, triple -tuned 

r.f., "noise immune" squelch, noise limiter, illu- 
minated channel selector and dual- function panel 
meter, a.c. -d.c. power supply, and "Tone Guard" 
connector. 

Back Issues Available 
Use this coupon to order back issues 

of ELECTRONICS WORLD 

We have a limited supply of back issues 
that can be ordered on a first -come, first - 
served basis. Just fill in the coupon 
below, enclose your remittance in the 
amount of 65C each and mail. 

(Issues prior to 1963 not available.) 

ZIFF -DAVIS SERVICE DIVISION 
Dept. BCEW, 589 Broadway 
New York 12, New York 

Please send the following back issues of ELECTRONICS 
WORLD. I am enclosing to cover the cost of 
the magazine, shipping and handling. 

Month Year 

Month Year 

Month Year 

Name 

Address 

City Zone State 
No charge or C.O.D. orders please. 

EW 

August, 1964 

Everything you ever wanted in a CB transceiver! 

Newest! Most Versatile! Most Power Out! 
The I I channel "Messenger III" will change every idea you ever 
had about what a Citizens Band unit should offer! Tiny, all 
transistor, it's really quiet, really hot! Interchangeable for base 
or mobile -use it as a full 5 -watt battery powered portable pack 
set or a 3 -watt PA system. The "Messenger Ill ", with an aero- 
space transistor developed for the "Relay" communications 

satellite, delivers more power output with maximum legal 
input! Double conversion receiver with high 1st I.F. 

provides excellent spurious and image rejection. Set - 
and- forget "Volume" and "Squelch" controls make 

it possible for the first time to work "close -in" or 
at extended range with initial settings. Furnished 
with dynamic microphone -fall line of acces- 

socles available for selective calling, portable 
field pack or public address use! 

Cat. No. 
, 

242 150 $189.95 Net 

WRITE TODAY 
for details on the 
"Messenger" CB 
line -or see your 
distributor! 

E. F. JOHNSON COMPANY 
® 1110 Tenth Ave. S.W. Waseca, Minnesota 

Please send full details on the "Messenger" CB line. 

NAM 

ADDRESS 

CITY STATE 

CIRCLE NO. 118 ON READER SERVICE PAGE 
79 

www.americanradiohistory.com

www.americanradiohistory.com


NEW! LAFAYETTE 
1 -WATT 2- CHANNEL 

SUPER CB "WALKIE TALKIE" 

HA-150 

2 for 
79.95 154.95 

Lightweight, compact ... Self- contained 
with Leather Case and Shoulder Strap 
External Push -to -Talk Dynamic Microphone 
Powerful 13- Transistor 5 -Diode Circuit 
Modulation/ Battery Strength Meter 
Push -Button Operation 
Powered by Flashlight Batteries or 
External 12 VDC Supply 
Complete with 2 -Pair Transmit /Receiver 
Crystals Imported 

17-ee. Lafayette's 1964 Catalog No. 640 

422 Giant -Size Pages Everything in Electronics, Hi -Fi, 

C.B., Test Equipment, Amateur Gear, TV and Radio 

Parts, and much more. 

LAFAYETTE Radio ELECTRONICS I 

Oept.RH- 4,P.O. Box 10, 
Syosset, L.I., N.Y. 11791 

Rush me FREE Giant 422 Page 1964 I 
Cat. 640 
HA -150L Walkie- Talkie $ Enclosed I 

Shipping Charges Collect 
NAME 

ADDRESS 

CITY.. __.. .._._.._.STATE _ ZIP_.._ J 
CIRCLE NO. 120 ON READER SERVICE PAGE 

Get Your First Class Commercial 

F. C. C. LICENSE 

QUICKLY! 

Career opportunities in communica- 
tions electronics are almost unlimited. 
Prepare now. Let Grantham train you 
-by correspondence, or by classroom 
and laboratory instruction. Get your 
first class commercial F.C.C. license in 
as little as 2 months, or at a slower pace 
if you prefer. Then, continue in more - 
advanced electronics training if you 
wish. Diploma awarded. Our catalog 
gives full details. 

Learn how our training can prepare 
you for your F.C.C. license; write or 
telephone the School at any one of the 
teaching divisions listed below, and ask 
for "Catalog #46." 

Grantham School of Electronics 
1505 N. Western Av., Los Angeles, Cal. 90027 

(Phone: HO 9 -7878) 

9320 Long Beach BI., South Gate, Cal. 90280 

(Phone: 564- 3421) 

408 Marion Street, Seattle, Wash. 98104 
(Pitone: MA 2 -7227) 

3123 Gillham Road, Kansas City, Mo. 64109 

(Phone: JE 1 -6320) 

821-19th St., NW. Washington, D.C. 20006 

(Phone: ST 3 -3614) 
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I he unit comes c oleic with all cr.stak. ace. 

and d.c. power cords. mounting bracket, and mi- 
crophone. 

43 

PORTABLE TWO -WAY RADIO 
General Electric 4: pan. lias recent]. intro- 
duced a new tsp.. tel tommunic fions de. ice. 

the "Porta- \lobil " -a t ' t.ra. radio which can 
operate as a plug -in mobile radio in a car. as an 
office base station. and as an expanded -range 
portable of hand -carried design. 

The new equipment has up to IS watts of tram- 
non purser in the 25.511 tits. band and up to 10 

watts in the I32 -171 inc. band. Engineered frith 
all- solid -state circuits. it uses silicon transistors in 

all transmitter and receiver circuits. The entire 
design has been compressed into 363 cubic inches 
and measures 11 "x 34-i "x 91/4". It weighs just 13 

pounds. 

44 

SELECTIVE CALLER 
Lafayette Radio Electronics Corporation is 

marketing a selectke caller. the Model 
HA -200 " Prisa- Cunt." 

The unit is a dual -tone signaling device which 
minimins the possibility of hearing unwanted 
signals. The tone sounds and the signal light goes 
on. The receiver is then automaticall. ac timed. 
Ilse light stays on until ntanuall reset. 1 he car 
horn or other external alarm can be actuated 
when the vehicle is unattended. Each id the 
" Priva- Coins" can transmit 10 different c bina- 
t ions of dual -tone frequencies for esci greater 
privacy. 

The front panel has a leoer switch with stand- 
by, normal, and call positions: a %olunu control: 
speaker horn switch: and indicating light. The 
unit comes complete with bracket for ing. 
It measures 33. "x Ssjs "x 5tC ". It is not recom- 
mended for transceivers with carbon mikes less 

preamplifiers. 

HEAVY -DUTY RADIOTELEPHONE 

45 
Ileudix \Lavine has deselnpetl a hc.nt -duly. 
1711 -watt radiotelephone especially for e 

ntercial and fishing fleets. Designated the \rode! 
71511. the all- cat-uum ttnbe. H- channel unit has a 

basic frequent-. tang... of 1.6 to 9 nc. In addition. 
it has a tonally lnttadcast band. 

I he 'canoes automatic nuise limiting, 
squelch. high -low receiver sensitivity switch. and 
a titilli- !unction hider. It is available for opera- 
tion f 12, 24-. 32 -. or 110-volt d.c. and 117 - 

stilt a.c. 

46 

CB BASE- STATION MIKE 
The Turner C pan. k nu.c offering a 600. 
ohm base-station (:B tni,tuphone especially 

designed for use with transistorized tiansceners. 
I he \lode! 254D has a sc.cn -foot cable and 

conics eith a 91- \1PNI5L plug attached. Frequency 
response is :11 /11. í111H1 Cps. It is especially tecom- 
mewled lot use with the Cadre and E. F. Johnson 
"Messenger 111" units. 

CB RADIOTELEPHONE 

41 
Kaar Engineering is now offering two CB 
radiotelephones which rally a two -year 

guarantee. 
The D -333 is a fixed tuned unit with eight 

crystal- controlled channels. The D -333B provides 
eight crystal ch.; Is, external crystal socket, 
and a tunable receiver. A three -stage noise limiter 
provides optimum performance Ier extreme 

noise conditions. Guth models hasty a number of 
optional pro.isions including If squelch. re - 

nuuc control paging, and transistor supply. 

48 

CB TRANSCEIVER 
Hallmark Instruments has added a compact 
new (:B t'ansteker to its line of transceiurs 

and testers. l he \lode! 1250 utilizes hand -wired 
construction in a modular chassis. 

Sensitirits is better than 0.3 ps. for 10 db 
ratio..\djacent channel rejet ' is in 

excess Of 30 db. A new ferrite speaker gives an 
audio output gtc:ucr than 4 db over conventional 
speakers tshilt. a new silicon rectifier full -wane 
bridge plot ides the lower for inaxit lu output 
and modulation. 

This 12-channel. six-dal-controlled dual-pow- 
ered unit is housed in a cabinet measuring 4 "x 
Iith "x 111 ". It operates f 117 volts a.c. or 12 

colts d.c. 

CERAMIC MIKE 

49 
GC ecics pang is now tnarkeling 
an aElll -pultronl pose tet :nn is micruphunc. \u. 

30 -!H)2. l he mike may be hand -held or perma- 
nently placed on desk or table top. The unit has 
its own built in stand which folds flush he 
hack of the unit. It is equipped with a six -foot 
cable terminated with an RCA -type pin plug. 

Made of durable gran' plastic, the unit is spe- 

cially suited for use with CB transceivers. p.a., 
and paging systems. 

RUGGED CB MICROPHONE 
5URobins Indust its Corp. iS now offering a 

,u chin -d utictol,honc lin (:B and cunumu- 
nitaiius applications as the \Itxfet \IK -311. 

Frexlucnc% response is essentialis Ilat Iton 
lilt to 7111111 cps at 49 db. Fcatnes lucide a 

push -to talk switch. high. impact shartcrptoof 
I sing. stnnA suais relief tt pi ouest int. mat 
cunucctiunS of I In mike. 6-fool mut iplc -c'un- 

ductor shielded coil-cable with tinned ends. and 
dashboard mounting bracket for east installation 
in autos and boats. 

51 

INDUSTRIAL TWO -WAY RADIO 
\lut.rola Inc. 's C a Division is 

now offering a high -power. fully transistor - 
ucil mobile two -way F \I radio designed for 
commercial and industrial applicai' 

Known as the \lotan" radio. the new unit 
operates on Si:11111nd s.h.f. frequencies in the 
225 to 5t) Inc. low band and 136 to 17.1 Inc. high 
band. l'hirty and 511 -watt lets are available 
for low -band operation and 25- and 30 -watt 

tot high band. 

Complete elimination of tubes and relays. new 
internal circuit designs. and low transmitter 
power requirements combine to increase re- 

liability of communications. Since the maximum 
power needed to operate the transistorized 
transmitter is only 26 volts. a highly simplified 
poorer supply has been developed. 

ELECTRONICS WORLD 
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51 

LOW- CURRENT SR STACKS 
Tung -Sol Electric Inc. has published a 12- 
page catalogue covering new modular assem- 

blies for low- current silicon rectifier stacks. De- 
tailed specifications are given on single -phase 
center -tap assemblies; single -phase bridge assem- 
blies; and three -phase bridge assemblies in the 
current range from 3 to 75 amperes. 

The catalogue shows a photograph of a typical 
single -phase bridge modular assembly and in- 
cludes six outline drawings giving mechanical 
dimensions for each type of modular assembly. A 
graph is included for each family of stacks which 
shows output current as a function of ambient 
temperature. 

CAPACITOR MIL SPECS 
CO Cornell -Dubilier Electronics has now pub- 
du lisped a pocket guide to military specifica- 
tions for fixed capacitors. Formerly published as 
one of the company's series of two -color applica- 
tiou -guide wall charts, the new format is designed 
for easy portability. 

All current military specifications, in detail, 
are conveniently displayed, with NHIL styles, tem- 
perature range, capacitance, and capacitance tol- 
erance defined. 

59 

NEW PICTURE TUBE CONSTRUCTION 
Pittsburgh Plate Glass Company has issued 
an illttstratetl 8 -page two -color brochure de- 

scribing its laminated tube system, "Telebontl." 
The new system features a specially developed 

chemically etched "Teleglas" face that is said to 
provide a non -glare viewing surface with greatly 
improved color fidelity, brightness, and picture 
contrast. 

60 

SHORT -FORM CATALOGUE 
International Rectifier Corporation has issued 
a 1964 semiconductor short-form catalogue 

which lists nearly 4000 semiconductor devices with 
applicable Specifications. 

The listings are in numerical sequence for 
rap hl. easy reference and include over 10(1(1 of the 
company's IEDEC types. Ratings, characteristics, 
and descriptive data are covered in condensed, 
tabular form and include cross reference to device 
classification and page number. 

61 

CB MICROPHONE BROCHURE 
The Turner Microphone Company is offering 
copies of its Bulletin 1021 which covets the 

firm's complete line of microphones for Citizens 
Band applications. 

62 

CONDENSED SEMICONDUCTOR DATA 
Amperex Electronic Corporation has an- 
nounced publication of a new condensed 

semiconductor catalogue, a 48 -page booklet con- 
taining new material of interest to engineers as 
well as basic specifications on a full line of tran- 
sistors, diodes, and photosensitive devices. 

The catalogue is illustrated throughout with 
photographs and drawings. 

63 

PRODUCT GUIDE 
The Superior Electric Company has issued a 
compact I2 -page product guide which covers 

the firm's line of variable transformers, variable 
voltage controls, power supplies, synchronous 
motors, indexers and translators, electrical con- 
nectors, and binding posts. 

The units are illustrated and specs listed in 
tabular form for easy selection. 

64 

INSTRUMENTATION TAPE 
Ampex Corporation is now offering a 12 -page 
bulletin on magnetic tape for instrumenta- 

tion recording. Information on tape selection, 
tape characteristics, and accessories is included 
along with a brief history of the tape. 

A chart lists the types of instrumentation tapes 
available and their applications. 

65 

TIME DOMAIN REFLECTOMETRY 
Hewlett- Packard Company has published a 
24 -page Application Note on "Time Domain 

Reflectometry," a new technique which isolates 

MANUFACTURERS' 
LITERATURE 

and identifies the character of transmission line 
disturbances. Using a fast step generator and 
scope in a "closed -loop radar" arrangement, 
TDR's echo technique shows at a glance the im- 
pedance of each segment of the line, separates 
junctions, locates and identifies resistive. induc- 
tive, and capacitive discontinuities, and shows if 
they are series or shunt. 

The publication lias been designated "Applica- 
tion Note No. 62." 

66 

SILICON POWER TRANSISTORS 
Silicon Transistor Corporation has issued a 
12 -page catalogue covering its line of silicon 

power transistors and SCR's. 
The hook lists the [nits by power ratings. mili- 

tary types, "p-n-p,'' and industrial "n-p-n" types. 
For quick reference, the table of contents lists, in 
numerical sequence, all transistor types made by 
the company with their reference page number. 
Case types and dimensional diagrams are also in- 
cluded. 

61 

H.V. SELENIUM RECTIFIERS 
Electronic Devices, Inc. has issued a four -page 
catalogue sheet which describes its entire line 

of high- voltage selenium cartridges. Catalogue 
SE- 1004 provides an easy reference for designers 
to select peak inverse voltage, length, and current 
rating. Cartridges up to 25.00( -volt peak inverse 
rating and up to 60-ma. forward current are 
available in the line. 

68 

PILOT -LIGHT DATA 
Industrial Devices, Inc. has released a new 
short -form catalogue containing illustrations 

and a concise description of a wide variety of neon 
pilot lights and electro- mechanical products. 

Among the items covered are pilot lights, leg- 
end displays, clips and cords, bar knobs, rotary 
instrument switches, capacitor bases, test lights, 
and test meters. The catalogue is designated Form 
SFA-I 64. 

69 

THIN -FILM CIRCUITS 
Sprague Electric Co. has issued a portfolio of 
data sheets covering its "Ceracircuit" linear 

and eon- linear thin -filin integrated circuits. 
In addition to an 8 -page technical paper on "A 

General -Purpose Ceramic -Base Thin -Film Nlicro- 
circuit Amplifier," there are individual data 

ELECTRONICS WORLD 
P.O. BOX 7842, Philadelphia 1, Pa. 

Please send me copies of the literature whose code numbers I have circled. 
(Your requests will be forwarded to the manufacturers who will be glad to fill them promptly.) 

57 58 59 60 61 62 63 64 65 66 67 68 
69 70 71 72 73 74 75 76 77 78 79 

sheets on wide-band amplifiers, phase splitters, 
audio amplifiers. limiting amplifiers, transmis- 
sion -line drivers, and pulse amplifiers. Each of the 
circuits is illustrated and technical specifications 
and interconnection data provided. 

CERAMIC CAPACITOR DATA 
Hi-0 Division of Aerovox Corporation has 
published a new 40 -page catalogue on ceramic 

capacitors for industrial and "Hi -Rel" applica- 
tions. 

Described with full specifications are disc. tran- 
sistor; plate, tubular, feédthroug'h, and stand -off 
capacitors as well as the firm's "Hi -Q," "Cerafil," 
"Ccrol," and "Ceralam" units. Thin plate, micro - 
element, high- voltage cartwheel, and high- potter 
capacitors are also covered. 

11 

SWEEP /SIGNAL GENERATORS 
Telonic Industries, Inc.'s new 32 -page cata- 
logue provides detailed descriptions and spe- 

cifications on an extensive line of sweep/signal 
generators and accessory equipment. 

The catalogue also includes information on 
sweep measurement techniques and a general 
treatment of .sweep generator operation. Each of 
the firm's 30 models is presented with complete 
specifications, block diagrams, and scope patterns 
to illustrate performance. 

STEREO RECORDER DATA 
Freeman Electronics Corporation has pub- 

L lisped a single -page data sheet detailing spe- 
cifications and features of its Model 8(10 stereo 
tape recorder. 

Features are spelled out in concise form while 
specifications and operational details are covered 
completely. Optional accessories for this particu- 
lar model are also pictured and described in the 
data sheet. 

TUBE & TUBE EQUIPMENT 

13 
Litton Industries' Electron Tube Division has 
issued a new 36 -page, illustrated 1964 "Prod- 

uct Summary" which lists the majority of un- 
classified microwave tubes, display devices, and 
tube -related equipment designed and manufac- 
tured by the firm. 

These include pulse and caw. magnetrons, 
cross -field amplifiers, \I -type backward wave os- 
cillators, pulse and c.w. klystrons, electrostatically 
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SEND ELECTRONICS 

EVERY 

MONTH 

name 

WORLD 

!..Icl(rtrtlllil*,4 \No riI 

address 

city zone 

state 

Check one: 3 years for $12 

2 years for $9 1 year for $5 

In the U.S., and possessions. 

Payment enclosed Bill me 

Foreign rotes: Canada and Pan American 
Union countries, add 50¢ per 
year; all other foreign countries, 
add $1.00 per year. 

New Renewal 

Mail to: 

ELECTRONICS WORLD 

Dept. 1 -2287, 434 S. Wabash Ave. 

Chicago, Ill. 60605 

Tuner covers 26 -54 and 88 -174 MC 
in eight overlapping bands with 
good sensitivity. Ideal for use with 
amplifier or Hi -Fi to listen to Air- 
craft, CB, Fire, Police and other 
signals in the VHF bonds. 

355A AM /FM TUNER $4995 

Order today or sena for free catalog on full line 
of converters ana receivers for every application. 

KUHN ELECTRONICS 
CINCINNATI 17, OHIO 

EARN Engineering DEGREE 
You can earn an A.S.E.E. degree at home. College 
level HOME STUDY courses taught so you can n under- 
stand them. Continue your education. earn more to 
the highly paid electronics Industry. Missiles. com- 
puter,. tl.nsi.siors, automation. complete electronics. 
Over 27.000 graduates now employed. Resident 
'chool available at our Chicago campus-Founded 
ion4. Send for free catalog. 

American Institute of Engineering ` Technology 
1141 West Fullerton Parkway, Chicago 14, Ill. 

82 

focused klystrons, millimeter wave tubes, travel- 
ing wave tubes, beam switching tubes, CRT's, 
fiber optic tubes, and related equipment. 

14 

WIRE /CABLE TERMINOLOGY 
Royal Electric Corporation has issued a 

I2-page booklet containing a glossary of corn- 
monly used abbreviations for wire, cable, and 
portable cords. This listing of standardized 
terminology is offered as a service to the industry. 

15 

TRANSPORT DATA PROCESSING 
Honeywell Electronic Data Processing has 

compiled two 8 -page brochures on the use 

of its 200 data processing system and a PER'C 
chart for computer installation planning in the 
transportation industry. 

The publications outline revenue accounting 
and operations control applications for motor 
transport companies. 

DECADE COUNTER BULLETIN 

16 Janus 
Control Corp. has announcrtl distr 

tion of a new technical bulletin which de- 
scribes a 2- megacycle all- silicon decade counter. 
The publication provides complete specifications 
and operational data on the Model B100 -1 high- 
speed decade counter. It also contains three opera- 
tional characteristic diagrams, a functional block 
diagram, and a detailed dimensional drawing. 

11 

TRANSISTORIZED POWER SUPPLY 
Perkin Electronics Corporation has published 
a technical data sheet illustrating and de- 

scribing in detail the firm's Model TVR 28 -200 

silicon controlled rectifier /transistor series -regu- 
lated power supply with output of 22 -32 volts 
d.c. at 200 amperes. 

The data sheet includes a description of the 
unit, its features, detailed specifications, dimen- 
sional information, price, and a photograph of 
the unit. 

18 

TUBULAR CAPACITORS 
Aerovox Corporation is now supplying copies 
of a new technical bulletin which provides 

data on the film's 'type DBE dipped \lylar -paper 
bypass tubular capacitors. 

Specifications given include operating tempera- 
ture, range, power factor, insulation resistance, 

dielectric strength. humidity characteristics, wire 
sizes, and standard and special tolerances. Almost 
60 types are listed. 

19 

CB ANTENNAS & ACCESSORIES 
New -Tronics Corporation has announced 
publication of Bulletins NT -100 and CE -203 

which cover several models of CB mobile and 
base- station antennas. Also included are various 
accessories designed for Citizens Band use. 

PRODUCT CATALOGUES 
Sylvania Electric Products Inc., 1100 Main 

Street, Buffalo, New York 14209 has announced 
the availability of four new publications covering 
industrial /military CRT's, receiving tubes, semi- 
conductors, anti microwave devices. 

All of the catalogues have been completely re- 
vised and up -dated to reflect the latest designs 
and products. The CRT brochure is order mini- 
her ET -3914 at 14 cents a copy; the receiving tube 
characteristics publication is ET -1350 at 20 cents 
a copy; the semiconductor catalogue is designated 
S \1 -3905 at 20 cents a copy; and the microw:uc 
devices booklet is ET -3913 at 20 cents a copy. 

Payment must accompany all orders which 
should be sent direct to the company at the abuse 
address. i 

l'11/T// CREDITS 
Page Credi) 

12 Eico Electronic Instrument Co., Inc. 
14, 73 Electro- Voice, Inc. 
17 AFMTC Photo Lab, Patrick AFB, Fla. 
18 Andrews AFB, Washington 
22, 23, 29, 31, 32...National Bureau of Standards 
26 (top), 27 (bottom) 

International Business Machines 
26 (left) Carter- Princeton Co. 
26 (center) Tung -Sol Electric 
26 (right).... General Telephone 8 Electronic Corp. 
27 (top) Sylvania Electric Products Inc. 
27 (center left) Westinghouse Electric Corp. 
27 (center right) Bell Telephone Laboratories 
34 Acoustic Research, Inc. 
44 Manson labs Inc. 
68 Heath Company 
69 Budelman Electronics Corporation 
70 General Radio Company 

VOLTMETER USES FIELD -EFFECT TRANSISTORS 
BECAUSE of increasing availability of 

field -effect transistors, many cir- 
cuits taking advantage of the uni -polar 
field -effect transistor's low noise and pen- 
tode vac -tube -like characteristics are 
appearing. 

To demonstrate the compactness of a 
field- effect transistor circuit, engineers at 
Siliconix built a three -range voltmeter 
on the rear side of a conventional Sinip- 

z 

PROBE 
r 

J 
ISMEG. 

sots -114" rectangular meter (50 µa. d.c.). 
Having an input resistance of 30 meg- 
ohnts, the circuit has three switchable 
scales for 2, 10, and 20 volts. 

The circuit is shown in the schematic. 
The number of voltage ranges and the 
value of input resistance were selected 
for a particular application. The input 
resistance could be increased but con- 
sideration must be given to the error 
voltage that will be generated by any gate 
current flowing through the range volt- 
age divider. 

o i 
2N2606 2N2606 

I.SMEG. 

5.4V. 
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Inn i StPreo Review L MODEL 211 ] 

STEREOTEST RECORD 
FOR HOME AND LABORATORY USE 
EXTRA: AS A DEMONSTRATION Of THE HIGHEST PDS-SIRLE r10EOTY THIS RECORD INCLUDES 
PROGRAM OF MUSIC RECORDED DIRECTLY ON THE MASTER WITH NO INTERVENING TAPE PROCESS 

\,__-= =_ __ - =í í : =. .. 
..................... .._. --_-__ __r= _=-- --,\__N N ..... \rm= .. _.¡__ /- i ̀ .1 / . ian W11/, 

Why We Make the Model 211 

Available Now 
Although there are many stereo test records on the mar- 
ket today, most critical checks on existing test records 
have to be made with expensive test equipment. 

Realizing this, HiFi STEREO REVIEW decided to produce 
a record that allows you to check your stereo rig, ac- 
curately and completely. just by listening! A record that 
would be precise enough for technicians to use in the 
laboratory -and versatile enough for you to use in your 
home. 

The result: the HiFi, STEREO REVIEW Model 211 Stereo 
Test Record! 

Stereo Checks That Can Be 

Made With the Model 211 
Frequency response -a direct check of eighteen 
sections of the frequency spectrum, from 20 to 
20,000 cps. 

Pickup tracking - the most sensitive tests ever 
available on disc for checking cartridge, stylus, 
and tone arm. 

Hum and rumble -foolproof tests that help you 

evaluate the actual audible levels of rumble and 
hum in your system. 

Flutter -a test to check whether your turntable's 
flutter is low, moderate, or high. 

Channel balance - two white -noise signals that 
allow you to match your system's stereo channels 
for level and tonal characteristics. 

Separation -an ingenious means of checking the 
stereo separation at seven different parts of the 
musical spectrum -from mid -bass to high treble. 

Stereo Spread 

ALSO: Speaker Phasing 

Channel Identification 

PLUS SUPER FIDELITY MUSIC! 
The non -test side of this record consists of music re- 
corded directly on the master disc, without going through 
the usual tape process. It's a superb demonstration of 
flawless recording technique. A demonstration that will 
amaze and entertain you and your friends. 

August, 1964 

NOW...GET THE FINEST 

STEREO TEST 
RECORD ever produced 

for just... $4.98 
Featuring The Most Spectacular Music 

Demonstration On Disc Today 

UNIQUE FEATURES OF HiFi /STEREO REVIEW'S 

MODEL 211 STEREO TEST RECORD 

Warble tones to minimize the distorting effects of room acoustics 

when making frequency -response checks. 
Warble tones used are recorded to the same level within ± 1 db from 40 to 
20,000 cps, and within ± 3 db to 20 cps. For the First time you can measure 
the frequency response of a system without an anechoic chamber. The frequency 
limits of each warble are within 5 % accuracy. 

White -noise signals to allow the stereo channels to be matched in 

level and in tonal characteristics. 

Four specially designed tests to check distortion in stereo cartridges. 

Open -air recording of moving snare drums to minimize reverberation 
when checking stereo spread. 

All Tests Can Be Made By Ear 
HiFi 'STEREO REVIEW's Model 211 Stereo Test Record will give you immediate answers 
to all of the questions you have about your stereo system. It's the most complete test 
record of its kind -contains the widest range of check -points ever included on one test 
disc! And you need no expensive test equipment. All checks can be made by ear! 

Note to professionals: The Model 211 can be used as a highly efficient design and 
measurement tool. Recorded levels, frequencies, etc. have been controlled to very close 
tolerances -affording accurate numerical evaluation when used with test instruments. 

DON'T MISS OUT -ORDER NOW 
The Model 211 Stereo Test Record is a disc that has set the new standard for stereo 
test recording. There is an overwhelming demand for this record and orders will be 

filled by ELECTRONICS WORLD on a first come, first served basis. At the low price of 
$4.98, this is a value you won't want to miss. Make sure you fill in and mail the coupon 
together with your check ($4.98 per record) today. 

FILL IN AND MAIL TODAY! 

Stereo Test Record 

Electronics World -Dept. SD 

One Park Ave., New York 16, N.Y. 

Please send me - test records at $4.98 each. My check for money 
order) for $ is enclosed. I understand that you will pay the postage. 
(Orders from outside the U.S.A. add 50c to partially defray postage and handling 
costs.) 

Name 

Address 

City Zone State - 

SORRY -No charges or C.O.D. orders! EW -84 

(Please Print) 

83 

www.americanradiohistory.com

www.americanradiohistory.com


ELECTRONICS 
MARKE T PLACE 

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 600 per word (including name and address). Minimum order $6.00. Payment 

must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months: 10% for 12 months paid in advance. 

READER RATE: For individuals with a personal item to buy or sell. 35C per word (including name and address). No Minimum! Payment must accompany copy. 

GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 10C extra per word. All copy subject 

to publisher's approval. Closing Date: 5th of the 2nd preceding month (for example, March issue closes January 5th). Send order and remittance to: Martin Lincoln, 

ELECTRONICS WORLD. One Park Avenue. New York, New York 10016 

FOR SALE 

TRANSISTOR Ignition coils, components, kits. Advice 
Free. Anderson Engineering. Wrentham 5, Mass. 

CANADIANS -Giant Surplus Bargain Packed Catalogs. 
Electronics. Hi -Fi, Shortwave, Amateur, Citizens Radio. 
Rush $1.00 (Refunded). ETCO. Dept. Z, 464 McGill, 
Montreal, Canada. 

JUST starting in TV service? Write for free 32 page 
catalog of service order books, invoices, job tickets, 
phone message books, statements and file systems. 
Oelrich Publications, 6556 W. Higgins Rd. Chicago, 
Ill. 60656. 

$100.00 WEEKLY Spare Time selling Banshee TS -30 
Transistor Ignition Systems and Coils. Big Demand. 
Free money making Brochure. Slep Electronics, Draw- 
er, 178ZD, Ellenton, Fla. 33532. 

GOVERNMENT Surplus Receivers, Transmitters, Snoop 
erscopes, Parabolic Reflectors, Picture Catalog 100. 
Meshna, Nahant, Mass. 

TRANSISTORIZED Products importers catalog. $1.00. 
Intercontinental. CPO 1717, Tokyo, Japan. 

DIAGRAMS for repairing Radios $1.00. Television $2.50. 
Give make model. Diagram Service. Box 1151 E, Man- 
chester, Connecticut 06042. 

-PRICE WAR- 
On tested silicon controlled rectifiers 

SCRs 

PRV 
70 

140 
200 
250 
300 
350 
400 
450 
500 

7 Amp 
1.00 
1.40 
1.60 
2.00 
2.25 
2.55 
2.90 
3.25 
3.60 
4.00 

25 Amp 
2.00 
2.33 
2.50 
2.75 
3.00 
3.25 

VARIACS 
2 AMP. .110v .... 7.50 10 AMP. 110v 
4 AMP..230V ....19.99 120 AMP..150v 

18.95 
24.95 

VARIAN FOCUS MAGNETS 
1504 -A New 3975.00 Pair 

METERS 
SQUARE 

0-IMA 52.95 ea. 
0.2MÁ $2.95 ea. 
0.100 MV . S2.95 ea. 
0.500 MMA 52.93 ea. 

AC Volts 0-2: 3: 5: 10: 
15; 25; Or 50.92.75 ea. 

AC Amps. 0-1; 2- 
or 3 S3.95 ea. 

DC-MA 0.50 or 
100 . S5.95 ea. 

DC Volts 300 . .15.95 ea. 

0-30 VDC . ..53 25 ea. 
0.5 MA DC $3.95 ea 

ROUND 
2 

0 200 VAC ..54.49 ea. 
5" meter O -9 $3.75 ea. 

0-200 MA DC 94.25 ea. 
0.200 MMA .. .54.95 ea. 
0.100 MMA . . S5.25 ea. 
0.1 MA I Arbitrary 
Scale) S3.95 ea. 

0.150 VDC Weston 
(dual scale) .35.25 ea. 

0.150 VDC ..$4.75 ea. 

0.20 MA DC .53.95 ea. 
0.5A AC (marked 
0.1501 $3.75 ea. 

0-75 VDC $3.95 ea. 
4" 

AC Volts 0-30 S3.00 ea. 
AC MA 0.150 $3.00 ea. 
DC Volts 0.25: 300: or 
500 $3.00 ea. 

0.50 VDC 14 scales basic 
0.1 MADC1 54.50 Ca. 

MONTHLY SPECIALS 
Solenoid Guardian NO. I6AC 115 VAC -2 lb. pull 

1.79 ea. 12 for 20.00 
Relays. Sigma SOO SIL 6-24 VDC 10 MA In 6V 89C 

each. 10 for 7.50 
Dumont s 322 Scope dual beam DC or AC coupled 

excellent condition with manual $369.00 
SCR 70PRV7 Amps. tested.... ..... S75'100 
Switch DPST Rust proof 6A125V new . 12 for $4.50 
Germanium Diodes.. Computer type-$8.,100 
Micro Switches V3.1 SPDT 4 52.19 
Micro Switches 15M1 SPOT 4 1.75 

ASSORTED RELAYS -QUANTITIES 
WRITE FOR PRICES. 

All Shipments FOB NY" 

ADVANCE ELECTRONICS 
79 Cortlandt St., New York 7, N.Y. RE 2 -0270 
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INVESTIGATORS, free brochure, latest subminiature 
electronic surveillance equipment. Ace Electronics, 
11500.1 NW 7th Ave., Miami 50. Fla. 

RESISTORS precision carbon -deposit. Guaranteed 1% 
accuracy. lh watt 8C. 1 watt 12C 2 watt 15C. Rock 

Distributing Co., 902 Corwin Road, Rochester 10, New 

York. 

IGNITION! Transistor. Coil, ballast $7.95. Free Parts 

Lists. Transfire, Carlisle 2, Mass. 

NEW transistor buried treasure, coin detectors. Kits, 
assembled models. $19.95 up. Free catalog. Relco, 

A -22, Box 10563, Houston 18, Texas. 

TRANSISTORS, SCR's, diodes, Nickel Cadmium batteries, 
meters, crystals, Components. Quality Guaranteed. 
Send 10C for catalog. Electronic Components Co., 

P.O. Box 2902, Baton Rouge, La. 70821. 

CONVERT any television to sensitive, big- screen oscil- 
loscope. Only minor changes required. No electronic 
experience necessary. Illustrated plans, $2.00. Relco, 

Box 10563, Houston 18, Texas. 

JAPAN 8 Hong Kong Electronics Directory. Products, 
components, supplies. 50 firms -just $1.00. Ippano 

Kaisha Ltd., Box 6266, Spokane, Washington 99207. 

COMPLETE KNIFE catalog 250. Hunting, Pocket, Util- 
ity. Heartstone, Dept ZD, Seneca Falls, New York 

13148. 

TV CAMERAS, transmitters, converters, etc. Lowest 
factory prices. Catalog 10C. Vanguard, 190-48 99th 
Ave., Hollis, N.Y. 11423. 

BRAND NEW 8YP4 TV Test Tube -$17.95. "A must 
for every serviceman" (RADIO ELECTRONICS, January, 
1964, issue, Page 32). Send check or money order for 
immediate delivery to: Samson Kinescope, Inc., 250 

No. Goodman St., Rochester, New York 14607. 

TRANSISTORS, Zeners, Rectifiers, Diodes, 38 pieces 
just $3.00. New- Guaranteed. Free Catalog. Transistor 
Kits, Box 5091, Pasadena, Calif. 91107. 

LASER: Hobbyists, experimenters, amateur scientists. 
Build your own coherent -light optical laser. Complete 
instructions, schematic diagrams and parts list. $6.00. 
Same as above, diode laser. $3.00. Technical Writers 
Group, Box 5501, State College Station, Raleigh, N. C. 

PRINTED CIRCUITS TO YOUR SPECIFICATIONS. Elec- 

tronic Manufacturers, Hobbyists, Experimenters. 
Write for information. Reaction Products Labs, Box 

1098, Miss. City, Miss. 

ELECTRONICS ENGINEERING 
AND INSTRUCTION 

FCC LICENSE in six weeks. First class radio telephone. 
Results guaranteed. Elkins Radio School, 2603C, In. 
wood, Dallas, Texas. 

HIGHLY -effective home study review for FCC commer- 
cial phone exams. Free literature! Wallace Cook, P.O. 

Box 10682 Pittsburgh, Pa. 15235 

USED Correspondence Courses and Books sold and 
rented. Money back guarantee. Catalog free. (Courses 
Bought:. Lee Mountain. Pisgah, Alabama. 

ELECTRONICS! Associate degree -29 months. Techni- 
cians, field engineers, specialists in communications, 
missiles, computers. radar, automation. Start February, 
September. Valparaiso Technical Institute, Dept. N, 

Valparaiso, Indiana. 

MOVIE FILMS 

FREE BROCHURE, 8mm FILMS. COMEDIES, ADVEN- 

TURES, DRAMAS. Laurel and Hardy, Mary Pickford, etc. 
Art Raymond Co., Dept. 101, Box 194, Centereach, 
N.Y. 11720. 

WANTED 

QUICKSILVER. Platinum, Silver, Gold. Ores Analyzed. 
Free Circular. Mercury Terminal, Norwood, Mass. 

CASH Paid! Sell your surplus electronic tubes. Want 
unused. Clean radio and TV receiving, transmitting 
special purpose. Magnetrons, Klystrons, broadcast 
types. Want military and commercial lab test equip- 
ment. Want commercial Ham Receivers and Trans- 
mitters. For a Fair Deal write: Barry Electronics, 512 
Broadway, New York, New York 10012 (Walker 5- 7000). 

EDUCATIONAL 
OPPORTUNITIES 

LEARN While Asleep, hypnotize with your recorder, 
phonograph. Astonishing details, sensational catalog 
free! Sleep -Learning Association, Box 24 -ZD, Olympia, 
Washington. 

LEARN while asleep. Remarkable, scientific. 92% ef- 
fective. Details free. ASR Foundation, Box 721, Dept. 
e.g., Lexington, Kentucky. 

FREE brochure describing $14.95 practical home 
radio -electronics course. Edu -Kits, Dept. 104 -E, Hew- 
lett. N. Y. 11557. 

BARGAINS 
Write for a copy of our 
Complete Bargain Brochure 
Thest, items are lust a sample of the equipment bar- 
gains available. 
HP 608B Sig. Gen. lOMc- 400Mc. liken ..S 625.00 
HP 3308 Distortion Analyser. like new .. S 350.00 
Gen. Rad. Unit Oscllls 1211B 5 to SOmC. 

New S 210.00 
HP 650AR Sig. Gen. 10cy to 10mc, 

Excellent ............ ... ........ S 300.00 
HP 4758 Tuneable Bolometer. New S 99.00 
HP 212A Pulse Generator. ExCellent S 325.00 
HP 5408 Transfer Oscillator. New S 600.00 
HP 688C Sweep Generator. New SQ 
HP 205 AG Audio Generator. EXC. S 295.00 
HP 715A Klystron P.S S 150.00 
Ts 418A U Sig. Gen. 400mc to 1000nlC 

Like new ................. S 495.00 
Measurements Corp. 31 IntermodUlatlon 

Monitor. New .f 150.00 
Empire Devices Broadband Xtal mixer type 

CM-107C. 1120mc to 1700mc. Eccellenf 9 90.00 
Boonton 'Q'' Meter, Type 170A S 275.00 
W es 

HP X370C, New S 30.00 
HP S370C, New S 62.50 

AN 'PSM4C Multimeters. New SQ 
Close -out 100 it of RG11A U. PL-259 

ach end. New S 3.50 
SPECIAL PRD IIOOA 3db. Attenuator S 22.50 
PRO 390 Adaptor NEW S 22.50 
PRO 1308 6db Attenuate, S 25.00 
sierra 160.1 1 -- Watt load S 9.50 
Sierra leo -S 5-Watt load S 14.50 
N.P. 455A Probe T. connector S 20.00 
AN URM 14 Mike Simulator SQ 
AN UKH. I ISOkc Dig Counter S 290.00 
AN URM 25 Sig. Gen 3011o5OMC SQ 
HP 5408 Transfer Oscillator S 600.00 
HP 212A Pulse Generator S 350.00 
683C 2 to 4 KMC Sweep Oscillator 51800.00 
GSOAR Test Oscillator S 300.00 

S 75.0o T5-47A 'APR Si 
TS147,17 X Band Test Set S 675.00 
BC -1032B Panadaptor 5.25mcIF S 125.0o 
Ballentine 300 VTVM S 99.00 
Hewlett Packard 4308 Power Mtr S 120.00 
TS- 2680'U Extal Rectifier Test Set S 17.50 
TS -375A U VTVM S 65.00 
TS -917 Analyser for TTP S 175.00 
TMC Type FFR Receiver SQ 
Measurements 80 Sig Gen SQ 
Dumont 304AR Scopes S 195.00 
Dumont 256D Scopes S 90.00 
Dumont 324 Scopes S 245.00 
SP -600 JX- 540kc- 54mC's S 450.00 
R 390 Digital Job 500.32mG /e SQ 
URR -13 225 to 400mC'S S 320.00 
Wilcox F3 Fixed Freq f 65.00 
TS -171 U Freq Mtr 90.450mí S 120.00 
We buy military and test equipment. What do you have 
for sale or for trade? Call collect. 

SPACE 
ELECTRONICS 

4178 PARK AVE.. 
BRONX. N.Y. 

,2121 CY 9 0300 
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SCR -625 MINE DETECTOR 
Complete portable outfit in origi- $2950 
nal packing, with all accessories L 
Brand New 

wVICTOREEN 
RADIATION DETECTOR 

$'125 Model 500 BRAND NEW'. actual value L $49.50 SPECIAL, WHILE THEY LAST 

/ 
LM FREQUENCY METER 

.I:LI calibrated modulated. He tergd y,tt, 125 I:1' 

1 1 

. 1100 Kc, with Calibration 100k. $69.50 001015.4e. like new 
LM Frequency Meter :Viii., completely cheek, 
nn. w'Ith tubes and stal. es, rai'llbra $34.50 ion book. Esc. Used. cle clean 

BC -221 FREQUENCY METER 
Equipped with original calibration charts. 125 Ke to 
20.000 Kc With Crystal Check points in all ranges. 
Excel. Used With original Calibration Book. Crystal. 
and all tables. CHECKED OUT 

i -",n odUlated $89.50 Modulated ....P.U.R. 
BC -221 1000 Kc Crystal Brand .etc.. $8.95 
BC221 FREQ. METER CASE. aluminum. with volt, 

. 
-I'l'l' c - .I 1nn,.,I BRAND NEW ..$2.95 

BC -906 FREQ. METER -SPECIAL 
t lay I.UO 145 to 2:15 Mc. Complete , o. 

'I. ,al d original caliorat ion charts ' .$12.88 lo.l,I. BRAND NEW. OUR LOW PRICE. 

Determine 
or plane. 
tubes and 

INDICATOR 
APN4, complete 

xv 

LORAN APN -4 
FINE QUALITY 

NAVIGATIONAL EQUIPMENT 
exact geographic position of your boat 

Indicator and receiver complete with all 
crystal. 

ID -6B /APN -4, and RECEIVER R -9B/ 
with tubes, Exc. Used. $69.50 

NEW! APN -4A Receiver -Indicator as above. changed 
to operate same as APN4 -B for improved perform- 
ance NEW $88.50 

i Shock Mount for above $2.95 

INVERTER POWER SUPPLY for above APN -4. INPUT: 
24 V DC. OUTPUT: 115 V AC, 800 cycles. Like 
New $22.50 
12 -Volt Inverter Power Supply for above APN -4. 

P.17.11. 
We carry a complete line of replacement parts and 
accessories for above. 

LORAN R -65 /APN -9 RECEIVER 
& INDICATOR 

Deter- Used in ships and aircraft. t mines position by radio signals from C 
known xmitters. Accurate to within 
1% of distance. Complete with 
tubes and crystal. IN LIKE NEW Con- 
dition $79.50 
Used, with all parts, less tubes, crystal $29.50 
and visor Special 
INVERTER POWER SUPPLY for above APN -9. INPUT: 
24 V DC. OUTPUT: 115 V AC. 800 cy. Like New $22.50 
12 -V. Power Supply for APN -9, like New P.U.R. 
Shock Mount for above $2.95 
Circuit diagram and connecting plugs available. 
We carry a Complete line Of replacement parts and 
accessories for above. 

APN-1 2 3 -INCH SCOPE 
Has vertical and horizontal sweep 
with focus and intensity controls. 
coaxial antenna changeover motor. 
Complete with 11 tubes and 3JP1 
CR Tube. For 115 V. 400 cycle AC 
and 24 V DC. Circuit dia- $14.95 gram included. LIKE NEW. 

_, 
t .,7t----", 
e'.f e 
4 -rA 
isst.57.7%1 

TS10 0AP 'SCOPE, 
ßwe. `ned, 

like no . $39.5 0. h :dl u1 <, - 

y 

:11. ;d (It Ill,' \. whoa,. BRAND 
' 

XI-IV $69.50 

BC-929 cope, with all tubes, 
BRAND NEW $14.95 
Conversion instructions, with diagram, for 100 V 
AC operation $ 65 

TS -16 /APN TEST SET 
For aligning and calibration of 

altimeters. May 
u 

to 
check calibration of count o 

r 
cir- 

' 

olts and modulator sweep freq. 
nd bandwidth of transmitter. 

\11,110- oscillator ange: 3411 to 
7250 cycles. 2.1 V.DC 'nPnt. 

vO 
(7 

ee red10''. 
Complete a'llIt lobo.. connecting ,aide >. $19.95 1,.11 n, loll .mnn ,.n t . BRAND NEW 

EE -8 FIELD PHONES 

Checked out, perfect working order- Complete with all parts. Excellent 
Condition. LIKE sees! 
Each $14.50 Y n 

TG -34A CODE KEYER 
1 

- 

q lk 
Self -contained automatic unit. reproduces code practice signals r corded on paper tape. By use of built -In speaker. provides code -practice signals to O 

n 
or more persons at speeds from 

5 to 25 WPM- 11j 
o , Like New 

r 
Tested 

Set of 15 Reel. 

$29.550 
Arran 'o,l, 

s:4; 

Practice I,e. -oo -. Iii; \N0 NEW. 
o "10 :,l e,1.k i:;' . . P.U.R. 

August, 1964 

IMPORTERS - EXPORTERS 

of ELECTRONIC EQUIPMENT 

We specialize in the export 
of military surplus electronic 
equipment: 

All at LOWEST PREVAILING PRICES. 
In addition to items shown on this page. 
we have in stock or can obtain for export 
and domestic customers, military electronic 
equipment made for World War II, Korean 
War, and later. We maintain one of the 
largest stocks of Government Electronic 
Surplus Equipment in America! 
IF YOU DON'T SEE WHAT YOU WANT 
HERE, WRITE US YOUR NEEDS. WE'LL 
QUOTE ON ANY GOVT SURPLUS EQUIP- 
MENT YOU SEE ADVERTISED ANYWHERE. 
Write or call today for our low LOW 
PRICE, and SPEEDY DELIVERY FROM 
STOCK! 

All packing and shipping is made directly 
from our own warehouse in NYC to give 
you substantial savings in handling costs! 

AN /APR -4Y FM & AM RADIO RECEIVER 
High precision lab instrument, suitable for 
monitoring and measuring frequency and relative 
signal strength of signals from 38 to 4000 Mc., 
in 5 tuning unit ranges. For 110 V 60 cycle AC 
operation, built -in power supply. 
LIKE NEW, SPECIAL $ 79.50 
TN -1 O. TNI7. -l'..I:I. T. -l'J anti 3N 54 
Tuning Units lo, :,hove in stock..l'.0 it. 

SCR -522 2 -METER TRANSMITTER -RECEIVER 
Terrific buy! VHF Transmitter.It eeelaer. 100.156 Mc. 
.1 channel.. Xtol- controlled. ''''l' litude 

" 
of lulated 

tolce. Complete wit, all 18 tubes, top rack and 
'tai case. LIKE: SEW! 

P.U.R. 
metal 

I'll I C I.1, 

SCR522 a. :Ow.e, tsr. used $32.50 

AN/ART-13 100-WATT XMTR 
11 CHANNELS 
200-1500 Kc 
2 to 18.1 Mc 

1$79501 
USED 

complete with Tubes 

Famous Collins Autotune Aircraft Transmitter. A \I 
CW. 31C\V. Quick change to 

na 
n of ten preset Cha 

,else o 
r 

manual tuning. Speechmpllflerlclipper use- 
carbon magnetic mike. 1-1101,1.' stable. highly 
curate 3'FO. Built In Xtal controlled calihramr. 
PP81 Is ,modulate 813 In final up to 90% class "B." 

Real "HOT" Ham buy at our lots price! 
AN /ART13 XMTR. as above. In LIKE NEW $89.50 condition, with all tubes and Crystal V 

0 -16 Low Freq, DSc. Coil for ART -13 7.95 
24V Dynamotor for ART -13 11.95 

We carry a complete line of spare parts for above. 

SCR -274 COMMAND EQUIPMENT 
ALL COMPLETE WITH TUBES Like 
Type Description Used NEW 

BC -453 Receiver 190-550 KC $14.95 $18.95 
BC -454 Receiver 3 -6 MC 15.95 19.50 
BC -455 Receiver 6.9 MC 13.95 19.50 
BC946 Receiver 550 -1500 Kr Complete with all 
Iuha.. Bran,( New. in original packing $44.95 
1.5 to 3 MC. Receiver Brand New $17.95 

110 Volt AC Power Supply Kit for all :27.t N I 

AItt' -:, Itocetwers. Complete with my lai $.8.95 ,- wruetions 
Factory (red. tested, ready to operate .$12.50 
SPLINE!) TUNING KNOB for 27 I -N and Alt( -,, 
REC1:IvIrlto. Fits BC453. BC 454 and 49G others, Only V 

1.1 to :3 Mc Transmitter- Brand New.. .512.95 
BC -457 TRANSMITTER -4 -5.3 Mc. complete $9.75 
I`tit all tubes and Crvsta 1, BRAND NEW YY 

ike New ... .................. .57.95 
11C.458 TRANSMITTER -5.3 to 7 Mc. Complete w 11 

BII tubes d crystal, $10.95 ', 
RAND NEW 

1.9k, New .. ... ........ .. .57.95 
BC -696 TRANSMITTER 3.1 SIr Complete with 
\1I Tubes 6 Crystal. Like New $11.95 
111'. -1 ui Modulator .. .USED 3.45 NEW 5.95 

\1.1. :5,- CI<.a1fi1ES "\d>n.ARl I- FOR ABOVE 

á WE BUY FOR CASH 
your surplus Military Electronic Equipment c 

WRITE -WIRE -PHONE 4 
A 

SCHEMATIC DIAGRAMS o :r.,2í'5 pa>ee -p äcñnt 65G 
Please include 25 % Deposit with order -Balance 
C.O.D., or Remittance in Full. 50e Handling Charges 
on all orders under $5.00. All shipments F.O.B. Our 
Warehouse, N.Y.C. All Merchandise subject to Prior 
Sale and Price Change. 

G & G RADIO SUPPLY CO. 
Telephone: CO 7-4605 

77 Leonard St. New York 13, N. Y. 

CIRCLE NO. 111 ON READER SERVICE PAGE 

15 

cor 
ndem 

inc. 
-. 

1160 
mental 
:Btes 

1'7. 
: 3í6A. 
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FAMOUS BC -645 TRANSCEIVER 
Tubes 435 to 500 MC 
be modified for 2.way 

nicatlnn. voice or 4,1,17-"-'14----r 
on ham hand 4 -'11 -450 1' 

citizens radio 460.470 "4\ 141",-.4.:." fixed and ,nubile 450- v 
mc- television esperi I ),/ 

470 -5(10 Inc, 15 - -, 
(tubes alone worth -'t .1) 

e than sale price!): 4- 
4 -7X7, 2 -7E6. 2- 

li 2-955 and 1 -WE- BRAND 

Inc 
Id covers 46fí to NEW 

rand new BC -645 with tubes less Power 
in factory- carton. $19.50 I weight 25 lbs. SPECIAL! 

-101C Dynamotor. 12/24V input 57.95 Antenna Assembly 2.45 
Set of 10 Plugs 5.50 

Box 2.25 
SPECIAL "PACKAGE" OFFER: 

.1145 Tr:,n.ceiver. oy'ninmtor and all a 

eC 

rie. 
e. COMPLETE. BRAND NEW. $29.50 stork. I.ast 

BC -344 RECEIVER. 150 -1500 Kc., 
continuous tuning. 4 -band, for 115 V 

(30 Cycle AC. Excellent used. perfect $79.550 '.corking order. complete with tubes. 
BC -342 RECEIVER. 1.5 to 18 Mc. AC 
Only. Like New, complete with all $79.50 tubes 
BC -348 SUPERHET RECEIVER 200 to 500 Kc 
.Ind 1.5 to 1800 Mc. Voice Tone, CW. Self -con- tained dynamotor for 24 V DC. Exec. Used. 
Checked out $89.50 
AC Power Supply $14.50 

BC 
plete 
out, 
OC603 
1 Ilt,e original 
AC 
12 
Power 

A 

-683 FM RECEIVER, 27 to 38.9 Mc., Com- with all tubes. exc. used. Checked 
in working order $ 49.50 

FM RECEIVER, B5- ll Me. Complete Willi all 
o. checked out. Like New $49.50 

Tech. Manual for :,hove $ 3.15 
Power Supply for above, wired $12.9$ -Volt Mobile Dynamotor 

Supply, NEW $ 5.50 

BC1206 -C BEACON RECEIVER - 195 to 420 Kc. made by 

24 -28 volts DC. 135 Kc. IF. 
Complete with S tubes. Size 0 Setchel - Carlson. Works on 

4" x 4" x 6 ". Wt. 4$9 95 lbs. LIKE NEW ... s 

USED, les9 tulles $4.95 

234 -258 MC RECEIVER AN /ARR -2 
BRAND Nt;w- I I .l the UHF' Tunable lterciver , ltl, schematic. lnly a few at this low price! ! $8.88 olICI5 1tí111 tubes. EXe. used $5,95... 

Al 
ARB /CRV 46151 NAVY AIRCRAFT RADIO RECEIVER 

I 'tad to 9(15(1 E(' In 4 hamis: 1111,..'.-11. 5511 -1 f,u1. 
I -0 Me. 6 -9.0311 51c. 5.111ke super with local 1 eltnte tuning. hand change. Complete $39.50 `with tubes and dynamotor, like new ls Above, brand new $59.50 Power Supply, Ill) V AC wired 5 8.95 

Complete 

Crystal. 
to 
28 
í.125H7, 
1- 
110 
Factory 

Companion 
any 
trolled, 
DC 
Tubes: 
2.6L6. 
Like 
ARC.3 

ARC -3 RECEIVER! 
with All tubes Exc. Used $21.50 
Like NEW 533.50 

controlled 17 -tube superhet. tunes from 100 
156 MC.. AM.. on any 8 preselected channels. -volt DC power Input. Tubes: 1.9002, 6.6AKS, 

3- 12507. 1 -9001, 1 -12H6. 2125N7. 125L7. 1 -12A6. 
V A.C. Power Supply Kit for above 15,00 

Wired and Tested 19.95 

ARC -3 TRANSMITTER 
unit for above tunes 100 to 156 MC on 

8 preselected channels. 9 tubes. crystal con- provides tone and voice modulation. 28V 
Power input. Complete with all $095 

3-6V6, 2 -1332A, 1- 125517, 1 -655. o 
Exc. Used Only 

new condition ..... .. ....$20.50 
PUSHBUTTON CONTROL BOX $5.95 

AN /ARN -7 RECEIVER 
Frequency range 100 Kc to 1750 KC Al 4 bands. Air. tt raft navigational instrument omprising perhe receiver additional circuits. Complete $29.50 witubes. exc. cond. 

Accessories for above, available. 

DYNAMOTOR VALUES: Excellent BRAND 
Type Input Output Used NEW 
DM -32A 28V 1.1A 250V .05A 2.45 4.45 
DM -33A 28V SA 575V .16A 

28V 7A 540V .25A 4.45 7.50 
0M 
DM 
DM 
DM 

-340 12V 2A 220V .080A 4.15 5.50 
-35 12V 625V .225A - 19.50 
-36 28V 1.4A 220V .080A 1.95 2.95 
-43 28V 23A 925V .220A 

460V .185A - 7.95 
DM -53A 28V 1.4A 220V .080A 3.75 5.45 
PE -73C 28V 20A 1000V .350A 8.95 14,95 
PE -86 
DM -37 

, 

28V 1.25A 250V .050A 2.75 3.85 
DYNAMOTOR. Input 25.5 5' DC 47 ti .2 A. 001. 

625 \ D1 Gn 225 M:. 1111\.D N1'\í'. Each $3.25 

MICROPHONES Checked Out, Perfect 
EXC. BRAND 

Model Description USED NEW 
T -17 ...Carbon Hand Mike $4.45 $7.95 
RS.38. .Navy Type Carbon Hand Mike. .3.95 5.75 
HEADPHONES Checked Out, Perfect 
Model Description EXC. BRAND 

USED NEW 
HS -23 High Impedance $2.79.- $4.95 
HS -33 -Low Impedance .... 3.15.- 5.45 
HS 30 ... Low Imp, Ifeatherwt.) - - - .90.. 1.65 
H-16 .'U. , ,High Imp. 12 units) . 3.75.. 7.95 
TELEPHONICS -600 ohm Low Impedance HEAD 
SETS. BRAND NEW, PER PAIR $3.95 
CD -307A Cords. with PL55 ptug and JK26 Jack .99 
Earphone Cushion; for above -nalr .50 
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I 

024 
10761. 
113307 
1H4G 
IHSGT 
1L4 
ILS 
INSGT 
IGSGT 
IRS 
155 
174 
íu4 lus 
IV2 íV2 
1x2 
2A3 
2AF4 
38C5 
Seas 
3826 
3.06 
3CF6 
3CF6 
3LF4 
304 
354 
304 
4007A 
4027 
s4.511 
SATE 
SAVE 
SAw4 
5007 
SJ6 
5TH 
uaG 

s e 

SVBCso T 

508 
5730T 
51140 

648 
6484 
6AC7 
6AF4 
6AG5 
6AG1 
ABGGT 
GANG 
6ÁN5 
6ÁL5 
6AL7 
64M8 
6408 
0005 
6Áq6 
GARSGT 
GARS 
6455 
6AT6 
6AT6 6AGT 
6AuS G1 
64U6 
6Áv5 

6006 
6Áv6 

6ÁW8 
64x5GT 
645567 
6138 
6846 
6BC5 
6BC8 
6906 
68E6 
68F5 
6006 
60060 

8BH8 
68.36 
6B115 
61307 
613L7GT 
6006 

6607 
S8Y5G 
6826 
6027 
6C4 
6C5 
6C6 
6CB6 
6CO6G 
6CF6 
6CG7 
6CL6 
6CM6 
6Cm7 
6CN7 
6C56 
6CU6 
60E6 
6DQ6 
6F6 
6H6 
634 
6J5 
6J7 
6N6GT 
607 
6148 
6L7 
607 
607 
654 
658GT 
65A) 
65C7 

65FS 
65F7 
65J7 
65N7 
65L7GT 
65N7GT 
6507 
6557 
674 
6T8 
6Ua 
6V6 
6w4GT 
6W6GT 
6X4 

fixa 
6Y6G 
7A4/XXL 
7A5 
746 
7A7 
7A8 
7E14 
7135 
706 
707 
7138 
7C4 
7C5 
7C6 
7C7 
7E6 
7E7 
7F7 
7F8 
7H7 
7N7 
707 
7X7/XXFM 
7Y4 

724 
1248 
í2A05 
í24T6 
12ÁT7 
í24U6 
2A U7 
12006 
12407 
12.4 l4GT 
124x] 
í24Z] 
í2B4 
í26A8 
í2B4] 
í28E6 
12BF6 
12E017 
12006 
120.7 

!MI í2C45 
í2J5 
1267 
í2L6 
1207 
í25A7 
12507 
12507 
12507 
1255N7GT 
12507 
I2060T 
12W6GT 
12x4 
1223 
144]/12137 
1486 
140] 
19 
194U4GT 

I9006G 
19.36 
1978 
24A 
25405 
25006 
250146 
25L6GT 
25W4GT 
2525 
2526 
26 
3545 
3505 
35C5 
35L6GT 
35W4 
3SY4 
5f ZSGT 

39/44 
42 
43 
45 
SOGS 
50135 
SOCS 
50L6GT 
5056 
56 
57 
SB 
71A 
75 
78 
77 
78 
80 
84/824 
11723 
11726 

SEND FOR OUR FREE COMPLETE LIST OF TUBES 
& SPECIAL PURPOSE TUBES 

ALL TUBES SENT POSTAGE PAID. Please send 35C 
handling for orders under $5. Send 25 % deposit On 
C.O.D. orders. Send approximate postage on Canad- 

and foreign orders. 

MICRO ELECTRON TUBE CO. 

P.O. Box 55 Park Station, Paterson 3, N.J. 
L___ _ i 

"TAB"* SCR's *TRANSISTORS * DIODES!!! 
Full Leads Factory Tested & Gtd! U.S.A. Mf g. 
PNP 5OWatt /15Arrip HfPower 7036 Pckg! 
2N441, 442. 277. 278, DS5OI up to 
50 Olts /VCBO $1.25 C'. 5 for $5 
2N278, 443. 174 up to 80v $3 @ 2 for $5. 
PNP 10Watt /3A- 2N155,156.235.242,254, 
255. 256. 257, 301. 351: C35 C`, 4 for Si 
PNP Signal up to 350MW T05. C25 íl. 6 for $1 
NPN Signal IF, RF, OSC. 705, OV5. C25 @. 6 for $1 
PNP 2N670/300MW C35 C. 4 for $1 
PNP 2N671'1Watt <50 C- 3 for $1 
Silicon PNP TO5 & 1018, Pckg C25 @, 5 for Si 
1036, 103 Pckg Mita Mtg Kit 5 for $1 
Power Heat Sink Finned SO Sq $1.25 C 5 for $5 
3Amp /T03 /Pwr Transistors Untested! for Si 
Stabistor Diodes up to one watt 5 for $1 
Silicon Diodes 35Amp Studs Untested 3 for Si 
Silicon Diodes epoxy /750Ma Untested ....25 for SI 

2N1038 4 Si, 1039 3/$1, 1040 2/$1, 1041 51 
2N538, 539, 540 /3Amp 2 for $1 
Zener 50/60V Auto Ignition SI 
100V Auto Ignition Transistor $3 
Kit Zeners 400Mw to IOW Asstd 3 for SI 

750MA- SILICON DIODES 
Plv /Rms 

50 35 
.05 

Piv - Rms 
400'280 

.20 
Piv, Rms 
800'560 

.48 

Pìv/Rms 
100 70 

.09 
Piv Rms 
500 350 

.24 _ 
Pio Rms 
900 630 

.55 

Piv 0m5 
200/140 

.12 
Piv/Rms 
600/420 

.32 
Piv / Rms 

1000/700 
.70 

Po/ Owl 
300 210 

.16 
Piv Rm 
700'490 

.40 
Piv'Rms 
1100/770 

.75 

Sil. Pressfi í8A uptO 100 Piv .. .....4 for Si 
Micro or IvluSWitch CSD 35Amp 'AC -DC ..3 for Si 

TERMS: Money Back Guarantee! 

`TAB" Our 18th year. $2 Min. order 
F.O.B. N.Y.C. Add shpg charges 
or for C.O.D. 25% Dep. Prices 
shown Subject to change. 

111 -WY, Liberty St., N.Y. 6, N.Y, 
Setl [f 25, Phone: REttar 2 -6245 for Catalog 

"TABTRON" AC & DC 

POWER SUPPLIES! 
Model T201A Lab Supply $50 

0 to 20VDC at 10Amps 
Filtered 

STEPLESS 320° VARIABLE 
VARIAC - RATED 330 
WATTS PINPOINT VOLT- 
AGE CONTROL DW REC- 
TIFIER XFMR for F.W.B. 

4 SILICON 18A /DIODES in 
F.W.B. TWO /LARGE ME- 
TERS V &A SWAY BINDING 
POSTS COMPUTER ELEC- 
TROLYTICS FILTERED RIP- 
PLE 0.1% at 2AMPS 
3% at IOAmps! COMPACT 
5H9W60 CIRCUIT BKR OUTPUT PROTECTED 

INPUT FUSED 115VAC 5o to 500Cys T1610R 
RATTY CHOR! PLATER $42 SAME SPECS. NON - 
FILTERED O to 16VDC at 10Amp5 IDEAL 'NI -CAD" 
BATTERY CHARGER Q225L CONVERTER DC to 
AC 12VDC INPUT to 115VAC :225 WATT SQ WAVE/ 
6OCYCLES. Q225L $40 

See Distributor or Write Dept. EW8 

TECHNICAL APPARATUS BUILDERS 
Six Church St. N.Y. 6, N.Y., U.S.A. 

CIRCLE NO. 131 ON READER SERVICE PAGE 

TUBES 

TUBES -TV, Radio, Transmitting And Industrial Types 
At Sensibly Low Prices. New, Guaranteed, 1st Qual- 
ity. Top Name Brands Only. Write For Free Catalog 
or Call WAlker 5.7000, Barry Electronics, 512 Broad- 
way, New York N.Y. 10012. 

RADIO & TV Tubes -33C each. Send for free list. 
Cornell, 4215 -W University, San Diego, Calif. 92105. 

BRAND New Tubes, World's lowest prices on Radio, 
TV- industrial -special purpose tubes. Write for free 
parts catalog. United Radio, Newark, N.J. 

BEFORE you buy receiving tubes, test equipment, Hi -fi 
components, kits, parts, etc.... send for your giant 
free Zalytron current catalog, featuring Standard brand 
tubes; RCA, GE, etc. -all brand new premium quality 
individually boxed. One year guarantee -all at biggest 
discounts in America! We serve professional service- 
men, hobbyists, experimenters, engineers, technicians. 
Why pay more? Zálytron Tube Corp., 469 -W Jericho 
Turnpike, Mineola, N. Y. 

7" TV test tube- $6.99. Tubes -6146 -$2.95; 6211 
(12AU7 equiv.) 39C, 3 for $1.00. Germanium diodes, 
tested, equiv. 1N34, 1N60 etc., 30 for $1.00. Tophat 
silicon rectifiers, 750 MA -1000 piv 75C. Transistors, 
tubes, resistors, condensers etc., bargain priced. Free 

catalog. Arcturus Electronics, Dept. ZD, 502 -22nd St., 
Union City, N.J. 07087. 

ELECTRONIC TUBES -Top Brands SOLD at substantial 
savings! (Minimum Order $15.00) Authorized GE Dis- 

tributor. Send for FREE Buyers' Guide for all your 
Tube Requirements. TOP CASH PAID for your excess 
inventory (New ONLY -Commercial Quantities). Metro- 
politan Supply Corp., 443 Park Avenue South, New 

York, N.Y. 10016. 212 -MU 6 -2834. 

PHOTOGRAPHY -FILM, 
EQUIPMENT, SERVICES 

MEDICAL FLM- Adults only -"Childbirth" one reel, 
8mm $7.50; 16mm $14.95. International W, Greenvale, 
Long Island, New York. 

SCIENCE Bargains- Request Free Giant Catalog "CJ" 
-148 pages- Astronomical Telescopes, Microscopes, 
Lenses, Binoculars, Kits, Parts, War surplus bargains. 
Edmund Scientific Co., Barrington, New Jersey. 

CLASSIFIED ADVERTISING ORDER FORM 
Please refer to heading on first page of this section for complete data concerning 
terms, frequency discounts, closing dates, etc. 

1 2 3 4 5 

6 7 8 9 10 

11 12 13 14 15 

16 17 18 19 20 

21 22 23 24 25 

26 27 28 29 30 

31 32 33 34 35 

@ .35 Reader Rate 
Words ) @ .60 Commercial Rate 

Insert time(s) Total Enclosed $ 

NAME 

ADDRESS 

CITY ZONE STATE 

SIGNATURE 
WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one 
word each. Zone or Zip Code numbers not counted. (Publisher reserves right to omit Zip Code if space does 
not permit.) Count each abbreviation, initial, single figure or group of figures or letters as a word. Symbols 
such as 35mm, COD, PO, AC, etc., count as one word. Hyphenated words count as two words. EW -864 

MICRO 
ELECTRON TUBE 

FABULOUS LOW PRICES! 

LARGE SELECT STOCKS! 
DEPENDABLE, FAST SERVICE! 

Each and every tube Is tested in our 
own laboratory for mutual conduct- 
ance and life test. 
We guarantee FREE replacement for 
one year of any tube purchased from 
us which falls to function efficiently 
under any or all operating condi- 
tions. Prompt refunds are made on 
any defective merchandise. 
The advertised tubes are not neces- 
sarily new, but may be electrically 
perfect factory seconds or used 
tubes -each Is clearly so marked. 

CIRCLE NO. 122 ON READER SERVICE PAGE 

PATENTS 

INVENTIONS: Ideas developed for Cash Royalty sales. 
Raymond Lee, 2104G Bush Building, New York City 36. 

BOOKS 

AUTHORS! Learn how to have your book published, 
promoted, distributed. FREE booklet "ZD," Vantage, 
120 West 31 St., New York 1. 

TRAIL Of Armageddon ($4.16) by Billie Sea -Order 
from Spark and Click Electric Service, Sedro -Woolley, 
Wash. 98284. 

PHOTOGRAPHS 

PHOTOGRAPHS and Color Slides Wanted. To $500.00 
each. Free Information write Intraphoto, Box 74607, 
Hollywood 90004. 
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N OW IT'S A BREEZE 
to paint every 

thing 

you see here 

including 
theme 

with the 

WORLD'S FIRST ROB 
ACS PAINT GUN 

ONLY THE SLOAN ASHLAND 
ROTARY 

ACTION PAINT GUN 

let's you paint a line 

so fine you can 

write your name .. 

pp yours with Practically 

NO MISTING 
-NO OVERSPR 

CAN'T EVER CI.O0 N OPERATION! 

cover a full foot- and -a- half swath with one pass ... 

s.. 

paint within inches . 

Delivers as much paint per minute 
as a $200 industrial compressor 
model. HANDLES WATER SOLU- 
BLE, RUBBER BASE, OIL BASE, 
FLAT, SEMI -GLOSS AND ENAMEL 
PAINTS. LIGHT OILS ... INSEC- 
TICIDES . FLOOR WAXES, 
POLISHES AND OTHER LIQUIDS. 

No costly compressors 
No nozzles, needles, strainers 
to clog 
No air hoses to drag 
No flimsy vibrators 

2 -SPEED OPERATION for per- 
fect control of light and heavy 
liquids. 
FINGER -TIP CONTROL OF 
PAINT FLOW- trigger lets you 
start and stop spraying instantly 
ADJUSTABLE GATE FOR EX- 
ACT WIDTH OF SPRAY YOU 
WANT -from /" to 18W -can't 
ever clog in operation. 

CLAMP -ON CAN holds full 
quart 
PAINT VOLUME CONTROL 
lets you deliver just the 
amount of paint- desired to the 
working surface 
For 115V AC operation 
Fully guaranteed 
ALUMINUM DIE CAST 
HOUSING for light weight and 
rugged durability 
CAN'T EVER CLOG 
IN OPERATION 
Powerful GE motor and rotary 
action spin the paint at a 

steady 17,000 RPM ... 
actually makes the Sloan - 
Ashland Paint Gun impossible 
to clog in operation! 
Reduces misting and overspray 
to a minimum. Eliminates 90% 
of usual masking! No more need 
to cover everything in sight. 

$59 
95 

Covers 300% more width 
in each stroke than a 6" brush or roller... 

Now you can do 100 Sq. ft. of surface in minutes -because you 
cover three times as much area on each stroke, with the Sloan - 
Ashland Rotary Paint Gun. You cover a full foot -and -a -half 
swath with perfect control. Big job or small ... inside or out- 
side ... whether you're spraying paint or other fluids- nothing 
does the work as quickly, as easily as this amazing paint gun! 

Typical Oval Pattern of 
Ordinary Spray Gun. 

Oval spray and wide 
feathering around edges 

make precise work difficult, 
requires extensive masking. 

August, 1964 

"Straight Line" Pattern of 
Sloan- Ashland Paint Gun. 

Straight line spray and 
minimum of feathering gives 

you perfect control for the 
most precise painting. 

Power-' '-' 

GENERAL E'.LITRIC-. 

AMAZINGLY EASY TO CLEAN OR CHANGE COLORS... 
Fill container with water or proper solvent, run gun for a minute or 
two. That's all there is to it! No mess, no bother! 

TWO QUARTS OF 

SPRED -SATIN PAINT 

American Products Division, 589 Broadway, New York 12, N.Y. 

Send me your new Sloan -Ashland Rotary Paint Gun. I may use 
it for seven days free, and return it at your expense if I am 
not fully satisfied. 

Also -send me two free quarts of Spred Satin Paint (worth $4.30) 
which I may keep and use whether or not I agree to buy the 
Sloan Ashland Rotary Paint Gun. 

If I do agree to keep it, I will pay only $8.50 a month until I've 
paid the low price of just $59.95 (plus shipping and handling). 

Name 
(Please print) 

Street 

City Zone State 

Where employed 

Home phone number 

EW-8 
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FREE Catalog 
OF THE WORLD'S FINEST 

GOV'T. SURPLUS 
ELECTRONIC BARGAINS 

TELEPHONE -TELETYPE- TELEGRAPH: 
Model 14 AT Teletype Used: $69.50 
Paper Tape: 3 /e" 900 Ft Roll: 25C -30 f/$3 -60 f /$5 
Telegraph Repeater WE- 61824A New: 39.50 
TP -7 Portable Repeater New: 12.95 
TG -30 Telegraph Repeater -Used: $14.95; New: 19.95 
TG -31 Telegraph Repeater New: 16.95 
PE -250 Telephone Ringer Re -New: 7.95 
EE -8 Field Telephone Used: 12.95 
BD -71 Switchboard -6 line Used: 9.95 
BD -72 Switchboard -12 Line Used: 18.95 

59.50 
24.95 

BD -89 Switchboard -20 Mag. & 40 CB lines Used: 
BD -95 Switchboard -Cordless New: 

MICROPHONES: 
T -30 Throat Microphone -Used: 3 f /$1.00 New: $ 

T -45 Lip Microphone -Used @ 65C each New: 
RS -38 Microphone Button only New: 
T -17 Microphone Carbon-Re-Cond.: $5.95 New: 
T -26 Microphone Carbon -Used $1.00 New: 
T -24/M Microphone Carbon New: 

HANDSETS: 
TS -9 Butterfly Switch -Used: $2.95 Re -Cond: $ 3.95 
TS -13 Butterfly Switch w /PL- 55/PL -68- 

Used: $4.95 New: 6.95 
H -22/U Butterfly Switch w /PL- 55/PL -68 Used: 4.95 
D170312 Sound Powered New: 7.95 

HEADSETS: 
HS -33 Headset: with chamois cushions New $ 7.95 

with rubber cushions New: 6.95 
HS -23 Headset: with chamois cushions New: 6.95 

with rubber cushions New: 5.95 
Chamois Cushions only 1.50 
Rubber Cushions only 1.00 
HB -7 Headband only for HS -33/23 New: 3.00 
ANBH -1 Element only, for HS -33 New: 3.00 
H -63 Headset with Boom Microphone Used: 3.95 
HS -30 Headset- Hearing Aid Type - 

Used: 75C New: 1.00 
CODE EQUIPMENT: 

TG -34 Keyer -Code Practice Used: $24.95 
TG -10 Keyer -Code Practice Used: 14.95 
VO-3 Code Oscillator Used: 12.95 
MX- 333/GG Code Tape Puller New: 12.95 
Blank Paper Tape: 3/e" 900 Ft. Rolls 25C ea. 30/$3 60/$5 

Address Dept. EW Prices F.O.B., Linea, O. 
25% Deposit on C.O.D.'s Minimum Order $5.00 

SEND FOR BIG FREE CATALOG! 

.75 
1.00 
1.50 
7.95 
1.75 
4.95 

FAIR RADIO SALES 
2133 ELIDA RD. Box 1105 LIMA, OHIO 

CIRCLE NO. 110 ON READER SERVICE PAGE 

HIGH FIDELITY 

LOW, LOW quotes: all components and recorders. Hi -Fi, 
Roslyn 9, Penna. 

HI -FI Components, Tape Recorders, at guaranteed 
"We Will Not Be Undersold" prices. 15 -day money -back 
guarantee. Two -year warranty. No Catalog. Quotations 
Free. Hi- Fidelity Center, 1797 (L) 1st Avenue, N.Y., 
N.Y. 10028 

HI -FI components, tape recorders, sleep learn equip- 
ment, tapes. Unusual Values. Free Catalog. Dressner, 
1523 Jericho Turnpike, New Hyde Park 10, N.Y. 

FREE! Send for money saving stereo catalog 1/E8W 
and lowest quotations on your individual component, 
tape recorder or system requirements. Electronic 
Values, Inc. 200 West 20th Street, N.Y., N.Y. 10011. 

FREE -$1.00 Value "Miracle" Record cleaning cloth 
with every quotation on HIFI EQUIPMENT. Our ''ROCK 
BOTTOM" prices on NAME BRAND amplifiers-tuners- 
taperecorders-speakers-FRANCHISED--59 YEARS IN 
BUSINESS. Write for this month's specials -NOW! 
Rabsons 57th St., Inc., Dept. 569, 119 W. 57th St., 
New York, New York 10019. 

PICK up hidden programs on FM Broadcast band for 
music without commercials. Works on any FM radio. 
Text, schematics $3.00. Music Associated, 65 Glen- 
wood Road, Upper Montclair, N. J. 

TAPE AND RECORDERS 

RENT Stereo Tapes -over 2,500 Different -all major 
labels -free brochure. Stereo -Parti, 1616 -E. W. Ter- 
race Way, Santa Rosa, California. 

SAVE 30 -60% Stereo music on tape. Free bargain cat- 
alog /blank tape /recorders /Norelco speakers. Saxitone, 
1776 Columbia Road, Washington, D.C. 

SELF -Hypnosis. New concept teaches you quickly by 
tape or LP- record. Free literature. McKinley Pub- 
lishers, Dept. 16 Box 3038. San Bernardino, California. 

88 

TAPE Recorder Sale. Latest models $10.00 above cost. 
Arkay Sales, 22 -21 Riverside Avenue, Medford 55, 
Massachusetts. 

TAPEMATES MAKES AVAILABLE TO YOU -ALL 4 -TRACK 
STEREO TAPES -ALL LABELS- POSTPAID TO YOUR DOOR 

-AT 40% COMBINED SAVINGS. FOR FREE BROCHURE 

WRITE TAPEMATES CLUB, 5280 -E W. PICO BLVD., LOS 

ANGELES, CALIF. 90019. 

PHONOGRAPH RECORDS MADE FROM YOUR TAPES. 

Send $1.00 for format containing price breakdowns, 
tape preparation, profitable commercial applications. 
"Custom Recording," Box 206, North Wales, Pa. 

RENT 4 -TRACK STEREO TAPES -When you narrow it 
down it has to be TRIMOR- Goodbye to partial satis- 
faction- Service and Dependability our keynote -ALL 
LABELS and TITLES -No Deposit- Postpaid both ways. 
Write for FREE BROCHURE and TAPE CATALOG. TRIMOR 
Company, Dept. TR, P.O. Box 748, Flushing, New York 
11352. 

3 MOTOR 3 head recorders, New condition $500. 
value, $350. Legacy, Apt. 9, 1333 Kansas City St., 
Rapid City, So. Dak. 

GREGORY ELECTRONICS 

Reconditioned FM 

2 -Way Radio Savings 
THIS IS A PARTIAL LIST - 

WRITE FOR NEW 
'64 WORLD'S FAIR CATALOG 

30 -50mc 

MOBILES 
GE 2 -Piece Unit -6 volt or 12 volt 

4ER6 -4ET5 30w 30 -40mc 40 -50mc $ 88 
4ER6 -4ET6 60w 30 -40mc 40 -50mc $108 
Complete with all accessories except antenna 
and crystals. 
Equipment can be crystalled and tuned to any 
frequency in the 30 -50mc band. 
GE 2 -Piece Unit -6 volt or 12 volt 
4ER6 -4ET5 30w 30 -50mc $168 
4ER6 -4ET6 60w 30 -50mc $188 
Complete with all accessories including antenna 
and crystals. Fully narrow banded (Tx & Rxi 
and tuned to your frequency with in the 30- 
50mc range. 

GE PROGRESS LINE LOW BAND 
Vibrator power supply e 12 volt 

WTA /E 13 
30 watt, less accessories -20" case .. 

14" ease . $195 
MT13 12 volt Transistor power supply 

14" $ $215 

$175 

Accessories for the bove including cables. 
microphone control head and speaker add $ 10.00. 
These units were used by Bell Telephone. 

GE PROGRESS LINE LOW BAND 
Vibrator nowt supply 6/12 volt MA /E Iä$225 
lin no. 

nowt, 
less accessories 

Add n In.00 for accessory cc group including ca- 
bles. microphone ontol head and speaker. 
Crystal, tuning and brand new antenna, ready 
to be installed, add 010.00. 

e 

148.172mc 

RCA 

CMC 60B 

6 /12v dual Dynamotor 60 watt 
la) Fully narrow banded complete with all ac- 
cessories, less crystals & antenna .. $218 

(same unit without accessories $198.00) 
b) Same unit tuned to your frequency includ- 

ing brand new antenna $253 

We Buy Late Model Equipment for Cash 
-Write; Wire or Phone! 

_r GREGOR i 

ELECrocuv,cs.,.. 

249 Rt. 46 Phone 773 -7550 
Saddle Brook, N.J. Area Code 201 

GREGORY 
ELECTRONICS 
CORPORATION 

CIRCLE NO. 113 ON READER SERVICE PAGE 

GET IT from GOODHEART! 
ALL -BAND SSO RCVR BARGAIN: Ilailleraftcrs 1L -15. 

Aiut7, 530 Sc to 43 me continuous; voice. CO. 
MCW, aligned and modified now also modified to 
Include PRODUCT DETECTOR. 2 RF, 2 IF stages. 
SMeter, Xtl, /120!230 y 50/00 cy pw-r sply. 
Hot 
harm!dFOB 

SHALoRP 
s Ang 

works like a 199.50 
Same less SSB, fob San Antonio 179.50 

TIME PAY PLAN: Any purchase totalling 
1 DO0 s I ä11.17D or store, down payment only... 

ARC -5 Q -E'er have 190 -550 lee w /85 kc IF's. 
:3 Ant. posts: Loop 01.1-1 (see below) or li 

Electrically checked, aligned. OK 1495 ..rtd. w /spline knob, tech. info. 10 tbs. . 

DIRECTION FINDER DU -1 has preantp. compares 
Loop & Sense Ant.'.s, gives TRUE BEARING 
:3 seconds. Use ahead of any r r 200 -100 kn " . 
1V/instruct. to convert to MARINE BAND. 2ß.9C 
Gets B-4- & htr V, from rcvr. New. 13 lbs. .l J 

LM FREQ. METER generates AM CW to align or 
oscillator. rents or tells unknown freq. to 

or .mfrs, 125 se to 20 me w /accuracy approx. 
.01 %. self- calibrated w/ l the at) ose. w /har - 
monies beyond 20 Itself n Int exact -signal 

mu' 

me, 
Our HONEST (H'INION: Next to a multi - 

eter, ft's the most valuable foul for ANY radio 
hobbyist or sermus lab. Exc. cond., electric. 
checked, OK geld., matching-serialized cal ih. 
book. plug, dwgs &- ,curb tech. info. 51.50 15 lbs 
Same exc eo mlilion. Calibration books 42 have 'togearodt edges but gent readable 42.50 

GRTD CONDITION TELETYPE right off operating line. 
all w /SYN)'I1 nt tors. No pwr splies Clean, oiled. 
no send rust. We will you any repair parts , 

ed FREE except glass If you specify 
rt Nos.. so get the books ton. pa` 

Mod. 15 semlrove plus ht -base Typing Reperfo- 
ratoe plus #14 Trans- Dfstr, all in operator's C011. 
sole cabinet w papa storage, etc. Made of pant,lt. 
which open out , , piano hinge.. for ready 175.00 access to all machine. J 
Same except machine Is Mod. 19 195.00 
Mod. 14 Trans- Dlslrl b. with 1 ycr 37.50 
Books (TOI 11 ): -352 on 0,1. 15 57.50. - 

#14 TD. $8.50. 2 
Of3 

on #14 'typing Reperf' on 
$9.00. -2216 on Mod. 19, $12.50. 

ARC -3. ARC -27. ART -13 TECH. MANUALS each 10.00 

TEKTRONIX SCOPES grtd OK & gorgeous, w /books: 
-1.1.1.1: DC to 10 m resit. 30 v /cm, 395.00 

c 

sweep calib. uv cant, deflection .. 
-:, I LAD Is same plus Video Delay Line 450.00 
-:,I' -': Slow sweeps Medical & Servo use 425.00 
=313: HV a 

e 

cel. for pulses. 20 me Pass 495.00 
=324D: For TV Station engineers 550.00 

GERTSCH RATIOTRAN RT -1/lR AC Voltage Divider 
.001% accurate, 50- 10,000 cy. 5 decades 
plus final intern. slldewire, rack mfg .. J . 

w /ST -200 abtnr .5 sw. to :V,r sr polarity 200.00 

LEEDS 8, NORTHUP: KeivinVarley 49.50 Volt. Divider .01 %, 20K ohms, 4 -digit .. 
K -2 Potentiometer ( #7552) 295.00 
#4760 4 -dial .1% DC Wheatstone nrtdge 100.00 
122310 -11 pointer Rehm' for above 27.50 
WESTON If 44), pointer galvanometer 37.50 
#5430A, similar above, salvo built in 125.00 
*4725 5 -dial GC Wheatstone Bridge .05% 275.00 
#2430 -e Lamp & Scale galvo for above 150.00 
RUBICON galvo very similar to above 125.00 
#5365 Power Cable Fault Bridge + Rheost.275.00 

PLENTY MORE WONDERFUL MATERIAL! Ask for 
your needs! We ALSO BUY your excess mdse. 

R. E. GOODHEART CO. INC. 
Box 1220 -A, Beverly Hills, Calif. 90213 

Phones: Area 213. office 272.5707, messages 275-5342 

CIRCLE NO. 112 ON READER SERVICE PAGE 

WINDSOR Tape Club members HEAR BEFORE THEY 

BUY. Free "samplers" of new releases. Save on tape 
purchases. -All major labels. Free brochure. Windsor 
Tape Club, Dept. E, Windsor, Calif. 

GOVERNMENT SURPLUS 

JEEPS $64.50, boats $6.18, typewriters $4.15, air- 
planes, electronics equipment, thousands more, in 
your area, typically at up to 98% savings. Complete 
directory plus sample Surplus Market -letter $1.00. 
Surplus Service, Box 820 -K, Holland, Michigan. 

JEEPS - $62.50, Transmitters - $6.18, Typewriters - $4.15, Walkie- Talkies, Oscilloscopes, Multimeters. 
Typical Surplus Prices. Exciting Details Free. Enter- 
prises, Box 402 -B7, Jamaica 30, N.Y. 

MAGAZINES 

AMERICANS -Subscribe to Canada's Hobby and Serv- 
ice Magazine -"Electron ". Exciting Ads, Stimulating 
articles $5.00 one year. Box 796, Montreal 3, Canada. 

EQUIPMENT 

FREE electronics catalog. Tremendous bargains. Elec- 
trolabs, Dept. C105E, Hewlett, N.Y. 11557. 

ELECTRONICS WORLD 
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AIRCRAFT RADIO 

WANTED Aircraft Radio Sets -Collins: 51R3-51X---51Y 
-51V -51Z, Bendix: T -21; R21; DFA -70; RA -18C; MK -7; 
GSA -1, Test Sets: ARC- Boonton -Collins -Hewlett- 
Packard. Highest prices paid. J. Lee, Box 105, New 
Haven, Conn. 

PERSONALS 

VETERANS --WW II Combat Infantrymen and Medical 
Badge holders are entitled to the Bronze Star Medal. 
Send $1.00 for particulars. MW Enterprises, 2114 
Tower Bldg., Denver, Colorado 80202. 

REPAIRS AND SERVICES 

TV Tuners Rebuilt and Aligned per manufacturers spe- 
cification. Only $9.50. Any Make UHF or VHF. We ship 
COD Ninety day written guarantee. Ship complete with 
tubes or write for free mailing kit and dealer brochure. 
JW Electronics. Box 51B. Bloomington, Indiana. 

ALL types of meters repaired. Instrument Repair Serv- 
ice, 186 Front St., Secaucus, N.J. 

TELEFIXIT Alltime Bestseller Nontechnical TV Repair 
Book with Famous Troubleshooting Charts. 60C Post- 
paid 2 for $1.00. Telefixit, Box 714, Manhasset 4, N.Y. 

SPEAKER Reconing, all types, satisfaction guaranteed. 
Warner & Associates, 4385 W. 10th St., Cleveland 
9, Ohio. 

EMPLOYMENT INFORMATION 

FOREIGN Employment. Construction, other work proj- 
ects. Good paying overseas jobs with extras, travel 
expenses. Write only: Foreign Service Bureau, Dept. D, 

Bradenton Beach, Florida. 

EMPLOYMENT Resumes. Get a better job & earn 
more! Send only $2.00 for expert, complete Resume 
Writing Instructions. J. Ross, 80-34 Kent St., Jamaica 
32, N.Y., Dept. EW. 

RECORDS 

DISCOUNT Records, All Labels -Free Details. Write 
Cliff House, Box 42E, Utica, N.Y. 

RECORD greater sales by running your ad in these 
columns. A handy order form will be found in this 
section. Return it with your remittance to Martin 
Lincoln, 1 Park Ave., N.Y.C. 

MISCELLANEOUS 

SPANKEE! New Fashioned Shingle! With Old Fashion 
Results! $1.00 Postpaid. Spankee! Box 466, Salem, 
Mass. 

SAVE $200 to $2,000 on European automobiles deliv- 
ered at low, low factory tax -free prices by using our 
direct shipment plan. Delivery guaranteed, references 
available. Tourist and Military deliveries available in 
Europe. Information on all models and makes Eurauto, 
Postbus 333, Rotterdam, Holland. 

LET our more than 200,000 monthly readers learn of 
the advantages of doing their substantial mail order 
business with YOU! Your classified advertisement in 
the ELECTRONICS MARKET PLACE will cost little -only 
601; per word -but you will be more than satisfied 
with the results achieved. New type style makes YOUR 
advertisement easier to read (thereby allowing you 
more exposure) -and you may run extra words in all 
capital letters for just 10C a word additional. The 
next available issue is October, and your payment and 
copy should be received by August 5th to insure inser- 
tion. Use the handy order coupon found in this section 
and send today to: Martin Lincoln, Classified Adver- 
tising Manager, ELECTRONICS WORLD, 1 Park Ave., 
New York, N.Y. 10016. 

"RW" CLEARANCE SALE! 
We must move -A new highway will occupy "RSV's" 
present location. So we must reduce our huge in- ventory with a clearance sale. Our new Bulletin No. 
40 is loaded with clearance items. 

Send for your free copy -Now! 
R.W. ELECTRONICS INC. 

2430 So. Michigan Ave. Dept. 875 
Chicago. Ill. 60616 Phone CAlumet 5 -1281 

CORNELL 

PER 

TUBE 

100 TUBES OR MORE: 

30c PER TUBE 

With every $10 Order 

(No Limit) from this list. 

6AG5 6SN7 

6AQ5 616 6V6 

6AU6 6K6 6W4 

TUBES 
111.(i1JA1 AN'Ill]) 

Tubes are new or used and so marked 
C.neurian.. canlnre,. 

.0I,.. Sande. m. cage oa. 

OZ4 
163 
1H5 
1J3 
1 L4 
1T4 
1 U4 
1 X2 
3CB6 
5U4 
5V4 
5Y3 
6A6 
6A8 
6A B4 
6AC7 

6AG5 
6A K5 
6AL5 
6A N8 
6AQ5 
6AS5 
6AT6 
6AT8 
6AU4 
6A U5 
6A U6 
6A V6 
6AW8 
6AX4 
6BA6 
6BC5 

6606 
6BG6 
6BH6 
6616 
66 L7 

68N4 
6BN6 
66 Q6 
6BZ6 
6C4 
6C6 
6C B6 

6C D6 
6CF6 
6CG7 
6CG8 

6CM7 
6C Z5 
6 D6 

6 DA4 

6H6 
6J5 
6J6 
6K6 

6SC7 
6SH7 
6SJ7 

It Not Shipped 
in24 hrs. 

YOUR - 

ORDER 
FREE! 

6D E6 

6DQ6 
6EM5 
6F6 

6K7 
6Q7 
6S4 
6SA7 

6SK7 
6SL7 
6SN7 
6SQ7 

6SR7 
6U7 
6U8 
6V6 
6W4 
6W6 
6X4 
6X5 
7A7 
7A8 
7B6 
7B7 
768 
7C5 
7N7 
7Y4 

12AD6 
12A E6 

12AF6 
12AT7 
12AU7 
12AX7 
126A6 
12606 
126E6 
12BF6 
12BH7 
12BL6 
12BY7 
12C5 
12CA5 
12SN7 

12SQ7 
25L6 
25Z6 
35W4 
35Z3 
35Z5 
50L6 
24 
27 
41 

45 
47 
75 
77 
78 
84 

NO SUBSTITUTIONS WITHOUT YOUR PERMISSION 

21 "PICTURE 
13L TUBES 

941 Yr. Guar. 
Aluminized 

Pay Dud Deposit 

ASK ABOUT OUR 
Tube Checkers 
Tube Substitu- 
tion Guides 
Electronic Solder 
T.V. Courses 
Radio Courses 
Tube Cartons 

COD or Send Dud; Electronic Cleaner 
with Order Diodes /Rectifiers 

CORNELL ELECTRONICS CO. 
Depi E W 8 4217 University Ave., San Diego , Calif. 9 2 1 0 5 

Other tubes and CRT's 
at low pir icesf1send for 

TERMS: Add 3e per tube 
shipping. Orders under $5.00 
add 3e per tube shipping 
plus 50c handling. Canadian 
orders add approximate 
postage. Send 25% deposit 
on C.D.D. orders. No C.O.D. 
orders under $5.00 or to 
Canada. No 24 hr. free offer 
on personal check orders. 
5 -DAY MONEY BACK OFFER! 

CIRCLE MO. 105 ON READER SERVICE PAGE 
August, 1964 

"IT'S THE HOTTEST" 

OFFER f I FREE 
WORTH OF 

Transistors 
Diodes 
Rectifiers 
Knobs 
Condensers 
Coils, etc. 

Include 25F for handling 

P 
L 

U 
S 

s FREE 

POLY PAK 
OF YOUR 
CHOICE 

BOTH FREE WITH EVERY $10 ORDER 
WORLD 

ROST $1 PARTS PAKS 
25 SPRAGUE "YELLOW MYLAR" CONDENSERS to lmfd.$1 
35 2 -WATT RESISTORS, popular asstd. values, 5% too.51 
10 TANTALUM ELECTROLYTICS, $15.00 VALUE $1 
50 MICA CAPACITORS to .01mí, silvers too $1 
30 POWER RESISTORS to SOW, to 24K ohms $1 
60 TUBE SOCKETS, receptacles, audio, plugs $1 
40 DISC CONDENSERS, 27mmf to .05mf to 1KV $1 
60 TUBULAR CONDENSERS, to .Smf to 1KV $1 
40 PRECISION RESISTORS, 1/2, 1, 2W, i% $1 
10 TRANSISTOR ELECTROLYTICS, Smf to 100mf $1 
50 COILS 8 CHOKES, rf -if, osc- peaking, etc $1 
SO TERMINAL STRIPS, asst 1 -to -10 lug types $1 
10 RCA PHONO PLUG -n -JACK SETS, tuners -amps $1 
60 HI -Q RESISTORS, 1/2, 1, 2W to 1 meg, 5% too Si 
100 ASST HALF WATT RESISTORS, 5% too SI 
$25 PARTS SURPRISE, wide assortment of parts $1 
40 WORLD'S SMALLEST RESISTORS, 5% too, 1 /1OW 51 
4 TRANSISTOR TRANSFORMERS, worth $25 Sl 
60 CERAMIC CONDENSERS, discs, npo's, to .05mí 51 
50 1 -WATT RESISTORS, popular values, asstd, 5% too $1 

HI -FI SPECIAL! 4" SO. 
ELECTROSTATIC TWEETER 
Made by Lorenz. ITT, for 
Grundig. Never before of- 
fared, A natural for h; -fi VY enthusiast. Buy 2 for 
fared. 

Illustration resem- 
bles tweeter in stock. In- 
cludes hookup. 

ea. 
2 for 
2.50 

TRANSITRON SCRs 
TESTED SILICON CONTROLLED RECTIFIERS 

BRAND 
NEW 

LOWEST 

PRICES 

PRV 
50 

100 
150 
200 
250 
300 
350 
400 

7 Amp 
D 1.00 

1.50 
L75 
1.95 
2.25 
2.69 
2.95 - 3.25 

15 Amp 
D 1.25 

1.95 
2.25 
2.75 
2.95 
3.19 
3.50 
3.95 

25 Amp 
1.50 - 2.25 
2.75 
2.95 
3.25 
3.50 
4.25 
4.50 

FAESTED CTORY SEMI- KON- DUCTORS T 

10 30 -MC TRANSISTORS, TOS case, with shield SI 
3 300 -MC TRANSISTORS, like 2N1264, TO5 case Si ' 25 TRANSISTORS, audio, switching, rf, untested SI 
25 TOP HAT RECTIFIERS, 750 mil, untested $1 
25 EPDXY RECTIFIERS, axial lead, 750 mil, untested $1 

25 GERMANIUM DIODES, 1N34, 1X48 equals S1 

10 PNP SWITCHING TRANSISTORS, TO5 case Si 
2 25 -AMP SILICON STUD RECTIFIERS $1 

2 'MESA' 4 -WATT TRANSISTORS, npn, silicon, T05 $1 

15 UPRIGHT SILICON DIODES, worth $40 Si 
4 GENERAL ELECTRIC 2N170 PNP RF TRANSISTORS S1 

3 CBS -20 -WATT TRANSISTORS, pnp, stud, 2N1320 51 

S GENERAL ELECTRIC 2n107 PNP TRANSISTORS Si 
3 20W TRANSISTORS TOS case, 2n1038, 'n heat sink 51 

2 500 -MC MESA 1018 CASE TRANSISTORS, pnp S1 

15 NPN TRANSISTORS, asst types and cases Si 
15 PNP TRANSISTORS, asst types and cases Si 
1 85W 2N424 SILICON NPN MESA SI 
10 RAYTHEON 0(722 TRANSISTORS, pnp Si 
6 SYLVANIA 750 MIL 400V TOP HAT rectifiers Si 
10 NPN SWITCHING TRANSISTORS, 2N440 equals Si 
4 CK721 TRANSISTORS, new aluminum cose, pop $1 

2 TRANSITRON 2N341, 1 watt, npn, silicon, T08 S1 

6 UPRITE ZENER DIODES, silicon, assorted voltoges S1 

3 2 -WATT SIZE orner references, axial leads, 1 volt $1 
2 TRANSITRON 1X429 TYPE ZENER REFERENCES, 

6 volts Si 
1 20W SILICON MESA, 2N1648, 7010 transistor Sl 
6 TEXAS 750 MIL 400V RECTIFIERS, epoxy, axial 51 

3 2N255 POWER TRANSISTORS or equal, T03 case, 51 
1 TEXAS 3X35 TETRODE 150 MC SILICON transtr, TOS-SI 

El 1 2N718 NPN SILICON PLANAR, 1W, TO18 case Si 

10 WATT STUD ZENERS 
- 5V 14V 42V I; 70V 2 100V 

6V 20V 45V 80V 2 110V 
12V 24V n 60V 90V E 124V ea. 

SILICON POWER DIODE STUDS 
Amps Volts Sale 

6 50 15e 
6 100 29C 
6 200 37C 
6 400 59C 
6 600 69C 
6 800 890 
6 1000 950 
12 50 490 
12 100 690 
12 200 88C 
12 300 1.00 
12 400 1.37 
25 50 99c 

FREE! 225 -ITEM 

mps Volts 
25 100 
25 200 
25 300 
25 400 
25 600 
35 50 
35 100 
35 150 
35 200 
35 250 
35 300 
50 25 
50 50 

SUMMER 

Sale Amps Volts Sale 
1.29 " - SO 100 2.95 
1.60 50 200 3.75 
1.75 1 100 25 1.50 
1.95 Ö 100 50 1.80 
2.50 7. 100 100 2.25 
1.05 p 100 150 2.75 
1.29 E 240 25 4.50 
1.50 E 240 50 4.95 
1.75 240 100 5.90 
1.95 240 150 6.75 
2.55 E 240 200 8.25 
1.50 E 240 300 12.50 
1.95 240 400 19.95 

BARGAIN "FLYER" 

POLY 
AKS 

TERMS: send check. money Order, 
include postage-avg. wt. per pak 
1 lb. Rated net 30 days. COD 
25 %. 

P.O. BOX 942W 
SO. LYNNFIELD, MASS. 

"PAK- KING" of the world 
CIRCLE NO. 123 ON READER SERVICE PAGE 
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BUSINESS OPPORTUNITIES 

INVESTIGATE Accidents -Earn $750 to $1,000 monthly. 
Men urgently needed. Car furnished. Business ex- 
penses paid. No selling. No college education nec- 
essary. Pick own job location. Investigate full time. 
Or earn $6.44 hour spare time. Write for Free Litera- 
ture. No obligation. Universal, CZ -8, 6801 Hillcrest, 
Dallas 5, Texas. 

I Made $40,000.00 Year by Mail Order! Helped others 
make money! Start with $10.00 -Free Proof. Torrey, 
Box 3566 -N, Oklahoma City 6, Oklahoma. 

FREE "Franchise Profit Letter" sent to ambitious men 
who want to operate their own business. Describes 
wide range of opportunities in expanding franchise 
field. Write today. National Franchise Reports, EW- 

528, 333 North Michigan, Chicago 60601. 

SELL HiFi Components -As distributors handling all 
major brands of HiFi components, we can now offer 
dealerships to aggressive people who can sell full or 
part time. Knox Electronic, Dept. 764, Galesburg, Ill. 
61401. 

EARN $2.50 hour assembling our small Lures and 
Flies for stores. Write: Lures, Lake Village 14, Arkansas. 
CASH Profits Daily! Mail letters offering genuine mer- 
chandise. Receive $10 with every order keep $8 
profit. Orders drop- shipped. Full -spare time. Details 
free. Modern Merchandising, P.O. Box 357, Oceanside, 
N.Y. 

AMALING Mail Order Profits using proven methods. 
Research, 3207 -H Southern Hills, Springfield, Mo. 
65804. 

HOW And Where to Raise Capital. Details Free. Finan- 
cial, Box 785 -H, Springfield, Mo. 65801. 
FREE Book "990 Successful, Little -Known Businesses." 
Work home! Plymouth-7171-I, Brooklyn 4, N. Y. 

IMPROVE YOUR BUSINESS OPPORTUNITIES by adver- 
tising in the Electronics Market Place. Our readership 
of more than 200,000 electronics professionals 
monthly assures you of success. Use the handy order 
form found in this section and mail it today! If you 
are interested in additional information, write Martin 
Lincoln, Electronics World, One Park Ave., New York, 
N.Y. 10016. 

STAMPS 

U.S. STAMPS Plus Complete U.S. Catalog. All for 10C 
Four sensational offers in one: 1. Genuine centennial 
postage stamp, picturing first U.S.A. (issued 117 
years ago!) 2. Valuable collection all- different U.S. - 
Ancient 19th Century, 100 stamp, etc. 3. Collec- 
tion beautiful commemoratives: American Revolution, 
Wild West, 1893 Columbian, many others. 4. Collec- 
tor's Guide; exciting stamp offers for your inspection; 
Big new U.S. Bargain Catalog. Send only 10C. Act 
Now! H.E. Harris, Dept. 597, Boston 17, Mass. 

ELECTRONICS Professionals are STAMP enthusiasts, 
too. Find out for yourself by running a low -cost 
high -producing ad in this section. Send copy and 
payment to: Martin Lincoln, Electronics World, 1 Park 
Ave., N.Y., N.Y. 10016. 

Your Postmaster Suggests: 

Always Include 

Your (ZIP CODE) Number 

in your 

Return Address 
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New, revolutionary way to 
choose a speaker system: 

listen 

UNIVERSITY SENIOR II 
Ultra -Linear 12" woofer, 31/2" mid -range, Sphericon 
Super- Tweeter; 25x155/8x121/8" D. $99.50 

UNIVERSITY MINI -FLEX 
61/2" woofer, 3" mid -range 
31/2" tweeter. 15x96 
x56" D. $69.95 

UNIVERSITY 
COMPANION II 

Ultra- Linear 
10" woofer, 
3" mid -range, 
31/2" tweeter. 
24x131/2x111/2" 
D. $79.50 

UNIVERSITY COMPANIONETTE 
Ultra- Linear 8" woofer, 
3" mid -range, 31/2 " tweeter. 
213/4x111/2x85/8" D. $69.95 

...and listen and listen. New? Revolutionary? Yes -when you consider how many people buy speakers 
based on the recommendation of others. Sound involves subjective criteria. The sound that pleases a friend, 
(a hi -fi editor or salesman, for that matter) will not necessarily please you. Therefore ... hear and compare 
many systems. For the largest selection, start with University. Choose the superb University model that best 
meets your requirements, then compare it to a l l other brands of its type. For example -if it's a full -size book- 
shelf you want, ask your dealer to demonstrate the Senior I I vs. the AR, KLH, and other bookshelf systems of 
similar size. You'll hear the difference. Especially in the mid -range. Especially in the Senior's complete 
absence of restraint, that telltale drawback of so many other bookshelf systems. Unlike other systems, the 
sound of the Senior, the Companion, or of every University system, large or small -is free and open. The 
bass is cleanly defined; the mid -range punches through for greater presence; the highs literally have wings. 
Want proof? (Of course you do) Visit your dealer ... and listen. University sounds better. Free 1964 Guide 
to Component Stereo! Write: Dept. S -8. 

LTV 
UNIVERSITY 
A DIVISION OF LING - TEMCO- VOUGHT, INC. 
9500 West Reno, Oklahoma City, Oklahoma 

CIRCLE NO. 134 ON READER SERVICE PAGE 
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Created by Me hand of experience 

RCA RECTIFIER TUBES 

Power ratings for every industrial application 

What do you need in an industrial rectifier? RCA offers 
you a choice of 27 different types. Gas -filled, vac- 
uum or mercury -vapor half -wave types. For appli- 
cations up to 22,000 volts and up to 60 amperes. 

Steady, dependable DC pcwer. RCA industrial recti- 
fiers are engineered for maximum reliability and 
long life -to minimize equipment down -time, tube - 
replacement, and to reduce operating costs. High 
operating efficiency and long life are assured by an 
improved coated filament that prolongs peak -emis- 

RCA ELECTRONIC COMPONENTS MND DEVICES, HARRISON,N.J. 

The Most Trusted Name in Electronics 

sion capability, by a well -shielded cathode and by 
low initial voltage drop in all tubes. 
Other advantages include wide am- 
bient temperature tolerance and 
high resistance to transients. 
For specifications and applications 
data on all RCA rectifiers, pick up 
a copy of this RCA Power Tube 
Catalog (PG -101F) at your local 
RCA Industrial Tube Distributor. 

-Ott'7..0 

z-trlsES 

AVAILABLE THROUGH YOUR LOCAL RCA INDUSTRIAL TUBE DISTRIBUTOR 
FOR NAME AND ADDRESS OF YOUR LOCAL DISTRIBUTOR WRITE OR CALL YOUR 
NEAREST RCA DISTRIBUTOR PRODUCTS SALES OFFICE -NEW YORK, NEW YORK. 
36 W. 49th St., (212) MU 9 -7200; NEEDHAM HEIGHTS 94, MASSACHUSETTS: 80 "A" St., 
(617) HI 4 -8480; WASHINGTON 6, D. C.. 1725 "K" 5., N.W., (202) FE 7 -8500; 
ATLANTA, GA.: 134 Peachtree St., N.W., (404) JA 4 -7703; CLEVELAND, OHIO: 1621 

Euclid Ave., (216) CH 1 -3450; CHICAGO, ILL.: Merchandise Mart, (312) 467 -5900; 
DALLAS 7, TEXAS: 7901 Carpenter Freeway, (214) ME 1 -3050; KANSAS CITY 14, MO.: 
7711 State line, (8161 EM 1 -6462; HOLLYWOOD, CALIFORNIA: 6363 Sunset Boulevard, 
12131 461 -9171; SAN FRANCISCO 2, CALIFORNIA: 420 Taylor St., (415) PR 5- 5135 -6 -7. 
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