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finally! Fl virually ¡perfect Ane wave! 

The sine wave above was generated by Shure's design computer -it looks 
like the sine wave that was generated by the Shure V -15 Type II Improved 
Super Track Cartridge in the Hirsch -Houck testing laboratories ... "the 
first cartridge we have tested to have done so," according to their published 
report. This perfect sine wave was generated during the playing of the 
heavy bass bands on the Cook Series 60 test record at 3/4 gram, and the 
30 cm /sec 1,000 Hz band of the Fairchild 101 test record at 1 gram. They 
were Impressed, and we were pleased. And we'll be pleased to send 
you the full Hirsch -Houck Report on the 
"`rackability champion." Shure Brothers 
Inc., 222 Hartrey Ave., Evanston, III. 60204. AI 
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CAN YOU GUESS 
WHICH FACTOR IS MOST RESPONSIBLE FOR 
THE LEADING POSITION OF THE BOSE 901 
DIRECT /REFLECTINGTM SPEAKER SYSTEM? 

IS IT: 

1 The Rave Reviews? 
(Circle the number at the bottom of this page on your reader service 
card for complete reprints of the seven reviews and a list of 
BOSE dealers in your area.) 

2 The 12 Years of Research? - research that went 
beyond the collection of graphs and numerical data into the basic problems of 
correlating the perception of music with speaker design parameters. 
(Copies of the Audio Engineering Society paper 'ON THE DESIGN, 
MEASUREMENT AND EVALUATION OF LOUDSPEAKERS', by Dr. A. G. Bose, 
are available from BOSE Corp. for fifty cents.) 

3 The Sound of Music Through the 901? 
(Enjoy it at your nearest BOSE dealer or in the more comfortable 
surroundings of your friend's home.) 

THE ANSWER 
(AS INDICATED BY CUSTOMER SURVEYS) 

'1N3W183dX3 3H1 34VIN 
3AVH f101. 831dV 193f1038 SIH1 3>iVIN 3M .IHM 
31V1038ddV J.1NO 11IM f1OA '3018d 80 3Z1S 
dO SS31a8V938 `S83>IV3dS 83H10 ANV H11M 
NOSI8VdW00 103810 NI 1.06 3908 3H1 Ol N31SI1 

lpunos óuiAnq aae no,l 'ao!aadns se az!u6o3aa 
Alateipaww! 11!nn noA Teuf At!lap!) e u}!M o!snw aonp 
-oad o} Atll!qe 9,1.06 ayt uodn /(la}aldwoo 91 saa 110!yM 
fo aouenalaa aul uoaeasaa JO sMaInaJ 6u!Anq tou aie 

ag pinous t! MOLI s,feyl .1-06 ayt ioalas oaaats 
o} 9J8w00M8u will pue L06 aul aof apea1 saa>{eads 

Ilews pue a6ael fo 9aauMO ley' uoseai aofew aui 
aef Aq `s! 106 aul fo punos ay} ['all mous sAañans ayt 
'1f18 '1-06 3908 agi of uafs!l of aldoad asneo sMa!naa 
anea au; pue alg!ssod apew yaaeasaa aul 

Busc 901 
DIRECT REEL ECTIN(; 'M 

Sre.iker Sytteni- 

You can hear the difference now. 
THEATOW 

CORP. 9 

East Natick Industrial Park Natick, Massachusetts 01760 

NOVEMBER, 1970 
CIRCLE NO. 148 ON READER SERVICE CARD 

,r Wli W,dn.. 
lai my and 

1 



2 

New Mallory ultrasonic Crime Alert... 

Nobody can 
get around it 

Our new ultrasonic Crime Alert® alarm. 

It catches intruders flatfooted. With invisible, silent, unavoidable ultrasonic waves. 

Just plug it in ... no complicated installation. Any movement within its range triggers its 
piercing scream ... accessory outlet lets you plug in lights, siren, or other device. 
It's the first really sophisticated electronic warning device available to consumers in its 
price range. And no wires, lightbeams, or anything else to see and get around. 

It's the perfect, low -cost (only $89.95) intruder warning for homes, stores, industry, plants 
... anything you want to keep safe. 

MALLORY 
MALLORY DISTRIBUTOR PRODUCTS COMPANY 
a division or P. H. NIA1.l.0l1.1' & C(3. 
Eaux 1558, Indianapolis. Indiana -16206; ' l'olol,l,onc; :317 43:36 -5:35:1 

Batteries Capacitors DURATAPE' Controls CRIME ALERT' Resistors Semiconductors Sonalertk Switches Timers Vibrators 
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THIS MONTH'S COVER 
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tional Meteorological Center 
preparing weather maps from 
thousands of bits of data re- 
ceived from automatic weath- 
er stations, radar, satellites, 
computers, etc. It is only 
through the constant vigilance 
of these modern -day "Paul 
Reveres" that we can be sure 
of receiving adequate warning 
of approach of destructive 
storms such as the one shown 
in inset. See the story on page 
31 describing the history of 
the Weather Bureau. Cover 
photos: Courtesy of the ESSA. 
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The Booming Field in Electronics is 

COMMUNICATIONS 
The earth becomes smaller and outer space nearer 
because of the great strides being made in comnlu 
nications electronics. 

Now is the time for eleetronicsmen to specialize - 
to get into and learn more about a single field in the 
broad electronics spectrum. You are more in demand 
if you are a specialist, and making communications 
your specialty can bring professioni satisfaction and 
financial success- because of the continuing boom in 
this "universeshrinking' field. 

Learn how Pathfinder School of Electronics can 
prepare you by correspondence to be a (1111AII A I 

CATIONS ENGINEERING TECHNICIAN. Accred- 
ited by the Accrediting Commission of the National 
Home Study Council. and approved tender the G.I. 
Bill, the Pathfinder course in Communications Engi 
veering Technology can prepare you for the kind of 
future you will enjoy. Get the facts now. Ask for our 
free brochure. Write: 

Dept. C -11 
Pathfinder School of Electronics 

1509 N. Western .-Ire,. Los .Angeles, Calif. 90027 

Earn Your 

A. S. E. E. 
(Associate in Science in Electronics Engineering) 

DEGREE 
Mostly by NOME STUDY Instruction 

Where will you be five years from today? Are you 
headed for real advancement in electronics, or 
are you in a rut? The technical experience you 
now have is important; it gives you a head start 
toward a better future. But to get ahead and stay 
ahead, experience must be supplemented with 
more education in electronics and allied subjects. 

Grantham School of Engineering - "the col- 
lege that comes to you" -offers to electronics 
technicians a home -study educational program 
for the Degree of Associate in Science in Elec- 
tronics Engineering (the ASEE), accredited by 
the Accrediting Commission of the National 
Home Study Council. 

The complete degree program except for the 
final ten lessons is presented entirely by corre- 
spondence. However, these last ten lessons are 
part of a two -week "Graduation Seminar" held 
at the School. Thus, you may do all of your 
ASEE Degree work by correspondence except 
for the final two weeks. 

Accreditation and G.I. Bill Approval 
Grantham School of Engineering is accredited 
by the Accrediting Commission of the National 
Home Study Council, is approved under the G.I. 
Bill, and is authorized under the laws of the State 
of California to grant academic degrees. 

GRANTHAMENGINEERING 
the roftrgf that r, to 

1505 N. Western Av, Hollywood, CA 90027 

I Grantham School of Engineering EW-I1-70 

1505 N. Western Ave., Hollywood, Calif. 90027 

Gentlemen: 1 have been in electronics for year,. 
Please mail me your free Bulletin. 

Name 

Address 

City State Zip 

Coming Next Month 
Special Feature Article 

ElectronicsWórltl 

HI -Fl RECEIVERS 

EW Lab Tests 
Stereo Receivers 

A round -up of the newest models, including perform- 
ance data, features, and special circuits. In addition to 
discussing each unit individually, Julian Hirsch of 
Hirsch -Houck Labs provides a quick -check list of com- 
parative specifications. The latest models from a num- 
ber of the leading component hi -fi equipment manufac- 
turers are covered in this survey. 

Chip 
Capacitors 

for IC's 

Capacitor companies are now in production on single -chip 
capacitors -which are no bigger than a match head -in the 
100 -pF to 1 -1.1F range for use in integrated circuits. David 
Heiserman explains the advantages and disadvantages of 
ceramic versus tantalum chip types and tells who is mak- 
ing which. 

Light Displays 
That 

Enhance Music 

Color organs and strobe lights are experiencing a tremen- 
dous boom as listeners discover the "pleasure plus" 
offered by "visual sound." Fred W. Holder offers a list of 
various commercially available models and explains what 
features are provided in each model. 

Relaxation 
Oscillators 
Old & New 

R. Clement and R. Starliper of Western Electric present a 
useful collection of circuits for pulse generation which em- 
ploy various solid -state switches to do the job. 

Computers 
That Talk 

Sophisticated inventory control by computer, abetted by 
ingenious automatic "stock picking" equipment, help keep 
production lines rolling at Rohr Corp. So successful has 
this operation proved to be that a large supermarket chain 
is adapting technique to processing customer's phoned -in 
orders. 

All these and many more interesting and informative articles will be yours in the 
December issue of ELECTRONICS WORLD . . . on sale November 19th. 
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Radio & Television news 
Consumer Protection Plans 

In an attempt to stimulate slumping color -TV sales, manufacturers have been offering consumers incentive - 
type warranties. (See this department, August, 1970 issue.) Zenith recently announced a new "Consumer 
Protection Plan" for purchasers of company's 1971 color -TV sets. Plan offers service (from dealer or dealer's 
servicing contractor) at no cost to consumer for parts or labor during first 90 days of set ownership. Also 
continues no- charge replacement warranties for color -TV picture tube that becomes defective within 2 years 
and parts that become defective within 1 year of original purchase. Two plans are offered: in -home service for 
consoles and large- screen table models (20 -in diagonal or larger) and in -shop service for portable and compact 
table models (14- to 19 -in screens). 

Here's one for the books! Teletronics Industries, Inc., in a newly announced sales program, is offering its 
18 -in table model (solid -state) with a guarantee to perform all necessary service and replace all defective 
parts, including costly color picture tube, for five years without charge. Big catch is that set must be brought 
to Teletronics plant in suburban Mesquite, Texas for repairs, otherwise a nominal charge will be levied for 
pick up and delivery. By the way, this revolutionary sales program is initially limited to the Dallas market 
and will last only three months. Any future expansion into other areas will be contingent on results of sales 
campaign. Should be quite interesting to watch since, prior to this sales pitch, Teletronics sold its TV sets to 

franchisers who, in turn, leased the sets to their own customers for a monthly fee that covered usage plus full 
maintenance. Feasibility of this plan is attributed to special computerized diagnostic equipment which 
slashed production -line and servicing costs 90 percent, one -third cut in picture -tube price, and 20 percent 
saving on components resulting from refinements of sets' PC boards. 

Hi -Fi Reminders 

For all you audiophiles who missed last month's Hi -Fi Show in New York, here's a little reminder about a 

second Hi -Fi Show, sponsored by the Institute of High Fidelity, to be held October 30 through November 1 

at the Marriott Motor Inn in Newton, Massachusetts, a suburb of Boston. 
Another goodie for hi -fi enthusiasts is the "Stereo 71" Hi -Fi Home Entertainment Show to be held at the 

Royal York Hotel in Toronto, November 5 -7, 1970. This show is designed to provide prospective buyers of 
sound equipment a chance to see what's new in the field from all major manufacturers. For those interested 
in additonal information on this event, contact either Show Manager J.R. (Tom) Graham or Show Coordinator 
Barbara Longo, "Stereo 71" Hi -Fi Home Entertainment Show. Maclean -Hunter Limited, 481 University 
Avenue, Toronto 2, Ontario. . 

Electronic Sales 

Electronic Industries Association (EIA) reports that electronic sales show a strong rise over slower pace of 
early months of this year with television sales off only 8% over June 1969. Color -TV sales were off only 8.4% 
compared with June 1969 and nonochrome TV had just a 7.6% decrease. Total radio sales showed definite 
improvement for month of June, declining only 3.7% over June 1969 and total phonograph sales down 13.4% 
over June 1969.... Both RCA and Zenith reported lower sales and earnings for first six months of 1970, 
putting blame on strikes and impact of national economic slowdown. RCA's profits and sales for first half of 
1970 were $42.3 million and $1.57 billion, as compared to record $69.8 million and $1.63 billion, respec- 
tively, for same period in 1969, while Zenith's earnings and sales for first six months were $4,629,000 and 
$210,441,000 as against $16,276,000 and $135,385,000, respectively, in same period last year. 

What's a Watt? 

NOVEMBER, 1970 

It's beginning to look like the consumer who has been thoroughly confused over conflicting claims of 
amplifier output power will soon get a break. On July 30 a conference was held by the Federal Trade 
Commission to get comments on appropriate standards and to consider proposed Trade Regulation Rules. 
Although a final decision has not been reached, most seemed to favor rating amplifiers in terms of continuous 
sine -wave (r.m.s.). power output per channel. In addition to this requirement, equipment may also be rated 
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(but less prominently) in music power or peak power provided these are clearly specified as such and the 
testing methods or standards used are disclosed. 

Along these same lines, on July 31 the EIA issued a new standards proposal for packaged -type equipment. 
This closely follows the previous IHF Standard on power -amplifier measurements, although it does introduce 
a new term "momentary power output" which is the same as the old IHF "music- power" rating. Although not 
accepted as yet by all EIA members, at least the two organizations seem to be drawing closer together in their 
rating systems. Unfortunately, even if and when the proposal is approved, it will probably take 6 -12 months 
before all EIA members convert their advertising /promotion literature to new Standard. 

Making Life Easier 

Now you can turn appliances off by clap of a hand or toot of a whistle at distances of up to 100 feet. Sonus 

Corporation, Natick, Massachusetts is offering sound -activated remote -control switches which can be plugged 
into any electrical appliance. The sound switch responds to two sharp sounds (two handclaps, key jingles, or 
even loud "psst, psst" sound) in the high audio range of 14 -18 kHz within 1/2- second interval and the whistle 
switch responds exclusively to single whistle toot in narrow frequency range of 13.5 kHz.... Or how about 
General Electric's clock radio that contains a "Magic Snooz" alarm, a special electronic proximity circuit that 
shuts off radio or alarm when a hand is waved over it? Wave -off action can be repeated up to 4 times. All 

clock- setting functions performed by front -mounted push- buttons. This unit (Model 4570) is priced at 
$59.98.... And to really top things off, Panasonic may soon be offering us (still in experimental stage) an 
AM -FM clock radio (Model RC -6900) that announces time at a flick of a switch. Can be set to announce time 
at preset time and then automatically switch to radio program. When "Call Switch" is pressed, motor drives a 

magnetic head about a rotating magnetic disc sheet, synchronized with clock timer, to pick up recorded voice 
from disc sheet. Contains two disc sheets -one for the hour and one for minutes. 

NEA Award Presentations 

News Briefs 

6 

Here are some of the National Membership Awards presented at the Sixth Annual National Electronic 
Associations' Convention, held in St. Louis, Mo. from July 15 -19: the Greatest Achievement Award to the 
Bloomington -Normal Electronic Technicians Association, Bloomington, Ill. (BETA has been active in promot- 
ing the "Certified Electronic Technician" program in the Central Illinois region); the 1969 -70 Highest 
Membership Achievement Award to the California State Electronics Association (CSEA). CSEA also has the 
distinction of being the largest trade association in state and now ranks as largest state association of 
electronics sales and service dealers in country; Outstanding State Association President Award (one of the 
highest awards in the independent servicing business) to Arthur Clough, President of the Television Service 
Association of Ohio; the Man of the Year and the Outstanding National Committee Chairman Awards to 
Vincent J. Lutz; the Outstanding National Officer Award to Lewis Edwards, Jr., region vice -president for New 
England area, for his work as regional vice -president and for special work on the technical examinations 
given in the International "Certified Electronic Technician" program; and the Outstanding Local Association 
President Award to John Jage, President of the Lake County Chapter of the Indiana Electronic Service 
Association. Special recognition was also given to ELECTRONICS WORLD for "outstanding service to the inde- 
pendent electronic service dealers and technicians." 

By the way, National Electronic Association's new address is the ITTA Building, 1309 W. Market Street, 
Indianapolis, Ind. 46222. 

James S. Sommerville, senior technical correspondent for Allied Radio Shack and known to thousands of 
hams and CB operators the world over as "Trader Jim," W9WHF, died recently. An active radio ham for 
over 33 years, he was instrumental in helping many- young people get started in amateur radio. In his 13 

years with Allied, he made it a point to personally answer letters from beginners and hobbyists requesting 
advice or information.... Sherman Unger, long -time political associate of President Nixon and current 
General Counsel for Department of Housing and Urban Development, has been nominated by White House 
to fill remaining months of FCC Commissioner Robert Wells' term. Nomination must be approved by Senate. 
Rumors have it that appointment is only temporary and that come next June Rep. Charlotte Reid (R -I11.) will 

be named to post- making her first woman FCC Commissioner.... According to survey conducted by the 
National Association of Broadcasters, 223 colleges and universities (as against 147 two years ago) offer 

courses in radio and television. Of these, 173 confer Bachelor degrees, 87 a Master's, and 23 a Doctorate. In 

addition, 62 two -year schools offer work in broadcasting.... James J. Noble, Altec Lansing vice- president of 
engineering, named a Fellow of the Audio Engineering Society. A 

ELECTRONICS WORLD 



LETTERS 

RCA's "SERVICEAMERICA" 
To the Editors: 

I am in agreement with much of 
what you say in your August editorial 
on "RCA's ServiceAmerica." Without 
doubt, RCA lawyers are confident they 
can cope with the legal problems. 

I, too, question that it can survive, 
but I'm concerned that it will encour- 
age universal captive service because 
no marketer can be expected to permit 
a competitor to be in position to pass 
judgment on a set when it needs serv- 
ice. Captive service can succeed when 
combined with extended warranties, 
limitations of chassis type, and concen- 
tration of customers. "Eight -week won- 
ders" are now being used by RCA, so 
service can be automated if backed by 
sufficient superior technicians. 

One other area where ServiceAmeri- 
ca and /or captive service companies 
under these conditions have a tremen- 
dous advantage, is the power of a facto- 
ry name used by an expert contract - 
selling force at the dealer level. 

All of these special advantages can 
be overcome by independents but the 
price is partial relinquishing of "inde- 
pendence," a cost that to this very mo- 
ment appears far too high. This very 
element of "independence" killed the 
neighborhood grocer, druggist, gas -sta- 
tion operator, and other independent 
entrepreneurs, and yet that lesson has 
not been absorbed. 

Independents can survive by trading 
part of independence for inter- depen- 
dence on their competitors. The Total 
Service concept is a real solution. It 
will give independents a superior 
range of talents, facilities, and a selling 
force that will permit independents to 
beat the giants to the customers. 

FRANK MOCH 
Exec. Dir., NATESA 

Chicago, Ill. 

The Total Service concept advanced 
by Mr. Moch is one in which a consor- 
tium of independents handles servic- 
ing of every type of electronic- electro- 
mechanical home and commercial 
equipment.- Editors 

* * * 

FUTURE OF HAM RADIO 
To the Editors: 

After reading John Frye's article in 
your August issue concerning the 
future of amateur radio, I was momen- 
tarily overcome by a feeling of nostal- 
NOVEMBER, 1970 

gia, for it was twenty -one years ago last 
month that I was introduced to this 
very fine and worthwhile hobby. 

I certainly agree that an early expo- 
sure to ham radio can produce a long - 
lasting interest in the field of electron- 
ics. It may be difficult to find additional 
space within our crowded bands; how- 
ever, I would always heartily recom- 
mend ham radio as an excellent hobby 
for any youngster. 

LARRY STELLER, WOMRU 
RCA Consumer Electronics 

Denver, Colorado 
* * * 

ONE -YEAR LABOR WARRANTY 
To the Editors: 

We noted the item in Forest Belt's 
"Radio & Television News" column 
(the August issue) on the one -year la- 
bor warranty. 

You are absolutely right. One -year 
labor warranty is not brand new. There 
is a major difference, however, in the 
RCA program: the consumer can select 
the serviceman of his own choice and 
the serviceman is paid at the going rate 
prevalent in his operating area. There 
is no control over the rates for service 
labor on the part of RCA and this fact 
makes our program quite unusual. 

THOMAS J. BRADSHAW 
Mgr., Editorial Services 

RCA 
Indianapolis, Ind. 
* 

HIGH -POWER COLOR ORGAN 
To the Editors: 

The schematic diagram of the "High - 
Power Color Organ" on page 79 of 
your September issue looks fine except 
for one thing. With the three input 
pots wired the way they are shown, 
you won't be able to turn the organ 
completely off. Is the diagram correct? 

ALAN STONER 
Stanford, Cal. 

There is an error in the schematic di- 
agram as shown. The bottom of the 
three input pots, R1, R2, and R3, 
should be connected directly to ground 
and the connections between the wip- 
ers and the bottom ends of the pots 
should be deleted. There is also a mi- 
nor error in the parts listing for PLI, 
the 125 -volt pilot light. The lamp used 
should be a type 6S6 -125 and not a 
12.5 volt pilot lamp as indicated in the 
parts listing- Editors 

STUDIO 
MONITOR 

AMPLIFIERS r- ÿz 
D40 

4e. 

compact 
delivers 40w RMS /channel at 412 

takes 13/4" rack space, weighs 81/2 lbs. 
IM distortion less than 0.3% from 

1/10w to 30w at 812 

S/N 100dB below 30w output 
price - $229 rack mount 

D150 

va I u e 
delivers 150w RMS both channels 812 
IM distortion less than 0.1% from 

1 /10w to 75w at 812 

S/N 100dB below 75w output 
takes 514" rack space, weighs 16 lbs. 
price - $439 rack mount 

power 
delivers 300w RMS /channel at 412 

IM distortion less than 0.1% from 
1 /10w to 150w at 812 

S/N 100dB below 150w output at 812 

Lab Standard performance and 
reliability 

price - $685 rack mount 

All Crown amplifiers are warranteed 
3 years for parts and labor. They 
are 100% American -made to profes- 
sional quality standards. All are 
fully protected against shorts, mis- 
match and open circuits. Construc- 
tion is industrial grade for years 
of continuous operation. 

=011.4:Flir77. 
BOX 1000, DEPT.E W, ELKHART, INDIANA 46514 
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With his NR! home training 
as a solid base for success, graduate W. Gerald 

Kallies of Elliott Lake, Ontario, Canada, has 
branched into three different areas of 

Electronics. He is in charge of the complete 
Electronic automatic control system at Rio 

Algom Nordic, Ltd., a uranium mining company. 
Also, he handles operations at CKSO -TV, a 

satellite station in Elliott Lake, and he owns Gerol 
TV Sales & Service, which grosses $60,000 a year. 

How did Gerald Kallies launch his career? 
While a high school senior, he faced the fact 

that college was beyond his financial reach. So 
he wrote to ten Electronics training schools. He 
chose NRI. Why? Because, he says, it appeared 

to be complete training with no short cuts .. . 

because courses were offered at very reasonable 
prices ... and because he was convinced NRI 

would take a personal interest in him. The 
results of his training speak for themselves. 

Experience 
Most in Color TV 

Communications 
Electronics 
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Designed-for-training equipment makes 
learning at home fast and fascinating 
builds priceless confidence as theory 
you learn comes alive. 
There is an all- important reason why NRI has invested 
so heavily in the development of equipment for learn- 
ing Electronics at home. With more than 55 years of 
home education experience, NRI is convinced that 

NRI FIRS 

coo 
TV kits 
totally 
engineered 

for training 

NRI FIRST 

With 

communications 

transmitter 
lab 

equipment'. 

NRI FIRST 

logic and 

control 

circuits 

launch your own full -time business. Many NRI grad- 
uates start earning $5 to $7 an hour extra soon after they 
enroll, fixing home Electronics equipment for friends 
and neighbors in spare time. NRI's remarkable teaching 

L _ _ .zes, dramatizes subject matter 
tan - regardless of his educa- 
arn and profit from the Elec- 
ice. NOW 15 WAYS 

TO TRAIN AT HOME 
MAIL this postage -free card 
NATIONAL RADIO INSTITUTE 
Washington, D.C. 20016 

Please send me your new catalog. I have checked the 
training in which I am interested. No salesman will call. 

TV -Radio Servicing 
(with Color) 

Advanced Color TV 

Complete Communications 

Computer Electronics 

FCC License 

Electronic Technology 

Basic Electronics 

Math for Electronics 

Electronics for Automation 
Aircraft Electronics 

Mobile Communications 

Marine Electronics 

Amateur Radio 

Electrical Appliance Repair 

Air Conditioning - 
Refrigeration 

CHECK FOR FACTS ON NEW GI BILL 

Name 

Address 

City 

ACCREDITED MEMBER 

(PLEASE PRINT) 

2 -110 

Age 

Zip 
State Code 

NATIONAL HOME STUDY COUNCIL 

9 

FCC License or 
a ck NRI is so confident of 
aining programs that all Cora- 
cle a special money -back agree - 
for a Commercial Radiotele- 

r the FCC, after successfully 
program, or NRI refunds your 
ust one more example of the 
i choose NRI for your Elec- 

more example of why NRI 
xy's leading Electronics home - 
quarters of a million have en- 
'er for yourself how easy it is 
s - America's fastest growing 
one training. Mail the postage - 
tI Catalog. There is no obliga- 
call. NRI does not employ 

RADIO INSTITUTE, Wash- 

9r GI Bill 
January 31, 1955, or are in 

on postage -free card. 

Color TV circuitry is easy 
to learn as you build the only 
Color TV set custom -designed for 
training purposes. The result is 
your own high -quality set you 
keep for years of viewing pleasure. 
NRI TV -Radio Servicing course 
includes your choice of color or 
black -and -white training equip- 
ment. 

NOVEMBER, 1970 

Communications experience 
equal to as much as two years of 
on -the -job training is yours as you 
build and use equipment like this 
phone -cw transmitter suitable for the 
80 -meter amateur band. You also 
perform experiments on transmis- 
sion lines and antenna systems. No 
other home -study school offers this 
equipment. 

Competent technical ability 
so necessary for careers in Indus- 
trial Electronics is easily acquired 
through NRI training. As you learn, 
you actually build and use your own 
motor control circuits, telemetering 
devices and even digital computer 
circuits. All major NRI courses in- 
clude transistors, solid -state devices, 
printed circuits. 
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To call it'an amplifier" 
would be like 

calling a Porsche 
"Basic transportation': 

There is unusual satisfaction that comes from 
fulfilling a prosaic task in a far from prosaic 
manner. 

Hence this amplifying system: the Sony TA- 
2000 professional preamplifier and the Sony TA- 
3200F power amplifier. Together, they perform 
all an amplifier's standard tasks in a satisfyingly 
impeccable manner; but their 67 levers, switches, 
meters, knobs and jacks allow you to perform 
some interesting functions that are anything but 
standard. 

Dual- purpose meters. 
The two VU meters on the preamplifier front 

panel, for example, are no more necessary than 
a tachometer on an automobile. But they do 
serve the dual purpose of simplifying record - 
level control when the TA -2000 is used as a, 

dubbing center, and of allowing you to test your 
system's frequency response and channel separ- 
ation (as well as those of your phono cartridge) 
and to adjust the azimuth of your tape heads. 

A broadcast /recording monitor console in 
miniature. 

The TA -2000 resembles professional sound 
consoles in more than its VU meters. In addition 
to the 20 jacks and seven input level controls 
provided on its rear panel for permanent con- 
nections to the rest of your hi -fi system, the TA- 
2000 boasts a professional patch board in minia- 
ture on its front. 

Thus, you can feed the inputs from micro- 
phones, electric guitars, portable recorders or 
other signal sources into your system without 
moving the preamplifier or disturbing your nor- 
mal system connections in the least. And a front - 
panel Line Out jack feeds signals for dubbing or 
other purposes into an external amp or tape 
recorder, with full control of tone and level from 
the front -panel controls and VU meters. 

The tone correction and filtering facilities are 
also reminiscent of professional practice, allow- 
ing a total of 488 precisely repeatable response 
settings, including one in which all tone controls 
and filters are removed completely from the 
circuit. 

The amplifier -no mere "black box" 
A power amplifier can be considered simply as 

a "black box" with input and output connections, 
a power cord, and an on /off switch; and such an 
amplifier can perform as well (or poorly) as the 
next one. But in designing the TA -3200F Sony 
took pains to match the amplifier's facilities to 
the preamplifier's. 

Thus to complement the TA- 
2000's two pairs of stereo 
outputs, the TA -3200F has two 
stereo pairs of inputs, selected 
by a switch on the front panel. 
Other front panel controls in- 
clude independent input level con- 
trols for both channels, a speaker 
Porsche is a trademark of Dr. Ing.h.c.F.Porsche KG 
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selector switch, and a power limiter (in case your 
present speaker should lack the power handling 
capacity of the next one you intend to buy). 

Circuitry unusual, performance more so 
The single- ended, push -pull output circuitry of 

the TA -3200F amplifier is supplied with both 
positive and negative voltages (not just positive 
and "ground ") from dual balanced power 
supplies. This system allows the amplifier to be 
coupled directly to the speakers with no inter- 
vening coupling capacitors to cause phase 
shift or low -end roll -off (A switch on the rear 
panel does let you limit the bass response below 
30Hz if you should want to, otherwise, it extends 
all the way down to 10Hz.) 

The individual stages within the amplifier are 
also directly coupled with a transformerless 
complementary- symmetry driver stage, and 
Darlington type capacitorless coupling between 
the voltage amplifier stages. 

As a result, in part, of this unique approach, 
the TA -3200F produces 200 watts of continuous 
(RMS) power at 8 ohms, across the entire fre- 
quency range from 20 to 20,000 Hz; IHF Dy- 
namic Power is rated at 320 watts into 8 ohms 
(and fully 500 watts into a 4 -ohm load). 

But more important by far is the quality of the 
sound; intermodulation and harmonic distortion 
levels are held to a mere 0.1% at full rated output, 
and 0.03% at the more likely listening level of 
one -half watt. The signal -to -noise ratio is an in- 
credible 110dB. And the full damping factor of 
170 is maintained down to the lowest, most 
critical frequencies (another advantage of the 
capacitorless output circuit). 

The companion TA -2000 preamplifier also 
boasts vanishingly low distortion and a wide 
signal -to -noise ratio, but this is less unusual in a 
preamplifier of the TA- 2000's quality (and price). 
What is unusual is the performance of the phono 
and tape head preamplifier circuits; for though 
they have sufficient sensitivity (0.06mV) for the 
lowest- output cartridges (even without accessory 
transformers), these preamplifier circuits are vir- 
tually immune to overload - even with input sig- 
nals 80 times greater than normal. 

Their sole vice: they are hardly inexpensive 
Of course, at a price of $329.50 (suggested 

list) for the TA -2000 preamplifier, and $349.50 
(suggested list) for the TA -3200F power amp, 
this system cannot be considered other than a 

luxury. But then, it was intended to be. For there 
are those to whom fulfillment of prosaic tasks is 

unfilling. And among them 
are not only many of our 

customers, but also many 
of our engineers. Sony 

Corporation of America, 
47 -47 Van Dam Street, 

Long Island City, 
New York 11101. 

SONY 



What Should 
You Pay for a 

Phono 
Cartridge? 

IF you have ever tried to make listening comparisons 
among various phono cartridges, you have probably been 

struck -as we have -by their similarities, rather than their 
differences. If they sound so much alike, at least superficial- 
ly, why do their prices vary so widely, from about $10 to 
$100? And, even more to the point, why should you spend 
more than the minimum for a cartridge? 

One could infer from this situation that modern car- 
tridges are so refined that they contribute practically no 
coloration to the reproduced sound, and therefore tend to 
sound alike. Another point of view, held by some critical 
listeners, is that most cartridges are designed according to 
the same principles, and therefore all have the same kind of 
coloration, rather than an absence of any! We are not going 
to attempt to settle that thorny issue at this time, but would 
like to review some of the factors influencing the cost and 
sound of a cartridge. 

Factors Affecting Cost and Sound 

Several basic parameters directly affect the performance 
of a cartridge. In addition to these fundamental considera- 
tions, proprietary manufacturing methods account for 
much of the audible differences between competitively 
priced cartridges from different manufacturers. The com- 
pliance of a stylus system, expressed in cm /dyne, is a mea- 
sure of the ease with which the stylus is deflected by the 
groove modulation. A high number, such as 20 X 10 -6 cm/ 
dyne, means that little force is needed to move the stylus 
and that the vertical tracking force required to keep it in 
contact with the groove is correspondingly small. If the 
compliance were low (for example, 2 X 10 -6cm /dyne), 
about 10 times more force would be needed to maintain 
contact with the groove walls. 

High compliance is necessary for using a low tracking 
force at low frequencies, where the recorded amplitude 
can be quite large and the stylus must be displaced a rela- 
tively large amount by the groove. A compliant design usu- 
ally is characterized by a relatively delicate and costly sty- 
lus structure. A high -compliance cartridge not only can be 
operated at low tracking force, it must be so operated. Ex- 
cessive tracking force will displace the stylus vertically so 
that it eventually contacts the cartridge body and produces 
severe distortion. Since certain arms and record -changer 
mechanisms require a minimum level of tracking force for 
NOVEMBER, 1970 

Including 
Lab Tests 
of the 
Complete 
Line 
of Shure 
Cartridges 

Results of our lab tests show that, although 
differences are slight, higher priced 
cartridges offer extended and smoother 
high frequencies, ability to track 
higher recorded velocities, and operation at 
lower stylus tracking forces. 

proper operation, a highly compliant cartridge may not be 
usable in all record players. 

At higher frequencies, the recorded amplitude is low (al- 
though the velocity may be very high) and stylus compli- 
ance is not a factor in their reproduction. The problem in 
tracking high frequencies is not one of moving a stylus back 
and forth through a large amplitude displacement. Instead, 
the stylus and the generating elements coupled to it must 
be reversed in direction many thousands of times each sec- 
ond. This requires a large acceleration -perhaps thousands 
of G units -to be applied to the stylus by the record groove 
wall. 

The force required to produce this acceleration must 
come from the recorded material and, in turn, is exerted on 
the plastic record material by the stylus. It is proportional 
to the effective moving mass of the stylus structure, re- 
ferred to the tip, and to the acceleration required. A mas- 
sive moving system inevitably causes increased record wear 
at high frequencies, since the force against the record ma- 
terial can exceed its elastic limits and cause a permanent 
deformation. This can result in distortion and, ultimately, in 
literally "wiping off' the highest frequencies from the rec- 
ord groove. 

A low -mass moving system is more delicate and fragile 
than a heavy one. The stylus jewel is physically smaller and 
the cantilever that couples it to the generating elements is 
slimmer and more easily damaged. The extra care required 
in assembling a low -mass stylus system is reflected in its 
higher price. 

Elliptical styli are now widely used, especially in the 
more expensive cartridges. It is generally agreed that a 
good elliptical stylus with radii of 0.2 X 0.7 mil can produce 
sound that is somewhat better than a conical stylus on some 
records, although the improvement is slight in most cases. 
However, the elliptical stylus is more expensive to manu- 
facture, and must be oriented on the cantilever with great- 
er precision than is required for a conventional conical sty- 
lus. As a result, a cartridge with an elliptical stylus costs the 
consumer some $10 to $15 more than the same cartridge 
with a conical stylus. 

In addition, an elliptical stylus should be used only at low 
tracking forces, preferably under 1'/2 grams for a 0.2 X 
0.7 -mil stylus, to minimize record wear. This limits their 
application to the more expensive cartridges. Sometimes 
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BEFORE BUYING A CARTRIDGE 

BEFORE buying a phono cartridge, it is necessary to consider 
the other components of the music system. The tonearm de- 

sign may place a lower limit on the usable tracking force. Most 
separately mounted tonearms, and those on the better automatic 
turntables, can be used with cartridges tracking at 1 gram or 
less. Some intermediate -priced automatic turntables have 
enough pivot friction so that a force of 1'/2 to 2 grams is advisa- 
ble. The least expensive models should be operated with 2 to 3 
grams of vertical force. 

The comprehensive report on automatic turntables in the June 
1970 issue of Electronics World will provide guidance in select- 
ing a cartridge whose tracking force is compatible with your rec- 
ord- player arm. Since cartridges are normally rated for operation 
over a range of forces, there may be an overlap region where 
several cartridges would seem to be suitable. A good rule is to 
operate the cartridge near its maximum rated force. Thus, with 
an arm requiring a 2'/2 -gram force, a cartridge rated at 11/2 to 3 
grams would be preferable to one rated at 2 to 4 grams. 

Another factor is the electrical output voltage from the car- 

tridge. Most amplifiers will work satisfactorily with most car- 
tridges. However, some amplifiers can be overdriven through 
their phono preamplifier stages by inputs as low as 30 millivolts 
or less. Although the average output of any cartridge is safely 
below this level, it may become four or five times greater during 
the peaks of loud recorded passages. If your amplifier or receiver 
can only handle about 30 millivolts before distorting, pick a car- 
tridge whose average output does not exceed 6 or 7 millivolts. 
On the other hand, some older amplifiers have relatively little 
gain and a high- output cartridge may allow you to turn down the 
amplifier gain and reduce noise and hum pickup. 

In general, a cartridge selling for a third to half the price of the 
arm /turntable combination will provide a reasonable balance of 
quality in the record -playing system. Exceeding that ratio may 
actually degrade performance, since a highly compliant cartridge 
cannot function properly above its rated force, and a low- priced 
record player arm may have pivot friction comparable to the rat- 
ed force of a good cartridge. Using an inexpensive cartridge in a 

top -quality arm is obviously wasteful and uneconomical. 

there is a compromise, with a less exaggerated ellipticity 
such as 0.4 X 0.7 mil. This can be used at forces up to 
several grams, although it offers little, if any, improvement 
over a 0.7 -mil conical stylus. The decision as to whether to 
use an elliptical stylus, if a choice exists, is a personal one. 
The advantages of the elliptical stylus are difficult to show 
in any objective test and its added cost is considerable. 

In view of the complex interrelationship among mass, 
compliance, stylus shape and dimensions, tracking force, 
and the tracking requirements over the full frequency 
range, many factors must be considered in arriving at a 
final cartridge design. It is clear that the consumer is in no 
position to evaluate the significance of these and other pa- 
rameters affecting cartridge performance. How, then, can a 
cartridge be specified in a meaningful and easily interpret- 
ed manner? 

Aside from physical characteristics such as weight and 
size and stylus dimensions, the most universally available 
specification for a cartridge is the recommended range of 
tracking force. It is fortunate, indeed, that this is the most 
informative specification available to the consumer for 
judging the worth of a cartridge. This is not as illogical as it 
might seem, since the tracking force is a function of the 
total design of the cartridge, including its compliance, mov- 
ing mass, damping, and stylus dimensions. A careful study 
of published cartridge specifications will show the inverse 
relationship between tracking force and price (and, by im- 
plication, with the sonic qualities of the cartridge). 

Representative Group of Cartridges 

To test the validity of this seemingly arbitrary criterion 
for cartridge selection, we have tested and evaluated a rep- 
resentative group of cartridges from a single manufacturer. 
The Shure Brothers product line is typical, in price and ap- 
plication, of the variety of cartridges offered by other man- 
ufacturers. 

The published characteristics of the selected cartridges 
are listed at the top of Table 1. The oldest design, still wide- 
ly used in lower priced record players, is the M3D, whose 
0.7 -mil stylus tracks between 3 and 6 grams. Next is the 
M44 series, for which several styli are available. We tested 
the M44 -7, which has a 0.7 -mil conical stylus tracking be- 
tween 1' /2 and 3 grams, and the M44E, which has a 0.4 X 

0.7 -mil elliptical stylus for use between 13/4 and 4 grams. 
At approximately the same price as the M44E is the new- 

er Model M75 -6. This cartridge has an integral, swing -away 
stylus guard, similar to that used on the manufacturer's 
most expensive cartridge, and a 0.6 -mil conical stylus for 
operation between 11 /2 and 3 grams. This, and the more 
expensive Shure cartridges, carry a "trackability" rating, 
14 

about which we will have more to say shortly. The M93E 
and M91E are similar except for styli. The former has a 0.4 
X 0.7 -mil elliptical stylus operating at 1' /2 to 3 grams, the 
latter a 0.2 X 0.7 stylus which works at half as much force. 

Installation of these cartridges is simplified by a remov- 
able mounting clip which is first installed in the arm and 
the cartridge merely snaps into it. At the top of the line is 

the V -15 Type II (Improved), which has the same stylus 
dimensions and tracking force range as the M91E, but with 
higher trackability. 

Examination of Table 1 shows many points of similarity 
between the cartridges. Except for the M3D, they all have 
the same coil inductance and resistance, frequency re- 
sponse of 20- 20,000 Hz [25,000 Hz for the V -15 Type II 
(Improved)], and channel separation of 25 dB. The M3D 
specifications are not strikingly different -its frequency re- 
sponse is 20- 15,000 Hz+3 dB and its separation is rated at 
20 dB. Except for tracking force and price, there seems to 
be little in their specifications to distinguish one cartridge 
from another. 

Laboratory Measurements 

We made measurements on each cartridge, installed in 
an SME 3012 arm. High -velocity test bands were used to 
determine the minimum force needed to track low and 
middle frequencies, and for each cartridge we selected a 
value which we felt would be suitable for tracking any com- 
mercial pressing with satisfactorily low distortion. The CBS 
Labs STR100 test record was used for measuring frequency 
response, channel separation, and output voltage while the 
CBS Labs STR111 record was used for 1000 -Hz square - 
wave response testing. (Response curves shown in this arti- 
cle have been corrected below 500 Hz to take into account 
the response of the test record used-Editor) IM distortion 
was measured both with the CBS Labs STR111 and RCA 
12 -5 -39 records, as a function of recorded level. 

The "trackability" (a term coined by Shure to describe 
the ability of the cartridge to trace high velocities at differ- 
ent frequencies) was evaluated with the company's "Audio 
Obstacle Course" record, which has various instrument 
sounds recorded at successively higher velocities. We as- 
signed arbitrary demerits for different degrees of audible 
mis- tracking, adding them to obtain a number whose mag- 
nitude is inversely related to the cartridge's tracking ability. 
Since, to some extent, "trackability" is a function of track- 
ing force, we multiplied the score by the tracking force to 
obtain what might be termed an index of merit for each 
cartridge. 

We have been using this "trackability" test for some time 
in evaluating cartridges. It is an excellent guide to how well 
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a cartridge can track some of the most 
demanding program material on rec- 
ords and correlates well with other lis- 
tening evaluations. We normally do not 
publish the actual score or index for 
any cartridge, since it is meaningless 
by itself and, being derived arbitrarily, 
is subject to misinterpretation. Howev- 
er, in tabulating our data, we were 
struck by the close correlation be- 
tween our "index" and the price of the 
cartridge. We are therefore showing 
the scores we obtained for these car- 
tridges, together with other test re- 
sults, at the bottom of Table 1. Bear in 
mind, however, that differences of a 
few points in ratings are not signifi- 
cant. 

On the basis of absolute tracking 
ability, the top three cartridges are 
quite comparable, as are the bottom 
three. The M44E falls between the two 
groups. The index of merit separates 
them more distinctly: the V -15 Type II 
(Improved) and the M91E are very 
much the same, followed by the M93E 
and M44E. The M44 -7 and M75 -6 are 
quite close to each other, while the 
M3D, with its 3 -gram test tracking 
force, is definitely last. 

This data shows, in an unmistakable 
manner, that the tracking ability, that 
is, how cleanly the cartridge can play 
high -level recordings, is related to the 
rated tracking force and to the price in 
this family of cartridges. Regardless of 
any unpublished or difficult-to- inter- 
pret specifications, each price incre- 
ment buys a definite improvement in 
listening performance, as does going 
from one cartridge to another rated to 
operate at a lower force. 

All the cartridges have very similar 
frequency response curves below 10 
kHz, indicating for the most part the 
characteristics of the test record. The 
stylus mass of any cartridge resonates 
with the compliance of the record ma- 
terial at some high frequency, although 
the resonance may be above the 20- 
kHz limit of the record, or may be so 
damped that it is not apparent in mea- 
surements. We found the resonance of 
most of the cartridges falls between 13 
and 16 kHz. The M3D resonance was 
lowest, at about 11.5 kHz, while the V- 
15 Type II (Improved) resonated above 
20 kHz. The square -wave responses 
shown with the curves reflected the 
frequency and amplitude of the high - 
frequency resonance by the degree of 
ringing observed. 

The channel separation of all the car- 
tridges was more than adequate, be- 
tween 27 and 32 dB at middle frequen- 
cies, and from 13 to 19 dB at 10 kHz. 
The V -15 Type II (Improved) had 
somewhat better high -frequency sepa- 
ration than the others, measuring 23 
dB at 10 kHz. 

Most of the cartridges were able to 
track satisfactorily at 2 grams. The 
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Table 1. Specs and test results on line of Shure cartridges tested. The figures under 
Test Results are averages for both channels while curves shown are for one channel. 

Model M3D M44 -7 M75 -6 M44E M93E M91E V -15 (II) 

SPECIFICATIONS 

Tracking 

Force (g) 

3 -G I 3 1'/2-3 13/4-4 11/2-3 ' /a -1 h2 ', -1 i, 

Stylus (mil) 0.7 0.7 0.6 0.4 x 0.7 0.4 x 0.7 0.2 x 0.7 0.2 x 0.7 

Freq. 

Resp. 

20 -15k 
±3 dB 

20 -20k 20 -20k 20 -20k 20 -20k 20 -20k 20 -25k 

Trackability 

(cm /s) 

400 Hz 

1 kHz 

10 kHz 

NA NA 

(2 g) 

18 

25 

14 

NA 
(2 g) 

18 

25 

13 

(1 g) 

20 

28 

18 

(1 g) 

28 

35 

22 

Channel 

Sep. @1 kHz 

(dB) 

70 25 25 25 25 25 25 

Inductance 

(mH) 420 720 720 720 720 720 /25 

Resistance 

(ohms) 280 630 630 630 630 630 630 

Weight (g) 8.5 7 6 7 5 5 6.8 

Price (S) 15.00 1J.y5 24.50 24.95 39.95 49.95 67.50 

TEST RESULTS 

Test Force 

(g) 3 2 2 2 1 1 &% 

Output (mV) 

@3.54 cm /s 8.3 10.1 6.25 10.65 5.55 5.45 4.25 

Response 

Variation (dB) 

500 -20 kHz 

+3.2 

-3.2 
+4.5 

-1.8 
+2.8 

-2.0 
+4.8 

-1.8 
+3.3 

-2.7 
+4.0 

-2.0 
+0 

-3.0 

Separation 

500 -10 kHz 

(max. /min.) 

28/15.5 31/19 32/12.8 28/14.5 32/16 27/13.5 31/23 

Stylus H.F. 

Resonance 

(kHz) 

11.4 14 14.2 13 16.2 15.5 
above 

20 kHz 

Trac kability 

Score 32 40 38 28 10 6 8 

Index of Merit 

(score x force) 96 80 76 56 20 6 5 
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M3D required 3 grams, while the M91E and V -15 Type II 
(Improved) operated well at 1 gram. The V -15 was able to 
cope with most music records at 3/4 gram, but had consider- 
able IM distortion at high velocities with that force and we 
would favor operating it at 1 gram. 

Most of the cartridges had outputs between 4 and 8 milli- 
volts and would be compatible with any preamplifier. The 
M44, however, has between 10 and 11 millivolts output 
from average recorded velocities. This is fine for driving a 
low -gain amplifier. However, some preamplifier stages can 
be overloaded by as little as 30 millivolts, and we would 
caution against using the M44 with such an amplifier. 

Listening Tests 

We listened. to the cartridges in pairs, comparing each 
against the V -15 Type II (Improved), playing the same rec- 
ord. As might be expected, there was little or no audible 
difference with most records, whose maximum velocities 
were within 'the capabilities of all the cartridges. Only with 
records having very higl'i recorded levels, particularly at 
high frequencies (such as bells, harpsichord, etc.) was the 
superior tracking ability of the top- ranking cartridges im- 
mediately obvious. The IM distortion measurements made 
with the CBS Labs and RCA test records are most useful as 
an indication of how much mid -range (400 -Hz) velocity the 
cartridge can track without losing contact with the groove. 
The actual distortion readings, below the point of mis- track- 
ing, ai'e not particularly significant, hence, they are not in- 
cluded here. Most of the cartridges had very similar charac- 
teristics in this respect, with some notable exceptions. For 
example, the V -15 Type II (Improved) was the best of the 
group at 11/4 grams, but the worst at 3/4 gram, with the CBS 
Labs test record. The M44E at 2 grams "broke up" at 3 dB 
lower velocity than most of the others. It might have 
matched them at a higher force, but we are reluctant to 
play our records with elliptical styli at more than about 2 
grams. The M3D had a different characteristic, not mis- 
tracking seriously at any velocity which the other car- 
tridges could handle, but with about twice as much distor- 
tion at all lower velocities. 

A comment is in order on the Shure "trackability" rat- 
ings. These are shown at the top of Table 1 for the car- 
tridges so rated. It is expressed in cm /s at various frequen- 
cies and represents the maximum velocity which the car- 
tridge can track at a rated force. This specification is useful 
for comparing different Shure cartridges since you can see 
at a glance where a more expensive model should give bet- 
ter performance and by how much. Obviously, it cannot be 
used for comparison with other makes of cartridges. 

Our own relatively crude and limited "trackability" test 
correlates reasonably well with the published data, except 
in the case of the M93E and the M75 -6, which carry almost 
identical trackability ratings but were distinctly different in 
our tests. The considerably higher price of the M93E, as 
well as its superior performance, suggests that there are 
other factors involved. 

As far as listening quality is concerned, the principal dif- 
ference among these cartridges, assuming that they are not 
mis- tracking, is in the highest octave. The frequency and 
amplitude of the stylus resonance can affect the clarity and 
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Altec's new Dynamic Force Systems. 
They're built a little better. 

P 

With a new 15 -inch Dynamic Force 
woofer for better reproduction of low 
frequencies. Both Altec's new Barcelona 
and Granada speaker systems incor- 
porate this all -new woofer. It features a 
long voice coil with edge wound, pre - 
flattened copper wire and a magnetic 
structure of extremely high flux field. 
Working together in our infinite baffe 
enclosure, this speaker is capable of 
producing a Dynamic Force against the 
compressed air in the cabinet of up to 
16 psi_ This greatly improves low fre- 
quene4 transient performance, extends 
low -end response and reduces distortion 
while maintaining medium efficiency. 

With a large sectoral horn for better 
controlled angular distribution of mids 
and highs. This exclusive horn enables 
the new Barcelona and Granada to keep 
the o'f -axis frequency responses of mids 
and highs almost identical to the on- 
axis responses -even in the critical mid 
range (above 500 Hz) where most low 
frequency speakers have a narrow angle 
of distribution_ Th s large sectoral horn 
also Helps extend the direct field which 
is where you hear the original acoustics 
of the recording rather than the acous- 
tics of your listening room. 

Built a little better. 

', COMPANY OF LTV LIN:á ALTEC, INC. 
CIRCLE NO 149 CN READER SERVICE CARD 

With more hand -sanding and hand - 
finishing for finer cabinetry. The hand - 
rubbed natural walnut cabinets of Altec's 
new Barcelona and Granada feature an 
infinite baffle design inside the enclosure 
with snap -on fretwork grilles outside. To 
ensure both quality and beauty, these 
pieces of fine furniture have been indi- 
vidually hand -sanded probably more 
than any other speaker cabinets on the 
market today. 

Altec's new Barcelona (873A) sells for 
$550.00. Altec's new Granada (875A) 
sells for $450.00. Write for our complete, 
new catalog. Altec Lansing, 1515 South 
Manchester Ave., Anaheim, Calif. 92803. 



NOW YOU CAN EASILY 

ADD SOUND 
TO YOUR SLIDE AND FILM SHOWS 
WITH POPULAR PHOTOGRAPHY'S 
EXCLUSIVE AND EXCITING 

"SOUND FOR A PICTURE EVENING" 

RECORD ALBUMS, 

Vols. I through IV 

Expressly created for 
film and slide shows 

No matter how good your film and slide shows are, 

sound will make them better ... more entertaining 
and certainly more professional. But, it has to be 
the right kind of sound. Although any musical 
record can be used as a background, few, if any, 
can match the variety of action, situations and 
scenes inherent in most shows. That's why Popular 
Photography created these albums. They're ideal 
for almost every mood captured by your camera. 
Whether your show is simple, elaborate or some- 
where in- between -"Sound For A Picture Evening" 
provides a final, professional touch to make it a 

complete success. 
This complete set, Volumes I through IV, offers 
you the most extensive selection of background 
music and sound effects available anywhere. Pro- 
duced by the Editors of Popular Photography ex- 
clusively for our readers, these records cannot be 
purchased in any store and are available by mail 
only to the readers of Popular Photography and 
other Ziff -Davis Magazines. 

FOUR 12" VINYL 33% RPM HIGH -FIDELITY ALBUMS offering 
you more than 21/2 hours of playing time consisting of 66 spe- 
cific mood music backgrounds, 40 tracks for special sound 
effects and 16 tracks featuring "National Portraits " -a total of 
122 tracks of sparkling, mood -setting off -beat music and hard - 
to -find sound effects -for use "as is" by playing the appropri- 
ate tracks as your slide or movie show proceeds or for editing 
your selections and recording them on tape. "Sound For A 
Picture Evening" adds another dimension to your photography 
-high -fidelity sound. 

ALBUM CONTENTS 
VOLUME I 

17 music backgrounds ... 8 sound effects tracks: themes to 
match your subjects ... perfectly! 3 film openings: grandiose, 
sweet and gentle and dramatic 3 film closings: epic finale, 
Hollywood style and gentle happy -go -lucky gay party 
vacation tempo traveling happy birthday party pomp of 
a parade sound of a carousel circus time sentimental 
moments children's playtime Christmas time ocean 
waves train jet planes baby crying crowd in stadium 

traffic dog barking thunder and rain. 

VOLUME II 
19 music backgrounds ... 11 music effects tracks: majestic 
backyard nature experimental mysterious music of the 
spheres vive la France German village band soul of 
Spain American west English countryside buon giorno, 
Italia bass drum bassoonery cathedral bells galloping 
horses zoo noises children at play cocktail party 
birds on a spring morning outboard motor oars in water 
skis on snow trumpet fanfare solo violin music from 
silent movies music for slow- motion movies music for 
speeded -up motion music for stop- motion movies under- 
water music music for old -time footage. 

VOLUME III 
25 music backgrounds ... 10 sound effects tracks: music for 

FREE 
A comprehensive instruc- 
tion booklet comes with 
EACH record, showing you 
how to make a successful 
sound -and -music tape track 
for your slide or movie 
show, or to use the record 
alone as background, even 
if you're a rank beginner. 
An ingenious band pointer 
which fits on top of each 
record instantly locates 
any band you want. 

No guessing, no wasted 
motion, no false starts. 

time -lapse photography liquidity music to fly by music 
to take a trip by fiddle (addle jungle themes music for 
the bull ring way out farm machinery chicken clucking 
and rooster crow cows horse whinny pigs grunting 
wind in the trees sleigh bells cat meowing and purring 
hammering and sawing Japan Scandinavia South 
America Jamaica Middle East bowling jogging 
little league rally and drag racing horseback riding 
tennis ice skating Russian balalaika Indian sitar 
Viennese zither steel band music square dance music 
with caller drum and bugle corps music. 

VOLUME IV 
23 music backgrounds . 9 sound effects tracks: music to 
make portraits by music for historic places music to zoom 
by monochromatic moods in color music to orbit by 
music to graduate by music to scale cliffs by gypsy violin 

Japanese koto mariachi band bagpipes rock 'n' roll 
German band Russia Holland Africa Switzerland 
Greece boating gardening golfing musicians at work 

dancing carnival "outside talker" plane captain on the 
intercom jetting down the field for take -off cruise ship 
departure corks popping, liquid gurgling shotgun blasts 

wood chopping crickets chirping fireplace sounds. 

This complete set of 4 Individually jacketed records, a $19.92 
value, is available to you at the special discount price of only 
$14.98, postpaid -a savings of $4.94. 
For those of our readers who may have purchased Volumes I 

and II when they were originally produced, Volumes Ill and IV 
are available at the special discount price of $7.96 for both, 
postpaid -a savings of $2.00. 

Volumes I, II, Ill and IV may be purchased Individually @ $4.98 
each, postpaid. 
They're a must for every slide and film show impresario and 
albums you will enjoy for many years to come. 

RECORDS Ziff -Davis Service Division 
595 Broadway New York, N.Y. 10012 

My check (or money order) for $ is enclosed. Please send: 

Complete sets, Volumes I through IV @ $14.98 each, postpaid. 

Sets Volumes I l l and IV only @ $7.96 each set, postpaid. 

Volume I; Volume II; Volume Ill; Volume IV 
@ $4.98 each, postpaid. 

(Outside U.S.A. please send $20 for complete set; $12 for each set of 2; 
$7 for 1 record ordered.) 

print name 

address 

city state zip I PAYMENT MUST BE ENCLOSED WITH ORDER 

,sINO 

College is 

COUNCIL FOR 
FINANCIAL 

AID TO 

EDUCATION 

America's Best Friend 
Published as a public service in coopera- 
tion with The Advertising Council and the 

Council for Financial Aid to Education. 
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definition of certain sounds, such as 
string instrument overtones, bells, 
cymbals, and other instruments having 
appreciable high- frequency energy. In 
our view, these differences as they ex- 
ist among this group of cartridges are 
quite subtle. They could only be de- 
tected by careful instantaneous switch- 
ing between the cartridges being com- 
pared. 

In Summary 

Summarizing, the higher priced car- 
tridges offer: 

1. Extended and smoother frequen- 
cy response above 10 kHz. 

2. Ability to track higher velocities 
without distortion. 

3. Operation at lower tracking 
forces. 

These are objectively demonstrable 
and are quite distinct from the ex- 
tremely subtle differences in clarity, 
when reproducing complex passages, 
that are associated with different 
makes or designs rather than with dif- 
ferently priced models of a single man- 
ufacturer. 

Even if, like some people, you can't 
detect any difference between a $15 
cartridge and one costing $67.50 the 
first time you hear them, don't assume 
that the higher price buys nothing but 
prestige. Sooner or later, you will en- 
counter an unpleasantly distorted pas- 
sage on one of your records and the 
chances are good that a better car- 
tridge would have played it without 
distortion. Then, too, in time you may 
notice a fuzziness and distortion on 
your favorite records, telling you that 
they have been damaged by a high 
tracking force. It is doubtful if a good 
cartridge, tracking at 1 gram, will wear 
a record significantly before you have 
long since tired of hearing that particu- 
lar record. 

Although we have illustrated this dis- 
cussion with tests of one manufactur- 
er's cartridges, the same relative per- 
formance differences exist in other 
manufacturers' lines. Pickering uses 
what it calls "Dynamic Coupling Fac- 
tor (DCF)" as the equivalent of Shure's 
"Trackability" rating. Higher values of 
DCF indicate that a cartridge will 
track at lower forces and will be able to 
handle higher velocities. Other manu- 
facturers do not assign such arbitrary 
ratings, but make a broad line of car- 
tridges with different tracking force re- 
quirements and a corresponding range 
of prices. These include ADC, Elac, 
Empire, IMF, Stanton, and others. All 
the cartridges we have discussed hap- 
pen to be magnetic types. Since 
criteria for tracking are functions of 
the mechanical design of the cartridge 
rather than of the method of transduc- 
tion, they would apply equally well to 
piezoelectric or other types of car- 
tridges. 

ELECTRONICS WORLD 



 

"I'll f 
Opportunities are poor today for men 

always have a ob who lack sound technical qualifications. 
But men who combine experience with 

for a man who really knows up -to -date knowledge of advanced 
electronics are always in demand. u yourself a valuable specialist. y advanced electronics'.' Make 
Get the additional education you need 
to enjoy challenging work, high pay 
and security for yourself and 
your family. 

Going back to school isn't easy for a 
man with a full -time job and family 
obligations. But CREI Home Study 
Programs make it possible for you to 
get the additional education you need 
without attending classes. You study at 
home, at your own pace, on your own 
schedule. You study with the 
assurance that what you learn can be 
applied to the job almost immediately. 

You're eligible for a CREI Program 
if you work in electronics and have a 

*high school education. Free book gives 
complete information. Mail postpaid 
card for your copy today. 

In -depth coverage of solid state 
electronics ... including 
integrated circuits! 

Free book tells all 
about CREI programs. 

r y 'ur copy, tear 
t and mail id pampa 

caid or write: 
Dept. 1111A, 3224 16th St., N.W. 

on, D.C. 20010 
l.DlI 
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I am interested in: 
Electronic Engineering Technology 
Space Electronics 
Computers 
Nuclear Engineering Technology 
Industrial Electronics 
NEW! Electronics Systems Engineering 
NEW! Non -technical Course in Computer Programming 

Name 

Address 

City 

Employed by 

Type of Present Work 

1111A 

State Zip 

G.I. Bill 

APPROVED FOR TRAINING UNDER NEW G.I. BILL 



"I'll always hab 
- a job fora man 
who realhf knows 
advanced 
electronics." 

Protect your future in 
electronics. Make yourself a specialist 
in one of these key areas 

Electronic Engineering Technology 
Aeronautical & Navigational 
Television 

F Commnllicatioris 
Nuclear Instrumentation & Control 
\Iissue & Spacecraft Guidance 
Radar & Sonar 
Nuclear Engineering Technology 
Automatic Control 
Industrial Electronics 
Computers 
I tlgital Conlnlunicatitills 
,.. Engin ng 

In -depth coverage of solid state 
electronics ... including 
integrated circuits! 

Take the advice of men who know the 
electronics industry. Make yourself a specialist 
in one of the key areas of electronics. Then stop 
worrying about how cutbacks, layoffs and 
contract terminations will affect you and your 
family. If you have up -to -date specialized 
knowledge of electronics, you can look forward 
to security and excellent earnings when men with 
ordinary qualifications are let go. 

But to become a specialist, you must 
supplement your experience in electronics with 
more technical education. CREI Home Study 
Programs offer you an opportunity to get that 
additional education without going 
back to school. 

You're eligible for a CREI Program if you 
work in electronics and have a high school 
education. Free book gives complete information. 
Mail postpaid card for your copy today. 
APPROVED FOR TRAINING UNDER NEW G.I. BILL 

4 

FIRST CLASS 

Permit No. 288 -R 

Washington, D.C. 

BUSINESS REPLY MAIL 
No Postage Necessary If Mailed In The United States 
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CREI, Home Study Division 
McGraw -Hill Book Company 
3224 Sixteenth Street, N.W. 

Washington, D.C. 20010 

ep 
3224 16th St., N.W. 
Washington, D.C. 20010 



NEWS 
HIGHLIGHTS 

Thermal Pollution 
To help evaluate effect of heated water discharges from electric 

generating plants on marine environment, Electronic Communica- 
tions, Inc. (ECI) has developed an oceanographic data acquisition 
system for Florida Power Corp. System consists of shore station 
and series of buoys in Gulf of Mexico near power plant site. Shore 
station will interrogate each buoy at regular intervals which, in 

turn, will respond by telemetering water temperature at various 
depths. Data will be analyzed on computer so that a mathematical 
model can be developed that will predict "thermal plume" charac- 
teristics which result from heated water discharge. Florida Power 
thus hopes that information gained through study will help in de- 
sign and location of other power plant sites so that thermal pollu- 
tion can be kept at a minimum. 

Electronics in Medicine 
Zenith has developed a classroom training system designed to 

increase learning rate for hard -of- hearing students. System, called 
"FM Auditory Trainer," radiates FM signal from a compact solid - 
state transmitter through an enclosed antenna system encircling 
classroom.... An experimental pacemaker that uses the ener- 
gy of the heart to trigger the heart may avoid the need for periodic 
surgical battery changes. The new pacemaker, being developed 
at Bell Labs, uses piezoelectric discs to convert variations in blood 
pressure into electricity.... A thin -film disposable medical ther- 
mometer has been developed by Sloan Technology Corp. The 
new device enables a temperature to be taken accurately to within 
0.3 degree. Because it features disposable sensors, it eliminates 
the danger of cross -infection present with reusable glass ther- 
mometers. 

Heart Beat Produces Magnetic Fields 
Recent studies being conducted at Syracuse University under 

direction of Drs. Gerhard Baule and Richard McFee point out that 
a pulsating heart produces an electric current that sets up tiny 
magnetic fields (one -millionth of earth's magnetic field). Some of 
these magnetic fields have been found to leave body from chest 
area, circle the person and return to the body in the rear. Such 
studies may usher in use of new equipment now being experi- 
mented with as a means of checking human heart quickly and 
accurately in a minute or two where it now takes 20 minutes or 
longer using electrocardiogram. Unit, called a "Magnetocardio- 
gram," consists of two coils wound on a dumbbell- shaped core of 
magnetic material about a foot long. Output voltage of coils is 

magnified by an amplifier and passed through a filter. A special 
electrical alloy steel (4750), produced by Allegheny Ludlum Steel 
Corp., is used to shield out interference and stray magnetic fields 
that may alter Magnetocardiograph reading. 

Radiation Incidents Registry 
A Radiation Incidents Registry to record cases of injury or po- 

tential injury resulting from exposures to radiation from electronic 
products has been established by the Environmental Health Serv- 
ice's Bureau of Radiological Health. Local and State radiological 
health authorities, Federal agencies involved in radiation control, 
hospital administrators, labor union officials, etc. have been asked 
to report all radiation accidents or suspected incidents for possi- 
ble inclusion in register. Complete details of radiation incidents 
from x -ray machines, lasers, microwave ovens, TV receivers, dia- 
thermy units, high -voltage vacuum switches and rectifier tubes, 
shunt -regulator tubes, and CRT's should be reported to Bureau as 
soon as possible. Report should include: description of when, 
where, and how incident occurred; type of radiation and estimated 
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exposure; age, sex, and occupation of persons exposed; and 
health effects noted and medical treatment given. Report inci- 
dents directly to Radiation Incidents Registry, Bureau of Radiolog- 
ical Health, 5600 Fishers Lane, Rockville, Md. 20852. 

Domestic Satellite System 
The Western Union company has filed with the FCC a proposal 

for a high- capacity multi -purpose domestic communications satel- 
lite system to serve all 50 states. The company was the first to 
respond to the Commission's invitation to file such license appli- 
cations. The proposal talks about three synchronous satellites, 
each with 12 transponders, six earth stations, and 31 ground mi- 

crowave relay stations to tie up with firm's existing transcontinen- 
tal microwave network. 

Electronic Industries Hit $25.8 Billion 
Total factory sales for the electronic industries reached $25.8 

billion during 1969, a 5.3% increase from the previous year. Ex- 
pansion occurred in each major equipment market except for the 
federal government segment where purchases were down a bit to 
$12.4 billion. Biggest gains were in the computer area where sales 
climbed 27% to reach $4.7 billion during 1969. Total U.S. sales of 
consumer electronic products reached an all -time high of $5.3 
billion, including phono records and tape. Consumer products ac- 
counted for nearly 20% of total. Both unit and dollar sales of 
color -TV sets remained the same in 1969 as 1968. All figures are 
from the EIA Electronic Market Data Book, which is sold for $15 
by EIA's PR Dept., 2001 Eye St., NW, Washington 20006. 

Engineering Enrollments Down 
Figures from the nation's 269 engineering schools confirm a 

general decline in enrollments ranging from 18% in master's de- 
gree programs to smaller losses in almost every other class. On 
the other hand, enrollments in engineering technology programs 
increased substantially in the 52 schools having curricula accredit- 
ed by the Engineers' Council for Professional Development. Four - 
year programs, leading to a bachelor's degree were particularly 
popular, registering an enrollment gain of almost 250% since 
1968. In addition 506 other schools reported having students en- 
rolled in various technology and pre- engineering curricula. 

Chips Off Old Block 
Westinghouse Electric Corp. recently announced formation of 

the Westinghouse /Hagan Computer and Instrumentation Div. in 

Orlando, Florida. New operation will produce and market a new 
line of minicomputers.... and North American Rockwell Corp. 
(NR) has formed a new commercial microelectronics firm, called 
North American Rockwell Microelectronics Co., based in Ana- 
heim, California. New division -based on available sales and pro- 
duction information -will start business as the world's largest 
manufacturer of metal -oxide semiconductor large -scale integrated 
circuits (MOS /LSI). 

Electronics Honor Roll 
Dr. James R. Killian, Jr., Chairman of the Corporation, Massa- 

chusetts Institute of Technology, will be the recipient of the Pro- 
metheus Award at the National Electrical Manufacturers Associa- 
tion (NEMA) Annual Meeting Dinner, November 10 at the Ameri- 
cana Hotel, New York City. Citing Dr. Killian for his "dedicated and 
enlightened service in broadening engineering education and in 

strengthening Government policies for science and technology," 
the NEMA board of Governors chose him for the Association's 
highest honor. 
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It's not an easy decision to make. There's such a 

wealth of precision built into every Dual that even the 

testing laboratories can measure only small differences 
in performance among the Dual 1215 at $99.50, the 

1209 at $129.50 and 1219 at $175.00. 
This raises an interesting question for you to 

consider: What are the important differences to you 
among these three Duals? 

Let's consider them in turn. 
Even our lowest priced turntable, the 1215, boasts 

features any turntable should have (and few do). 

Its low -mass counterbalanced tonearm accepts the 

most sensitive cartridge available today and tracks 
flawlessly as low as 3/4 gram. 

Tracking force and anti -skating settings are 
ingeniously synchronized, so one setting does for both. 
The cue control is silicone-damped, and eases the tone - 
arm onto the record more gently than a surgeon's hand. 

The hi- torque motor brings the heavy 33/4 pound 
platter to full speed in less than a half turn, and 
maintains that speed;withrlr 0.1 % even if lire voltage 
varies widely 

And it even has a control to let you match 
record pitch with less fortunate instruments such as 

out -of -tune pianos. 

Even a professional doesn't need more. 

But you may want more. In which case the 1209 

offers some refinements that are both esthetically 

pleasing and add something to performance. 
For example: its tonearm tracks at as low as a half 

gram. Its anti -skating system is calibrated separately 
for elliptical and conical styli. Its counterbalance 
features a 0.01 gram click -stop. And its motor is 

hi- torque and synchronous. 
Now what could the 1219 add to this? 

The only true gimbal suspension ever available on 
an automatic arm. Four identical suspension points, one 
ring pivoting inside another. 

And the Mode Selector, which shifts the entire 
tonearm base -- down for single play, up for multiple 
play - so that the stylus will track at precisely the 

correct angle (15 °) whether playing one record or a 

stack. The tonearm is 83/4" long, and the 12 inch 

dynamically balanced platter weights 7 pounds. 

So the question really isn't which Dual is good 
enough, but how much more than "good" your 
turntable has to be. If our literature doesn't help, 

perhaps a visit to your dealer will. 
United Audio Products, Inc., 120 So. Columbus Ave., 

Mt. Vernon, New York 10553. 
Dual 

Now that you know you want a Dual, 
the next question is which one? 

1209 - $129.50 

CIRCLE NO 115 ON READER SERVICE CARD 



A Vocation 
Profile: 

Marine 
Electronics 

Servicing 
By ROBERT PATTON 

Have a good basic electronics 
background and looking for 

a challenging career? 
Here's the description, 
requirements, and the 

pay scale for just such a job. 

This is no job for the fainthearted. On this vessel 
access to the two radar antennas is through the 
hollow mast of ship; on many other vessels, exter- 
nal ladder is provided. Note the radio- direction- 
finder (RDF) loop visible on the lower platform. 

YOU may see him on any waterfront pier, in any major 
port of the United States. He will probably be carrying 

a large bag weighted down with an assortment of tools. He 
may be wearing a coat and tie, but is more likely to be 
dressed casually. His car, parked near the pier, will be heav- 
ily ladened with what appears to be a huge collection of 
odds and ends. 

All -in -all, not a very imposing figure. But, without him, 
great ocean freighters remain fastened to their piers, tug- 
boats suspend operations at the first sign of fog, and well - 
heeled world travelers are left standing at the dock -their 
sailing "unavoidably postponed." 

This man is a marine service technician (Fig.1). It is his 
job to maintain the complex electronic systems upon which 
the modern mariner has come to depend. In the field, he 
usually works alone on jobs for which the customer will 
ultimately pay from $50 to as much as $3000. His responsi- 
bility is immense, for his failure to repair a crucial piece of 
equipment can hold up the sailing of a large ocean -going 
vessel -and cost the ship owner many thousands of dollars. 

The day of a typical field technician begins at the dis- 
patcher's desk where the initial assignments are handed 
out. From that point on, he is pretty much on his own. He 
must be prepared to tackle repair assignments on an awe- 
some variety of equipment. In a single day, he may dirty his 
hands on the electromechanical intricacies of a radar "an- 
NOVEMBER 1970 

tenna box," tax his troubleshooting ability on a "tough dog" 
problem with a loran set, and then -when his counterparts 
in other fields are packing up their tools to go home -be 
prepared to "turn to" on a defective radar indicator that 
must be operational in time to meet a commercial vessel's 
scheduled 6 a.m. sailing date. It is a rare individual that can 
wind up a workday like this with a feeling of accomplish- 
ment rather than resentment. As one satisfied marine tech- 
nician smilingly puts it: "You have to be a little crazy to 
work in this field." 

This is clearly not a job for a man who cannot function 
weft under pressure or for one who wishes to put in his 
working hours with time -clock regularity. A marine techni- 
cian must be prepared to work late into the night on a ship 
that is scheduled for an early morning sailing. He must be 
prepared to work on weekends or holidays when circum- 
stances demand it. If a radar scanner strips its gears in a 
gale, he is the man who must go up on the "stick" to repair 
it (see lead photo). And, even if the temperature should be 
below freezing, the job still must be done. 

But the field also has its rewards. The marine technician 
will never go stale working on the same type of equipment 
day in and day out. If he takes full advantage of the availa- 
ble overtime, he will take home a paycheck that matches 
one received by most engineers. He will never punch a 
time clock nor work with a supervisor breathing down his 
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back. And, if he likes the feel of a deck swept by a crisp sea 
breeze, he will rejoice at freedom from a nine -to -five rou- 
tine under the sterile illumination of fluorescent lights. 

Minimum requirements for a beginner in marine elec- 
tronics service include a 2nd Class FCC Radiotelephone 
operator's license and training, formal or informal, in basic 
electronics. Prior experience in some phase of electronic 
servicing is, of course, desirable, but not necessary. At least 
one employer, Mackay Marine, has a training program that 
accepts unlicensed men, but even here preference will al- 
ways be given to the man who already has his "ticket." An 
even higher priority will be given to an applicant that has 
either a 1st or 2nd Class Radiotelegraph license and this 
applies to promotion as well as to hiring. 

Fig.1. A marine service technician shown on the job. 
He must be able to use all basic hand tools, be adept at 
wiring, harnessing, cabling, and soldering, and above 
all, to work quickly and neatly when under pressure. 

Fig. 2. Typical marine radiotelegraph transmitter (ITT 
Mackay Marine) serviced by marine technicians. Note 
open parts layout on transmitter which reduces heating 
problems and makes components easier to service. 
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There are several reasons why a radiotelegraph license is 

so highly valued in the marine field. Without it a man can- 
not legally key a radiotelegraph transmitter (unless a quali- 
fied operator is on hand to take responsibility). And radio- 
telegraphy is still the mainstay of communications on the 
high seas. Furthermore, all large commercial ships of U.S. 
Registry are required by law to undergo yearly inspections 
by FCC field engineers. During such inspection a legally 
qualified operator representing the station licensee must be 
present to put the equipment into operation and to make 
any necessary adjustments and repairs that come up in the 
course of the inspection. Since the station licensee is usually 
the company that maintains the equipment aboard the ves- 
sel, they must supply the licensed technician to assist with 
the inspection. For this reason, none of the big marine elec- 
tronics service companies ever has enough men with radio- 
telegraph licenses and the door is almost always open to the 
man who has one. 

A Changing Field 

Formerly a haven for old timers who didn't want to learn 
a new technology, the marine service field has, at last, 
caught up with itself and now demands a steadily increas- 
ing level of skill from technicians. Marine electronic equip- 
ment has been revolutionized in the past few years. New 
gear is largely transistorized and the increased use of inte- 
grated circuits is on the horizon. The trend toward contain- 
erization of cargo is one big factor that has put pressure on 
both the marine equipment designer and the service tech- 
nician. Where formerly a ship might remain in port for a 
week, a modern container vessel can be in and out in as 
little as 24 hours. Because fast turnaround has become es- 
sential, there is a trend toward modular equipment design 
to facilitate fast on -board repairs. Today's service techni- 
cian must know his stuff more than ever before to get the 
job done without holding up a vessel. 

Tightening FCC requirements is another reason why 
service firms are demanding a greater level of expertise 
from the technician and greater precision from his equip- 
ment. As the radio spectrum becomes more and more 
crowded, tighter tolerances are being imposed on transmit- 
ters to hold down spurious emissions and single sideband is 

rapidly replacing AM for commercial marine radiotelepho- 
ny. In fact, on the FCC calendar, AM is scheduled to be 
completely phased out by January, 1977. One seasoned vet- 
eran with a quarter- century of experience in marine elec- 
tronics described the changing nature of the field this way: 
"The fix -it- with -a- hammer -and -a- V.O.M. philosophy is on 
the way out." 

Versatility is the Keynote 

Versatility is an essential trait of any successful marine 
electronics technician. The problems of the TV technician 
are not as variable as those of his counterpart in the marine 
field who must know the ins and outs of a bewildering vari- 
ety of equipment. The list includes radiotelegraph trans- 
mitters (Fig.2), communications receivers (Fig.3), auto 
alarms, loran sets (Fig.4), radar (Figs.5 and 6), FM radiotele- 
phones, SSB equipment, gyrocompasses, etc. To compound 
his difficulties, the marine technician is frequently called 
upon to service foreign equipment -often without the aid 
of an English- language service manual. The biggest hang - 
up with foreign equipment is parts. Where the successful 
completion of a repair job requires the replacement of a 
non- standard foreign part, the technician must use his inge- 
nuity to devise a temporary substitute. 

Even more versatility is required in smaller ports or with 
smaller companies where there may only be one or two 
men available to repair a given piece of gear. In a larger 
operation it is sometimes possible for a man who is not up 
on, say, loran to pass the buck to a specialist; in a small 
facility this is simply impossible. In some ports with only a 
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single technician, the field man may even operate out of his 
own home. This situation often leads to domestic friction as 
the man's wife finds herself serving as an unpaid answering 
service and a large parts stock crowds her out of the laun- 
dry room. On the other hand, some men (with long- suffer- 
ing wives) thrive on the independence offered by the one - 
man port. 

All of the larger employers maintain well- equipped shops 
in one or more of the major ports. In these locations, the 
field man operates with only a well- stocked tool bag and a 
multimeter since other instruments can be checked out 
from the shop when the occasion demands it. Shop support 
is also useful when a technician is faced with a problem that 
cannot be easily handled in the field. A replacement unit 
can be substituted temporarily while the defective assem- 
bly is given an extensive shop overhaul. A complete marine 
radar overhaul would be a shop job and could cost the cus- 
tomer as much as $5000. 

Where the Jobs Are 

The two biggest domestic employers of electronics tech- 
nicians in the marine field are RCA Service Co. and ITT 
Mackay Marine. Both are based in New Jersey and both 
have repair operations at major deep -water ports in the 
United States. RCA also maintains repair depots at such riv- 
er ports as Cleveland, Chicago, Baton Rouge, Pittsburgh, 
and St. Louis, although this phase of its business seems to be 
on the wane. 

RCA has facilities in New York City, Boston, Philadelphia, 
Baltimore, Norfolk, Tampa, Jacksonville, Mobile, New Or- 
leans, Port Arthur, Houston, Galveston, Los Angeles, San 
Francisco, and Seattle. Outside of New York, hiring is done 
through regional field managers who have responsibility for 
more than one port. New York is RCA's largest facility with 
New Orleans running a close second. 

Mackay Marine's deep -water operations are conducted 
in New York, Baltimore, Mobile, New Orleans, Wilmington 
(Calif.), San Francisco, Portland, and Seattle. Business else- 
where and abroad is handled by agents. 

Smaller operations exist in both these large ports and in 
smaller ports and anywhere else where there are boats car- 
rying electronics. Working for one of the large companies is 
good experience for the man who hopes to eventually set 
up his own business. Employment with smaller outfits, such 
as Raytheon, SAIT, Decca, etc., as well as with small inde- 
pendent shops is also possible. 

Independent shops fall into two general categories. In 
smaller deep -water ports where the larger companies may 
not find it profitable to operate a full -scale repair facility, 
they often farm out their work to independent agents who 
maintain a small paris stock and are equipped to carry out 
all but major repairs. The work of these independents usu- 
ally includes work on large commercial vessels only when 
an emergency necessitates it. Their normal business in- 
volves work on local vessels, such as fishing boats and plea- 
sure craft. 

In the northern part of the United States this work is, of 
course, highly seasonal and most small operators do not lim- 
it their work to the marine field. This applies equally to the 
second category of smaller companies, those that are more 
or less exclusively concerned with the recreational boating 
field. In both cases, work on land mobile equipment, enter- 
tainment electronics, Citizens Band, or ham radio is often 
needed to keep the operation going during the colder 
months. The technician whose beat is the marinas of the 
nation's rivers, lakes, and seashores is simply not in demand 
during the winter. If he is not ready and able to tackle 
other types of jobs, he can not expect to hold down a full - 
time position. But for the technician who is capable and 
qualified, opportunities in the pleasure -craft field are plen- 
tiful. The big gripe of most shops is that there are just not 

(Continued on page 50) 
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Fig. 3. Radio room of modern ship. It is responsibility of 
service technician to see that this equipment functions in 
event of emergency on high seas. Once ship is at sea, radio 
officer (showing tuning low- frequency receiver to transmit- 
ter frequency) hasn't time nor equipment for major repairs, 

Füg.4. Shown here are (left) modern loran set and (right) 
radio direction finder that marine service technicians must 
be thoraug my familiar with in order to make needed repairs. 

Fig.5. Marine service technicians must be prepared to go any- 
where at any time when emergency arises. Technician is shown 
repairing radar reflector on ship's mast seen in lead -in photo. 



Recent 
Developments 
in Electronics 
Surface -Wave Line for High -Speed Trains. (Top left) A prototype 
surface -wave transmission line for communicating with vehicles has 

been successfully tested by ESSA scientists. This was done in con- 

nection with the government's interest in developing high -speed rail 
transportation. A section of the 918 -ft r.f. transmission line is shown 
here along with one of its cone -shaped transducers. The line is made 
of spirally corrugated, flexible copper tubing covered with a layer of 
polyethylene dielectric, and mounted 6 -ft high on plastic pipes. Since 
there was no sufficiently long high -speed rail track available for the 
test, the line was erected along a roadway and a motor van was used 
for the tests. Mounted on the van was a 30 -ft section of the line with 

cone -shaped transducers at both ends. Distance between the road - 
mounted line and the section on the vehicle was between 1 and 2 ft. 
The system was tested as follows: A TV signal was picked up by an 

antenna on the van; this modulated a 525- or 750 -MHz r.f. carrier 
fed to the 30 -ft line section. The signal was then coupled to the fixed 
long line, from which it went to terminal equipment and a TV monitor. 
The final television picture had little apparent degradation after pass- 
ing through the entire system. 

Computer for Air Traffic Jams. (Center) Everyone seems to have a 

solution to the problem of the nation's air traffic jams. One solution 
we have heard about recently is a new high -speed computer and 
display system built by Goodyear Aerospace Corp. The computer, 
called "Staran IV," can perform more than 40- million mathematical 
operations per second in predicting which planes are on collision 
courses and determining evasive maneuvers. Its speed and capability 
also would allow a reduction in aircraft separation distances in air- 
port landing and takeoff patterns -one of the main causes of air 
traffic tieups and long waiting and circling periods for airline passen- 
gers. The company claims that four times as many planes could be 

safely accommodated in the same amount of air space by using the 
computer in air traffic control systems. After we get the situation 
straightened out up in the air, maybe something can be done about 

the traffic jams on the ground on the way to the airport. 

Electronic Timing Transmitter for Racers. (Below left) The fin pro- 

truding from the side of this racer contains a solid -state timing and 

scoring transmitter. Radio signals from such transmitters, to be in- 

stalled in all cars in a race, are picked up by underground sensors. 

These identify each car by the frequency of its signal, record crossing 

times to 1000th of a second, and transmit the data to a computer 
which will print out the race order of all cars. The system, produced 
by Conrac Corp., is being used at Ontario Motor Speedway outside of 

Los Angeles. It is capable of keeping up with a field of 50 cars run- 

ning at speeds of more than 200 mi /h. The timing method is so 

accurate that if cars cross the finish line only six inches apart at top 

speed, the system can identify the leader. Outputs from the system 

will also be displayed on three 65 -ft high three -sided pylons which 

will be visible to all spectators at the Speedway, as well as on a huge 

display board, measuring 246 ft long and 47 ft high. The giant score- 

board is expected to be completed sometime in 1971. 
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Night- Vision System for Helicopters. (Top right) This copter pilot is 

wearing the special eyeglass display for an experimental night- vision 
system that will permit him to see in the dark. The image is picked up 
by a low -light -level TV camera in the nose of the aircraft. The picture 
is displayed on a miniature CRT whose image is made to appear 
through the pilot's eyeglass. The eyeglass is partly transparent so 

that the pilot sees the image superimposed on what he is looking at. 
An electro- mechanical headtracker automatically aims the TV camera 
to wherever the observer is looking. Bell Helicopter Co. developed the 
system. 

Color -CRT Display for New Jet. (Center) The new DC -10 giant jet, 
which is McDonnell Douglas' answer to the Boeing 747, is going to 
have a color CRT display in its cockpit. It won't be for color TV, 
however, but it will be used for the performance and failure assess- 
ment monitor, built by Honeywell. The monitor watches over the per- 
formance of the plane's automatic landing system. This is done by 
computing as much as 150 seconds ahead of time how the landing is 
progressing as determined by signals from radios, altimeters, and 
inertial sensors. The CRT display shows a symbolic runway with pre- 
dicted touchdown cross. If performance is predicted to be unsatisfac- 
tory, a takeover command replaces the landing symbols and the pilot 
either lands the aircraft himself or else performs a normal go- around 
maneuver. 

Laser Pulse Photographed. (Below left) Here is a stop- motion photo 
of a pulse of laser light traveling through a rectangular bottle of 
water. The pulse was stopped in flight by a camera equipped with a 

new ultra -fast shutter. Triggered by the laser pulse itself, the shutter 
opens and closes in ten billionths of a second. Bell Labs scientists 
who developed it say that it's about 100 times faster than previous 
ultra- high -speed shutters. A camera mounted behind the shutter is 

used to photograph the pulse. The same laser that fired the pulse is 

synchronized to trip the shutter when the pulse is midway through 
the bottle. From tip to tip, the laser pulses measure approximately 
one -fifth of an inch. 

Color Slide TV Studio for Industry. (Below right) A compact TV stu- 
dio which transmits 35 -mm color or black- and -white slides to TV sets 
by way of community antenna, CCTV, or standard broadcast facilities 
has been introduced by Sylvania. The system, which uses a flying - 
spot scanner to convert images on the slides to TV signals, appears 
to be similar to the device introduced by the company some time ago 
for home TV viewers. This version, however, is slanted toward the 
industrial, educational, and commercial markets. The studio, with its 
carousel of slides, can operate unattended. Prices are around $3000 
to $4000, depending on options. 



A 4- Channel 
Amplifier. 

for Multi- Speaker 
Systems 

By L. H. GARNER 

Design of ultra -low distortion amplifier that can drive pair 
of 2 -way speaker systems using frequency- selective networks 
at input. Can provide power amplification for 4- channel use. 

NOW that the "talk of the industry" seems to center 
around four -channel sound, the need for additional 

power amplifiers becomes immediately apparent. Until we 
have more 4- channel program material, having four power 
amplifiers may seem to be a bit of gilding on the proverbial 
lily. However, where it is already practical is in driving 
multi- speaker systems, where frequency division is made 
prior to the power amplifier and not at the speakers them- 
selves. This article describes a four -channel amplifier with 

INPUT 

two high -power channels for low frequencies and two low- 
er power channels for high frequencies. The high -power 
channels differ from the lower power channels only in the 
output stage. A description of a simple frequency- dividing 
network is included, along with a short discussion of damp- 
ing factor. 

Power -Amplifier Circuit 

The schematic of Fig. 1 shows one of the four power -am- 

Fig. 1. Schematic of one of the four power -amplifier channels. By changing supply voltages and output transistors, 
output of either 60 watts /channel or 30 watts /channel can be produced. By making use of frequency -dividing networks 
at input, two high -power channels can be made to carry bass frequencies; two lower power channels can be made to 
carry treble frequencies for pair of 2 -way speaker systems operating from 2 channels. By omitting the networks and 
using four identical power -amplifier channels, the amplifier can be used to accommodate 4- channel program material. 
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plifier channels. All four channels are 
identical, the only difference being in 
the supply voltage and the output 
stage. The two low- frequency (or high - 
power) channels deliver a sustained 60 
watts per channel, both channels driv- 
en, into 8 -ohm loads; the two high -fre- 
quency (or low- power) channels deliv- 
er 30 watts each. Even with low -effi- 
ciency speakers, this is generally 
enough power to all but destroy the 
most rugged eardrums. More impor- 
tant, it can provide a margin of power 
to eliminate waveform clipping due to 
the high crest factors (peak- to- r.m.s. ra- 
tio) found in music and speech. 

The typical harmonic distortion over 
the frequency range of 20 to 20,000 
Hz, at any power level below clipping, 
is less than 0.1% and below 10 kHz is 
typically less than 0.03 %. IM distor- 
tion, at any power level below clip- 
ping, is on the order of 0.05% using a 
combination of any two frequencies 
between 20 Hz and 20 kHz in the usu- 
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Fig. 2. Dual power supply used for 4- channel amplifier. The voltages marked "A" 
go to one channel, while those marked "B" go to other channel. In all there 
are two 60 -watt power amplifiers and two 30 -watt power amplifier channels. 

al 4:1 ratio. This kind of electrical performance, coupled 
with the lack of amplifier adjustments, demands the finest 
quality input signal and loudspeaker systems to show the 
amplifier to its best advantage. 

This basic power amplifier has a few unique features 
which will appeal to even die -hard audiophiles. The input 
signal goes into a differential amplifier, referenced to 
ground, which maintains the output at zero volts d.c. (with- 
in a tolerable offset error) and consists of two transistors 
selected for VBE matching at 1.0 mA. As an alternative to 
matching, suitable substitutions are the 2N3350 or 2N4023, 
which are matched pairs. 

The differential VBE is what appears at the output termi- 
nal. If low -cost transistors such as the 2N5086 are used, 
their initial cost is so low that they could easily be selected 
for output offset right in the amplifier. Devices from the 
same production lot will be typically within 15 mV, which 
is satisfactory. The differential amplifier emitters are con- 
nected to a 2 -mA FET diode used as a constant -current 
source. The inherently high dynamic impedance of this 
diode, coupled with a low VBE offset, produces a rejection 
ratio to common -mode signals (hum) and power -supply rip- 
ple of better than 80 dB. 

In conjunction with the input differential amplifier is a 
10,000 -ohm feedback resistor connected directly to the out- 
put Sense terminal, and through a 100 -ohm resistor to the 
Output (speaker) terminal. With short speaker runs -less 
than 10 feet -the shorting link shown (dotted) would nor- 
mally be used. For longer wire runs, however, the link is 
removed and a separate "sense" lead connects directly to 
the speaker terminal, thus eliminating the voltage offset 
created by the IR drop in the speaker lines. It permits feed- 
back to be taken directly at the speaker rather than at the 
amplifier. (The separate "sense" lead is connected to the 
same terminal of the speaker as is the output lead. The 
other speaker terminal is connected to the ground side of 
the amplifier.) 

The resistor across fuse AGX (a 1 to 2 A, fast -blow type) 
maintains feedback in the event the fuse should open. It 
should be noted that when the feedback is taken directly at 
the output terminal, the effects of non -linearities which ex- 
ist in the parasitic suppressor (r.f. choke, effective when 
driving highly capacitive loads, such as an electrostatic 
loudspeaker) and the fuse are thus minimized. This also 
tends to lower the output impedance of the amplifier by 
having all elements within the feedback loop. 

In concept, the over -all circuitry of the power amplifier is 
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60W 
AMP 

30W 
AMP 

direct -coupled, using a full complementary output stage. 
This configuration eliminates the non -linearities which are 
inherent in amplifiers using a quasi- complementary output 
configuration. The driver /output transistor connection is a 
complementary Darlington compound arrangement, ex- 
tremely tolerant of transistor variations and resulting in a 
virtual emitter -follower, which is direct -coupled to the 
load. 

One aspect which is often overlooked in amplifier con- 
struction is the need for heat sinks for the output transis- 
tors. The amplifier built by the author has what is believed 
to be a fairly rational approach to heat sinking. Massive 
finned aluminum heat sinks are really necessary only when 
the amplifier is designed to deliver high levels of power 
over a relatively long period of time. The author's approach 
is based on the fact that this amplifier is not built for labora- 
tory use (although it's certainly good enough) but for the 
reproduction of music, in which the crest factor is high but 
the average power level is low. 

Using this rationale, output transistors Q 6 and Q 7 of the 
60 -W channels are mounted on Thermalloy 6403 anodized 
heat sinks using Thermacote compound as an interface. 
The sinks are mounted with the fins vertical for greatest 
effectiveness. As an alternative, the Wakefield NC 403A is 
an excellent choice. In addition, Wakefield Type 111 
mounting brackets make for a neat and simple installation. 

Fig. 3. Resistance of crossover network reduces damping. 
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Fig. 5. (A) Values used by author. (B) M- derived filter networks. 

For 30 -W channels, the output transistors are mounted di- 
rectly to the chassis using appropriate isolating washers and 
hardware. In the event the Thermacote interface com- 
pound is not available, Dow Corning #340 is the same, or 
Dow Corning #4 silicone grease -although not as good 
thermally -will be adequate. The basic idea is to fill any 
gaps or spaces which may exist between the mounting sur- 
face of the power transistor and the heat sink in order to 
improve power (heat) transfer. 

The power supply, shown schematically in Fig. 2, is sim- 
ple and requires no voltage regulating circuitry due to the 
inherent regulation (VA capacity) of the power transform- 
ers. In the event better regulation is desired -with a mini- 
mum of changes -in the high -power supply, a high- current 
choke such as the Triad C -48Y can be installed between the 
bridge and the filter capacitors. Two of them, however, are 
required and the resulting weight of two chokes and two 
power transformers may prove to be a burden to all but the 
fittest. Due to the use of balanced (plus and minus) supplies, 
the improvement provided by the chokes is minimal as far 
as practical use of the amplifier is concerned, and their ab- 
sence will never be noticed except when lifting the quad 
amplifier array. 

Wiring is not particularly critical, but good lead dress and 
proper grounding techniques should be used in order to 
obtain the 90 -dB signal -to -noise ratio of the amplifiers. 
Each supply output is diode -isolated and decoupled, pro- 
viding better than 70 -dB separation between channels. 

The so- called, and often highly touted, damping factor of 
an amplifier is the ratio of the load impedance to the inter - 
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nal impedance of the amplifier. For example, if the load is 8 
ohms, and the amplifier's internal impedance is 0.08 ohm, 
the damping factor is then 8/.08 or 100. In the case of the 
amplifier described here, the impedance (looking back into 
the amplifier output) is on the order of 0.02 ohm, indicating 
a damping factor of 400 with an 8 -ohm load. Now, here's 
where the tricks begin. In order to use this low impedance 
to damp the loudspeaker (woofer) against overshoot or ring- 
ing, it would require that the loudspeaker be connected 
directly at the amplifier. This, of course, is totally impractical. 

Let's say that the loudspeaker has an 8 -ohm impedance 
and is 10 feet from the amplifier. The most popular and 
economical speaker wire is "zip cord" or common 18- 
gauge, 2- conductor lamp cord. Standard 18 -gauge stranded 
copper wire has a resistance of 6.636 ohms per 1000 feet. 
Since the speaker is 10 feet from the amplifier, then the 
wire is 20 feet long (there are two conductors) for a resist- 
ance of 0.132 ohm. Admittedly, this isn't a great deal of 
resistance, but let's see what has happened to our damping 
factor of 400. 

The internal impedance of the amplifier is 0.02 ohm and 
the speaker wire is 0.132 ohm, for a total of 0.152 ohm. Our 
damping factor is now 52.6 at the speaker, which is, of 
course, where it counts. This figure is certainly more than 
adequate, since anything above 10 or 15 has been shown to 
have little effect. When using a standard speaker system, in 
which the crossover network is interposed between the am- 
plifier and transducer, an additional resistance is intro- 
duced. This is shown in Fig. 3 and illustrates a simple con - 
stant-k 12 -dB -per- octave crossover network of the type in 
common use. If the resistance of the l.f. choke is 0.1 ohm, 
the actual damping factor for the woofer is now 31.7, a 
relatively distant removal from our original 400 figure but, 
nevertheless, still adequate. 

Frequency Division 

The amplifier described has an input impedance of 
10,000 ohms. The use of the frequency- dividing networks 
at the input greatly simplifies the construction, since large 
value (and expensive) components are unnecessary, the de- 
sign not having to be done for an impedance of 8 ohms or 
so. The network is shown in the diagram of Fig. 4A. 

Since the output impedance of many high -quality preamp- 
lifiers is on the order of 600 ohms, this dividing network 
was designed for an impedance of 500 ohms, a close enough 
match, and it allows the use of a 500 -ohm level control at 
the input of the h.f. amplifier channel. This is needed since 
nearly all crossover networks at the speakers contain some 
sort of h.f. level control, in the form of step attenuators or 
rotary pads. The 500 -ohm terminating resistors are neces- 
sary to balance the network. The basic configuration of the 
networks and the formulas used are shown in Fig. 4B. 

The networks used by the author were designed for a 
crossover of 800 Hz, and are shown in Fig. 5A. The sche- 
matic for these networks can be redrawn by inverting one 
side and using a common ground. In the network shown in 
Fig. 5B this technique is used. This network is of the m -de- 
rived type, in contrast to the constant -k type illustrated in 
the previous discussion. The basic difference in the types of 
networks used is that it is impractical to obtain an attenua- 
tion slope greater than 12 -dB / octave using a network of the 
constant -k variety, but nearly any desired multiple of 6 -dB/ 
octave can be obtained using the m- derived configuration. 
For most cases, particularly in speaker crossovers, an m of 
0.6 should be used in the formulas shown with the figure. 

There is, of course, another approach which can be taken 
relative to the dividing network; with active filters, using 
integrated- circuit operational amplifiers. The Q multiplica- 
tion obtainable in the configuration is the product of the 
basic Q of the circuit and the closed -loop gain selected. This 
produces very sharp selectivity, but is really not necessary 
in this case, and from some aspects is undesirable. 
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Weather forecasting -yesterday and today -contrasted. 
(Top) Weathermen watching kite carrying weather in- 
struments aloft in early 1900's from field near what is 
today Washington National Airport. (Bottom) Hurri- 
cane Beulah (Brownsville, Texas, 1967) seen on radar. 

THROUGHOUT the ages man has had a propensity for 
predicting the future. Invariably he has failed in his 

prognostications because they were generally based, not on 
fact, but on superstition, folklore, and myth. One notable 
exception has been the prediction of weather. The reasons 
for his success in this field may be attributed to an expand- 
ing knowledge of weather conditions, improved instrumen- 
tation, and the contributions of technology, especially radar 
and the computer. 

Early man was strongly preoccupied with weather con- 
trol. He depended on various rituals and incantations to 
bring rain when it was needed or cause storms to abate. 
The early Greeks related weather to their gods; lightning, 
for example, was the work of Zeus, the father of gods. Aris- 
totle attempted to explain all phases of the weather in his 
book "Meteorologica." Although his book was considered 
authoritative for nearly 2000 years, most of his conclusions 
were wrong. 

Some of the early observations and rules were often put 
into verse. A famous quatrain, having some validity, is: 
"Red sky in the morning /Sailor take warning; I Red sky at 
night /Sailor's delight." 

Despite the keen interest in weather evinced by many of 
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What's 
the weather 
going to be? 
By ARTHUR H. SEIDMAN /Contributing Editor 

This year marks centennial of U.S. Weather 
Service. Weather predicting, although 
dominated today by equipment such as 
computers and radar, still as in days of 
old, depends heavily on human element. 

our founding fathers, including Washington, Franklin, and 
Jefferson, it was the year 1870 that marks the establishment 
of an official weather service in this country. On February 
9, 1870, President Ulysses S. Grant signed a bill creating a 
national weather service. It was referred to as the "Division 
of Telegrams and Reports for the Benefit of Commerce." 

Under the auspices of the Army Signal Service, which 
later became the U.S. Signal Corps, weather observations 
emanated from 24 scattered stations. Since time is a vital 
element, the Signal Service was an excellent choice for the 
job of issuing weather observations. They had the facilities 
for transmitting by telegraph their observations, taken by 
"observer- sergeants," to Washington, D.C. It is interesting 
to note that before World War I, the Weather Bureau was 
the first government agency to use wireless telegraphy for 
communications. 

By 1873, flood warnings began to be issued and in 1886 
there were 290 locations equipped to forecast cold waves. 
On October 1, 1890 President Benjamin Harrison signed a 
law transferring the job of weather forecasting from the 
Signal Corps to the Department of Agriculture. At this 
point in history, the agency was called the Weather Bureau. 
In 1940 it was taken over by the Department of Commerce 
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A computer- driven automatic weather chart plotter. 

B -57 from Environmental Science Service Administration's 
(ESSA) Research Flight Facility gathers data in a hurricane. 
These on- the -spot observations are reported to the National 
Center in Miami, then analyzed and evaluated by ESSA's Na- 
tional Hurricane Research Laboratory, also located in Miami. 

and in 1965 it became part of the Environmental Science 
Services Administration (ESSA). 

In the 1880's a visitor to the Weather Service would have 
been impressed by the activity in the indications room 
where weather forecasts were prepared. Such a visitor was 
the British meteorologist, Ralph Abercomby, who came to 
Washington in 1888. Some of his observations recorded in 
his book "Seas and Skies in Many Latitudes," provide an 
intimate glimpse of the operations of the Weather Service. 

"Three times a day, seventy -five men in all parts of the 
Union simultaneously read their barometers and thermom- 
eters, besides noting the direction and force of the wind, 
with the appearance of the sky and motion of the clouds." 
The data was telegraphed to Washington where one man 
read the various figures from each station while a second 
man recorded the numbers. A third man, however, had a 
more difficult task to perform. 

"He has before him a large outline map of the United 
States, and as the observations are read out for each station, 
he writes them down in the proper place on the map. For 
instance, suppose he heard called out -New York, 30.0 
inches, 79 °, S.W. 30, he would mark the barometric height 
of 30.0 inches in one coloured ink, the temperature of 79° in 
another colour. An arrow flying from south -west with a lit- 
tle 30 beside it, to denote the number of miles an hour the 
wind was flowing, all as near as possible to where New York 
would be on the map. This he does for every station. . . ." 

When the recording of data was completed, six subsidiary 
charts were constructed. A fourth man ". . . has two blank 
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maps of the United States on his desk before him; but instead of 
writing down on them what the barometer actually is at each 
place, he marks on one map how much the mercury has risen 
or fallen in the last eight hours, and on the other the amount of 
change in the last twenty -four hours. From these he draws, as 
it were, a picture of how changes of pressure are travelling 
across the country, or of the formation of new storms." 

A fifth man ". . . has also two maps before him, and draws 
on them lines of equal changes of temperature, exactly as 
number four has done for pressure. By means of his charts it 
becomes easy to trace the progress of what are called hot or 
cold waves across the Union." 

Two more maps are prepared by a sixth man. ". . . one he 
marks at every station the kind of cloud, and the direction of its 
motion -which maybe very different from that of the wind on 
the surface of the ground -and sometimes the colour of the 
sunset. On the other he notes the temperature of the dew 
point, and some deductions from that, which enable him to 
chart out the position of damp or dry areas of country." 

This work took the six men 2 hours to complete. The last and 
most exacting task was the interpretation of the recorded data 
and preparation of a weather forecast, which was issued three 
times daily. This called for the services of a highly trained and 
experienced individual -the indications officer. 

He first examined the chart on which has ". . . written 
down the readings of the barometer and thermometer, and 
draws with his own hand lines, called isobars, through all 
places where the barometer was at the same height, say 30.0 
inches, 30.1 inches, and so on; and also another set of lines with 
a red pencil through all places where temperature is the same, 
say 60 °, 70 °, and so on; and then he walks round the room 
and looks at the five other charts which are all ready for his 
inspection. 

"He is then ready to issue his indications -but why, and 
how? All forecasting depends principally on the lines we 
have called `isobars.' These map out to a trained eye not 
only the whereabouts of good or bad weather, but also indi- 
cate the future course of wind or rain or thunderstorms. 
The map which the indications officer drew himself is the 
primary source of this forecast; the other five charts are 
only refined and elaborate adjuncts to assist in the forma- 
tion of his judgement. No calculation is possible; everything 
depends on the skill and experience of the forecaster. 

"And now, some two hours and twenty minutes after the 
observations were taken, the indications are ready to be 
telegraphed to every city in the Union. . . ." This is how it 
was done some 100 years ago. 

How It is Done Today 

In 1970 the Weather Bureau still collects data on baro- 
metric pressure, temperature, wind velocity, and dew 
point. The information is still plotted on charts and fore- 
casts transmitted to cities throughout the country. But 
some significant changes have occurred since Abercomby's 
time. Automatic weather stations, radar, satellites, comput- 
ers, and thousand -word -a- minute teletypewriter circuits - 
are some of the technological innovations assisting today's 
meteorologist. 

In 1934 an air mass analysis section was established in the 
Weather Bureau. Air mass analysis is concerned with the 
interactions, occurring along their frontal boundaries, of 
parcels of air having different temperatures and moisture 
content, and their effect on the weather. Forecasts of great- 
er reliability are obtained with this approach and it proved 
to be a milestone in the history of weather forecasting. 

The Weather Bureau's National Meteorological Center 
(NMC) at Suitland, Maryland, is the focal point for the re- 
ception, processing, and dissemination of weather informa- 
tion. Here millions of bits of information, gathered from 
hundreds of locations, are collected, analyzed, and devel- 
oped into a weather forecast. For a complete view of the 
atmosphere, thousands of individuals must, just as was done 
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in Abercomby's time, simultaneously observe its state by 
taking "snapshots" at given times over a global area. 

Some forty teletypewriters feed weather data to an IBM 
360/30 computer where it is recorded on discs, each of 
which can store about 10,000 observations. The information 
is transferred onto tape and processed by an IBM 7094. 
This computer identifies, checks, and sorts the data, finally 
generating lists of error -free information for checking, ana- 
lyzing, plotting, and filing purposes. The results are inter- 
preted by both computers and meteorologists. Although 
the computer plays a major role, humans are still required 
for interpretation. 

Greenwich Mean Time (GMT) is used for observations 
and two cycles of analysis are run daily. Observations are 
made in the Northern Hemisphere at 0000 and 1200 hours 
GMT. Each cycle begins with a preliminary analysis, made 
after 90 minutes of data collected from near the surface to 
18,000 feet. During this period, data was obtained from ra- 
darscopes, satellite photographs fed into automatic picture 
transmission (APT) circuits, and satellite infrared radiome- 
ter systems (SIRS). 

The computers are programmed in terms of a mathemat- 
ical model of the atmosphere which is based on established 
physical laws. The atmosphere is divided horizontally into 
3021 grid points and vertically into seven layers. At 10 -min- 
ute intervals, new readings of temperature, humidity, pres- 
sure, and wind velocity are introduced for each grid point 
and layer. The computer is thereby kept up -to -date with 
changing weather patterns. 

With approximately 70 percent of the data in and ana- 
lyzed, an operational computer analysis is undertaken. Ten 
levels of atmosphere over the Northern Hemisphere from 
near the surface to 53,000 feet are analyzed. The analysis 
takes the computer 30 minutes and is completed before the 
measurements are four hours old. Using paper and pencil, 
it would take five men eight hours to do the same job. 

As a check on the computer solution, manual analyses are 
made for the surface, 18,000 -, and 30,000 -feet elevations. A 
final computer analysis is run on the CDC 6600, covering 
the Northern Hemisphere from near the surface to an ele- 
vation of 53,000 feet. After some five million computer op- 
erations, it takes 90 minutes to complete a 48 -hour forecast. 

The forecasts are transferred to smaller computers and 
put on tape for use by the curve follower for plotting 
charts, for coded Teletype transmissions, and for direct in- 
put to civilian and military flight -planning computers. 
Whereas surface forecasts are modified to show areas of 
weather and cloudiness, and also to check and improve on 
the computer forecast, all upper -air forecasts are distribut- 
ed without modification. 

Besides long -range forecasts for 3 -, 5 -, and 30 -day reports, 
12 -, 24 -, 36 -, and 48 -hour surface forecasts are issued daily. 
NMC transmits some 450 facsimile charts and 200 tele- 
typewriter messages and distributes more than 2500 weath- 
er maps each day. The transmission facilities include the 40 
teletypewriters mentioned earlier and a dozen facsimile 
circuits. International cable and radio links are used for 
transmitting weather information to ships at sea and to oth- 
er nations. 

The local weatherman interprets the information re- 
ceived from NMC in terms of his area of responsibility. Us- 
ing his own measurements, charts, experience, and intui- 
tion, in conjunction with the NMC report, he issues a 
weather forecast for his vicinity. Although the computer 
and other technological aids play a vital role, weather fore- 
casting is, as in Abercomby's day, still somewhat of an art. 

The Next Hundred Years 

Today's weather forecasts are touched by "human hands" 
and experience plays a part in the meteorologist's predic- 
tions. The model of the atmosphere stored in the computer 
is not detailed enough to insure a complete and precise 
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View of flooded Beaumont, Texas (1923). Weather predic- 
ting is more accurate today but, depending on the ferocity 
of the storm, scene doesn't change except for car styles. 

computer generation of weather forecasts without human 
intervention. Just as air mass analysis was a milestone in its 
day, it is a good bet that in the next hundred years another 
breakthrough will appear to help provide more accurate 
and longer range forecasts. 

Weather satellites with improved and sophisticated sen- 
sors for probing every mile of our global atmosphere will 
become more prevalent. Improved sensors and greater 
coverage of the atmosphere with supersonic craft will re- 
sult in more complete data for the computers. This should 
make weather forecasting less of an art with the realization 
of "untouched by human hands" weather forecasts. 

Before the end of the next century it is likely that each 
household will be equipped with a computer terminal. It 
will not be too surprising to find the Weather Bureau pip- 
ing into each home the answer to the perennial question 
"What is the weather going to be ?" 

The author wishes to thank Tom Morgan, Principal As- 
sistant of the Weather Bureau Office in New York City, for 
helping in the preparation of this article and verifying some 
facts and figures quoted. A 

First picture ever taken of a tornado (shot about 1880). 
Photography still plays an important role in recording 
and understanding the behavior of these killer funnels. 
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It has been shown that a single FF can store a "0" or "1 ". 
However, for large- memory operation, many FF's are 
needed, therefore making it convenient to arrange them in 
symmetrical fashion. Fig. 1B shows four FF's in a conven- 
tional 2 x 2 matrix configuration. Statements about this 
small matrix can be directly applied to a matrix of any size. 

Also shown in Fig. 1B are four control lines -X1, X2, Y1, 
and Y2. By selecting an X line and a Y line and finding their 
intersection, a particular FF can be singled out of the ma- 
trix. FF1, for example, can be selected or addressed by Xl- 
Y2. Because the FF's are arranged in this matrix fashion, 
any FF in any size matrix can be randomly addressed by 
using only two control leads. 

The Write -Sense Process 

In order for the FF matrix to be useful, it must be possi- 
ble to not only set and reset the FF's, but also to determine 
or sense their output states when necessary. 

Fig. 2 shows the 2 x 2 FF matrix with more control lines 
added. By addressing a single FF, the "write" lines and the 
"sense" line are electrically connected (from inside the 
memory unit) to that FF. The Write -1 line can then be 
considered to be the S terminal for that FF and the Write -0 
line the R terminal. The addressed FF alone can then be set 
or reset in the normal manner. Note that operations per- 

formed on addressed FF's in no way 
affect the states of the other FF's in the 
matrix. 

In order to determine whether a "1" 
or "0" is stored in a certain FF, it is first 
addressed, but neither Write line is ex- 
cited (both are "0 "). The FF's output 
will then appear on the Sense line. 

Since the Write -Sense process may 
be performed for any FF in the matrix 
in a random fashion, this type of mem- 
ory unit is called a random -access 
memory. The sensing operation is usu- 
ally "nondestructive." This simply 
means that an FF's output may be 
sensed more than once; that is, the 
state of the FF is not destroyed or dis- 
turbed by the sensing operation. 

The statements presented here ap- 
ply specifically to RAM's (bipolar) pro- 
duced by Texas Instruments. The theo- 
ry should, in general, hold true for 
units from other manufacturers. Appli- 
cation of this theory to a particular 
manufacturer's device should give 
some helpful insight into its operation. 
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Fig. 1. (A) Logic symbol of set -reset 
flip -flop and its truth table and (B) 
a conventional 4- element flip -flop. 

Fig. 2. Random -access memory show- 
ing the write and sense control lines. 
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Understanding 
Random -Access 
Memories 
By JAMES E. McALISTER 

A simple explanation of operation of a RAM which "remembers "a logic sequence, 

stores it for any length of time, and then allows it to be withdrawn for processing. 

AS pointed out by Dale Mrazek in his article "IC Memo- 
ries- Growth and Future," ELECTRONICS WORLD, 

March and April 1970 issues, solid -state memory units are 
finding many applications in industry. Because of this, some 
knowledge of the actual operation of the memory units 
themselves may be desirable. 

As its name implies, the random -access memory (RAM) is 

simply a solid -state device which "remembers" a logic se- 
quence applied to its input terminals. This sequence can be 
stored for any length of time and can then be withdrawn 
for processing. 

In order to explain the operation of the RAM, it will be 
broken down into its basic components. 

Flip -Flop -Basic Memory Unit 

The simplest type of memory unit is the set -reset flip - 
flop. As shown in Fig. 1A, the FF may be "set" by applying 
a "1" to its S terminal and a "0" to its R terminal. Reversal 
of these inputs "resets" the FF. In the set state, the Q out- 
put of the FF is a "1 ", and this "1" remains (consider it to 
be "remembered ") until the FF is reset (Q output goes to 
"0 "). If both R and S are "0 ", the FF output does not 
change, but simply continues to store (remember) its last 
value CO" or "1 "). With this particular type of FF, it is as- 
sumed that both R and S are not simultaneously "1 ". 
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GRAPHIC 
COMPUTER 
TERMINALS 

Part 2 
By DAVID L. HEISERMAN 

Special circuits and tie -in with a central processing 
unit make graphic video terminal a versatile "tool" 
for engineers, scientists, and draftsmen. Opens up 
whole new vista for graphic data manipulation that's 
limited only by expense and the imagination of man. 

DART 1 of this article described the basic alphanumeric 
type of raster -scan video display terminal and a ran- 

dom -point display system that requires one full 21 -bit word 
for every dot -increment plotted on the screen. In this con- 
cluding article, we will describe a third type of video dis- 
play terminal -the stroke generator display system -and 
some sophisticated circuits used to improve the operation 
of the random -point display system. 

Adding a Dot -Vector Generator 
The random -point display system described last month 

requires 100 separate 21 -bit word commands from the dis- 
play buffer to plot a vector or straight line 100 dots long. At 
40 microseconds per dot, this one line occupies about 10% 
of the terminal's flicker -free display capacity. 

Since vectors are among the most common video display 
configurations, an RPD controller might be connected to a 
special circuit that translates a single -word command into 
coordinate information for a straight line of any length and 
in any direction. With such a "black box" in operation, the 
RPD controller could plot out any vector in about the same 
time as it takes to plot a single point -about 40 microsec- 
onds. 

The circuit that can do this job for the RPD system is a 
dot -vector generator. The simplest kind of dot -vector gen- 
erator consists of a digital comparator and an up /down bi- 
nary counter -two identical sets of control circuits, one for 
the X -axis and the other for the Y -axis (Fig. 1). Upon receiv- 
ing a 1 -word command from the display buffer, the count- 
ers run up or down a predetermined number of counts. 
This counting process moves the dot, one increment at a 
time, from its last resting place to an endpoint specified by 
the 1 -word command. 

The only thing that limits the plotting time of this vector 
drawing system is the counting rate of the up /down count - 
NOVEMBER, 1970 

The operator is shown using light -pen device to draw geometric fig- 
ure on graphic display terminal screen. Light pen can also be used 
by operator to wipe out any line it touches by using in "erase" mode. 

ers. Since up /down counters can run a whole order of mag- 
nitude faster than present -day memories can call up data, a 
dot -vector generator decreases the RPD controller's vector 
plotting time by at least a factor of 10. 

A typical vector command word contains 23 bits. Eleven 
of these bits go to the X -axis portion of the vector genera- 
tor, and 11 to the Y -axis section. Ten of these 11 bits in each 
section go to the digital comparator and tell the counters 
the endpoint of their count. The remaining bit in each sec- 
tion tells the counters whether they should count up or 
down. 

This analysis accounts for 22 of the 23 bits in a dot -vector 
command. The last bit tells the digital unblanking system to 
either blank or unblank the vector image on the CRT 
screen. If the operator wants to draw a visible vector, for 
example, the unblanking bit unblanks the CRT beam at 
every incremental point along its path. If, on the other 
hand, the operator simply wants to move the beam to a 
new starting point on the screen, the 23rd bit in the dot - 
vector word keeps the CRT beam turned off. 

The most economical dot -vector generators have up/ 
down counters that run from the same digital clock. This 
means that the counters run at exactly the same rate and 
the only vectors the system can plot are those that are hori- 
zontal, vertical, or multiples of 45 °. Such a dot -vector gener- 
ator can draw one -word lines in only eight different direc- 
tions. Although this seems to be a serious limitation, practi- 
cal experience shows that the system can closely approxi- 
mate just about any kind of curve or vector with a series of 
short 45° segments and dots. 

More sophisticated dot -vector generators use a slightly 
different approach to approximating vectors that are not 
multiples of 45 °. The display buffer sends a single -word 
command to the generator. This one word specifies the 
endpoint of the vector. The vector generator computes the 
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Fig. 1. Block diagram of dot -vector generator used with random -point display 
controller to permit vectors to be plotted in same time it takes to plot single 
point. As shown in illustration, typical vector -command word contains 23 bits. 

coordinates for a series of incremental points that "bracket 
in" the desired vector. 

This last dot -vector technique further decreases the plot- 
ting time for most kinds of vectors and curves. The genera- 
tor, however, must have computational abilities that the 
simple vector generator does not. In this case, the user has 
to be willing to trade higher generator costs for decreased 
vector and curve plotting times. 

Adding a Dot -Character Generator 

Graphic terminals have to display alphanumeric charac- 
ters perhaps more often than line drawings. It is possible to 
use the simple RPD controller to write out the characters 
but, again, the flicker -free display capacity is limited to 
about 1000 points. 

As in the case of the dot -vector generator, a dot -character 
generator (Fig. 2) can plot out an entire character in about 
the same time it takes the system to plot a random point. A 
dot -character generator translates a 1 -word command from 
the display buffer into signals the controller can use to plot 
out a character. 

Fig. 2. Block diagram of dot -character generator used with 
random -point display controller to permit an entire char- 
acter to be plotted in the time it takes to plot a random point. 
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In the dot -character generator 
mode, the X- and Y -axis up /down 
counters automatically scan out a 5 X 7 
dot matrix. When they complete the 
scan of one of these matrices, the count- 
ers move the beam to the next charac- 
ter position where they can scan 
through another matrix. 

The digital unblanking circuit does 
most of the work in the dot -character 
generator mode. As the X -Y counters 
scan out their matrices, the unblanking 
circuit unblanks the CRT at the appro- 
priate points to display a given charac- 
ter. 

Most graphic display terminals have 
a character file of 64 letters, numbers, 
punctuation marks, and special sym- 
bols. A binary character command re- 
quires only 6 bits in order to call up 
one of these 64 characters. The point - 
display system discussed earlier used 
21 -bit words for random points, and 
23 -bit words for vectors. Since a char- 
acter command word requires only 6 
bits, most terminal manufacturers 
lump three 6 -bit character commands 
into one 18 -bit word. This nearly tri- 
ples the character writing speed with- 
out having to increase the capacity of 
the digital circuits beyond 23 bits. 

Graphic Display Interaction 

Programming an alphanumeric text on a graphic display 
terminal can be much like plotting text on a raster -scan 
system. A cursor generator circuit generates signals to mark 
the point on the CRT screen for the next character. The 
operator types out the character on a keyboard and the 
display buffer codes, stores, and displays the character dur- 
ing the next refresh cycle. 

The operator can use a set of levers on the keyboard to 
position the cursor if he wishes. He can delete single char- 
acters or entire lines of text pressing the appropriate 
"Erase" key. 

Most graphic display systems can be equipped with a 
light pen device (see lead photograph). Although this de- 
vice is intended primarily for use in the graphic or vector 
drawing mode, it can be useful in the character mode as 
well. A light pen is a hand -held photosensitive device. 
Whenever the operator places the pen against a character 
on the CRT face, the light from the phosphor activates a 
photosensitive trigger circuit. The resulting signal inter- 
rupts the refresh buffer at that particular coordinate point 
on the CRT screen. Any commands from the keyboard that 
call for a change in the text under the light pen appear on 
the screen during the next refresh cycle. 

Thus, in the character -plotting mode, a light pen is sim- 
ply a convenient replacement for a lever- operated cursor. 
In the graphic- drawing mode, however, the light pen takes 
on a more dynamic function. 

Operators can program a graphic display by typing a co- 
ordinate language program into the display buffer. Most 
graphic displays are so complicated, though, that such pro- 
grams have to be computer -generated. Using a light pen in 
conjunction with an interactive graphic- display system by- 
passes the need for separate coordinate language programs. 

In the graphic -plotting mode, the display buffer gener- 
ates a cursor mark. This mark generally takes the form of an 
"X" or an asterisk. When the operator places the light pen 
over the cursor, the resulting signal enables a light -pen 
tracking circuit. As the operator moves the light pen across 
the face of the CRT, the tracking circuit moves the cursor 
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so that it is always positioned directly under the light pen. 
The display buffer keeps track of the cursor's coordinates 

as the pen moves it across the face of the CRT. At every 
permissible plotting point in the 1024 x 1024 plotting ma- 
trix, the buffer accepts and stores the cursor's coordinates. 
During each refresh cycle the buffer tells the RPD control- 
ler to unblank the beam at all points the cursor has covered. 
As far as the operator is concerned, he is "writing with 
light" on the face of the CRT. 

The operator can also place the light pen into an erase 
mode. In this mode, the light pen acts as an eraser to wipe 
out any lines it touches. In the "blank" mode, the operator 
can use the light pen to move the cursor around the screen 
without plotting or erasing any lines. 

There are several other kinds of CRT pointing devices 
such as "joy- sticks," or tracking -ball controllers, and Rand 
tablets. These electromechanical devices are more expen- 
sive and complicated than the light pen and, consequently, 
are not in common use. These alternate pointing or draw- 
ing devices, however, do most of their own coordinate en- 
coding. This eliminates much of the logic circuitry associat- 
ed with light -pen display buffers. 

Once the operator has completed his writing on the CRT, 
he can unload all the coordinate data into a processor mem- 
ory or store it permanently on magnetic tape just like a 
conventional computer program. 

The price tag on complete interactive graphic systems 
ranges from $10,000 to $50,000 for most models. The price 
depends largely on the size of the refresh memory, the type 
and amount of special generator hardware, and the flicker - 
free display capacity of the system. 

Stroke -Generator Display Systems 

A third major technique for developing video displays is 
accomplished by using a stroke -generator display system. 
This technique builds up graphic or alphanumeric displays 
from a series of short line strokes. 

Rather than using counters and A/D converters to move 
the CRT beam from one incremental point to the next, the 
stroke generator develops smooth analog strokes in re- 
sponse to one -word commands from the display buffer. 

It is possible to plot a perfectly smooth line of any slope 
or curvature by generating horizontal and vertical ramp 
signals having different amplitude ratios. One part of a 
stroke generator plot command, then, contains Y:X ampli- 
tude ratio information. To plot a vector with a slope of 2, 
for instance, the buffer sends digital commands to the ana- 
log ramp generators, telling them to produce a Y -ramp 
voltage that has twice the amplitude of the X -ramp voltage. 

Getting the proper slope or curvature is only part of the 
stroke generator's problem -it must also generate continu- 
ous strokes of any desired length. 
There are two common ways of estab- 
lishing the length of the strokes: the 
fixed -time method and the constant - 
rate method. 

Using the constant -rate method, the 
beam travels along its stroke path at a 
fairly constant rate. A typical plotting 
rate for such a system is about 8 micro- 
seconds per inch. Part of the plot com- 
mand word, then, contains bits that set 
the time a pair of X and Y ramp analog 
gates open to let the deflection signals 
through to the CRT. 

The constant -rate method, unfortu- 
nately, makes the framing time and to- 
tal flicker -free display capacity largely 
dependent on the length of the longest 
stroke in the display. Precise cali- 
bration of the hybrid (digital and ana- 
log) timing circuits also becomes a seri- 
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Fig. 3. Examples of kinds of (left) translations and (right) 
rotations made possible with graphic terminal /CPU system. 

ous problem for terminal manufacturers trying to "econo- 
mize" their products. 

To make the system's display capacity less dependent 
upon stroke length, and then get around the problems of 
timing precision, many terminal manufacturers use the so- 
called fixed -time stroke generator. Such stroke generators 
still determine stroke angle or curvature by varying the 
ratio of the Y -ramp and X -ramp amplitudes. Instead of vary- 
ing the time base of the ramps to get different stroke 
lengths, however, the fixed -time generator multiplies both 
ramp signals by a constant. The ratio of voltage is un- 
changed, but the plotting time changes to conform to the 
allowable writing time interval. Typical plotting times are 
in the neighborhood of 40 microseconds for all strokes. 

Just as in the RPD systems, a new stroke always begins at 
the endpoint of the last stroke. The operator can move the 
starting point around simply by blanking the CRT beam 
and feeding in the appropriate stroke commands. 

Stroke -generator systems also have special "add -on" cir- 
cuitry to automatically generate patterns for alphanumeric 
characters. The characters in a stroke -generator system 
have a much smoother appearance than those in an RPD 
system. Stroke -generator systems are almost an order of 
magnitude faster than the typical RPD or digital system. 
This also means a tenfold increase in the flicker -free display 
capacity. 

The main disadvantage of the stroke or analog graphic 
display terminals is the complexity of the analog circuitry. 
The biggest headache is maintaining the precise ramp 
phase relationships between the X and Y deflection sys- 
tems. Any slight phase errors appear as distortions and 
"kinks" in the graphic displays. 

As in any kind of present -day analog system, stability is 
possible only by using stabilizing circuits which rival the 
actual operational circuits in expense and complexity. Us- 

(Continued on page 72) 

The most critical specs for any kind of video display system are capacity of the re- 
fresher memory, maximum number of points per frame, number of characters per 
frame, and number of 1/2" lines or strokes the system can display without noticeable 
flicker. This table contains specs for a few of the graphic video terminals on the mar- 
ket. Ratio of display capacity figures to core size approximates design efficiency. 
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SURVIVAL 
RADIO for APOLLO 
By WILLIAM L. BLAIR / Project Manager, Cubic Corp., San Diego, Calif. 

Description of life -raft voice and 
beacon transceiver with 1 -watt output for 
24 -hour operation that is designed specifically 
for emergency communications. 

Photograph of the highly reliable beacon /transceiver 
which is part of the Apollo astronauts' survival kit. 

WIWN Apollo 12 lifted off from Cape Kennedy on its 
epic voyage to the Moon, the astronauts carried with 

them a new electronics package for which everyone hoped 
they would have no use. On this and all subsequent flights, 
the survival kit contains a new small, lightweight, highly 
reliable beacon/ transceiver which would be used only in 
the event of mishap during the landing of the capsule upon 
its return to earth. 

If the prime communications equipment within the 

spacecraft should be damaged or become inoperative, or if 
the crew were forced to abandon the command module in 
a life raft, this transceiver would be their only means of 
communication with the recovery team. It was designed to 
operate either with its own flexible quarter -wave whip an- 
tenna or through the spacecraft antenna system. The small 
hand -held unit has a self- contained battery sufficient to per- 
mit continuous beacon transmit operation at a minimum 
output of one watt for a period considerably in excess of 24 

Fig. 1. Functional block diagram of the Apollo survival radio discussed in the article. Note that both the receiver and 
transmitter sections of this unit are enclosed in dotted boxes. Controls and the speaker are shown outside of boxed areas. 
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hours. Normal operation as a voice transceiver provides an 
even longer operating time. In the beacon mode, the out- 
put is square -wave modulated (50% duty cycle) by a swept 
frequency audio tone. It is easily recognized on the air by 
search aircraft using direction -finding equipment out to a 
distance of 100 -125 nautical miles (radio line -of- sight). In 
the voice mode, two -way AM communication is available 
through a common speaker /microphone and Push -to -Talk 
switch control. The receiver delivers an output signal -to- 
noise ratio of +10 dB or better for inputs as low as 3 micro- 
volts, thereby again affording good quality performance out 
to the radio line -of- sight. 

Operation 

The complete functional block diagram is shown in Fig. 
1. The antenna circuit is matched for a 50 -ohm load and a 
single two -pole band -pass filter is shared by both transmit- 
ter and receiver. A diode switching network isolates the 
receiver from the antenna when transmitting and vice ver- 
sa when receiving. Fig. 2 is a schematic of the antenna cou- 
pling network. 

Any signal on the 243 -MHz emergency frequency is am- 
plified by about 27 dB in three cascaded r.f. amplifier stages 
before conversion to the 15 -MHz i.f. frequency in the ac- 
tive mixer. A crystal -controlled oscillator, followed by a fre- 
quency tripler, provides the local -oscillator signal. 

The receiver passband shape factor is controlled by the 
four -pole i.f. band -pass filter immediately following the 
mixer. It is characterized by a 200 -kHz 6 -dB bandwidth and 
a 2 -MHz 60 -dB bandwidth. Three i.f. amplifiers, having a 
total of about 75 dB of gain, boost the received signal to a 
level appropriate for detection in a conventional diode cir- 
cuit. A filter /amplifier network utilizes the d.c. compo- 
nents from the detector to provide a.g.c. to the second and 
third r.f. stages and the second i.f. amplifier stage. The 
a.g.c. action holds the output level essentially constant for 
inputs from threshold to more than 3000 

detected audio component is amplified to a 6 -V 
peak -to -peak signal in a single audio -amplifier stage and is 
used to drive a 4000 -ohm miniature speaker. When receiv- 
ing a signal with 30% AM, an output sound level of 118 dB 
above 0.0002 dyne /cm2 is produced. The audio 3 -dB pass - 
band is in excess of 300 to 3000 Hz. 

A single battery, which is made up of a series of twelve 
wound -anode mercury cells, is used to provide all the pow- 
er required to operate the complete transceiver. The bat- 
tery was selected because of its high energy -to- weight ratio, 
its low internal impedance, its relatively flat voltage charac- 
teristic, and its improved low- temperature performance. A 
fresh battery has a no -load output of about 16 volts and the 
end point, considered as battery exhaustion, is 11 volts. In 
the receive mode, a series -pass type regulator is used to 
hold the voltage applied to the receiver circuits constant so 
that performance characteristics are maintained through- 
out the battery lifetime. Since much higher currents are 
drawn from the battery in the transmit mode, a series regu- 
lator would be highly dissipative and is not used. Rather, an 
automatic level control (a.l.c.) circuit is used to stabilize 
transmitter performance over the range of applied voltage. 

A miniature ruggedized meter is used to indicate battery 
status when the transceiver is in the receive mode. The 
circuit is designed to produce full meter deflection for a 
fresh battery (16 V) and zero for an expended battery (12 V 
in the receive mode). In the voice -transmit mode this me- 
ter indicates carrier power output and the operation of the 
voice modulator, while in the beacon -transmit mode it indi- 
cates peak power output and modulation presence. Since a 
sample of the r.f. signal is detected directly at the transmit- 
ter output, meter deflection is an indication that all trans- 
mitter circuits are operative. 

The transmitter consists of five transistorized stages. A 
fifth overtone crystal- controlled oscillator operates at 81 
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Fig. 2. Schematic diagram of the antenna coupling network. 

MHz and drives a frequency tripler to an output at 243 
MHz. The amplifier following the tripler is collector modu- 
lated by either the beacon or voice signal. The driver and 
final stages are operated as class -C amplifiers to a peak 
power output capability in excess of 3 watts. 

In the beacon mode of operation the detected r.f. sample 
from the tank circuit of the final power -amplifier stage is 
fed back and amplified in the modulator, together with the 
adjustable square -wave voltage level to reduce the peak 
output level to about 1.25 watts with a fresh battery. The 
loop gain is sufficient to hold this output level constant until 
the battery voltage drops well below 13 volts. At the battery - 
exhaustion voltage (11 V), the peak output power is still at 
least 1 watt. 

In the voice -transmit mode, the unmodulated level is 
held at 0.5 watt by the automatic level -control signal and an 
adjustable d.c. bias voltage. The sum of the d.c. bias voltage 
and the automatic level -control signal is used to adjust the 
base bias voltage of the modulator transistor. This stage, in 
turn, varies the collector voltage of the modulated trans- 
mitter stage to provide a constant carrier output power. 
When the transmitter is voice -modulated, the negative 
feedback also compensates for the distortion which would 
be experienced in the class -C driver and output stages. The 
3 -watt peak -power capability allows 100% upward and 
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Fig. 3. Simplified schematic diagram showing the functional 
relationship of transmitter modulation and a.l.c. circuits. 
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e 
Fig. 4. Transceiver with covers removed. Battery pack shown 
on right is contained in the cylindrical compartment and re- 
tained by the screw -on cap shown. The electronics package, 
containing the receiver and transmitter circuit boards, be- 
comes accessible when the flat cover is removed. The flex- 
ible quarter -wave whip antenna can be seen in the foreground. 

downward modulation. A single audio- amplifier stage raises 
the relatively high output from the microphone to a level 
sufficient to produce over 90% modulation of the output 
carrier when speaking in a normal voice a few inches from 
the microphone. 

The square -wave beacon modulation signal is generated 
by a multivibrator circuit. The frequency of the multivibra- 
tor is dependent upon bias voltage on the transistor bases, 
which in this case is supplied by the output of a sawtooth 
waveform generator. The sawtooth frequency is about 2.5 
Hz and sweeps the square -wave frequency from 1000 Hz to 
300 Hz linearly, returning instantaneously to 1000 Hz 
where the cycle is repeated. The output of the multivibra- 
tor is coupled through an emitter -follower to the same 
modulator stage used for voice transmission. Fig. 3 is a sim- 

Fig. 5. Electronics package showing receiver circuit board 
mounted on top and the transmitter circuit board on bottom. 

Fig. 6. Voice and beacon modulators and transmitter board. 

plified schematic showing how the modulation and a.l.c. 
circuits are interconnected. 

Operating Controls 

Only two controls are required to operate the radio. A 

function switch places the unit in "Off," "Voice," or "BCN" 
(beacon) modes. This switch contains a magnet imbedded 
in one side of the round thumb -operated knob. As the mag- 
net is moved into each position it activates reed switches 
inside the case without the need for a mechanical linkage to 
pass through the side of the housing. The second control is a 
Push -to -Talk switch, which is used to change from receive 
to transmit when operating in voice mode. 

Packaging 

Mechanical packaging was a challenging design task be- 
cause of size and weight limitations and rather severe envi- 
ronmental requirements. The requirements of 80 cubic 
inches and 64 ounces were achieved (actual volume, 50 cu- 
bic inches) and the equipment successfully passed qualifica- 
tion which included: 

1. Specified performance at +140°F after storage for sev- 
en hours at +160°F, followed by five minutes at 200 °F. 

2. Specified performance at +32 °F after storage for four 
hours at -60 °F. 

3. Survival and subsequent operation after 20 -G accelera- 
tion, 78 -G shock, and 0.06 G2 - Hz random vibration over 
the band of 80 to 2000 Hz. 

4. Specified performance and proof of water -tight integ- 
rity following exposure to 10 cycles from 0° to + 160 °F at a 
pressure of 10 -8 PSIA and subsequent immediate immer- 
sion under 15 feet of seawater for a one -hour period. 

Fig. 4 shows the transceiver with covers removed. The 
housing is an aluminum casting with separate sealed corn - 
partments for battery and electronics. The battery consti- 
tutes almost one -half the weight and size of the transceiver. 
It is contained within a cylindrical compartment on one 
side of the casting and is retained by a screw -on cap which 
uses an "O" -ring seal. A coaxial connector permits rapid 
replacement of an expended battery and the separate com- 
partment avoids the possibility of water entering the elec- 
tronics compartment in case of battery replacement in 
heavy seas. 

Access to the electronics compartment is achieved by re- 
moval of a flat cover having a molded butyl- rubber seal. 
There are only four other openings in the walls of the elec- 
tronics compartment. The speaker /microphone is sealed 
into its mounting hole by a rapid curing epoxy, while the 
sealed meter and Push -to -Talk switch are sealed in their 
mounting holes by using RTV (silicone rubber adhesive/ 
sealant). The fourth hole is used to mount the antenna jack 
and is sealed by an "O" -ring. The function switch does not 
require a sealed rotary joint since it uses magnetic switch- 
ing as described previously. 

The electronics package is shown in Fig. 5. It consists of 
an aluminum support plate to which two printed- circuit 
boards and a d.c. connector are attached. All case- mounted 
elements, including battery and function switch, are con- 
nected to the circuitry through this plug. The antenna is 
connected through a short length of cable in a microminia- 
ture coaxial plug to a mating jack on the transmitter board. 

The top board in Fig. 5 contains the receiver circuitry. 
This board is mounted conventionally to short threaded 
stand -offs with the parts side up. The four variable capaci- 
tors which tune the four -pole i.f. filter may be seen running 
across the short dimension of the board at its approximate 
midpoint. Space conservation in the tuned circuits of the 
r.f. stages is achieved by winding the inductors directly 
around the bodies of the piston -type variable capacitors, 
which serve as coil forms. 

High density is obtained by mounting most parts, includ- 
(Continued on page 59) 
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Part 4 -24 -Hour Digital Clock 
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THE simplest form of 24 -hour digital 
clock is shown in Fig.1. It counts 1- 

pps pulses from a time -base generator 
and displays, in an hours: minutes: sec- 
onds format, the number of pulses 
counted. The first two stages ( =10 and 
=6) count to 60, providing an output 
to the next two stages (the minutes 
counter) every 60 seconds. The min- 
utes counter also counts to 60 and ev- 
ery 3600 seconds (or 60 minutes) it pro- 
vides an output to the hours counter. 
The hours counter counts to 24 and ev- 
ery 24 hours (or 86,400 seconds) the 
entire counting cycle repeats. 

The decoders monitor the states of 
the counters, and their outputs cause 
the appropriate numerals to appear on 
the visual display. The digital clock 
does nothing more than count the 1- 
pps time -base input signal, hence the 
accuracy of the clock is identical to that 
of the time -base input pulse timing. 

As with all digital instruments, the 
readout resolution of the digital clock 
implies a degree of accuracy that may 
not, in fact, exist. If the time -base is de- 
rived from the local 60 -Hz power -dis- 
tribution system, the indicated vs actu- 
al time may wander around several 
seconds during a day, yet the effect of 
these variations cancels, yielding excel- 
lent long -term stability. A crystal- oscil- 
lator time -base, on the other hand, may 
exhibit variations in period of only a 
few microseconds during the course of 
a day, but initial frequency offset and 
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By DONALD L. STEINBACH 
Research Engineer Sr. 
Lockheed Missiles & Space Co. 

Design details on a 24 -hour 
digital clock that displays time 
in an hours, minutes, seconds 
format. Contains circuits that 
allow for setting or updating 
displayed time and for both 
starting and stopping clock 
without upsetting time -base 
synchronization. 

Front -panel view of digital clock 
showing arrangement of controls 
that are described in the article 
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Fig. 1. Simple 24 -hour digital clock that counts 1 pps from time -base gener- 
ator and displays in an hours, minutes, seconds format number of pulses. 

Fig. 2. Detailed block diagram of the 24 -hour digital clock described in ar- 
ticle. See Table 1 for logic diagram reference for each of indicated modules. 
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Fig. 3. Block diagram of time -base generator that accepts either 60 -Hz, 100 -kHz, 
1 -MHz, or 4 -MHz input frequencies and develops a 1 pps time -base output. Refer 
to Table 1 for cross -references to the logic diagrams for the indicated modules. 

drift due to crystal aging produce a cumulative long -term 
timing error that must be corrected occasionally. 

The simple clock in Fig. 1 does not provide for setting or 
updating the displayed time or for starting and stopping 
the clock without upsetting the time -base synchronization. 
When these additional circuits are added, the block dia- 
gram of the 24 -hour clock described in this article evolves 
(Fig. 2.) The companion time -base generator appears in 
Fig. 3, and the power supply in Fig. 4. Each of the blocks in 
the diagrams of Figs. 2 and 3 represents a major functional 
subsystem made up of one or more IC's and /or discrete 
components. The 500 -series numbers adjacent to each of 
the blocks (modules) identify the associated logic diagram 
or schematic diagram from which that module is construct- 
ed, as cross -referenced in Table 1. 

Design Comments 

The complete design of the digital clock and the time - 
base generator reflects the author's initial design objectives 
which include: 

1. All internal counting is in the BCD (binary coded deci- 

Fig. 4. Simplified schematic of power supply and 4 -MHz cry- 
stal oscillator used with the digital clock shown in Fig. 2. 
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mal) format (so that the clock can read- 
ily interface with other elements of a 
larger digital system). 

2. The decoded display output infor- 
mation is in a 7 -line code, providing a 
ground- circuit completion capable of 
switching 40 V d.c. at 25 mA d.c. or 25 
V d.c. at 50 mA d.c. (capable of switch- 
ing low- voltage incandescent loads di- 
rectly; ideally suited for operation of a 
remote display; directly compatible 
with seven- segment display, removing 
any limitation on physical size of dis- 
play). 

3. All operating power is derived 
from a single 12 -V d.c. input (allows a 
12 -V storage battery to function as a 
standby power supply). 

4. RTL (Resistor- Transistor Logic) 
IC's are used throughout, and the num- 
ber of functions in any one package is 
limited (reduces IC costs and limits sys- 
tem repair cost in the event of a single 
logic element failure in an IC package, 
while retaining +15° C to +55° C op- 

erating temperature range with option to extend IC tem- 
perature to 0° C to + 75° C). 

5. The time -base generator accepts input frequencies of 
60 Hz, 100 kHz, 1 MHz, and 4 MHz (accommodates 60 -Hz 
line frequency, 100 -kHz and 1 -MHz conventional standard 
frequencies, and 4 MHz from a commercially available 
high -performance yet inexpensive crystal oscillator). 

6. The time -base generator 1 -pps output may be readily 
synchronized to WWV timing ticks. The displayed time 
may be changed (e.g., from GMT to local time) without up- 
setting the time -base generator synchronization. 

At the risk of offending the purists, the author has taken 
the liberty of defining midnight as 24:00:00 rather than 
00:00:00. The last two stages of the counting chain (the 
hours counters) are a modulo -10 counter (503A) followed by 
a modulo -4 counter (505A) capable of counting to 40 but 
forced to reset one second after a count of 24 is reached. 
This approach represents a considerable simplification over 
the other alternatives of (1) combining the last two stages 
into a composite modulo -24 counter and decoding the re- 
sultant 24 counter states to drive two seven -segment dis- 

Table 1. Listing of function and logic figure cross- references 
for each of the modules used in constructing 24 -hour clock. 

MODULE 

1. 501A, 501B, 501C 

2. 502 

3. 503A, 503B 

4. 504A, 5040 

5. 505A, 505B 

6. 506 

7. 507A 
5078 

8. 508 

9. 509A 

10. 509B 
510 

FUNCTION 

Dialight seven- segment digital readouts 

Display drivers 

Modulo -10 binary counter and BCD -to -seven 

segment decoder (0 through 9) 

Modulo -6 binary counter and BCD -to -seven 

segment decoder (0 through 5) 

Modulo4 binary counter and BCD -to -seven 

segment decoder (0 through 2) 

Twenty -fourth hour detector and hours 

reset generator 

Start/Stop control circuit 
Time -set circuit 

Time -base input circuit 

Minimum -hardware modulo -10 counter 

Decade divider 
Selector gate 

FIG. REF. 

88 

8A 

5 

6 

7 

10 

9A 
9B 

11 

12 

13A 
136 
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EI THRU E3 ARE EACH 1/3 -MOTOROLA MC793P 
E4 H E7 n 1/4 - H MC9715P 
E8 H E23 '. " ' - H MC7I7P 

FF1 ^ FF4 n n 1/2- n MC790P 
°0° REPRESENTS SYSTEM GROUND 

Fig. 5. Logic diagram of modulo -10 binary counter and BCD -to- 
seven segment decoder used with drivers and readouts of Fig. 8. 

plays, or (2) sensing a system time of 23:59:59 to generate 
an hours -reset signal when the last four digits display :00:00 
for the 24th time. A 12 -hour clock would probably utilize a 
modulo -12 hours counter since the time displayed must ad- 
vance from 12:59:59 to 01:00:00. 

The capability of presetting each digit of the clock to any 
arbitrary number within its counting range allows the clock 
to be corrected and synchronized at any time. The less ele- 
gant methods of resetting the clock to 00:00:00 or simply 
stopping it for a period of time are not attractive since a 
waiting period of up to 24 hours could conceivably be re- 
quired before the clock could be synchronized. The idea of 
advancing the time at an accelerated rate was discarded 
because of the considerable time that would still be re- 
quired to set the clock and the lack of complete control 
over each digit. Gating the 1 -pps clock pulse input directly 
into each counter appeared to have possibilities, but analy- 
sis showed a high probability of an additional clock pulse 
being generated during the gating process. Finally, the 
most desirable approach of presetting the desired time via 
switches and gating that information into the counters at 
the required instant was discarded because the additional 
complexity to accomplish such a menial task was unwar- 
ranted. The approach finally chosen, that of resetting the 
clock display to 00:00:00 and advancing each digit by one 
each time its associated push- button is depressed and re- 
leased, has proven to be a most satisfactory compromise 
between operational convenience and circuit complexity. 

The 503A, 504A, and 505A modules (Fig. 2.) are modulo - 
10 (Fig. 5), modulo -6 (Fig. 6), and modulo -4 (Fig. 7) binary 
NOVEMBER, 1970 

Fig. 6. Logic dia- 
gram of modulo -6 
binary counter and 
BCD -to -seven seg- 
ment decoder used 
with drivers and 
readouts of Fig. 8. 5048 

A e' 

El THRU E6 ARE EACH I /6- MOTOROLA MC789P 
E7 EI0 
Ell E14 

. 1/4- 
I /4- ' MC717P 

MC724P 

Fig. 7. Logic dia- 
gram of modulo -4 
binary counter and 
BCD -to -seven seg- 
ment decoder used 
with drivers and 
readouts of Fig. 8. 

FFI IS MOTOROLA MC723P 
FF2 AND FF3 ARE EACH 1/2- MOTOROLA MC791P 0 REPRESENTS SYSTEM GROUND 

5058 

A' A 8 

505A 

FF2 

EI IS I/4- MOTOROLA MC7I7P (FROM 5061 
FFI AND FF2 ARE EACH I/2- MOTOROLA MC790P 0 REPRESENTS SYSTEM GROUND 

counters, respectively. Terminal T is the clock -pulse input 
to the counter, N is the output to the next stage, and P is 
used to preset all counter flip -flops to the "0" state. Input K 
serves as a counter disable control; the first FF in the coun- 
ters cannot toggle unless K is "0." 

The data outputs of the counters are connected to com- 
panion BCD -to- seven -segment decoders. The decoders 
(503B and 504B) for the first five counters are exactly as 
described in the second article of this series (August issue). 
The decoder (505B) for the hours -tens counter includes 
only those elements necessary to identify the first three 
states (0,1, and 2) of the hours -tens counter, since the asso- 
ciated displayed digit never exceeds 2. 

The display driver (502 modules) transistors (Fig. 8A) con- 
duct whenever a logic "1" level is present at the input side 
of the base resistors. The transistor and resistor associated 
with segment S2 of the hours -tens display is not required, 
since it is not necessary to open the return path associated 
with that segment. Either Motorola MPS5172 or MPSA20 
transistors may be used in the display drivers. The 
MPS5172 is suitable for circuits carrying up to 25 V d.c. and 
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TO DISPLAY 
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S6 S7 

FROM DECODER OUTPUTS 

ALL RESISTORS 47011-114W 
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SI 

LOGIC AND DISPLAY 
POWER RETURN 

ALL TRANSISTORS MOTOROLA MPS5172 OR MPSA20 

(A) 

5018 50IC 
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S61 
57 

152 S6I /52 56/ 
57 

/s2 

SSI 
S4 /S3 

S5/ 
54 IOD 

S5/ 
S4 

/S3 

DIALIGHT 710- 0300 -005 DIALIGHT 710-0301-005 DIALIGHT 710- 0302 -005 
TERM* SEGMENT TERM* SEGMENT TERM* SEGMENT 

a SEGMENT SI a 
b ^ 52 b 
C ^ 53 c 
d . 54 d 

f S6 f 

COM COMMON 
Si 
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SEGMENT SI 
S2 
53 
54 
55 
56 
S7 

COMMON 
DECIMAL (D) 

a 
b 

d 

COM 

SEGMENT SI 
S2 
S3 
S4 
S5 
S6 
S7 

COMMON 
COLON (C) 

*TERMINALS ON THE REAR OF THE MODULES ARE IDENTIFIED WITH THE 
NOMENCLATURE SHOWN 

(B) 

Fig. 8. (A) Schematics of display drivers and (B) layout and 
terminal arrangement of Dialight 7- segment digital readouts. 

START 

SI 

-.S2 
STOP 507A 

3.3k 

CONTINUOUS START/ 
STOP 

TIME BASE 
CONTROL MODE "o" 

(A) 

502 

El THRU E4 ARE EACH 1 /6- MOTOROLA MC789P 
E5 EI2 " 1/4- MC724P 
"0" REPRESENTS SYSTEM GROUND 
" I" +3.6V D.C. 
SI AND S2 ARE SWITCHCRAFT 101 

53 IS SWITCHCRAFT 103 

(B) 

Fig. 9. Logic diagrams of the (A) Start /Stop 
control circuit (507A) shown in Fig. 2 and 
of the (B) Time -Set circuit shown in Fig. 2. 

50 mA; the MPSA20 is a lower beta, higher voltage device 
suitable for circuits carrying up to 40 V d.c. and 25 mA. The 
base drive to each transistor is 640 p.A minimum. 

The seven- segment displays (501 modules), Fig. 8B, are 
Dia1ight 710 Series described in the first article of this se- 
ries (July issue). When equipped with #344 bulbs (10 V at 
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14 mA, 15 V at 18 mA), they are compatible with either the 
MPS5172 or MPSA20 transistors, and provide excellent 
brightness when operating from 12 volts d.c. 

The 507A module (Fig. 9A) generates the start and stop 
control signals for the clock and the time -base generator. 
The two 2 -input nor gates, E5 and E6, are connected as an 
RS flip -flop whose inputs are supplied by inverters El and 
E2. When the "Start" switch is depressed (closed) the input 
to El is grounded and its output is at the "1" level, driving 
terminal K to "O." Since both inputs to E6 are "0," its out- 
put is "1,'. and that output applied to the other input of E5 
holds E5's output at "0" even when the "Start" switch is 
released. The RS FF latches in the opposite state (K = "1 ") 
when the "Stop" switch is closed momentarily. When the 
"Time Base Control Mode" switch is in the "Start /Stop" 
position, gates E7 and E8 function as inverters and the lev- 
el at K appears at Kl and K2, supplying the start and stop 
signals to the dividers in the time -base generator (Fig. 3). 
When the "Time Base Control Mode" switch is in the "Con- 
tinuous" position, K1 and K2 remain at "0" regardless of 
the level on K. The seconds -units clock counter (Fig. 2) is 
inoperative when K is "1;" four of the dividers in the time - 
base generator (Fig. 3) are inoperative whenever K1 and 
K2 are "1." 

The Time -Set (507B) module (Fig. 9B) also uses an RS FF 
circuit, but for its "noiseless- switch" properties rather than 
its latching action. The output of gate E9 is normally "0," 
and clock pulses pass uninverted through gates Ell and 
E12 from one counter stage to the next. If the clock is 
stopped, and the level on input T is "0" (assured if the "Dis- 
play Reset" switch, Fig. 4, is momentarily closed), depress- 
ing and releasing the "Set" switch causes a "0"-to-"1"-to- 
"0" transition at output N. The "1 "- to -"0" transition is in- 
terpreted as a clock pulse by the next counter stage and it 
advances one count. Note that the time -setting activity 
must begin with the hours -tens counter in order that the 
output of the preceding counter be "O." The seconds -units 
digit is advanced by starting the clock and stopping it when 
the desired seconds -units digit appears. 

The twenty- fourth hour detector and hours -reset genera- 
tor (506) module (Fig. 10) is made up of a JK FF and five 
nor gates, three of which are connected simply as inverters. 
If the "Display Reset" switch is momentarily depressed at 
least once after application of power to the clock circuits, 
FF1 will be in the "0" state, and P2 and P3 will be "0 ". The 
B' and C' inputs to gate El (Fig. 10) are both "0" for the 
first time when the hours display indicates 24:. At all other 
times, either B' or C' is "1" and C of FF1 is "1." Thus, FFI 
remains in the "0" state in spite of the clock pulses that 
occur once each second at T. When the displayed time ad- 
vances from 23:59:59 to 24:00:00 the level at C of FF1 steps 
from "1" to "O." When the next clock pulse arrives at T of 
FF1, it toggles to the "1" state and the levels of P2 and P3 
step from "0" to "1," resetting both hours counters; the 
displayed time is now 00:00:01. At the same time, C of FF1 
steps from "0" to "1." One second later FF1 toggles back to 
the "0" state and P2 and P3 step from "1" to "0," removing 
the reset signal from the hours counter. 

The time -base input (508) module (Fig. 11) conditions the 
60 -Hz, 100 -kHz, 1 -MHz, and 4 -MHz input signals so that 
their levels and fall times are compatible with the require- 
ments of the JK FF's in the time -base generator divider 
circuits. The coupling capacitors (Fig. 11) may be eliminat- 
ed if the peak input signal excursions are less than ±4 V 

with respect to ground and the input signal passes through 
0.75 V and 1.4 V once each cycle. A sinusoidal input signal 
of about 500 mV r.m.s. is required if the capacitors are 
used. The 508 module diagram assumes that only one input 
signal will be electrically connected to the time -base gener- 
ator at any given time; if this is not the case, then the three 
Schmitt triggers not associated with the desired input signal 
must be disabled. This may be accomplished by connecting 

ELECTRONICS WORLD 



FFI 

S 0 

C D' 

E4 JO 

E3 
506 

El AND E2 ARE EACH 1/4 MOTOROLA MC7I7P 
E3 THRU E5 1/4 MC724P 

FFI IS MOTOROLA MC723P 
"0" REPRESENTS SYSTEM GROUND 

Fig. 10. Logic diagram of the twenty -fourth hour detector 
and hours reset generator circuit (506) shown in Fig. 2. 

4 7k 

1500pF 

OH( l-D CI 

9.7k 

.015 p F 

C2 

4 

25pF 4.7k 

E2 

E3 

E5 

i 

E6 

0 
E4 508 

El THRU E4 ARE EACH 1 /4- MOTOROLA MC9709P 
ES AND E6 I /6- MC789P 
"O'REPRESENTS SYSTEM GROUND 

. 

+3.6V D.C. 
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C2 DD -153 
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P2 The display is powered directly from the 12 -V d.c. 
source, the 0E -10 oscillator supply voltage is developed 
across the 9.1 -volt zener diode, and a Motorola MC1469R 8 positive power -supply voltage regulator IC derives the 3.6- 
volts for the RTL IC's. Resistor R1 allows the 3.6 -V output 
to be set anywhere from 3.5 to 4.0 volts. Transistors QI and 
resistor Rsclimit the MC1469R output current to approxi- 
inately 220 mA in the event of an open in Q2's collector 
circuit (or an emitter -base short in Q2). The voltage devel- 
oped across R5 will cause the MC1469R to shut down if the 
chip temperature reaches a nominal 95° C. Resistor R6 re- 
duces Q2's power dissipation from 12.6 watts with a 1.5 -A 
load (without R6) to 4.4 watts maximum under any load 
condition, and limits the collector current of Q2 to 3 A un- 
der short -circuit conditions. 

Assembly 

The package pin connections of the IC's used in the clock 
and time -base generator may be obtained free of charge by 
writing to Motorola Semiconductor Products Inc., 5005 East 
McDowell Road, Phoenix, Arizona 85008 for the data 
sheets and brochures on the specific IC and semiconductor 
type numbers. In addition, copies of "The Semiconductor 
Data Book" and "The Micro Electronic Data Book" may be 
purchased from Motorola or many of the larger electronics 
parts distributors. These books contain complete specifica- 
tions on all Motorola semiconductors and integrated cir- 
cuits. This information, together with the module diagrams 
(Figs. 5 -13) may be used to assemble each module or group 
of modules. The modules are interconnected as shown in 
Figs. 2 and 3. Although not shown on the module diagrams, 
pin 11 of every IC is connected to +3.6 volts d.c. and pin 4 
of every IC is grounded. The clock and time base require a 
total of 60 IC's, 41 transistors, and 58 resistors. 

"P" pattern "Micro -Vectorbord" (Vector Electronic Com- 
pany) is ideally suited for this type of construction, elimi- 
nating the task of drilling well over 1000 holes. The 6'/2" X 
4'/2" X ' /is" size accommodates all of the circuitry required 

(Continued on page 73) 

Fig. 11. Logic dia- 
gram of time -base 
input circuit 
shown in Fig. 3. 

the second input of each Schmitt trigger (presently shown 
at the "0" level) to +3.6 V d.c. through a 3.3k resistor. The 
desired input signal is then selected by grounding the sec- 
ond input of that Schmitt trigger through a toggle switch. 
Inverters E5 and E6 follow the Schmitt triggers E2 and E3 
so that outputs D and F are "0" when E2 and E3 are dis- 
abled or when their input signals are disconnected. 

The 4 -MHz and 60 -Hz signals are divided by 4 and 6, 
respectively, so that they may be gated into the decade 
divider (509A and 509B) chain, Figs. 12 and 13A, respec- 
tively, along with the 1 -MHz and 100 -kHz signals (Fig. 3). 
Gating (510) is accomplished with a nor gate, El, and in- 
verter, E2, connected as an or gate (Fig. 13B). The "Time 
Base Reset" switch (Fig. 4) must be closed momentarily 
when a new input signal is selected, to assure that inactive 
gate inputs are at the "0" level. 

The 4 -MHz crystal oscillator (see Fig. 4) is an Internation- 
al Crystal 0E -10. These oscillators are available at any fre- 
quency from 3 MHz to 20 MHz and remain within 
0.0005% of the specified frequency over a range of -10° C 
to +60° C. A zero -adjust trimmer is provided and frequen- 
cy vs temperature data is supplied with each unit. The os- 
cillator output is fed directly to Schmitt trigger input. 

Power requirements of clock and generator are: 
1. 0E -10 Oscillator 4.5 mA 
2. Time -base generator 3.6 V d.c. at 650 mA continuous 

3.6 V d.c. at 800 mA during reset 
3. Clock 3.6 V d.c. at 860 mA continuous 

3.6 V d.c. at 950 mA during reset 
4. Display 12 V d.c. at 260 mA with 16 

bulbs illuminated (11:11:11) 
12 V d.c. at 670 mA with 

43 bulbs illuminated (08:08:08) 
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Fig. 12. Logic dia ram and the state table for the minimum - 
hardware modulo -10 counter circuit (509A) shown in Fig. 3. 

Fig. 13. Diagrams of the (A) decade divider circuit (509B) 
and of the (B) selector gate circuit (510) shown in Fig. 3. 
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THE portable laser optical communications system (OCS) 
provides a secure audio link in the presence of electri- 

cal, optical, and audio disturbances. The gallium arsenide 
(GaAs) laser beam is invisible since the emitted light is in 
the infrared region (9050 A at room temperature); is com- 
pletely safe for the human eye (peak energy density is 0.7 
X 10- 7joule /cm2); has a potential line -of -sight range of 
about 10 miles; audio information quality transmitted by 
the beam is independent of laser output power variations; 
and a variety of coding schemes can be incorporated to 
increase the security of the information transmitted. 

The system was developed and manufactured by Holo- 
beam, Inc. for U.S. Navy ship -to -ship communications dur- 
ing refueling operations on the high seas. Among the major 
reasons for the Navy to seek such a system was poor reliabil- 
ity of their radiotelephones and the anticipated need to re- 
fuel ships under conditions of radio silence. 

Two OCS configurations have been produced and deliv- 
ered to date; a fixed system (Fig. 1) and a portable unit (Fig. 
2). The fixed transceiver is attached to a ship's personnel 
rail. In addition to a push -to -talk handset, the fixed trans- 
ceiver is also equipped with a 15 -watt public -address sys- 
tem. The fixed OCS is unidirectional since each transceiver 
uses only one laser diode for transmission and one silicon 
photodiode for reception. 

The portable OCS (Fig. 2) consists of a transceiver optics 
system mounted on top of the helmet, an electronic pack, 
and a battery pack (not shown). Three additional receiver 
photodiodes are mounted on the helmet -one on each ear- 
piece and one on the back. Consequently, moving the head 
does not affect the reception quality and, in this sense, the 
portable OCS is omnidirectional. 

Both the fixed and portable OCS's in this application are 
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Laser -Beam 
Communicator 

By JULIUS LEVINE 
Director, Electronics Div., Holobeam, Inc. 

High -quality voice riding on laser beam is used 
in Navy ship -to -ship communications system. 

Fig. 1. Fixed version of optical communications system. Unit 
is attached to ship's personnel rail and is equipped with 15- 
W public- address system in addition to push -to -talk handset. 

designed to provide voice communications over 250 feet, 
which is only a small part of their potential maximum 
range. The main reason for setting the laser helmet optics 
for such a short range is that when this particular system is 

in operation, the ships being refueled are in close proximi- 
ty. Another reason is the wide laser beam divergence possi- 
ble at this short distance. Thus, both units provide beams 75 
feet in diameter at 250 feet. Such a wide beam divergence 
eliminates any need for accurate laser aiming and assures 
reliable communications even while the ship being re- 
fueled pitches, rolls, and yaws. 

The successful field performance of the OCS can be at- 
tributed to two major design innovations: the pulse position 
modulation (PPM) technique whereby audio (analog) infor- 
mation is converted at the transmitter (Fig. 3) directly into 
pulse position in time and reconstructed at the receiver 
(Fig. 4) directly without the commonly used A / D and D / A 

converters; and the design of a low- voltage (40 -volt d.c.) 
pulsed laser power supply capable of producing fast (80 -ns) 
high- current (40 -amp) pulses at a 8 -kHz repetition rate. 
The PPM insures clear reception independent of wide vari- 
ations in the laser output power. The successful design of a 
low- voltage power supply in place of a conventional high - 
voltage unit resulted in a smaller and lighter power -supply 
package -a major consideration in portable equipment. 

Pulse Position Modulation 

One reason for devising the PPM technique used in this 
OCS is that it is extremely difficult, if not impossible, to 
keep the GaAs laser light power output at some constant 
level. Thus, any kind of amplitude- modulation scheme de- 
pending on a constant laser power output would be very 
complex and unreliable. 
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in general, the operation of a galli- 
um- arsenide laser depends on the am- 
plitude, width, and repetition rate of 
current pulses applied to it. Making the 
pulse width sufficiently narrow and the 
repetition rate sufficiently low, the la- 
ser output power will then depend 
solely on the magnitude of the applied 
current. 

Selection of a value (or values) for 
this current must be made on the basis 
of current versus temperature for the 
particular laser diode type. Character- 
istically, no single current value can be 
chosen if the laser is to operate over a 
relatively narrow temperature range. 
For example, if the laser input current 
is kept constant over a temperature 
range of -15° to +55° C, no output will 
be obtained at approximately 40° C with the maximum out- 
put power obtained at approximately -15° C rather than at 
room temperature. 

Thus, to operate the laser diode near its maximum power 
output over a reasonable temperature range, a thermal 
control network is incorporated into the OCS. This control 
network consists of a thermistor, a voltage regulator, and a 
pulsed current supply with the output proportional to the 
regulator voltage. The subminiature thermistor with a very 
small thermal time constant (2 seconds) is mounted directly 
on the laser diode which, in turn, is mounted on a 3" X 3" 
heat sink. In this way the thermistor signal adjusts the output 
voltage of the regulator which then determines the amount 
of current applied to the laser diode during each pulse. 

However, due to the inherent GaAs laser diode thermal 
operating characteristic, the output power cannot be main- 
tained constant even with temperature compensation if 
maximum power output is desired at all temperatures. This 
is due to the narrowing of the available laser operating re- 
gion for both lower and elevated temperatures. Conse- 
quently, while the OCS thermal control network maintains 
the laser input current near its maximum allowable value, 
the output laser power varies. As a result, in the OCS devel- 
oped for the Navy, maximum power is obtained at approxi- 
mately room temperature and thermal half -power points 
occur at -15° and 1 55° C. 

DFS OCS 

Infantry Large Gun Fixed Portable 

Range 500 meters 3000 meters 250 feet 250 feet 

Beare Divergence 1, 5, or 10 
mradians 

1, 5, or 10 
mradians 

300 
mradians 

300 
mradians 

Detector Number 8 13 1 4 

Detection Ornnidirect. Ornnidirect. Unidirect. Ornnidire, , 

Pulse Width (in es) 200 200 80 80 

Peak Energy Density 
(in joules /cm2) 03x 10-7 0.2 x 107 0.7 x 10 / 0.7 x 10-7 

Table 1. Comparisons between the OCS and the OFS laser systems. 

Modulator Design 

Since the operation of the laser diode in this system de- 
pends entirely on its input current, the modulator (pulsed 
current supply) design can be rated next in importance 
only to the modulation technique itself. Furthermore, mod- 
ulator design freedom was severely limited by the portabili- 
ty requirement of this optical communications system. 

The most suitable technique for generating high -level 
(40 -amp), short -duration (80 -ns) current pulses is the con- 
ventional capacitor discharge through a fast electronic 
switch. Since the rise and fall times of the current pulse, as 
well as the d.c. supply voltage charging the capacitor, are 
determined by this switch characteristic, its selection and 
design play an important part. In fact, the switch require- 
ments- ability to turn on fast while switching high cur- 
rent -are mutually exclusive for most semiconductor 
switches. 

Most electronic switches designed for this purpose use 
SCR's as the final switching elements, since SCR's can pass 
very high peak currents. Ilowever, their turn -on and turn- 
off times are relatively slow unless very high voltages are 
used. But high voltages could not be used in a portable unit 
such as the OCS. 

To avoid the need for a high -voltage supply, a modulator 
was developed that uses three high -speed transistors as the 
current switch. Not only is it fast, but it permits the use of a 
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40 -volt power source to charge the capacitor that provides 
the laser input current. 

As was mentioned earlier, both the fixed and the portable 
OCS models have a range of 250 feet with a beam diver- 
gence at that distance of 75 feet. These beam parameters 
are due entirely to the Naval system specifications that 
called for a reliable, effectively omnidirectional, short - 
range voice link for ship -to -ship communications. 

Narrow Beam Extended Range 

Before starting work on the OCS for the Navy, a Direct 
Fire Simulation (DFS) laser system was designed and deliv- 

Fig. 2. Portable version of the optical communications system 
showing laser and optics located on top of helmet. Omnidirec- 
tional reception is achieved by mounting three photodiodes on 
the helmet -one on each of the earpieces and one on the back. 



new 
19 -piece midget 

reversible 
ratchet offset 
screwdriver 

set 

3-3/4" heavy duty, 
stainless steel reversible 
20 -tooth ratchet with 
short turning radius for 
close work. 

Unique 6" spinner/ 
extension has drive 
socket insert in handle 
for ratchet. Use also 
as regular screwdriver 
with bits. 

1/4" hex to 1/4" square 
adapter bit permits use of 
ratchet or spinner /extension 
with Xcelite Series 1000 or 
other 1/4" sq. drive sockets. 

16 precision made, alloy steel 
bits with knurled spinner tops 
... 12 Allen hex type, 2 slotted 
screw bits, 2 Phillips bits. 

FREE STICK -ON INITIALS 
personalize the sturdy plastic 
case and help prevent 
loss or mix -up. 

No. XL -70 Set 

Made in 
U. S. A. 

Also 5 -Piece Kit (No. XL -75) 
Reversible ratchet with 3/16" and 
1/4" slotted screw bits, =1 and #2 Phillips 
bits, all in a durable plastic, pocket 
size, snap fastener case. 

nationwide availability through local distributors 

REQUEST BULLETIN N770 

XCELITE, INC., 12 Bank St., Orchard Park, N. Y. 14127 
In Canada contact Charles W. Pointon, Ltd. 

CIRCLE NO.112 ON READER SERVICE CARD 

"But once the organization is actual- 
ly in operation, we shall have facts. You 
can be sure the Federal Trade Com- 
mission will be keeping a close watch 
on RSA and its parent company for any 
infraction of the anti -monopoly laws, 
and the FTC recently has been given a 
new set of teeth -or at least encour- 
agement to use the teeth it has -by 
Congressional criticism spurred on by 
the aroused consumer. RCA will be 
walking very carefully to avoid any tri- 
ple- damage suits. 

"While RCA has lots of experience in 
servicing its own products, servicing all 
makes of receivers is a different ball 
game altogether -as we well know. 
Servicing one brand of receiver when 
you are back -stopped by the factory 
and copious field notes is a lot different 
than catch -as- catch -can wrestling with 
dozens of different makes and hun- 
dreds of variations in mechanical lay- 
out, circuitry, and service procedures. 
Technicians can be factory- trained to 
service one brand but not to service all 
brands. To be able to service all makes 
rapidly and efficiently, a technician 
must have very sound knowledge of 
fundamental theory plus a lot of practi- 
cal experience in general servicing 
plus a willingness to study almost con- 
tinuously. This kind of technician is 
hard to come by and difficult to keep. 
He is usually much happier working 
for himself than for someone else. 

"RCA is gambling the resentment 
aroused among independents by RSA 
will soon die out and be forgotten. If it 
doesn't, the company is too smart to 
continue antagonizing thousands of in- 
dependent service dealers, especially 
now these independents seem finally 
on the road to forgetting their differ- 
ences and established a powerful na- 
tion -wide organization. RSA may well 
be the agglutinating agent, as a com- 
mon enemy, that clumps the separate 
organizations together like butter 
forming in a churn. Such an organiza- 
tion could keep alive the bitterness and 
resentment for years to come. No man- 
ufacturer, not even one as large as 
RCA, can afford to have literally thou- 
sands of enemies. If RSA tarnishes the 
RCA image, it will be jettisoned." 

"Other manufacturers are quick to 
take advantage of the situation," Bar- 
ney added. "Some are already running 
ads in service magazines pointing out 
their long friendship with the indepen- 
dent service dealers, stating they have 
never been in the service business, and 
announcing their dedication to inde- 
pendent service." 

"There's consolation in the knowl- 
edge no other nation -wide major re- 
pair service organization has succeed- 
ed," Mac said. "While we have chain 
groceries, drugstores, restaurants, and 
motels, we don't have a chain of auto- 
mobile repair shops, appliance repair 

shops, or camera repair shops. We do, 
of course, have muffler and transmis- 
sion shops, but we don't have chain ga- 
rages that can repair the entire car. 
When you consider the billions of dol- 
lars spent for car repair, there must be 
a good reason why we don't have 
chains of repair garages. Repair service 
does not lend itself to big -scale organi- 
zation, and I think I know why." 

"I think I do, too," Barney interrupt- 
ed. "The big executives can sit at their 
mahogany desks and make plans and 
earmark millions of dollars to launch 
an organization, production engineers 
can fiddle with their slide rules, and 
the advertising boys can buy radio and 
TV time and newspaper and magazine 
space; but you still end up with a guy 
standing at a bench fixing something. 
The buck stops with him. If he doesn't 
have the knowledge and the experi- 
ence and the motivation to do a good 
job of repairing the set, all the grandi- 
ose plans crumble to nothing. There 
are some things that do not yield to 
massive effort. When a NASA official 
was being urged to use a crash pro- 
gram to overcome the missile gap, he 
observed rather sadly, `In some in- 
stances, a crash program is like trying 
to get a baby in one month by getting 
nine women pregnant.' " 

Grinning appreciatively, Mac fished 
in his pocket for a tip. "He's right," he 
said with a chuckle. "You might tell the 
boys I finally stroked my long gray 
beard and commented that I have 
lived through many threats to the inde- 
pendent service shops and indepen- 
dent service dealers. There were the 
cheap a.c. -d.c. cracker -box receivers 
that were going to destroy us, the su- 
perheterodyne circuit no ordinary man 
could ever understand, the TV sets no 
radio man could ever service, color sets 
too complicated for a B &W technician 
to master, printed circuits that would 
never need service, transistor sets that 
would last forever, drugstore tube test- 
ers, do- it- yourself repair books, plug -in 
module sets, etc., etc., etc. But they 
still need us. Tell the fellows to keep 
their cool and hang in there. If you can 
stand one more old saw, quote the 
proverb a wise Arab says when any- 
thing good or bad appears: `This, too, 
will pass.' " 

"How much design experience did you 
say this new man had ?" 

ELECTRONICS WORLD 



© Walt Disney Productions 

Global moved President Lincoln to Disneyland... without a scratch 
...and we certainly can move your electronics safely! 

(Makes sense, doesn 'tit?) 

We moved Mr. Lincoln...an "Audio -Animatronics R " mechanism...from New York City to the Magic Kingdom 
of Disneyland in California safely...and "without a scratch "! 

In the moving of any electronic equipment, the know -how and experience of Global's Electronic Division is 
put to the test. A letter of commendation from the Disney organization is proof of our success. 

To assure your next shipment of electronics arrives safely at destination, call your local Global Van Lines Agent 
for "Preferential- Presidential" service!...It really does make sense! 

ELECTRONICS DIVISION 

CO24 WILt 24,112&3 
THE "MAKES SENSE " MOVER 

CIRCLE NO. 150 ON READER SERVICE CARD 



50 functions in a single chip. The functions of 50 separate transistors, 
diodes, resistors and capacitors can now be performed by the tiny 
dot in the center of the integrated circuit held by the tweezers. 

The "Chip" ...will it make or break 
your future job? 

THE DEVELOPMENT OF INTEGRATED CIRCUITRY is 
the dawn of a new age of electronic miracles. It means 
that many of today's job skit s soon will be no longer 
needed. At the same time it opens the door to thousands 
of exciting new job oppc rtunities for tech-iicians solidly 
grounded in electronics fundamentals. Read here what 
you need to know to cash in cn the gigantic coming 
boom, and how you can learn it right at home. 

TINY ELECTRONIC "CHIPS," each no bigger than the head 
of a pin, are bringing about a fantastic new Industrial 

Revolution. The time is near at hand when "chips" may save 
your life, balance your checkbook, and land a man on the 
moon. 

Chips may also put you out of a job ... or into a better one. 
"One thing is certain," said The New York Times recently. 

"Chips will unalterably change our lives and the lives of our 
children probably far beyond recognition." 

A single chip or miniature integrated circuit can perform 
the function of 20 transistors, 18 resistors, and 2 capacitors. 

Yet it is so small that a thimbleful can hold enough circuitry 
for a dozen computers or a thousand radios. 

Miniature Miracles of Today and Tomorrow 

Already, as a result, a two-way radio can now be fitted inside 
a signet ring. A complete hearing aid can be worn entirely 
inside the ear. There is a new desk -top computer, no bigger 
than a typewriter yet capable of 166,000 operations per sec- 
ond. And it is almost possible to put the entire circuitry of a 
color television set inside a man's wristwatch case. 

And this is only the beginning! 
Soon kitchen computers may keep the housewife's refrig- 

erator stocked, her menus planned, and her calories counted. 
Money may become obsolete. Instead you will simply 

carry an electronic charge account card. Your employer will 
credit your account after each week's work and merchants 
will charge each of your purchases against it. 

When your telephone rings and nobody's home, your call 
will automatically be switched to the phone where you can 
be reached. 



Doctors will be able to examine you internally by watch- 
ing a TV screen while a pill -size camera passes through your 
digestive tract. 

New Opportunities for Trained Men 

What does all this mean to someone working in Electronics 
who never went beyond high school? It means the oppor- 
tunity of a lifetime -if you take advantage of it. 

It's true that the "chip" may make a lot of manual skills 
no longer necessary. 

But at the same time the booming sales of articles and 
equipment using integrated circuitry has created a tremen- 
dous demand for trained electronics personnel to help de- 
sign, manufacture, test, operate, and service all these 
marvels. 

There simply aren't enough college- trained engineers to 
go around. So men with a high school education who have 
mastered the fundamentals of electronics theory are being 
begged to accept really interesting, high -pay jobs as engi- 
neering aides, junior engineers, and field engineers. 

How To Get the Training You Need 

You can get the up -to -date training in electronics fundamen- 
tals that you need through a carefully chosen home study 
course. In fact, some authorities feel that a home study 
course is the best way. "By its very nature," stated one elec- 
tronics publication recently, "home study develops your 
ability to analyze and extract information as well as to 
strengthen your sense of responsibility and initiative." These 
are qualities every employer is always looking for. 

If you do decide to advance your career through spare - 
time study at home, it makes sense to pick an electronics 
school that specializes in the home study method. Electron- 
ics is complicated enough without trying to learn it from 
lessons designed for the classroom instead of correspondence 
training. 

The Cleveland Institute of Electronics has everything 
you're looking for. We teach only Electronics -no other sub- 
jects. And our courses are designed especially for home 
study. We have spent over 30 years perfecting techniques 
that make learning Electronics at home easy, even for those 
who previously had trouble studying. 

Your instructor gives your assignments his undivided per- 
sonal attention. He not only grades your work, he analyzes 
it. And he mails back his corrections and comments the same 
day he gets your lessons, so you read his notations while 
everything is still fresh in your mind. 

Always Up -to -Date 

Because of rapid developments in Electronics, CIE courses 
are constantly being revised. Students receive the most recent 
revised material as they progress through their courses. This 
year, for example, CIE students are receiving exclusive up- 
to- the -minute lessons in Microminiaturization, Logical 
Troubleshooting, Laser Theory and Application, Single Side - 
band Techniques, Pulse Theory and Application, and Boo- 
lean Algebra. For this reason CIE courses are invaluable not 
only to newcomers in Electronics but also for "old timers" 
who need a refresher course in current developments. 

ENROLL UNDER NEW G.I. BILL 
All CIE courses are available under the new G.I. Bill. If 
you served on active duty since January 31, 1955, or are 
in service now, check box on reply card for G.I. Bill 
information. 
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Tiny TV camera for 
space and military use 
is one of the miracles 
of integrated circuitry. 
This one weighs 27 
ounces, uses a one - 
inch vidicon camera 
tube, and requires only 
four watts of power. 

Get FCC License or Money Back 

No matter what kind of job you want in Electronics, you 
ought to have your Government FCC License. It's accepted 
everywhere as proof of your education in Electronics. And 
no wonder -the Government licensing exam is tough. So 
tough, in fact, that without CIE training, two out of every 
three men who take the exam fail. 

But better than 9 out of every 10 CIE graduates who take 
the exam pass it. 

This has made it possible to back our FCC License courses 
with this famous Warranty: you must pass your FCC exam 
upon completion of the course or your tuition is refunded 
in full. 

Mail Card for Two FREE Books 

Want to know more? The postpaid reply card bound in here 
will bring you a FREE copy of our school catalog describing 
today's opportunities in Electronics, our teaching methods, 
and our courses, together with our special booklet on how 
to get a commercial FCC License. If card is missing, use the 
coupon below. 

CIECleveland Institute 
of Electronics 

1776 East 17th Street, Cleveland Ohio 44114 

E 
COLLEGE - 

LEVEL 

COURSE IN 

ELECTRONICS 

ENGINEERING 
for men with prior ex- 
perience in Electron- 
ics. Covers steady - 
state and transient 
network theory, solid 
state physics and cir- 
cuitry pulse tech- 
niques, computer logic 
and mathematics 
through calculus. A 

college -level course 
for men already work- 
ing in Electronics. 

r 

Cleveland Institute of Electronics 
1776 East 17th St., Cleveland, Ohio 44114 

Please send me without cost or obligation: 
1. Your 44 -page book "How To Succeed In Elec- 
tronics" describing the job opportunities in 
Electronics today, and how your courses can 
prepare me for them. 
2. Your book on "How To Get A Commercial FCC 
License." 

I am especially interested in: 

Electronics Electronic 
Technology Communications 

Broadcast Industrial Electronics 
Engineering and Automation 

First -Class Electronics 
FCC License Engineering 

Name 
(please print) 

Address 

City 

-1 

State Zip Age 

Check here for G.I. Bill Information. 

Accredited Member National Home study Council 
A Leader in Electronics Training...Since 1934 

t_ 
EW -83 
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BOOKS 

"UNIFIED CONCEPTS OF ELECTRONICS" by Clyde N. 
Herrick. Published by Prentice -Hall, Inc., Englewood Cliffs, 
N.J. 07632. 662 pages. Price $13.50. 

This text, by an instructor at San Jose City College, is 
designed as a classroom aid for courses at the technical 
school or junior -college level. 

It is the author's contention that although modern elec- 
tronics covers vast areas, there is a common denominator of 
basic laws and principles that binds these diverse areas to- 
gether so that the student with an understanding of these 
unifying factors can cope with the circuits, devices, and sys- 
tems he will encounter in any specialized field. 

The text is divided into 28 chapters, four appendices, and 
a glossary. The treatment is mathematical and the author 
specifies as prerequisite courses in arithmetic, algebra, ge- 
ometry, and trigonometry plus an elementary understand- 
ing of analytic geometry. 

Since the material is clearly and carefully presented, any- 
one with the requisite background could use this text as a 
home -study or self- instruction book. Each chapter carries a 
summary, a series of multiple- choice questions, and a group 
of problems to be worked for checking purposes. The text is 
lavishly illustrated and the appendices carry supplementary 
material to be used with the text. 

* * * 

"ELECTRONIC FLASH, STROBE" by Harold E. Edgerton. 
Published by McGraw -Hill Book Company, New York, N.Y. 
347 pages. Price $22.50. 

This volume, by the "father" of the modern stroboscope, 
should provide the "last word" for anyone who needs to 
learn about electronic flash for his research, hobby, or pro- 
fession. Dr. Edgerton, who is Institute Professor Emeritus 
at MIT, provides both theoretical and practical information 
on the field. He has even provided a number of experi- 
ments for the reader to try out -as a learning process as 
well as a mind -extending experience. 

The twelve chapters making up the text include an intro- 
duction to the technique, the theory of the electronic flash 
lamp, spectral output of flash lamps, circuits for electronic 
flash equipment, lighting requirements for photography, 
single -flash equipment, equipment of short exposure time, 
equipment for nature photography, the stroboscope, expo- 
sure calculations and special photography, techniques of 
light measurement, and specialized applications. 

While the text is lavishly illustrated, one can only regret 
that Dr. Edgerton's obvious modesty deprives us of more 
glimpses of his justly renowned flash pictures for those who 
missed them the first time around. The writing is clear and 
at a level which can be understood by photography hobby- 
ists and /or electronics buffs, or both. 

* * * 

"CB RADIO" by Leo G. Sands. Published by A.S. Barnes 
and Co., Inc., Cranbury, N.J. 141 pages. Price $6.95. 

This is a revised and updated edition of the author's 1960 
volume. In addition to explaining what CB radio is and is 
not, how the service got its start, how it can be used, the 
author covers transmitting and receiving equipment, pro- 
vides information on simple installation and maintenance 
techniques, and outlines for service technicians the busi- 
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ness potential represented by the market for CB gear. 
There are photographs of equipment, line drawings, par- 

tial schematics, tables, listings of CB equipment makers, the 
"10 Code," a glossary of radiotelephone terms, and other 
useful data for CB users or potential users of the service. 

* * * 

"INTRODUCTION TO ELECTRIC CIRCUITS" by Herbert 
W. Jackson. Published by Prentice -Hall, Inc., Englewood 
Cliffs, N.J. 07632. 710 pages. Price $13.50. 

This Third Edition of a popular elementary text has been 
extensively revised to reflect the new standards recom- 
mended by the International Electrotechnical Commission 
so that when the North American standards organizations 
eventually put the standards into effect, the student and 
technician will be prepared for the new concepts and ter- 
minology. In addition, in anticipation of the adoption of the 
metric system, the author has started easing his students 
into this way of thinking. 

One especially valuable innovation is the printing of im- 
portant statements in blue -which should facilitate review- 
ing the text material prior to examinations and serve as 
memory joggers for the student. 

The text is divided into two main parts covering electrici- 
ty and magnetism and circuit analysis techniques. The first 
part deals with an introduction; current and voltage; insula- 
tors, semiconductors; and sources of e.m.f.; resistance; work 
and power; series and parallel resistances; capacitance; 
magnetic circuits; inductance; alternating current; reac- 
tance; vector algebra; impedance; power in a.c. circuits; 
and electrical measurements. The second part covers 
equivalent circuits, resistance networks, series and parallel 
impedances; impedance networks; resonance; transformer 
action; coupled circuits; three -phase systems; and harmon- 
ics. Five appendices cover determinants, natural sine, co- 
sine, and tangent trig function tables, and a table of expo - 
nentials. 

Since the author's approach is almost conversational and 
his material is presented in clear and easily understood 
form, there is no reason why this book couldn't be used as a 
home -study text as well as in the classroom. 

"MODERN ELECTRONIC MAINTENANCE PRINCIPLES" 
by D.J. Garland & F.W. Stainer. Published by Perga mon 
Press Ltd., Elmsford, N.Y. 10523. 82 pages. Price $2.70 soft 
cover. 

This volume was prepared on behalf of the Society of 
Electronic and Radio Technicians (S.E.R.T.) and is designed 
for practical training programs involving maintenance 
technicians in both electronic and other disciplines. 

The authors, both of whom have been associated with the 
Technical Training Command of the R.A.F., have divided 
the text into twelve chapters outlining the need for mainte- 
nance principles, reliability, components and reliability, 
factors affecting maintenance, preventive and corrective 
maintenance, the half -split method, aids to maintenance, 
functional diagrams, fault- finding guides, test equipment, 
training for maintenance, and work underway in mainte- 
nance research. 

Although the terminology and circuit diagram symbols 
used in the text are British, U.S. technicians should have no 
difficulty making any necessary transitions. 

While many of the circuits selected to demonstrate the 
various maintenance techniques involve military gear and, 
specifically R.A.F. equipment, the procedures outlined by 
the authors are equally applicable to commercial equip- 
ment of varying degrees of complexity. 

The writing is clear and concise, the text is well illustrat- 
ed, and the double -column format and the handbook -size 
presentation makes this manual as easy to use on the serv- 
ice bench as it is as a reference work for home- or classroom 
study of the why's and wherefore's of electronic equipment 
maintenance. 

ELECTRONICS WORLD 



Survival Radio for Apollo 
(Continued from page 40) 

ing resistors, vertically. A novel tech- 
nique was used to secure parts against 
the vigorous mechanical environment 
without adversely affecting the electri- 
cal performance. A thin sheet of clear 
acetate was softened by heat and then 
pulled down into close contact with 
the parts by means of a vacuum ap- 
plied beneath the printed- circuit 
board. The softened acetate flows 
around each part, giving the appear- 
ance of a conformal -like coating, but 
does not flow under the part where the 
change in dielectric constant would 
disturb the tuning and Q of critical cir- 
cuits. The acetate has a very low ther- 
mal capacity and consequently cools 
immediately after forming without 
thermal shock to the parts. Only very 
minor tuning adjustments have been 
required following application of the 
acetate which, essentially, bonds every 
part to every other part for excellent 
mechanical rigidity. Individual parts 
can be replaced after covering by us- 
ing a small knife to remove the acetate 
around the part and later securing the 
new part with RTV. 

The voice and beacon modulators 
and the transmitter are located on the 
second printed- circuit board. It is 
mounted on long threaded stand -offs 
in an inverted position. This makes it 
convenient to attach heat sinks for the 
transmitter driver and final amplifier 
stages directly to the aluminum sup- 
port plate which itself acts as a heat 
sink. This has proved to be very effec- 
tive and these devices experience only 
a nominal 3 -5 °C rise above ambient 
under continuous transmit conditions. 
Fig. 6 shows the transmitter board re- 
moved from the mounting plate so the 
various component parts are more 
readily visible. 

While, hopefully, the survival radio 
will never be called upon to perform 
its intended function, it must always be 
ready. Great effort is made to achieve 
the highest possible reliability of the 
equipment. All parts selected for use 
were of the established reliability (ER) 
or testing extra (JANTX) type, or were 
subjected to rigorous 100% screening 
tests. In addition, the equipment is as- 
sembled under clean -room conditions 
with microscopic inspection at each 
step and subjected to thorough accept- 
ance testing before delivery. 

The author wishes to acknowledge 
the contributions of Peter J. Hooyen, 
Jess C. Wright, E. Samuel Levy, Wil- 
liam C. Cockerell, Jr., Wolfgang 
Schmidt, and George Metz in develop- 
ing the Apollo Survival Radio. The 
work was performed under contract 
with NASA's Manned Spacecraft Cen- 
ter in Houston, Texas. 
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If you can't come to the world's 
newest, largest and most exciting 

electronics department store, 
well mail the store to you! 

XCIUSiVe Intgh gKld Y our - nd 

stereo, 
air 

ham radio, sc ente, hobby, test, 

photography and more. 

Exclusive! 
time Tu 

Realistic 
Life - worries! Wes' The end of tube 

last as long as 

he 

ours will replace it FREE, set_or 
we 

ALLIED 
RAMP MACK 
[ATArtU6 /9Jl 

M ON IM MM 
OK** 

wwMv 

xluive! 
Big ChoiceEc of Audio 

s 
Items. 

Factory- Direct Savings! 

Allied TD -1099. 3 -Head Stereo Tape One -1 piece head makes tape threading a snap. Walnut - grain case. $179.95 

Realistic STA -120. Wideband AM, FET- FM Stereo Receiver. 140 Watts. With case. $269.95 

1911 Allied Radio Shack Catalog 
Thousands of electronic values! 

World's finest selection of famous brands -in one book! .. 54.,-wood, 
- FISHERi' 

c MOTOROLA WtiarferJAe; 
pANASONIC 

/ `it -,-_ 
RpBERTS a/yiydcoKERMVG EEI'iAE 

Allied Radio and Radio Shack have joined 
forces to form the largest electronics dis -` 
tributing company in the world! This new 
460 -page catalog offers you famous -name 
brands, exclusive new products you'll find 
nowhere else and prices that only our 
combined buying power makes possible! 

World's Largest! Over 800 stores in 48 
states. See your phone book. 

RADIO 51-1,41K 

DIVISION Or QTANOV CORP 

Mail Coupon To Address Below... or bring to 

Allied Radio Shack store for new 1971 catalog! 

ALLIED RADIO SHACK, 100 N. Western Avenue 602 
Chicago, Illinois 60680 
Yes! I want your big new 1971 catalog. I enclose $1 for 
mailing and handling (refundable with my first purchase of 
$1 or more). 

NAME 
First Middle Last 

ADDRESS 
Street or Route and Box No. 

CITY STATE ZIP 
1 enclose check O money order cash l_ J 

ENJOY THE "MUSIC ONLY" FM PROGRAMS 

M. A. D. 
MUSIC ASSOCIATED'S DETECTOR 

for continuous, commercial -free music 
with ANY FM tuner or receiver 

Kit $49.50 Wired $75.00 Cover $4.95 List of FM 
stations with SCA authorization $1.00. For com- 
plete information write or call: 

MUSIC ASSOCIATED 
65 Glenwood Rd. 

Upper Montclair, N.J. 07043 
phone 201-744-3387 

ELECTRONICS 
V.T.I, training leads to success 
as technicians, field engineers. 
specialists in communications, 
guided missiles, computers, ra- 
dar 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, cam- 
pus. High school graduate or 
equivalent. Write for catalog. 

VALPARAISO TECHNICAL INSTITUTE 

Dept. RD, Valparaiso, Indiana 46383 
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this Christinas 
Give Security 

Gift selection can be a problem. 
This year give a gift that will be 
truly appreciated . . . Security. 
DeltAlert ultrasonic intrusion de- 
tection security. 

Burglary and vandalism are con- 
stant threats to your home, office 
or shop. With DeltAlert on the job, 
you have dependable and eco- 
nomical security. A silent ultra- 
sonic blanket guards 150 to 300 
square feet of critical space in the 
home or business. 

When the ultrasonic blanket is 
disturbed by motion the system is 
activated, lights go on, and the 
separate DeltaHorn emits an ear- 
splitting noise ...frightening off 
even the boldest intruder. 

These sturdy units, finished in 
handsome walnut veneer, are 
maintenance free and plug right 
into the wall socket. The DeltaHorn 
plugs directly into the DeltAlert. 
Small, the DeltAlert is only 103 /8 "w 
x 31/4 "d x 31/4 "h and the DeltaHorn, 
31/4" square, the units blend incon- 
spicuously into your decor. 

This Christmas, give a lasting 
gift of security... security for your 
friends, your family and yourself. 

Order your DeltAlert Security 
today! 
DeltAlert Only 6995 ppd. 

DeltaHorn Only $2495 ppd. 

"Delta Products, One Of America's 
Finest Names In Electronics" 

DP 70-21 
I 

J 

DELTA PRODUCTS, INC. 
P.O. Box 1147 EW / Grand Junction, Colo. 81501 

(303) 242-9000 
Please send me literature immediately: 
Enclosed is $ . Ship ppd. Ship C.O.D. 

DelAlert(s) @ $69.95 ppd. 

DeltaHorn(s) @ $24.95 ppd. 
Please send:_ 
Please send' 

Name 
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ç) TEST 
EQUIPMENT 
Product Report 

Triplett Model 602 Solid -State V.O.M. 
For copy of manufacturer's brochure, circle No. 3 on Reader Service Card. 

AT 
first glance, the new Triplett 

Model 602 looks like a conven- 
tional solid -state v.o.m. But if you look 
carefully at the row of push- buttons at 
the left, you find, in addition to the 
usual " + ", " -", and "AC" functions, 
one push- button marked "AP." This 
activates the unique auto -polarity fea- 
ture. Now you don't have to reverse 
leads or push in the other polarity but- 
ton when your meter pointer reads 
backwards because you didn't know 
the polarity of the d.c. voltage or cur- 
rent you were measuring. With this 
meter, the pointer reads up -scale re- 
gardless of the polarity. 

This little trick is accomplished fairly 
simply. The input is first applied 
through a voltage divider to a field -ef- 
fect transistor. Output of the FET goes 
to another transistor which operates as 
the meter -circuit driver. There are two 
oppositely wired crystal diodes con- 
nected to opposite sides of the meter 
movement. When the input polarity is 

positive, one of these conducts; when 
the input polarity is negative, the other 
conducts. Because of the way these 
diodes are connected to the meter, it 
reads up -scale in either case. If you re- 
ally want to know the polarity of the 
voltage you are measuring, then you 
simply disable one of these diodes by 
pressing the "+" or " -" button. Now, 
the meter will read up -scale only when 
the marking on the button matches the 
polarity of the voltage being measured. 

Two more transistors, connected in a 
Darlington configuration, are in the 
feedback loop from the meter circuit 

back to the FET input stage. These 
transistors stabilize the gain of the cir- 
cuit and make the output linear re- 
gardless of the series diodes. The feed- 
back circuit also compensates for 
changes in the resistance of the coil of 
the movement with temperature. 

The tester has high input imped- 
ance, thanks to the FET used, on both 
d.c. (13 megohms)and a.c. (10 meg- 
ohms) on all ranges. Lowest full -scale 
range for d.c. and a.c. is 0.3 V. 

Readily available batteries are used 
to power the v.o.m. These are a "D" 
cell for the ohmmeter scales and two 
9 -volt transistor -radio batteries for the 
transistor meter amplifier. Price of the 
Model 602 is $100. 

Victoreen 499 "Vic -Chek" X -Ray Survey Meter 
For copy of manufacturer's brochure, circle No. 4 on Reader Service Card. 

WITH the continuing excitement 
about x- radiation from color -TV 

sets, service technicians have been 
looking for a simple, inexpensive in- 
strument they could use to check a col- 
or set for such radiation. The new Mod- 
el 499 "Vic -Chek" from Victoreen In- 
strument Div. has been designed to fill 
this need. However, when we saw the 
survey meter, we were somewhat dis- 
appointed in that the calibrations are 
in terms of counts per minute rather 
than milliroentgens per hour, which 

are the units specified by the govern- 
ment standard (x- radiation not to ex- 
ceed 0.5 mR /hr at a distance of 5 cm). 
Evidently, the type of Geiger -Mueller 
counter tube used, the design of the ra- 
diation window, and the simple circuit- 
ry used do not permit the kind of accu- 
racy needed to check radiation in units 
defined by the standard. Victoreen 
produces such instruments, but at 
prices far above the Model 499. 

The meter is still useful, however, to 
indicate relative radiation. The techni- 
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cian, for example, can check the 
amount of radiation produced when he 
substitutes a shunt regulator tube for 
an older type that may have been pro- 
ducing some x- radiation. He can also 
determine the relative amount of radi- 
ation before and after making a high - 
voltage adjustment on a color set. 

The full -scale reading on the meter 
is 1000 counts /minute. The back- 
ground count indicated by the meter 
was around 25 to 50 counts /minute in 
our location, and when we moved the 
meter all around the outside of our col - 
or-TV set, the reading went up another 
25 to 50 counts at most. On the other 
hand, when we put a couple of lumi- 
nous -dial wristwatches on the window 
of the meter, the meter pointer was 
pinned full -scale in some cases. Of 
course, this radiation drops off sharply 
with distance and there was little or no 
radiation from the backs of the 
watches. Even the amount of radiation 
at full -scale is quite a bit below the 
standard, however. As near as we were 
able to determine, the full -scale read- 
ing of 1000 counts /min is roughly 
equivalent to only 0.2 mR /hr at a dis- 
tance of 5 cm. 

Although designed primarily for TV 
technicians, the Model 499 is also use- 
ful where a quick and sensitive x -ray 
and gamma- radiation survey meter is 
needed. Applications include prospect- 

ing, geology, radio -chemistry, and gen- 
eral table -top surveys. 

The detector tube, a Geiger -Mueller 
counter, is housed inside the compact 
unit behind a 10 -cm2 radiation window 
of aluminized Mylar. The meter cir- 
cuits are solid -state for low power con- 
sumption and reliability. Power is sup- 
plied by a 9 -volt transistor -radio 
battery. 

The 1 -lb instrument easily fits within 
an operator's hand; size is 3 in by 5 in 
by 2'/2 in deep. Price is $79.50. 

Ohmite Models 3405 -3410 Resistance Decade Boxes 
For copy of manufacturer's. brochure, circle No. 5 on Reader Service Card. 

RESEARCH and development labs 
frequently make use of precision 

resistance decade boxes in some of 
their measuring and testing setups. 
Such boxes are also useful for some pro- 
duction -line tests where exact resist- 
ance values are needed. Service tech- 
nicians also use decade boxes to make 
component substitutions although this 
application requires higher power and 
much lower accuracy resistors than the 
ones used in the new Ohmite "De- 
term -Ohm" decade boxes. 

The company has four models availa- 
ble. These are the Models 3405, 3406, 
and 3407, which are four -decade boxes 
with maximum resistances of 9.999, 
99.99, and 999.9 kilohms at 1, 10, and 
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100 ohms per step, respectively; the 
Model 3410, a six -decade box with 
maximum resistance of 999.999 kil- 
ohms at 1 ohm per step. Accuracy of all 
the boxes is within 0.1 percent with no 
more than 0.01 ohm added for contact 
and circuit resistance per decade. The 
precision resistors used are all quarter - 
watt units. 

We were quite impressed with the 
rocker -type thumbwheel switches used 
to select the various resistors. The re- 
sistance setting is indicated by the in- 
line numeric readout displayed by 
these switches to 4 or 6 significant fig- 
ures, depending on the model. Pushing 
the lower part of the rocker advances 
the number and corresponding resist- 
ance value; pushing the upper portion 
of the rocker decreases the number. 
With this kind of readout, it's just about 
impossible to set the resistance values 
incorrectly. Unlike some such switches, 
you can go back and forth from 9 
through 0 to 1 without having to 
switch back through all the other val- 
ues. The switches are rated in excess of 
50,000 operations. 

The housing is 5 -in wide by about 4- 
in high and about 4 -in deep. Prices are 
$85 for Models 3405, 3406; $90 for 
Model 3407; and $125 for the 3410 

Marty Ten B... 
the gift for 
the man who has 
everything. 
It's new! 
It's practical! 
It's different! 

Christmas comes but once a year, 
but car problems continue year round. 
So why not give the gift that provides 
continuing pleasure and satisfaction 
... the Mark Ten B CD System. 

Keeping your car in tune is impor- 
tant to the life of the car. What did your 
last tune -up cost? More and more, 
tune -ups are becoming a major main- 
tenance expense, costing $60 and up. 

Now you can eliminate two out of 
three tune -ups (that's real savings). 
Delta's all new Mark Ten B CD System 
is made especially for foreign cars and 
modern American engines suffering 
from smog control devices, rough idle 
and poor fuel mix. The system is com- 
pletely sealed, with handy switch for 
instant conversion. Quick installation 
-no rewiring. The Mark Ten B actually 
pays for itself in dollars saved. 

You may even want to give yourself 
a Mark Ten B Christmas. 

Order today! 
"Delta Products, One Of America's 

Finest Names In Electronics" 

Mark fen B Only $5995 ppd. 
(12v neg only) 

Standard Mark Ten $4495 

DP 70 -227 

« DELTA PRODUCTS, INC. 
P.0. Box 1147 EW / Grand Junction, Colo. 

(303) 242 -9000 

Please send me literature immediately: 

Enclosed is $ . Ship ppd. Ship C.O.D. 

Please send: 

-Mark Ten B@ $59.95 

Standard Mark Ten (Assembled) @ $44.95 

.6 Volt: Neg. Ground Only Positive Ground 

-12 Volt: Specify Negative Ground 

Standard Mark Ten (Deltakit" )@$29.95 
(12 Volt Positive Or Negative Ground Only) 
Car Year Make 
Name 
Address 
City /State Zip 
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New from Heath...in time 
New Heathkit ® solid -state 

modular color TV 
The result of over five years in research and development, these 
sets represent one of today's greatest color TV values. Here's 
why: a total of 45 transistors, 55 diodes, 2 silicon controlled recti- 
fiers, 4 IC's containing another 46 transistors and 21 diodes plus 
2 tubes (picture and high voltage rectifier) combine to deliver 
performance and reliability unequalled by any conventional tube 
set. Other features include: MOSFET VHF tuner; high -gain 3- 
stage solid -state IF; emitter -follower output; automatic fine tun- 
ing; VHF power tuning; built -in degaussing plus manual 
degaussing coil; automatic chroma control; adjustable noise 
limiting and gated AGC; "instant- on "... sound instantly, picture 
in seconds; bonded -face, etched glass picture tubes; adjustable 
tone control; exclusive hi -fi outputs; and 48 -hour factory service 
facility for modules. The sets are designed to be owner -serviced 
... the only sets on the market with this exclusive feature. A 
built -in dot generator, volt -ohm meter, and modular snap -out 
epoxy circuit boards make routine adjustments and service a 
snap ... virtually eliminating service calls and offering significant 
savings over the life of the set. It all adds up to the color TV buy 
of a lifetime in the GR -270 and GR- 370... ready now for Christ- 
mas giving! 

Kit GR -270, 227" 20V tube, 114 lbs. $489.95* 
Kit GR -370, 295" 23V tube, 127 lbs. $559.95* 
Kit GR- 370MX, GR -370 with RCA matrix tube, 
127 lbs. $569.95* 

20 

19 

18 - 
17 

16 15 

Modular plug -in circuit board construction 

MOSFET VHF tuner and 3 -stage IF 

Pushbutton channel advance 

Hi -fi sound outputs - for amplifier 

Designed for owner -servicing 

Exclusive modular design 
5 6 7 8 

3 models in 295 sq. in. 

Luxurious Mediterranean 
Cabinet...factory assem- 
bled of fine furniture 
grade hardwoods and 
finished in a flawless 
Mediterranean pecan. 
Statuary bronze trim 
handle. 30X," H x 47" 
Wx173/4 "D. 
Assembled GRA304.23, 
78 lbs. $129.95* 

10 

11 

12 

13 

14 

1 Exclusive check -out meter 
2 Tilt -out convergence /secondary control panel 
3 Gun shorting switches 
4 3 -stage IF assembly 
5 Plug -in AGC /Sync circuit board 
6 Plug -in 3.58 MHz oscillator circuit board 
7 Plug -in Chroma circuit board 
8 Plug -in Luminance circuit board 
9 Service and Dots switches 

10 Plug -in Video Output circuit board 
11 High voltage power supply 
12 Plug -in Vertical Oscillator circuit board 
13 Plug -in Horizontal Oscillator circuit board 
14 Plug -in Pincushion circuit board 
15 Conservatively -rated power supply components 
16 Circuit breaker protection 
17 Plug -in Sound circuit board 
18 Master control panel 
19 Hi -fi sound output 
20 Plug -in wiring harnesses and connectors 

for faster assembly 

Choice of factory -assembled cabinets 

3 models in 227 sq. in. 

Exciting Mediterranean 
Cabinet...assembled us- 
ing fine furniture tech- 
niques and finished in 
stylish Mediterranean 
pecan. Accented with 
statuary bronze handle. 
27,%," H x 417/8" W x 
19° /ii r D. 
Assembled 6RA- 202.20, 
85 lbs. $114.95* 
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Deluxe Early American 
Cabinet...factory assem- 
bled of hardwoods & ve- 
neers and finished in 
classic Salem Maple. 
2921/2, "Hx371 /4 "Wx 
193/4" D. 
Assembled GRA-303-23, 
73 lbs. $114.95* 

Contemporary Walnut 
Cabinet and Base Com- 
bination. Handsome wal- 
nut finished cabinet sits 
on a matching walnut 
base. Cabinet dimen- 
sions 203/" H x 31' /,ó" 
W x 185/e" D. Base di- 
mensions 73/4" Hx273/4" 
Wx185 /e "D. 
Assembled GRA-203-20 
Cabinet, 46 lbs. $49.95* 
GRS -203 -6 above cab. 
w/ matching base, 
59 lbs. $59.95* 

Contemporary Walnut 
Cabinet...factory assem- 
bled of fine veneers & 
solids with an oil- rubbed 
walnut finish. 291h1" H 
x 35'i',6" W x 191/a" D. 
Assembled GRA-301-23, 
60 lbs. $74.95* 

Handy Roll- Around Cart 
and Cabinet Combina- 
tion. Features the GRA - 
203-20 walnut cabinet 
plus a walnut- trimmed 
wheeled cart with stor- 
age shelf. 
Assembled GRA-203-20 
Cabinet, 46 lbs. $49.95* 
GRA-204-20 Roll- Around 
Cart, 19 lbs. .119.95* 
GRS -203.5 Cart & Cabi- 
net Combo, 
65 lbs. $59.95* 
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for Christmas giving 
New Heathkit 

Electronic Oven 

...only $399.95* 

Now, through the miracle 
of microwave energy, a cooking 
revolution that frees you from 
conventional kitchen drudgery forever! 

Imagine a baked potato in 4 minutes; baked beans in a little over 6 
minutes; a five -pound roast in 45 minutes. This is the miracle of 
microwave cooking. And now Heath brings you this modern miracle 
for the first time in money- saving, easy -to- assemble kit form. For 
busy families on the go, meal preparation is a matter of minutes. 
You can cook on china, glass, or even paper dishes since only the 
food becomes hot. Your cooking dish can be your serving dish. 
Frozen foods can be defrosted in minutes for quick spur- of -the- 
moment frozen meals cooked right in their own containers. And 
there is not the slightest cause for concern about the safety of your 
Heathkit electronic oven. Exclusive door design prevents micro- 
wave leakage from the oven cavity.And with a SAFETY INTERLOCK 
SYSTEM UNIQUE IN THE INDUSTRY, not only does the oven stop 
cooking if the door is opened, but the door can't be opened unless 
the interlock is operating properly. A second independent door 
interlock is also provided for maximum protection. And all interlock 
mechanisms are tamperproof. Assembled in accordance with the 

manual, the GD -29 meets all the new federal standards for safety 
and radio interference. No special precautions are required when 
operating. The Heathkit electronic oven is as safe as your conven- 
tional oven! Quality components are used throughout: magnetron 
tube by Litton, the uncontested leader in the field; avalanche di- 
ode circuitry for longer tube life; simplified wiring harness with 
push -on quick- connectors for reliability and ease of assembly. GD- 
29 prototypes endured grueling "life- tests" equivalent to over 60 
years of continuous service ...further assurance of uncompromised 
reliability. Another feature is portability: the Heathkit electronic oven 
operates on regular household current. Plug it in anywhere...on a 

countertop, a wheeled cart, in the kitchen, on the patio, at the 
cottage... anyplace a grounded 120V AC power outlet is available. 
Make this a Christmas to remember by putting a Heathkit electronic 
oven under the tree. It's a gift your wife will thrill to... and a present 
the whole family will enjoy... meal after meal after meal. 

Kit GD -29, 80 lbs. $399.95* 

New Heathkit portable 
solid -state color TV 

Big set performance, portable convenience 

MOSFET VHF tuner & 3 -stage IF 

Modular, self- service design 

102 ", 14 V picture tube 

What do you do for an encore after you've created the solid -state 
GR -270 and GR -370 big- screen sets? Simple. Make them porta- 
ble. That's virtually what's been done in the new Heathkit GR -169 
solid -state portable color TV. Heath engineers took the same cool - 
running solid -state circuitry from the large screen chassis and 
packaged it in an easy -to- assemble compact chassis...with the 
same nine plug -in glass epoxy circuit board modules used in the 
big sets. In fact the only difference is the smaller preassembled 
horizontal deflection and high voltage power supply. The same 
MOSFET tuner and high gain 3 -stage IF found in the big sets offer 
superlative color performance. And, as in the larger sets, complete 
owner- service features are provided by inclusion of built -in dot 
NOVEMBER,1970 CIRCLE NO.133ON R 

generator and degaussing along with an exclusive volt -ohm check- 
out meter. 48 -hour factory service facilities for modules are also 
provided with the GR -169. Other features include: built -in anten- 
nas and connections for external antennas; instant picture and 
sound; complete secondary controls available behind the hinged 
door on the front panel; high resolution circuitry for sharp, crisp 
pictures; adjustable noise limiting to keep external interference to 
a minimum. If you're looking for big set color fidelity and perform- 
ance with portable convenience... put the new Heathkit GR -169 on 
your Christmas shopping list now! 

Kit GR -169, 48 lbs. $349.95* 
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New Heath -gift ideas... for 

New Heathkit® AJ -29 New Heathkit® AA-29 
AM -FM -FM stereo tuner 100-watt stereo amplifier 

This is the feature -packed tuner section of the famous Heathkit AR -29 
stereo receiver ... now available as a stereo "separate." The pre - 
assembled, factory -aligned FM tuner boasts 1.8 uV sensitivity for 
whopping station pulling power using FETdesign for superior over- 
load characteristics. Three IC's in the IF section offer superior AM 
rejection, hard limiting, temperature stability, and outstanding reli- 
ability. Other features include a computer- designed 9 -pole L -C 
filter for greater than 70 dB selectivity; new "blend" and "mute" 
functions; and a built -in AM rod antenna that swivels for best re- 
ception. 
Kit AJ -29, 19 lbs., less cabinet $169.95* 
Assembled AE -19, oiled pecan cab., 9 lbs $19.95* 

New Heath 

stereo equipment 
credenza 

Power -packed amplifier section of the Heathkit AR -29, the AA -29 
stereo "separate" marks another milestone in superior Heathkit 
amplifier design. Its 70 -watts of continuous power is more than 
enough to drive even the most inefficient speaker systems. A mas- 
sive, fully -regulated and filtered power supply, 4 conservatively 
heat sinked output transistors and the best IM and harmonic dis- 
tortion specifications in the industry add up to sound fidelity you 
never expected to hear outside the theater. Modular plug -in circuit 
boards make assembly easier ... snap out in seconds for future 
servicing. 
Kit AA -29, 27 lbs., less cabinet $149.95* 
Assembled AE -19, oiled pecan cab., 9 lbs $19.95* 

New Heathkit® floor model 
speaker systems 

In the new Heathkit AS -101 and AS -102 speaker systems, Heath engineers 
have combined the best of both worlds of sound and beauty. The AS -101 
Heath /Altec- Lansing 2 -way system features a 15" woofer and sectoral horn 
delivering from 35 to 22,000 Hz with uncompromising accuracy. The AS -102 
Heath /Bozak 3 -way system uses a 12" woofer, 6" mid -range, and two 21/2" 
tweeters in an infinite baffle design to produce clean natural reproduction 
from 40 to 20,000 Hz. Both systems are housed in assembled Mediterranean 
pecan cabinets, 295/8" H x 273/4" W x 197/8" D. 

Kit AS -101, 53 lbs. $259.95* 
Kit AS -102, 39 lbs. $259.95* 

trAl 
AS-101 

Romantic Mediterranean styling in wife -pleasing one -piece con- 
sole design ... yet with plenty of room for your favorite separate 
stereo components. Six -and -a -half feet of solid craftsmanship 
executed in North American Hickory veneers and solid oak trim, 
finished in oiled pecan. Completely assembled and finished, ready 
for installation of Heath or other components. Speaker enclosures 
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are ducted port reflex design, pre -cut for 12" speakers. An adjust- 
able shelf has room for stereo receiver, cartridge or cassette tape 
player or separate tuner and amplifier. Below the shelf is room for 
your turntable and record storage. Accessory matching drawers on 
ball bearing slides are available for turntable and tape player. 

Model AE -101, 90 lbs $189.95* 
ELECTRONICS WORLD 



home, shop and ham shack 
New Heathkit® IC 15 MHz 

frequency counter...199.95* 
A highly accurate, low cost frequency meter for anyone requiring 
accurate frequency measurements. Compare these features to 
counters selling for over twice this low price: accurate counting, 1 

Hz to over 15 MHz; integrated circuitry; automatic trigger level for 
wide range input without adjustment; five digit readout with Hz /kHz 
ranges and overrange indicators for eight digit capability; high in- 
put impedance; storage circuitry for non -blinking, no- count -up 
readout; computer -type circuitry, no divider chain adjustment; tem- 
perature- compensated crystal time base oscillator; BNC input with 
cable; double- sided, plated -thru circuit board with sockets; three - 
wire, removable line cord; heavy -duty aluminum case handle /tilt 
stand and die cast zinc front panel; no special instruments required 
for accurate calibration. 
Kit IB -101, 7 lbs. $199.95* 

See these and 300 other 
Heath -gift suggestions at one of the 

following Heathkit Electronic Centers: 
Anaheim, Calif. 92805 
330 E. Ball Road 

Boston Area 
Wellesley, Mass. 02181 
165 Worcester St. 

Chicago, Illinois 60645 
3462 -66 W. Devon Ave. 

Chicago Area 
Downers Grove, Ill. 60515 
224 Ogden Avenue 
Cleveland, Ohio 44129 
5444 Pearl Road 
Dallas, Texas 75201 
2715 Ross Avenue 
Denver, Colorado 80212 
5940 W. 38th Ave. 

Detroit, Michigan 48219 
18645 W. 8 Mile Road 
Fair Lawn, N. J. 07410 
35 -07 Broadway (Rt. 4) 

Houston, Texas 77027 
3705 Westheimer 
Los Angeles, Calif. 90007 
2309 S. Flower St. 

Milwaukee, Wisc. 53216 
5215 W. Fond du Lac 

Minneapolis Area 
Hopkins, Minn. 55343 
101 Shady Oak Road 
New York, N.Y. 10036 
35 W. 45th Street 
Philadelphia, Pa. 19149 
6318 Roosevelt Blvd. 
Pittsburgh, Pa. 15235 
3482 William Penn Highway 
St. Louis, Mo. 63123 
9296 Gravois Ave. 

San Diego Area 
LaMesa, Calif. 92041 
8363 Center Drive 

San Francisco Area 
Redwood City, Calif. 94063 
2001 Middlefield Road 

Seattle, Wash. 98121 
2221 Third Avenue 
Washington, D. C. Area 
Rockville, Md. 20852 
5542 Nicholson Lane 

All Heathkit Electronic Centers are units of Schlumberger Products Corporation. 
Heathkit Electronic Center Prices Slightly Higher. 

During 1971, consult Heathkit Catalog Supplements and local 
newspapers for announcements of new Heathkit Electronic Cen- 
ters opening in these places: 

Long Island Area Los Angeles Area 
Westbury, New York Woodland Hills, California 
Miami, Florida Atlanta, Georgia 

San Francisco Area 
El Cerrito, California 

Prices listed are factory mail order. 
Cincinnati, Ohio Retail prices are slightly higher. 

... or send for your FREE 
factory mail order catalog 

IB -101 SPECIFICATIONS: Frequency Range: 1 liz to greater than 15 MHz. 
Accuracy: `1 roan! time base stability. Gate Times: 1 millisecond or 
1 serrarl with autnm,rtir root. Input Characteristics: Sensitivity: 1 Hz to i 
MHz, le, than Iio reV rms. I MHz to 15 ,MHz, less than 250 mV rms. Atter 
30 minutes rsarmup_ Trigger Level: Automatic_ Impedance: 1 Meg ohm shunted 
by less than 20 pt_ Maximum Input: 200 V rms. DC -1 l.Hz. Derate at 48 V per 
frequency decade. TIME BASE: Frequency: 1 ,MHz, crvaal controlled. Aging 
Rate: Less than 1 ['PM/month alter 30 days. Temperature: Less than -2 parts 
in HP /degree C. 20 to 35 degrees C alter 30 minutes warmup. -!-.002 ° /0 from 
0 to 50 degrees C. GENERAL: Readout: ; digits plus overrange. Temperature 
Range: Storage; - 55 to 80 degrees C. Operating; 0 to 50 degrees C. Power 
Requirements: 1115 -125 or 210 -250 VAC. 50/60 Hz, 8 watt,. Cabinet Dimensions: 
81/4" W z 3' /e" H's 9" D not including handle. Net Weight: 4',r lbs. 

J `4;t: 

New Heathkit® HW 101 
SSB transceiver 

The Hams at Heath have done it again ... with an uprated version 
of the Heathkit HW -100, one of the most popular pieces of ham 
gear on the market! The HW -101 features improved receiver cir- 
cuitry resulting in better than 0.35 uV sensitivity for 10 dB S+N/N. 
Image and IF rejection are better than 50 dB. Other improvements 
are a new 36 -to -1 ball- bearing dial drive; new selectable SSB or 
CW filters and attractive new front -panel styling. 
Kit HW -101, 23 lbs. $249.95* 

New Heathkit 
wattmeter /SWR bridge 

Two switch -selected ranges allow measurement 
of RF output from 10 -200 W and 100 -2000 W. 
Built -in calibrator permits 10% accuracy through - 
out the 80 -10 M ham bands. 

Kit HM -102, 3 lbs. $29.95* 

HEATH COMPANY, Dept. 15 -11 
Benton Harbor, Michigan 49022 a Schlumberger Company 

Enclosed is $ , plus shipping. 

Please send model (s) 
Please send FREE Heathkit Catalog. Please send Credit Application. 

Name 

Address 

City State Zip 
*Mail order prices; F.O.B. factory. 

Prices & specifications subject to change without notice. CL -394 
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Multi -Band Coverage will 

MAKE YOU MONEY! 

Lampkin 

LOW BAND 

BUSINESS 

AIRCRAFT 

MARINE 

CITIZENS 
BAND 

NO EXTRA CRYSTALS 

Frequency Meter Type 105 -B 

GUARANTEED ACCURACY .001% 

Range: 100 KHz -175 MHz. $295.00 

You can buy separate frequency meters 
for mobile -radio transmitters in the sep- 
arate bands - BUT - when you need 
just ONE channel outside that band, you 
are money ahead with the LAMPKIN. 

Dial readings for virtually EVERY mobile - 
radio channel (printed by computer) now 
available at less than 3c per channel. 

For complete specifications - MAIL 
COUPON TODAY! r 

Use this coupon for FREE booklet "How 
To Make Money in Mobile -Radio Main- 
tenance" and information on Lampkin 
meters. 

Name 

Address 

City State Zip 

LAMPKIN LABORATORIES, INC. 
MFM Div., Bradenton, Fla. 33505 

Punch clean, 
true holes 
in seconds. 
A Greenlee chassis punch is the 
quickest way yet to cut round, 
square, key, D, or double -D holes in 
16 -gauge metal, hard rubber, 
plastics, epoxy, etc. Available at 
radio and electronics parts dealers. 
Or write for Catalog E -730 to: 
Greenlee Tool Co, 1764 Columbia 
Ave., Rockford, Ill. 61101. 
GREENLEE TOOL CO 

EX- CELL -O CORPORATION 
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NBS Reveals Plans 

New Facilities 
for WWVH 

to be Activated 
in 7971 

New equipment, a new location, and the addition of one more 
broadcast frequency is expected to offer service of utmost 
reliability for cities as far away as Hong Kong, Saigon, Calcutta. 

NEXT year, WWVH, the National 
Bureau of Standards' time and fre- 

quency station in the Pacific, will be 
broadcasting from a new site on Kauai 
in the Hawaiian Islands with an addi- 
tional carrier frequency, increased pow- 
er, and a revised format. As a result, 
far- eastern parts of the world will have 
time and frequency broadcast service 
of unprecedented reliability. The new 
facility is now under construction on 
the west coast of Kauai and broadcasts 
are expected to start during the spring 
of 1971. 

Obsolescence, propagation barriers, 
and a vanishing site are the reasons 
NBS is abandoning the Maui Island site 
from which WWVH has been broadcast- 
ing since 1948. Part of the site was a 
man -made peninsula which has been 
eaten away by the erosive action of the 
sea. Mountains on both sides of the sta- 
tion interfere with transmission to the 
north and east where signals are urgent- 
ly needed, and the equipment is old, ob- 
solete, and in constant need of repairs. 

The Choice 

The site on Kauai was chosen for 
its smooth, level, unobstructed charac- 
teristics. It also offered commercially 
available water and power supplies, ac- 
cessibility by improved roads, and an 
airport. In addition, the area is free 
from electromagnetic interference and 
there is room on the 35 -acre site to 
space antenna arrays which are har- 
monically related so they will not inter- 
fere with each other. 

Each array consists of two vertical 
masts spaced one- fourth wavelength 
apart and phased at 90 degrees. The 
antenna arrays will be located approxi- 
mately 300 feet from the breaking surf 
and a radial ground screen around each 
array will extend over the beach to the 
ocean, thereby furnishing an infinite 

ground plane. The standby antennas 
and the building will be located inland 
approximately 350 feet from the center 
line of the operational antennas. In con- 
trast to the old site at Kihei on Maui, 
this one has an established natural 
beachline which is not affected by the 
erosive action of the sea. The building 
will be built on three -foot piers as a 
precaution against possible inundation 
by tidal waves. 

Very -low -frequency signals (20 kHz) 
from WWVL at Fort Collins, Colorado, 
will control the master clock at the sta- 
tion. The Fort Collins clock, in turn, is 
controlled by the Bureau's atomic clock 
at the Boulder Laboratories. 

The Changes 

Power at the new station will be in- 
creased from 2 kW to 10 kW and three 
technicians will be added to the staff so 
the facility can be manned around the 
clock. Present broadcast frequencies of 
2.5, 5, 10, and 15 MHz will be supple- 
mented with a new 20 -MHz frequency 
to give additional coverage of the ser- 
viced area. 

The directional antennas of the sta- 
tion will project a cardioid pattern of 
radio illumination which will cover Alas- 
ka to the north, New Zealand to the 
south, and some major cities in the 
Orient (Saigon, Singapore, Hong Kong, 
and Calcutta) . The Bureau's research 
on the new site included a computer 
study which shows that the new WWVH 
facility will give these key points in the 
Far East a reception reliability of from 
90 -99% during the hours between 0600 
and 1600 GMT, and only slightly less 
reliability during other hours. 

Those desiring additional information 
on this new facility can write to the Pro- 
gram Information Office, National Bu- 
reau of Standards, Boulder, Colorado 
80302 for details. 
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Sams 
Books 
famous for 

Servicing 
Know -How 

C0IOR- 

so=" 

TRANSISTOR._ 
COLOR ú ó 
SERVICING 

6 
A. 

Hi -Fi Stereo Servicing Guide 

by ROBERT G. MIDDLETON. A Com- 
plete guide to effective servicing of 
a -m tuners, fm tuners, stereo- multi- 
plex units, and audio amplifiers (all 
components, except record players 
and tape recorders). Includes hi -fi 
speaker system installations, trouble 
localization, and overall system 
evaluation. Also gives testing meth- 
ods for verifying performance. 
Order 20785, only $3.95 

Radio Receiver Servicing Guide 

by ROBERT G. MIDDLETON. Presents 
the professional technician's ap- 
proach. Covers troubleshooting and 
repair of a -m radio receivers, both 
solid -state and tube type. Methods 
for quick localization of troubles in 
any circuit are explained in detail, 
along with the proper use of test 
equipment. Includes a fascinating 
final chapter on the restoration of an- 
tique radio receivers. 
Order 20790, only $3.95 

Record Changer Servicing Guide 
by ROBERT G. MIDDLETON. Presents 
the general principles of record 
changer design, followed by a de- 
tailed analysis of the working parts 
of changer mechanisms. Explains 
adjustment and lubrication proce- 
dures, diagnostic techniques for oper- 
ating troubles, and the corrective 
measures required to remedy them. 
This is a thoroughly practical guide. 
Order 20730, only... ...... $3.95 

Tape Recorder Servicing Guide 
by ROBERT G. MIDDLETON. Tells how 
to repair tape recorders profitably. 
Thoroughly explains the principles 
and characteristics of magnetic re- 
corder circuitry, describing the 
various components and systems. 
Provides full instructions on preven- 
tative maintenance, adjustments, 
and proper solutions to tape trans- 
port, recording, and reproduction 
troubles. 
Order 20748, only $3.95 

Color TV Servicing Guide 

by ROBERT G. MIDDLETON. Shows 
how to apply fast troubleshooting 
techniques to color -TV repair using 
the famous Middleton system based 
on analysis of trouble symptoms 
illustrated by actual full -color pic- 
ture tube photos. Clearly- written 
text explains possible trouble causes 
and diagnostic procedures. Final 
chapter explains in detail how to use 
color -bar generator. 
Order 20358, only $4.25 

Transistor Color -TV Servicing Guide 

by ROBERT G. MIDDLETON. Clearly 
explains the basics of the various 
circuits used in transistor color -TV 
receivers, including the most recent 
developments. Shows how to apply 
proper troubleshooting procedures 
based on analysis of trouble symp- 
toms. Includes a wealth of circuit 
diagrams, charts, and picture tube 
and waveform photographs. 
Order 20693, only ... $4.50 

Transistor -TV Servicing Guide 

by ROBERT G. MIDDLETON. Second 
edition. Updated to provide full in- 
formation on latest circuitry and 
many additional new test proce- 
dures. Clearly explains general 
transistor circuitry and servicing 
techniques and then proceeds 
through the receiver, section by sec- 
tion, describing various picture and 
or sound trouble symptoms and their 
remedies. 

TV Servicing Guide 
by LESLIE D. DEANE and CALVIN C. 
YOUNG, JR. This is the famous guide 
used by more than 100,000 service 
technicians. Shows you how to apply 
quick troubleshooting procedures 
based on analysis of trouble symp- 
toms illustrated by picture tube 
photos. Fully explains possible causes 
for each trouble symptom and then 
details proper diagnostic and repair 
procedures. 

Order 20696, only $3.95 Order 20361, only 

r HOWARD W. SAMS & CO., INC. 

Order from your Electronic Parts Distributor, 
or mail to Howard W. Sams & Co., Inc., Dept. Ew -1 to 
4300 W. 62nd St., Indianapolis, Ind. 46268 
Send books checked at right. S enclosed 

$3.25 

20785 
20730 
20790 
20748 
20358 
20693 
20696 
20361 

Send FREE 1970 Sams Book Catalog 

Name 

Address 

City State zip 
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ELECTRONIC 
TECHNICIANS! 
Raise your professional standing 
and prepare for promotion! Win 

your diploma in 

ENGINEERING 
MATHEMATICS 

from the Indiana Home 
Study Institute 

We are proud to announce two great 
new courses in Engineering Mathematics 
for the electronic industry. 

These unusual courses are the result of 
many years of study and thought by the 
President of Indiana home Study, who 
has personally lectured in the classroom 
to thousands of men, from all walks of 
life, on mathematics, and electrical and 
electronic engineering. 

You will have to see the lessons to ap- 
preciate them! 

NOW you can master engineerin 
mathematics and actually enjoy doing it. 

WE ARE THIS SURE: you sign no 
contracts -vou order your lessons on a 
money -back guarantee. 

In plain language, it you aren't satis- 
fied you don't pay, and there are no 
strings attached. 

Write today for more information and 
your outline of courses. 

You have nothing to lose, and every- 
thing to gain! 

The INDIANA 
HOME STUDY INSTITUTE 

Dept. EW -11, P.O. Box 1189, Panama City, Fla. 32401 

CIRCLE NO. 132 ON READER SERVICE CARD 

LIBERTY PAYS MORE! - 
WILL BUY FOR CASH 

ALL TYPES: 
* ELECTRON TUBES 

* SEMICONDUCTORS 
* TEST EQUIPMENT 

* Military Electronic Equipment 
WIRE -WRITE -PHONE COLLECT! 
We pay freight on all purchases- 

LIBERTY OFFERS MORE! 
PRESTEL FIELD STRENGTH 
METER 
(Model 6T4G) " 

Only 

$12000 
F.O.B. 

New York 

* Never Anything Like It! * 1 -Man Can Do A Better Job than 3 in the 
Same Time! 

* A Gold -Mine for Antenna Installers! 
Calibrated from 40 to 230, and 470 to 860 in 4 
Bands Megahertz, from 10 to 50,000 Microvolts. 
Nothing makes it easier to properly and speedily find 
the correct place to install TV, FM and Communica- 
tion Antennas. You can measure and hear the signals 
with this 41/2 volt battery economically powered unit. 

LIBERTY ELECTRONICS, Inc. 
548 Broadway, New York, New York 10012 

Phone (212) 925 -6000 
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C.E.T. Test, Section 4'10 

Transistors and 
Semiconductors 

By DICK GLASS* 

What is your electronics servicing 
You must get 75 % on entire exam to pass. 

This is the tenth in a series of 12 test sections to be published monthly. While these 
test exam sections are not part of the actual NEA C.E.T. examinations presently being 
administered, they are similar in nature. Should you find you are able to correctly 
answer 75% or better, you might be a candidate to become a registered CET. You 
can take exam in your area but you must show 4 years of experience to qualify. 

(Answers will appear next month.) 
Answers to last month's quiz appear on page 83. 

1. In a common -emitter transistor -amplifier circuit, the emitter terminal is common to: 

(a) the base only (c) the input circuit 
(b) the collector only (d) the input and output circuits 

.2. Which set of positive terminal voltages would be typical of a class -A audio amplifier 
using an "n -p -n" silicon transistor? 

(a)E= .5V,B= 1.2V,C =10.OV (c)E= 10.OV,B= 9.8V,C =0.OV 
(b) E= 1.2 V, B = 5 V,C =10.OV (d)E =10.0 V, B=.4 V,C =.1 V 

3. Your v.o.m. leads connected directly across a milliammeter produces an 80 mA read- 
ing on the milliammeter when the v.o.m. is on R X 1 range. For resistance checking 
common transistor circuits you should: 

(a) not use the R X 10k range (c) use only the R X 1 range 
(b) not use R X 1000 or 10k range (d) not use the R X 1 range 

4. A forward -biased diode has anode positive and the cathode negative. 
(a) true (c) depends on material diode Is made of 
(b) false (d) transistors are biased, two -element diodes are not 

5. Comparing a FET (field- effect transistor) with an ordinary bipolar transistor, which of 
the following statements is correct? 

(a) a FET has low input impedance, is either "n" or "p" type 
(b) a FET has high input impedance, is either "n" or "p" type 
(c) a FET has terminals called emitter, gate, and drain 
(d) a FET is biased oppositely, has low input capacitance, greater power capacity 

6. Which one of the following pairs of terms are correctly matched? 
(a) transistor /pinch off (c) tunnel diode /negative resistance 
(b) FET / "n- p -n -p" (d) diode /amplification 

7. A unijunction transistor has: 
(a) 2 emitters, 1 base 
(b) 2 emitters, 1 collector 

(c) 2 bases, 1 emitter 
(d) little use in triggering circuits 

8. To properly check a transistor with an ohmmeter: 
(a) measure between E -B, B -C, C -E 
(b) measure between C -E, then reverse leads 
(c) measure between B -E, C -E, B -C, reversing meter leads on each 
(d) measure between B -E, C -E, reversing meter leads on each 

9. Leads are unmarked on a transistor. Using your ohmmeter, the lowest forward 
resistance reading will usually be obtained between: 

(a) emitter and collector (c) emitter and base 
(b) base and collector (d) it is not possible to identify leads this way 

10. With an ohmmeter's positive voltage lead on the base of an unknown transistor, it can 
be determined whether it is "p -n -p" or "n -p -n" because: 

(a) a "p -n -p" will have low resistance to only one other lead 
(b) a "p -n -p" will have low resistance to both of the other leads 
(c) an "n -p -n" will have low resistance to only one other lead 
(d) an "n -p -n" will have low resistance to both of the other leads 

*Executive V.P., NEA, 1309 W. Market St., Indianapolis, Ind. 46222 
assisted by Lew Edwards, chairman of Test Make -up Subcomm. 
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WE HAD JUST REPRINTED OUR LITERATURE .. . 

ADDING OUR FIFTH NEW PLANT . . . 

HEN WE DID IT AGAIN . . . PRECISION TUNER SERVICE 

ABM Springfield, Mass. 

SprmO e d, 

Ma. 

Longview. 
11 as 

Miami, nor da 

PRECISION TUNER SERVICE 

does 

thing 

YOU can offer :his specialized, expert service. Quality Tuner Ser- 
vice is our bag, man! Experienced, conscientious PTS craftsmen 

with sophisticated, precision (and expensive) tools and equipment 
mean faster PROFIT for you with PTS 8 -hour service 

VHF or 
UHF 

No doubt about it! PTS mails your tuner back the 
SAME DAY it is received!.. Now less in- transit time, too! 

Preciìon 

F EE JOB CARDS FREE SHIPPING LABELS 

...and 
now with 
even 
shorter 
in- transit 
time! 

118.95 
UV Combo's 

Major Parts, Tubes, 
Transistors 

charged at Net Price 

CUSTOMIZED REPLACEMENTS AVAILABLE 
FOR $12.95 UP (NEW OR REBUILT) 

FIRST TO OFFER 365 -DAY GUARANTEE! 
COLOR - BLACK & WHITE - TRANSISTOR TUNERS - ALL MAKES 

GUARANTEED COLOR ALIGNMENT - NO ADDITIONAL CHARGE 

For fastest service, send faulty tuner with tubes, shields and all broken parts to: 

HOME OFFICE -Box 272 -Bloomington, Ind. 47401 Tel. 812/824 -9331 
EAST- Box 334 -W. Springfield, Ma. 01089 Tel. 413/734 -2737 
SOUTHEAST- 4451 N.W. 37th Ave., Miami, Fla. 33142 Tel. 305/633 -0002 
SOUTHWEST- Box 7332- Longview, Tex. 75601 Tel. 214/753 -4334 
WEST- Box 1431 -Turlock, Calif. 95380 Tel. 209/632 -2928 
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Fill in coupon for a FREE One Year Sub -' 
scription to OLSON ELECTRONICS Fantas- 
tic Value Packed Catalog - Unheard of 
LOW, LOW PRICES on Brand Name Speak- 
ers, Changers, Tubes, Tools, Stereo Amps, 
Tuners, CB, HI -F!'s, and thousands of other 
Electronic Values. Credit plan available. 

NAME 

ADDRESS 

CITY STATE 

GIVE ZIP CODE 

If you have a friend interested in electronics 
send his name and address for a FREE sub- 
scription also. 

OLSON ELECTRONICS 
L Dept. EK, 260 S. Forge Street, Akron, Ohio 443084 

plson 
ELECTRONICS 

FREEI 
Catalog 
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Build this pipelike 

Schober Recital Organ 

for only 

'1850! 
'Includes 

finished walnut 
console. (Only 

$1446 if you build 
your own console.) 
Amplifier, speaker 

system, optional 
accessories extra. 

You couldn't touch an organ like this in a store for 
less than $4,000 -and there never has been an elec- 
tronic instrument with this vast variety of genuine 
pipe -organ voices that you can add to and change 
any time you like! If you've dreamed of the sound 
of a large pipe organ in your own home, if you're 
looking for an organ for your church, you'll be more 
thrilled and happy with a Schober Recital Organ than 
you could possibly imagine -kit or no kit. 

You can learn to play it -and a full -size, full- facil- 
ity instrument is easier to learn on than any cut -down 
"home" model. And you can build it, from Schober 
Kits, world famous for ease of assembly without the 
slightest knowledge of electronics or music, for de- 
sign and parts quality from the ground up, and - 
above all -for the highest praise from musicians 
everywhere. 

Send right now for the full -color Schober catalog, 
containing specifications of all five Schober Organ 
models, beginning at $499.50. No charge, no obliga- 
tion. If you like music, you owe yourself a Schober 
Organ! 

The e`iy4( eliOrgan Corp., Dept. R N-83 
43 West 61st Street, New York, N.Y. 10023 

ID Please send me Schober Organ Catalog and 
free 7 -inch "sample" record. 
Enclosed please find $1.00 for 12 -inch L.P. 
record of Schober Organ music. 

NAME 

ADDRESS 

CITY STATE ZIP 

J 
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Graphic Computer Terminals 
(Continued frone page 37). 

ers, then, may pay dearly for smooth 
and fast stroke displays. 

Applications of Interactive Graphics 

The only applications of graphic vid- 
eo terminals hinted at so far have been 
rather trivial -drawing pictures on a 
CRT screen and, perhaps, storing them 
in a memory for future reproduction. 

The real dynamic nature of interac- 
tive graphics comes into play when the 
user connects the terminal to a gener- 
al- purpose central processing unit 
(CPU). Fitting a CPU into the interac- 
tive graphics control loop makes possi- 
ble a new world of data manipulation 
only dreamed of ten years ago. 

One common graphic manipulation 
is that of geometric translation. For in- 
stance, an operator can use a light pen 
to draw a simple 2" X 2" square in the 
center of the CRT. After sending the 
figure's coordinates to a CPU, he can 
instruct the computer to move the 
square to any other point on the 
screen. The CPU uses the coordinate 
information from the display buffer to 
compute the coordinates for the new 
position. On the next refresh cycle, the 
CPU unloads the new coordinates into 
the buffer, and the square appears in 
its new position -in the upper right - 
hand corner of the screen. 

Another common graphic manipula- 
tion is that of figure rotation (Fig. 3). 
The operator can draw a square that 
has its sides lined up with the X and Y 

axes and instruct the CPU to rotate the 
figure through any angle. The CPU 
performs the necessary mathematics 
and replaces the original coordinate in- 
formation in the display buffer with 
the new information that reflects the 
rotation. A feature sometimes built 
into character generators is a circuit 
that permits a 90° rotation of charac- 
ters without entering their plotting 

data into a central processing unit. 
Another interesting possibility is that 

of multiplying the number of identical 
figures in the display. An operator can 
draw a single figure on the CRT with a 
light pen. By giving the CPU appropri- 
ate instructions, any number of identi- 
cal figures will appear on the screen in 
any desired position and orientation 
(Fig. 4). 

Perhaps the most incredible applica- 
tion of video terminal /CPU interactive 
graphics involves making 2- dimension- 
al projective drawings of 3- dimensional 
objects. Draftsmen have always had 
problems drawing axonometric pictori- 
als of complicated 3- dimensional ob- 
jects. An interactive graphics system 
can draw axonometric pictorials in any 
orientation within a few milliseconds. 

As incredible as this system may 
seem, it is much more than an elec- 
tronic draftsman. Engineers and scien- 
tists can add physical data to parts of 
the drawing and simulate an almost 
endless variety of physical effects if this 
is desired. 

An engineer, for example, can use 
the light pen to sketch the framework 
for a bridge. He can also assign stress 
coefficients to all the lines. After this, 
he can simulate loads crossing the 
bridge and find, quite dramatically, 
maximum allowable stresses. If the 
bridge happens to "collapse," the engi- 
neer can draw in more supports, assign 
stress values, and run the problem 
again. 

Scientists and engineers have been 
running simulations such as these on 
traditional teletypewriter computer 
schemes for years. The graphic system, 
however, adds a whole new dimension 
to the ease and speed of information 
analysis- rather than having to wade 
through reams of typed figures, the op- 
erator can actually visualize what is go- 
ing on at every instant. The savings in 
data analysis time can often pay the ex- 
tra costs of a graphic terminal in a 
short time. 

Fig. 4. All types of graphic manipulations are possible by connecting a video display 
terminal to general -purpose center processing unit (CPU). One aspect of this is that 
a CPU connected to a graphic terminal can, when given the appropriate instructions, 
take a (left) single figure drawn on CRT with light pen and (right) change its size and/ 
or multiply the number of identical figures and position them anywhere on the screen. 

1ft 
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Digital Instruments 
(Continued from page 45) 

for the hours, minutes, or seconds sec- 
tions of the clock, or the entire time - 
base generator including the oscillator. 
Plain (64P44- 062EP) or copper -clad 
(64P44- 062EPC2) material may be 
used. Other hardware items that will 
be found useful are: Vector T42 -1 ter- 
minals, FA2 retainer clips, and R714 -1 
or Texas Instruments C7519 14 -pin 
D.I.P. IC sockets. The use of pre - 
punched board and IC sockets facili- 
tates construction, modification, and 
troubleshooting. 

Terminals a through g (segments Si 
through S7) of each Dialight display 
module (Fig. 8B) except pin 6 of the 
hours -tens display are connected di- 
rectly to the collector of the appropri- 
ate display driver transistor. Pin 6 (seg- 
ment 2) of the hours -tens display and 
the decimal and colon pins of the 501B 
and 501C modules are grounded; the 
common (Com) pin of each module is 
connected to 12 volts d.c. A red plastic 
window (Dialight #712- 0103 -006) and 
module mounting bars ( #713 -0100- 
006) finish off the display. 

Our next article will discuss a simple 
three -mode (frequency, period, and to- 
tal events) electronic counter designed 
around Resistor -Transistor Logic (RTL) 
IC's and using the 60 -Hz commercial 
power -line frequency as the timing ref- 
erence. General electronic counter de- 
sign considerations will also be cov- 
ered. 

(Continued in January issue) 

"What'd I tell you? Here he comes! " 
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FOR ALL FIRE POLICE SECURITY k1DUSTRIAL BUSINESS USE 

'Model 2301 $37500 
132 -174 MHz 
VHF -FM 1 CHANNEL 
1 pair of crystals and 1 set 
of standard batteries. 

Model 2301A $47500 
132 -174 MHz 
VHF -FM 2 CHANNELS 
1 pair of crystals and 1 set 
of standard batteries. 

á"só ó l $59500 2302 
UHF -FM 1 CHANNEL 
1 pair of crystals, 1 set of 
standard batteries and Tone. 

Model 2303A $47500 
32.5-41 - 42 -50 MHz 
Available in 2 Frequency Ranges 
LF -FM 2 CHANNELS' 
1 pair of crystals, 1 set of 
standard batteries less tone° 
Model 2303A available with 
tone at additional charge. 

Professional performance! Perfec ly designed for efficient dependable and continuous heavy duty 
use. Provides instant voice contac with base stations mobilé units and other portable transceivers 

Compatible with all 2 -way systems Receiver and transmitter operates on independent frequen- 
cies sensitive, noise immune squelch external connections for antenna, earphone and charger 

1.6 watt output. FCC TYPE ACCEPTED & D.O.C. APPROVED - - "U.S. BUREAU OF MINES APPROVED 

Please send information on the SONARCOM. Dept. 21 2 

I 73 Wortman Avenue, Brooklyn, N.Y. 11207 
City 
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Name 

Address 

V-J 

Increase Engine Power 
Increase Gas Mileage 10 -20% 
Reduce Engine Maintenance 
Instant Starting in All Climates 

CAPACITIVE 
DISCHARGE 

IGNITION SYSTEM 

4 

Order Today! 

$3405 
(Easily Assembled Kit $29.95) 

Install in 10 minutes (use original coil) 
Distributor points last lifetime of car 
Spark plugs last 3 to 10 times longer 
No changes required on timing or dwell 
EXCLUSIVE built -in switch for change from 
CD unit to standard ignition system while 
engine is running (for tune-ups, testing) 
Solid state reliability 
For 12 -volt negative ground only 
3 -year guarantee 

Write for Quantity Prices 

V-J PRODUCTS, INC. 
P.O. Box 3746, Baytown, Texas 77520 

Please send Model J -15 Capacitive 
Discharge Ignition Systems 

Assembled @ $34.95 Kit Form @ $29.95. 

Enclosed is $ Ship ppd. Ship C.O.D. 

Name 

Address 

City /State Zip 
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State zip 

SERVICE CARD 

Degree 
ELECTRONICS 
ENGINEERING 

through HOME STUDY 
HIGHLY EFFECTIVE 
HOME STUDY COURSES IN: 

Electronics Engineering Technology 
Electronics Engineering Mathematics 

Earn your Associate in Science Degree in 
Electronics Engineering and upgrade your 
status and pay to the engineering level. 
Complete college level courses in Elec- 
tronics Engineering. We're a forward 
looking school. Outstanding lesson ma- terial- thorough and easy to understand. 
Engineering taught on the basis of appli- 
cation and understanding rather than on 
the basis of memorization. Up to date 
in every respect. Acquire the knowledge 
and ability that means the difference 
between a low paying technician job and 
a high paying engineering position. Low 
tuition cost with low monthly payments. 
Free engineering placement service for 
our graduates. Write for free descriptive 
literature. Ask for bulletin J. no sales- 
man will call on you. 

COOK'S INSTITUTE 
o ¿X'c ronici efn9ineering 

Forest Hill Road 
P. 0. Box 10634 

Jackson, Miss. 39209 
Established 1945 

Formerly Cook's School of Electronic 
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NTS aufs a whole new world at your (inoertius. 
NTS home training can put a 
whole new way of life in the palm 
of your hand. A new, exciting job, 
a much bigger income is now 
easily within your reach. 
NTS training is something spe- 
cial. We provide all the kits you 
need for the most effective train- 
ing. National Technical Schools 
sends kits with every course, and 
teaches you to build and test a 

74 

wide range of professional equip- 
ment - the same kind of equip- 
ment you'll actually use on the job. 
That's the NTS "Project Method" - training that's practical and 
in- depth. You learn everything 
from fundamentals to the latest 
innovations. From beginning 
to end, NTS makes it fas- 
cinating and fun to learn this 
way. And all you need is a little 

spare time and an interest in 
electronics. 
Each year, men are moving into 
important new jobs, or their own 
businesses, straight out of 
NTS electronics training. NTS is 
what's happening to men every- 
where. Check the coupon. Take 
hold of the career you want most. 
Do it now. No obligation. No 
salesman will call. 
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We aacN your electronics course with Nits to make 

your !minim fast. You'll ßoioy every minute of it. 

NTS COLOR TV 
SERVICING 

COLOR TV 
295 SQ. IN. PICTURE 

NTS training provides an easy way 
to become a professional home - 
entertainment service technician. 
You receive a big screen Color TV 
with many unique features. The unit 
even includes self servicing equip- 
ment that permits you to make all 
normal test operations. No addition- 
al test equipment is needed for ad- 
justing your set. In addition you get 
an AM -SW radio, Solid -State radio, 
Field- Effect Transistor Volt -Ohm- 
meter, and Electronic Tube Tester. 
You learn about Electronic princi- 
ples and trouble shooting, hi -fi, 
multiplex systems, stereo, and color 
TV servicing. 

NTS COMPUTER 
ELECTRONICS 
This is the future. And it's happen- 
ing now. The number of computers 
will increase many times in the next 
few years. 

NTS offers a solid grounding in corn - 
puter operation, wiring, data pro- 
cessing and programming. One of 
the 10 important kits included is our 
exclusive Compu -Trainer. It's a fully 
operational computer logic trainer - loaded with integrated circuits - 
the first ever offered in home study. 
It introduces you quickly to how, 
what, when and why of computers 
... from theory to practical servicing 
techniques. This unit is capable of 
performing 50,000 operations per 
second. 

NTS ELECTRONICS 
COMMUNICATIONS 
Choose from two exciting courses 
to get into the big -paying fields of 
transmitting and receiving equip- 
ment: (1) The FCC License Course. 
(2) The Master Course in Electronic 
Communications (more comprehen- 
sive, with Citizens' Band Two -Way- 
Radio). Either Communications 
program qualifies you for your FCC 
First Class Commercial Radio -Tele- 
phone License - NTS assures you 
will pass this FCC exam within six 
months after successfully com- 
pleting your course or your tuition is 
refunded. Kits include an Amateur - 
Phone 6 Meter VHF Transceiver - 
NTS exclusive, 6 transistor Solid - 
State Radio, Volt- Ohmmeter (fully 
transistorized). 

r- ,Y,..-411,,,.I. --.1+ 

Exclusive new 
Compu -Trainer 
rlf card is missing 

L 

NTS GUIDE 
ELECTRON/Cs 

check coupon and 
mail for free color 
catalog and sample 
lesson. Now. 

National Technical Schools 
4000 S. Figueroa St., Los Angeles, Calif. 90037 
Please rush Free Color Catalog and 
Sample Lesson, plus information on 
course checked below. No obligation. 
No salesman will call. 

5 Watt AM Transmitter/ 
Receiver 

NTS AUTOMATION/ 
INDUSTRIAL 
ELECTRONICS 
Let NTS put you into the age of elec- 
tronic controls. Systems Automation 
is rapidly becoming the emphasis of 
modern industry. Your NTS training 
in automation electronics includes 
equipment like a 5" wide band Oscil- 
loscope. You also get the new NTS 
Electronics Lab. It's an exclusive 
NTS experimental laboratory -a 
complete workshop that simplifies 
learning about solid- state, miniature 
and integrated circuits. 

s' 

5" Oscilloscope 

CLASSROOM TRAINING 
AT LOS ANGELES 
You can take classroom training at Los 
Angeles in sunny Southern California. 
NTS occupies a city block with over a 
million dollars in facilities devoted ex- 
clusively to technical training. Check box 
in coupon. 

NATIONAL SCHOOLS 
WORLD -WIDE TRAINING SINCE 1905 

4000 South Figueroa Street 
Los Angeles, Calif. 90037, U.S.A. 

APPROVED FOR 
VETERANS 
Accredited Member: National Associ- 
ation of Trade and Technical Schools; 
National Home Study Council. 

Master Course in Color TV Servicing 
Color TV Servicing 
Master Course in TV & Radio Servicing 
Practical TV & Radio Servicing 
Master Course in Electronic Comm. 
FCC License Course 

Li Master Course in Electronics Tech. 
Industrial and Automation Electronics 
Computer Electronics 
Basic Electronics 

Name_ - _ Age_ 

Address 

City State Zip 

Check if interested in Veteran Training under 
new G.I. Bill 
Check if interested only in Classroom Train- 
ing at Los Angeles 

DeDt 240-110 
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