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What if you made Hewlett-Packard your first choice?

You could expect continuity...

...through asuccession of innovative products
that reflect the latest technologies.

Our annual investment in research and development
equals or exceeds our net earnings. This investment
enables us to deliver products with advanced perfor-
mance on a continuing basis.

...in terms of products that work together.

Because our products are interrelated, they are de-
signed to work together. And with the continuous
exchange of ideas throughout HP, advances in one
product area often contribute to improved capabilities
in other HP products and systems.

...in terms of designed-in reliability
across all product lines.

HP’s engineering practices focus on “designed-in”
reliability coupled with uniform standards that make
quality assurance more a manufacturing process than
a question of inspection.

...in after-sales support services for
all product lines.

We supply our customers with full product documen-
tation, customer training, application and software
assistance where required, and dependable mainte-
nance services—throughout the world.

In short, HP is a responsible source for
reliable products, systems, and services to
meet your measurement and computation
needs, worldwide.
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For example...

In computation. HP manufactures a range of
computers that include real-time systems for
industrial and technical operations, on-line
data base management systems for busi-
ness applications, and powerful desktop
computers for scientists and engi-
neers. Their advanced data com-
munications capabilities make

them easy to use for distrib-

uted processing applications.

HP computers were first developed

as logical extensions of our electronic
measurement activity, to reduce and in-
terpret measurement data more efficiently.
This end-user orientation persists today and
provides much of the development thrust for
HP’s computers and hanc-held calculators.

In semiconductor circuit components. These
basic building blocks vitally affect the perfor-
mance, cost, and reliability of our products.
That’s why we develop and manufacture
many of them exclusively for our com-
puters and instruments. We also de-
velop and manufacture a wide
range of components for sale
commercially, worldwide. HP’s
microwave and RF components in-
clude diodes, transistors, and inte-
grated circuits; our optoelectronic
components include LED lamps and
displays, optocouplers, emitter/detectors,
bar code wands, and fiber optic links.

In electronic measurement. HP manufactures
general purpose electronic instruments and
systems for a wide range of measurement
and data acquisition needs. These in-
clude signal sources, voltmeters,
electronic counters, power sup-
plies, oscilloscopes, recorders,

and plotters. HP also makes
special instruments and sys-
tems for RF and microweave mea-
surement, logic and processor-based
circuit analysis, digital signal (Fourier)
analysis, and telecommurications testing.
HP instruments have lorg been known for
advanced design, accuracy, and dependability.

In medical measurement and chemical analysis.
HP is a leading supplier of measurement and
computation equipment to medical facili-
ties throughout the world for diagnosis
and patient monitoring, including
electrocardiographs, neonatal
monitors, blood-gas monitors,
and pulmonary function ana-
lyzers. HP instruments for
chemical analysis, such as liquid
and gas chromatographs, mass spec-
trometers, and laboratory automation
systems, make possible the positive
chemical identification of substances in
quantities as small as a picogram.

In computed measurement. HP has engineered
an alliance between measurement and compu-
tation which enables measuring and comput-
ing elements to interact fo- faster, more ac-
curate solutions to complex measure-
ment problems. In many cases, com-
puted measurement opens the way

to results that previously were

either unobtainable or unaf-

fordable. Computed measure-

ment is available in three broad
formats: smart (microprocessor-con-
trolled) instruments; ﬁexible, user-de-
fined HP-IB systems, whose elements can

be easily connected for various applications;
and paciaged HP-IB systems, dedicated to per-
forming specific and repetitive tasks.

The HP Interface Bus (HP-IB) is the key to building com-

which IEEE 488-1978 was derived.

puted measurement systems, with more than 120 compatible, e FOR
“designed for systems’’ instruments and computers to choose
from. HP-IB incorporates 10 years of interfacing experience from SYSTEMS
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You could expect continuity...

...through a succession of innovative products
that reflect the latest technologies.

Our annual investment in research and development
equals or exceeds our net earnings. This investment
enables us to deliver products with advanced perfor-
mance on a continuing basis.

...in terms of products that work together.

Because our products are interrelated, they are de-
signed to work together. And with the continuous
exchange of ideas throughout HP, advances in one
product area often contribute to improved capabilities
in other HP products and systems.

...in terms of designed-in reliability
across all product lines.

HP’s engineering practices focus on ‘“designed-in”’
reliability coupled with uniform standards that make
quality assurance more a manufacturing process than
a question of inspection.

...in after-sales support services for
all product lines.

We supply our customers with full product documen-
tation, customer training, application and software
assistance where required, and dependable mainte-
nance services—throughout the world.

In short, HP is a responsible source for
reliable products, systems, and services to
meet your measurement and computation
needs, worldwide.
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There are many reasons why Hewlett-Packard should be your first choice.

See pages 21 through 34 for b HEW LETT
specific product information. ﬁ pAC KAR D
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Power Splitters in a flash!
ONE WEEK DELIVERY
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To select agpmpnaoe model, seeEI\éxL(;roWav
Directo! ages 161-369, or pagqe
c;,’,sult’yfacm 2 to 24 way models

pin or connector versions

.from $9.95

100 kHz - 650 MHz

2 %Hz-650 MHz

2 kHz-650 MHz

2 kHz-1500 MHz
0.5 GHz-4.2 GHz2
12 MHz-180 MHz
25 MHz-180 MHz
25 MHz-180 MHz
10 kHz-200 MHz

pin
BNC,TNC
SMA
BNC, TNC, N, SMA
BNC, TNC, SMA, N

connector models.

2-way to 24-way, 0°,90°, 180, pin or
. . Mini-Circuits offers

8 pin 295 | awide variety of Power Splitters/Combiners

BNC, TNC

SMA | 54995 tochose from... . withimmediate delivery.

8 pin 19.95 But there are always “special” needs for
) ) “special applications”. . . higherisolation,
SMA and Type N connectors intermixed, male
connectors or wider bandwidths.
Contactus. We can supply them at your re-
quest. . . withrapid turnaround time.

10 kHz-200 MHz
10 kHz-200 MHz
1 MHz-500 MHz
10 kHz-500 MHz
10 kHz-200 MH2
10 kHz-200 MHz
1 MHz-750 MH;z
10 kHz-1000 MHz
2 kHz-250 MHz
2 kHz-250 MHz
1 MH2-1000 MHz
1 MH2-175 MHz 16 pin
1 MH2-175 MHz |BNC, TNC, SMA
0.01 MHz-500 MHz 16 pin
0.01 MHz-700 MHz | BNC, TNC, SMA
500 kHz-125 MHz [BNC, TNC, SMA
200 kHz-100 MHz |BNC, TNC, SMA

Photograph by Harold M. La
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World's largest manufacturer of Double-Balanced Mixers

- - - -
[ Mini-Circuits
MINI-CIRCUITS LABORATORY
2625 E. 14th St Brooklyn, New York 11235 (212) 769-0200
Domestic and International Telex 125460
International Telex 620156
Y44 /Ong

PSC-6
IFSC-6
PSC-8
IFSC-8
IFSC-16
IFSC-24
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For other Mini-Circuit Lab Products see ads on pgs. 50,327 and 537
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16 Electronics: the living record of a technology

FIFTY YEARS OF ACHIEVEMENT: A HISTORY

Tinkerers and isolated experimenters started a new
technology, nurtured by bold entrepreneurs and
stimulated by society’s needs.

36 Chapter 1.Fifty years ago
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94 Chapter 3. The radio years
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214 Chapter 5. The solid-state era
274 Chapter 6. In the wake of the transistor
322 Chapter 7 Computers & space
372 Chapter 8. The digital age
418 Greatinnovators
436 Classic circuits

LOOKING AHEAD TO THE YEAR 2000

Twenty years from now, profound changes will
have been wrought in the technology, the engineering
profession, and the structure of the industry.

444 Overview
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598 Industries 646 Credits
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Publisher’s letter

Imost from the beginning, over a

year ago, this anniversary issue
became known as Project 50 among
the editors of Electronics. It started
with a series of meetings at which it
was decided to include both a history
and a detailed look at the future.
Then at a full staff meeting last May
the project was truly launched.

Everyone realized it would be a lot
of work, but no one foresaw quite
how time-consuming it would be.

Project 50 involved not only the
entirc Electronics stalf, domestic and
foreign, but also several free-lancers
brought in to handle specific tasks
such as digging up old photographs,
checking facts, editing, preparing
the index, and creating the cover.
But on the whole, the regular staff
did the sweating and writing while at
the samc time continuing to put out
the regular issues of the magazine
cvery two weeks.

Not surprisingly, the editors had a
love-hate relationship with Project
50. On the love side, cveryone
became intcrested in the content.
Those preparing the history discov-
ered or rediscovered fascinating in-
formation from the past. Those peer-
ing into the future got caught up in
the fascination of forecasting the
next two decades. Our field bureaus
interviewed scores of industry ob-
servers and planners for their views,
who also enjoyed the opportunity of
looking ahead.

The hate side of the relationship
was well to the fore, too. At times
the project scemed cndless, and as
with all long-term endcavors, dead-
lines were missed left and right. Edi-
tors who prided themselves on being

fast writers found the Project 50 sec-
tions long and demanding. More
than a few began referring to the
effort as their life’s work. And rela-
tives and friends learned to endure
the sudden cancellation of social
plans.

A project of this nature always
inspires a number of jokes and wise-
cracks. One of the best came from
an outsider.

“The carlier you get behind on a
project, the more time you have to
catch up,” he remarked. That max-
im should endure.

The logistics of handling the
manuscripts, the illustrations, and
the typesetting were staggering as
well. Also, all processing of the extra
material had to be interwoven with
the regular biweekly publication
schedule, and the printing had to be
interspersed with the printing of the
regular issucs.

Now that Project 50 has finally
become the Special Commemorative
Issuc, we are tempted to speak of it
in Hollywood terms: **Cast of thou-
sands! Years in the making! The
grecatest spectacle of our times!”
Hyperbole, certainly, though we arc
pleased with the result. As with
piece of electronic hardware devel-
oped over a long period. there is a
certain thrill to learning that the fin-
ished product works. Tired we may
be, but we arc also proud.

///74

Apr 5 Voun A

Eiectromes (ISSN 0013 &070) Putsshea ¢ Wi Thurhawy wih
additional i1ssue this Aprl Dy McGraw Hil Inc Faunder Jamed +
McGraw 1860 1948 Pubtcation afce 1201 Avenus 5t thie Ameri's
NY NY 10020 second ('ass postage pard at New Yire NY a3
additignal makng otces

Executve, editonal coeulaten and adverheng addn e. Electr
MEGraw Hil Buddirg 1001 Avenud O the A - e N
10070 Twepnaad (459, 1321 Telelyee 7‘ Ax‘ AL
Catle Aogreis M GRAAWR L L NE Wi

Subscaption$ imited t¢ prote al e lsw'* ACtve g o
n electranich teChnrGiogy N sulsdhphon 3 withaul Smpie
HentBE3tan of SUEACTDE “dme 10 O ‘u » mpaty "o
nZzaton. #nd product manulactutyd or Merales partirmess Haled on
information supphed the pubisher reserve v pe
quaified requests SubStrEsds rane i th ’
swons $18 one year SJH- »ytard 34§
and company ‘brares $23 onre ywar $41 1w
APO/FPQ adaressed $35 ane year tny -rad At M $19 i
year $32 two yrart $47 wree yeark Eurlige $80 e v S N
years $115 three years Japan. 'wrieh and Bra S/ e e S tw
y®ars $165 thiee years AuMraiia ind New Zeatand $95 0nd yogr $17
two years $240 three years moiuing ae m xm ab e 1 b3
ore year S8E twil yard S10h W e AU o,
avalable at mghor than Bast rete lvgums MR 1 R e
Check with publisher for these rates Snghe copes $4 00 S A
versary ishue $900 each Pomse #iGw 1Tur 10 #gM ween Lo

Oficers of McGraw H¥® Putiiaiirs Compary Fa LN
Président Executive Vice Fremaents samed b BUddie. Gwie w
son. Group Vice President Daniel A M Millan G4 V. e
Edtomal RMph R Scholr Vice Présidents kemp Adde &

ect nin

1
r MWy agdtied
yours 36 e yAac

NI s e of g Ssee pricved
Systerns Development. Stephenr ¢ Croft Manutalturng Roted B [
Circulaton James E Hackett Cintroler Wiam H Hammond. Commu
nmcatigns Enc B Herr Plannng ard and Development John W Palten
Cales Eaward E {chwmer nternatong

Ofticers ot the Corporaton Harold W McGraw Jr - Presdent Chiet
Executve Oticer and Charman of the Buard Robert N tandes Semior
Ve Prudent and Secretary Ry J Wabh Tresuer

THe togitered n U S Patent Ute Copyrigh'® 1980 by Me Graw Hil
Inc AR rghty reserved  The cimtents of ths gt giion may not be
teproduc @ in whild or in part withaut the ent o Capyrght owner

Whem feCestdry. permiisin & graniéd by thi pyrht owner for
Drarel andy Shars regitived with the (opyraht (Jearance Center
(CCC) PO Box 8891, Busion MA 02114 10 pholocopy any article
heren for the base tee ¢f $05C per copy of the artele pius $0 % per
page Payment Shyud B kent drevty 10 the CCU Copyng aume for
other Thin PATSaNa Or nterral 1E1BrENCe USE wiNCU the exprath PamS
sion ol McGraw Hillis prohutited Requests tor specral permission o bulk
orders should be addressed 1o the publisher 1G5N 0013
‘37.7 8030 50+

Hubscrbers  Thet putisher upun watten request 10 aur New York
Qe from any fubirber agreed 10 refund that part ¢f the Subscrpion
e apgryrg et rUl yet maied Pare serd P‘arm ! adgress
ratce " L uilsment Mesnage: Ll der 1o
Cuecuraton Ma” u. WCruncs «t addrees belw mr e ot aduress

notices Shoutd prowwie 049 as we'l 38 new address mdludng 2p codes
ANalh m3dress tw BOm lecen ibue Albw Gn¢ i e change 10
become etective Substrtier Servie cal 09) 448 8110. 9 a m 104
pmEL

Postmasier Piease send torm 3579 10 FulMiment Manager. Electron
1cs P O Box 430 Hghistown N g (08520

Electronics / April 17, 1980



Source.

Every industry comes to rely on certain sources for the
products and services it needs. Over the years, Signetics has
- demonstrated the reliabili-
St . ty and concern for your
ot 4 Q needs that make us
your best source for
integrated circuits.
For that same commit-
ment to reliable ser-
vice, we congratulate
Electronics magazine
on its fiftieth anniver-
sary as a dependable
source of timely infor-
mation.

SineLics

a subsidiary of U.S. Philips Corporation
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Your Best Source

For advanced LSI solutions
to military/avionics needs,
design in Signetics.

We've been supporting major military/avionics programs for more
than 19 years. With advanced IC technologies, and reliable products.

Today our separate Military Products Division draws from the mul-
tiple technologies of six other Signetics divisions. That’s why LSI
breakthroughs at Signetics routinely become Mil-Spec solutions.

Take our 8X300 uP, for example. As the world’s fastest bipolar uP,
it’s changing the way avionics systems are designed. Because its high
speed and control-oriented architecture help reduce parts count.

When your design calls for bipolar memory, remember that
Signetics leads with more than 40 devices processed to MIL-STD
883B. Here, you'll find parts that boast the highest density and
lowest power available. You also get an unmatched choice of product
solutions with our “top 12" list of JAN/QPL PROMs.

And our bipolar memory leadership doesn’t stop there. It extends
to field-programmable logic where we’ve merged our advanced PROM
technology with Schottky logic. To stretch your design freedom.

This LSI family now offers three MIL-STD 883B solutions: FPLA
(logic array), FPGA (gate array) and FPRP (ROM patch).

Soon our FPLS (logic sequencer) will join the Mil-Spec line. It has
everything you need to implement a synchronous state machine.
Including on-chip register and internal feedback loop.




for Military ICs.

With programmable logic from Signetics, it’s much easier
to go from logic design straight to hardware. With fewer parts, and
at significant cost savings.

If your system calls for Mil-Spec linears, count on us for a wide
range of functions. We offer
uP-compatible DACs

and low-noise op
amps, plus switching

regulators, compar-
ators, timers, drivers
and special function
parts. Within this broad mix, you’ll find
6 JAN-qualified linears.
Advanced LSI solutions for
the military/avionics OEM.
That’s what the Signetics military
commitment is all about.

Find out how you can put

our advanced IC technolo-

gies to work. Send for your

copy of our Military Product Reference Guide.
Or contact your nearest Signetics
sales office or distributor.

Space Shuttle

F-16 Tactical Fighter

Cruise Missile

AWACS

Signelics takes great pride in the advanced - a
LSI solutions it has procvided for the above
military/acionics programs. l I

a subsidiary of U.S. Philips Corporation

Signetics Corporation

811 East Arques Avenue
P.O. Box 409

Sunnyvale, California 94086
Telephone 408/739-7700
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Your Best Source

We'll translate your next
computer terminal design

into the right ICs.

Wemake it our business to know your business. We have to. Because we
know your future depends on it.

It's nosecret that things change fast in your business. Or that success or
failure depends on how well you use semiconductor technology in your next
computer terminal design.

That’s where we come in.

Our people speak your language. They know how to save you
time. And money. By helping you select the right ICs for your de-
sign. Every time.

Signetics wants to help keep you ahead in the terminal
design game. Because if you're not ahead, you're not even a
player.

That’s why we give you more than just the right product.

We also give you the Signetics Commitment. We don’t publish
specson it. And it’s not scribed on our ICs. But we do market this
extra, personal commitment. And it’s free.

Our professionals in IC technology and market support are
backed by Signetics’ six integrated divisions. That means we can
combine our total resources in both MOS and bipolar technologies
to give you the edge in computer terminal OEM design.

For example, our MOS Microprocessor Di-

‘ vision’s 2652 is the fastest multi-protocol
communications controller in the world at




pst

2Mbits/second. It’sright at home with most high-level
protocols.

Every computer terminal OEM looks for unique
logic functions. With the smallest amount of random
logic practical. And Signetics wants to make it easy
for the designer.

Working together, our Logic and Bipolar Memory
Divisions have responded to the terminal OEM’s de-
mands for speed and flexibility.

We've gone beyond LSI to give the terminal OEM
the 8A2000 I2L Gate Array. It's got 2000 gates. And
you can customize the 8A2000 to
your proprietary needs without
losing LSI benefits.

In fact, all you stand to lose is
the need to use 50 to 75 random
logic packages by going with the
8A2000 in your design.

With our family of field pro-
grammable logic, including the
FPLA, FPGA, and ROM patch, we
make it easy for you to out-design
the competition.

And more design freedom is
yours with our new Field Pro-

for Computer ICs.

grammable Logic Sequencer. Use it to convert your
complete state diagram to hardware—easily.

Responding to your needs, our Logic Division cre-
ated the bipolar 8X300 u P, Its blazing speed of 4 million
operations/second and control-oriented architecture
make it ideal for adding state-of-the-art peripherals
to your terminal system.

While our field professionals help computer ter-
minal OEMs translate difficult design choices into the
right ICs, other Signetics professionals are applying
the most advanced technologies into devices to meet
the OEM’s future demands.

Talk to a Signetics professional.
We've bridged the communications
gap between terminal OEM and
IC manufacturer.

To learn how our leading-edge
technologies are making innova-
tion simpler for terminal OEM de-
signers, write us today.

We've got a brochure that tells
you how you can put our advanced
ICs to work for you. On your own
terms.

2652 multi-protocol communications controller

Sy

SiNDLCS

a subsidiary of U.S. Philips Corporation

Signetics Corporation

811 East Arques Avenue
P.O. Box 409

Sunnyvale, California 94086
Telephone 408/739-7700
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Signetics (sig-net’'iks). n. FEight integrated divisions
controlling hundreds of products and multiple
technologies. Signetics may be the only SOURCE you will
ever need for all your IC requirements. Eight divisions
cover the entire product range: From consumer to
industrial to Hi-Rel military ICs, Signetics has it all. And
each division supports your needs with its own product
development, manufacturing and marketing department.

Electronics / April 17, 1980
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analog (an’'alog). n. A rapidly expanding industry leader
which set the standard for phase lock loop and timer ICs.
Our analog strength lies in other breakthrough products as
well—like the fastest (the NE5539) and quietest (5532/33) op
amps, and the powerful NE/SE5560 SMPS control circuit.
And no one offers more DAC options than we do. No matter
how specialized your application, Signetics’ Analog Divi-
sion has it! And we back it all with the latest I*L, Bipolar
and MOS technologies.

automotive/telecom (au” to-mo’ tiv-tel’ e.kom ). n. Providing
high reliability at large volumes of industry-standard and
custom products. Our super-efficient product flows always
insure low defect levels. Couple this with our commitment
to meeting the special environmental and data retention
requirements of these market segments, and you’ll find
Signetics means the answer to your automotive/telecom
IC needs.

bipolar LSI (bi-po’lar). n. The division which developed the
fastest bipolar microprocessor. You can be sure of Signetics’
innovative excellence when you look at the 8X300. At 4
million operations/second, it can’t be beat. And with other
outstanding devices like I’L. and ISL gate arrays, plus a
growing line of companion parts for the 8X300, this division
will continue to be a leading supplier of LSI and VLSI.

bipolar memory (bi-po’lar mem’o-re). n. The uncontested
technical leader with the first 1K PROM. Our continuing
bipolar development evolved the first 50ns FPLA, high-
speed FPGA and low-power 8K PROM as well. Not to men-
tion the FPLS, the most sophisticated programmable logic
device available. There just isn’t a broader bipolar memory
line on the market. When you want to find state-of-the-art
bipolar memory, look up Signetics.

logic (loj' ik). n. Superb breadth of line and matchless quality
control. That’s what this division means for you. Our TTL
and vast range of Schottky and low-powered Schottky —
backed by our SUPR 11IB burn-in option—are enough to
claim a leading position in logic supply. Add to this our
broad choice of 10K ECL devices—soon to be followed by
the lightning-quick 100K series—and you’ll agree that
Signetics is the last word in logic.
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military (mil'i-tar” e). n. Syn.: total reliability. Whether used
in avionics or missile control electronics, Signetics ICs
perform to specs. Our arsenal today includes over 100 Mil-
Spec linear circuits alone. You can also choose from the
broadest range of militarized bipolar memories and over 240
QPL logic circuits—including the largest number of Class S
TTL circuits. It’s tough to meet military requirements. But
we've been doing it for almost 20 years.

MOS memory (mem’ore). n. One of the top three ROM
suppliers in the world The state-of-the art speed and
density of our MOS memory products—like our 64K
N-channel ROM in industry-standard pinout—are what
gives this division its reputation for excellence. It was also
among the leaders with 8K, 16K and 32K fully static
N-channel ROMs. You needn’t look further than Signetics
for high performance and responsive delivery in MOS ROM.

MOS microprocessor (mi” kro-pros’ es-er). n. Most innovative
in data communications ICs. Syn.: commitment to
advanced microcomputer components. For example: Our
UART and USART controllers (2641/5161) keep your
datacom options open while our 2652 expands the
possibilities of multi-protocol communications control with
unexcelled operating speed. And our 2653 data integrity
controller distinguishes control characters from data, all on
one chip. Watch for more LSI system solutions which can
simplify your designs for communications or control.

Leadership defines Signetics. We're your best source. Our
eight integrated divisions prove it. To find out about how you
can put our advanced IC technologies to work, use the coupon
below—or call us today.

SiNDLCS

a subsidiary of U.S. Philips Corporation

Signetics Corporation

811 East Arques Avenue
PO. Box 409

Sunnyvale, California 34086
Telephone 408/739-7700
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In April of 1930, O. H. Caldwell,
the first editor of Electronics, outlined the new maga-
zine’s function in his editorial for its first issue.

“For this vital, pulsing electronic art a clearinghouse
i1s needed—an engineering journal that will gather
together these widespread activities; chronicle scientific
and industrial advances abroad and here, and provide
practical usable information which can be put to work,”
he wrote. “Such a journal must have scientific vision to
look above and beyond the present; it must be cour-
ageous and devoted in its stand for progress and for
expanding applications. . . .

“The art of the electron tubes goes forward to great
and greater achievements. To the engineers and execu-
tives in all the ramified branches of electronics, the
editors and publishers pledge a service worthy of this
field of unparalleled opportunity.”

Caldwell’s words are old-fashioned and somewhat
stilted. But they set a course for Electronics from which
the magazine has never veered.

The issue you are about to read and, we hope, enjoy
and cherish was conceived as a celebration of the first 50
years of Electronics’ existence. But it has become more

than that—it also celebrates a technological revolution
that has transformed modern life. It is a testimonial to
the enterprise and the imagination and the daring that
have given rise to great companies and institutions and a
mighty industry. And above all, it is a tribute to thou-
sands of creative people, those engineers, scientists, and
inventors, whose vision and energy have fueled the ever-
accelerating progress of electronics over the past half
century and promise to continuc to do so into the
foreseeable future.

A 50th anniversary is both an occasion to look back-
wards and an opportunity to look forward, and that’s
precisely what we've done. The task was simple on the
surface —after all, we had an excellent archive in the
form of the magazine itself —but it turned out to be
massive and time-consuming. Planning started over a
year ago, and the project ultimately involved all of the
40 or so editorial staff members in New York and
around the world, supplemented by consultants to help in
the research and editing required.

The history of electronics occupies about two thirds of
this special issue. For a very few of our cditors, it was a
refreshing bout with nostalgia, reviving memories of the
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exciting events that have pushed electronics into the
pivotal position that it occupies in today's world. For
most of our younger cditors, it was a revelation, as they
discovered that the manifestations of today's technolo-
gy — television, computers, solid state —which they had
scen as creations of their own time, had their roots in the
drcams of men who labored long before they were born.
And as you read on, 1 suspect that you, too, will share
these mixed reactions of surprise and pleasurable recall.
The history has cight chapters. The first is a snapshot
of the technological and sociological milicu of 1930— the
setting in which Electronics was born —and the next
explores the developments that led up to that point. The
remaining six proceed roughly by decades, each domi-
nated by some technological or sociological watershed.
For example, Chapter 3 describes the Depression-ridden
thirtics; Chapter 4, the war years. The advent of solid-
state technology in 1948 is of such monumental impor-
tance that Chapter 5 is devoted wholly to it and to the
subsequent growth of the semiconductor industry. Chap-
ter 6 then backtracks to the years immediately following
the transistor’s arrival, Chapter 7 covers the space age,
and the digital era, heralded by the arrival of the micro-

.t
iV

processor and family, is described in Chapter 8.

Recognizing that history is made by people and is not
just a dry record of cvents and dates, we've included a
gallery of “Great Innovators,” profiles of men who have
made significant contributions to electronics. A remark-
able vitality pervades the interviews they gave our
cditors. As another historic aside, we have assembled a
collection of “Classic Circuits,” those that in the view of
our cditors were turning points in the development of
clectronic systems. We've even chronicled the chroni-
clers of these people and cvents in A living record of a
technology.” a history of the magazine itself.

The remainder of the special issue is given over 10 a
forecast of the future —an especially risky business in the
case of electronics. Such predictions tend to be a lincar
projection of the past. but our historical section reveals
that technological discoveries tend to clevate the terms
of the algorithm of history to higher and often exponen-
tial powers. Still, we elected to take the risk and chose
the year 2000 as an approachable horizon. Then, with
the help of knowledgeable people who arc reputable
trend-spotters and planners in their own right, as well as
much reading and heated discussion among ourselves. we

Electronics/Introduction
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produced a four-part prognosis for the future.

The first part focuses on the clectronic systems and
applications of the next two decades and their impact on
the home, the workplace, and our lives. The second part
cxamines the changing semiconductor tcchnology
underlying thesc systems, its ever-higher component
densities and faster speeds and the trend toward more
and more use of digital techniques. How these changes
will atfect our readers professionally in the next 20 years
is examined in the third part. Finally, in the fourth part,
we discuss how the electronics industries could be struc-
tured by the year 2000.

This volume is the product of the efforts of many
people, from editors, who responded magnificently to
this mammoth assignment, to the supporting statl’ of
copy cditors, editorial assistants and secretaries, who
cheerfully accepted the burdens imposed by this issue
above and beyond their normally heavy workload.
Special recognition is duc to Assistant Managing Editor
Margaret Eastman without whose unflagging energy the
results would have been far less than they turned out to
be; Art Director Fred Sklenar and his staff for their
highly creative response to the demands of designing this

special issuc; consultant Richard Haitch, who integrated
the huge mass of inputs from our editors into a smoothly
flowing historical narrative; and photo cditor Yvonne
Freund, who relentlessly tracked down and acquired the
many interesting and often rare illustrations that grace
the pages of the history.

Our gratitude is also extended to the many companics,
universities, and other institutions who generously
opened their archives and made historic material avail-
able to us. Special thanks are also due to Paul Reiss,
publisher of Electronics, and Dan McMillan, group vice
president, for their enthusiastic support of the project,
and to Kemp Anderson, my predecessor, who helped
establish the standards that guided our ctforts.

And finally, we wish to thank you, the rcaders of
Electronics, for the support and interest that have
sustained us for 50 years. The achievements chronicled
here are your achievements. We pledge to continue to
serve you in the spirit of the charter cstablished by O. H.
Caldwell and his editors 50 ycars ago. This special issue
is our gift to you.

Samuel Weber
Editor-in-Chief

-

Anniversary portrait. At home in the McGraw-Hill headquarters building are the New York management and editorial staff of Electronics.
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The advanced des

of RF power amplitiers...

You can’t claim to be “"the world’s
leader in power amplifiers” unless
you are. And being the worid’s leader
means giving customers the ultimate
in RF powver flexibility with a clearly
advanced design. That's the reputa-
tion we've earned with our product
line because there’s simply nothing
finer in ail the world.

And our instrumentation can meet
all of your applications, for RF signal
generator amplification, RFl/EMI
testing, signal distribution, RF or
data transmission, NMR/ENDOR
ultrasonics and more.

ENI's selection of solid state Ciass

A power amplifiers is unsurpassed,
combining a frequency spectrum of

10 kHz to 1 GHz with power outputs
that range from 300 miliiwatts to
over 4,000 watts. Rugged, compact,
and versatile, these units can be
driven by virtually any signal source
They're completely brcadband and
untuned, amplifying inputs of AM,
FM, TV, SSB, and pulse modulations
with minimum distcrtion. Their
unconditional stabrity and failsafe

design make them impervious to
severe mismatch conditions, and
capable of delivering rated power
to any load impedance from an open
to a short circuit.

Clearly, when it comes to meeting
your power amplification needs,
you'll get the utmost in flexibility
from the advanced design of RF
power amplifiers... ENL.

For our latest full-line catalog, please
contact us at ENI, 3000 Winton
Road South, Rochester, NY 14623.
Call 716/473-6900 or telex 97-8283
ENIROC.
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The living record
of atechnology

There it was, a brand-new magazine
with a new word for a name: Electronics . . .

... what could that mean? The
editors made no secret of it, for right
underneath the title ran a legend,
“Electron tubes—their radio, audio,
visio and industrial applications.”

Listed in tiny type down the left
side of that first cover were 28 appli-
cations, some as specific as “musical
instruments” and some as general as
“measurements.” Yes, ‘‘radio” was
there, along with “television” and
“telephony,” but then so were “pho-
to-electric cells.” The manifold ap-
plications of computing power were
absent, but who in April, 1930, was
thinking about them?

Over the years, the legend has
grown up that the founders minted
the word, and indeed “electronics™
did not appear in dictionaries until
many years after the launching of
the magazine. However, the word
did exist —someone ran across it in a
contemporary British publication
and plucked it from obscurity to
serve as the name. Safe to say, then,
that Electronics was the making of
*“electronics.”

One of the two associate editors in
the magazine’s infant years was
Keith Henney, who looks back fond-
ly on that period from his retirement
home in Snowville, N. H. “Aithough
I was hired to be one of the editors

and although I got out the first issue,
I was not in on the invention of the
paper and had no part in persuading
the company to initiate it,” he
recalls. “Electronics was invented by
Orestes H. Caldwell and Maurice
Clements, then editor and manager,
respectively, of Radio Retailing.”
Manager meant publisher; in those
days there was only one publisher at
McGraw-Hill, and that was founder
James H. McGraw.

“OHC was a superb editor,” Hen-
ney recalls. “He was very valuable in
that he saw broadly . . . . Electron-
ics under Caldwell was always way
ahead of the procession.”

At $3 for 12 monthly issues, the
magazine attracted 4,366 paid sub-
scribers during its first year. A
glance at early issues makes one
thing clear immediately: it was very
different from today. The difference
lay not just in the subject matter
(concentrating heavily on radio, of
course), but even more in the type of
coverage given to the subject matter.
Electronics for many years was much
like the learned journal of a scien-
tific society. Oh, there were news
and new product sections and ample
use of photographs showing actual
applications, but at the heart of each
issue were articles like “An analysis
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of efficient modulation,” and “The
sun’s effect on radio,” to pick a
couple from the 1934 bound volume
of issues.

“l wanted a highly technical
magazine,”” Henney recalls. I
wanted to put into writing the things
I would talk about at conventions, at
Hazeltine, at Bell Labs . . . . I
wanted the kind of magazine that
these fellows would respect, read,
and write for.”

The community of engineers was
considerably smaller then, so the
tiny editorial staff could cover the
field. “The things that interested me
would interest the guys [ talked to,”
says Henney. “Of course, there
weren’t nearly as many of them
then. | figure about 25 good friends
like Harold Wheeler [see the Great
Innovators section} and Major Arm-
strong [developer of the superhetero-
dyne radio receiver and of fm trans-
mission] and that’s all | needed.”

In retrospect, the tight community
of interests may have been the prin-
cipal factor in keeping the magazine
going. It never lost more than a few
thousand dollars a year, and it
turned slightly profitable well before
the end of the Depression, but it was
a bare-bones operation. Henney re-
calls that for a year or so he was the
only person putting out the editorial
matter — without even a secretary.

He was the linchpin of the maga-
zine, but clearly that could not last
forever. The September 1934 issue
carries him as managing editor and
adds a new name: Donald G. Fink.
“] wanted a man who could take my
job away from me,” Henney says.
“He was a lifesaver —had just what
we needed: solid technical back-
ground, good administrative ability,
good news sense, could write.” Fink
eventually got his boss’s job and, to
anticipate a bit, went on to a distin-
guished career in research and at the
Institute of Electrical and Electron-
ics Engineers.

The September 1934 issue also

carried a lead editorial, “The new
day of visual transmission,” which
included facsimile, as well as televi-
sion. Forty-five years later, it is diffi-
cult to establish a link between that
editorial and Fink's arrival. But
certainly it is safe to say that the
new editorial employee pioneered the
coverage of television.

“Caldwell told me he thought 1
ought to select a specialty that had a
potential for growth,” Fink says. “I
selected TV.” He plunged in, visiting
RCA Laboratories, Hazeltine Corp.,
and the few other labs researching
Tv. He even set up his own lab, at
the very top of the old McGraw-Hill
Building on West 42nd Street in
Manhattan, and there he *“produced
the first TV set described in print,” in
a six-part series beginning in the
July 1936 issue.

The receiver had a 9-inch, round,
green-phosphor cathode-ray tube,
with certain key parts coming from
RCA Laboratories. A couple of years
later, Fink’s lab produced a smaller
version, described in the magazine as
a home receiver. He also began work
on a landmark textbook, “Principles
of Television,” published in 1940 by
McGraw-Hill.

By the late 1930s, Electronics had
begun to grow. Henney dates the
growth from the rise in subscription
rates from $3 to $5, about the same
time he took over as editor, with the
September 1935 issue.

The corporation executive vice
president, Howard Erlich, was look-
ing for ways to make the magazine
profitable, and he proposed to hike
the subscription rate. “He thought
that half of our circulation at that
time [about 6,500 subscribers]
would represent the hard core of all
the [electronics] purchasing and
buying power in the country,” Hen-
ney recalls.

“l made a deal with him. If he
would give me $1 of the extra $2, I
would plow it back into the editorial
content. We got an art director, used
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“Other than the Proceedings of the IRE, it was the only magazine
that attempted to deal with complex electronic matters.”
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“OHC was a superb editor,” Henney recalls.
“He was very valuable in that he saw broadly . . . Electronics
under Caldwell was always way ahead of the procession.”

Keith Henney

better paper, dressed the thing up,
and expanded the content. We put
on a circulation campaign. Instead
of losing readers, the circulation
began to grow, and with a bigger
audience, it was easier to sell adver-
tising,” he says.

Moreover, the magazine was
achieving renown for its coverage of
technical matters, certainly a factor
in the circulation growth. “It always
had a pretty solid reputation,” Don
Fink maintains. “Other than the
Proccedings of the IRE [the Institute
of Radio Engineers], it was the only
magazine that attempted to deal
with complex electronic mat-
ters . . . Armstrong said all along
Electronics was the only magazine
that always got it right on his devel-
opment of wideband fm.”

All too soon the war years loomed,
changing the face of the world, of
electronics, and of Electronics. The
January 1943 issue gives an idea of
the changes. Along with articles like
“Electron microscope in chemistry”
(by Vladimir K. Zworykin—see the
Great Innovators section), there
were such features as *“Checking
resistance welding controls” with
CRTs and “Wartime developments in
carrier current communication.”
Also appearing were articles like
“Plant procedure for expediting war
production.”

Henney was putting out the maga-
zine with four editors and an art
director. Two more editors were on
the masthead, but they were listed
“on leave,” doing war duty.

One of the two was Fink, who was
head of the loran division of the
Radiation Laboratory of the Massa-
chusetts Institute of Technology. He
went on to become an expert consul-
tant on loran for the Secretary of
War, then returned to the magazine.

“When I first got back from the
war, of course, I had access to just
about everything that had happened
at the Radiation Lab,” he says. “It
was all rapidly declassified and there
were a great many great radars that
were ready to be described in Elec-
tronics.” The result was an extraordi-
nary series of articles, written by
Fink. Of these, Henney recalls: “We
got some extra paper, started a series
called a war report, and Don began
to reveal wartime stuff. I believe the
first article was the radar equation.
It was a wonderful series.”

By now Henney had been shep-
herding the magazine through its
inevitable monthly crises for 16
years, and he was ready for some-

thing new. On Nov. 1, 1946, Fink
became editor, and his former boss
assumed a kind of supervisory
editorship, as well as launching a
new magazine called Nucleonics
(which lived into the 1960s) and
playing a key role in the Technical
Writing division of the McGraw-Hill
Book Co. He was no stranger to
books, since he had begun writing
them in the 1920s. Eventually his list
totaled eight, including two on
photography that had led to Photo-
Technique, a sister magazine that
the Electronics staff put out for a
couple of years just before World
War I1.

Fink remembers his editorship as
a period of expansion, sparked by the
growth in the industries the maga-
zine was covering. “Right after the
war, electronics was booming in a
way that no one could stop,” he says.
“Consumer electronics was booming;
TV was new. Also, there was all that
technology —microwaves, superhigh
frequencies, magnetrons, solid state
(diodes, not transistors)—that was
developed during the war and now
was available for consumer and
industrial use.”

In the latter part of Fink’s tenure,
the magazine took the first steps
down what was to prove a sometimes
painful road of evolution. “In
1951-52, we felt great pressure from
top management to become a maga-
zine more like Business Week,” he
says. It had gone on from its birth in
the depression to scale the heights of
general-purpose business coverage.
Similar news about the industries
covered by the technical magazines
would benefit their readers, corpo-
rate management reasoned.

Inclined as he was towards tech-

“l wanted to put into writing the things | would talk about at conventions,

at Hazeltine, at Bell Labs. .

. . | wanted the kind of magazine

that these fellows would respect, read, and write for.”
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“Caldwell told me he thought | ought to select a specialty
that had a potential for growth,” Fink says. “|l selected TV”
and “produced the first TV set described in print.”

nological development, Fink joined
Philco Corp. in mid-1952 as a direc-
tor of consumer electronics research,
eventually becoming vice president
of research. On Jan. 1, 1963, he
became the first executive director
and general manager of the newly
formed Institute of Electrical and
Electronics Engineers, remaining
there until his retirement. Somehow
he also managed to find time to
write 14 books, and even now he is
working on new editions of “Stan-
dard Handbook for Electrical Engi-
neers” and “Electronics Engineers’
Handbook,” both McGraw-Hill
publications.

His successor was W. W. McDon-
ald, who started on the corporation’s
electrical magazines in the 1920s
and joined Electronics in 1942. Look-
ing back from retirement in Florida,
he says his early years on the maga-
zine were devoted to expanding the
technical coverage to areas other
than radio and communications,
where Henney and Fink concen-
trated. “That I needed a ballpark of
my own was a lucky accident,” he
says, for the magazine needed to
expand its coverage as much as he
needed his own bailiwick.

As editor, McDonald presided
over special issues dealing with
subjects like electronics in Europe
and microcircuitry. Eventually, of
course, coverage of these areas was
to become a staple in the magazine’s
editorial diet.

He also presided over a series of
changes in editorial format, as Elec-
tronics struggled to provide news of
the business along with technology
news. It all began in December 1956,
with what a then ad salesman and
later publisher, Dan McMillan, calls

“the only trimonthly magazine in the
world.” Around the first of the
month, readers received the engi-
neering edition; around the 10th and
20th they received the business
edition. The trimonthly lasted for
just over a year, then became a
weekly with alternating engineering
and business editions, finaily becom-
ing a weekly magazine with both
kinds of coverage in early 1959.

Resolution of the struggle came in
1964, when Lewis H. Young took
over as editor. The magazine was set
to go biweekly, since the readers
(and the cditors) found a weekly
Electronics too much to digest. Then
the Business Week bureau manager
in Detroit, Young came on board
after extensive discussions with the
new publisher, C.C. “Jim” Ran-
dolph, and so he knew what changes
he wanted.

“We wanted to take the magazine
back to what it was: a technical
magazine aimed at engineers,” he
says. “At the same time, we broad-
ened this coverage to include some of
the nontechnical elements that im-
pinge on engineering.” Of course, a
key nontechnical element is business
considerations and so the magazine
continued to provide that coverage.
What was new was the integration of
business and technology, notably in
the news stories, but also in the tech-
nical articles.

The new format bowed with the
March 23 issue, timed to coincide
with the IEEE International Conven-
tion in New York (now the Electro
show). “We wanted it out for the
show; we could explain it in person
to the readers and advertisers,”
Young says. No need to describe the
format: it continues to this day. Also

Donald G. Fink

unchanged is partitioning technical
coverage by specialties and assigning
individual editors to follow them.
Sometime during Young’s tenure
at Electronics, the title of the job was
changed to editor-in-chief. He left
the magazine with the Jan. 8, 1968,
issue to become managing editor and
then editor-in-chief of Business
Week, later adding to that the title
of vice president of the McGraw-Hill
Publications Co., which is the maga-
zine operation of the corporation. He
left a legacy that is more than a
format, for his changes sparked the
coverage of the electronics industries
as creators and exploiters of technoi-
ogy. Such a view is, of course, rooted
in events, for the solid-state revolu-
tion was just beginning to be felt.
Young’s successor was Donald

Henney recalls: “We got some extra paper, started a series called a war report,
and Don began to reveal wartime stuff. | believe the first article was
the radar equation. It was a wonderful series.”
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“We wanted to take the magazine back to what it was: a technical magazine
. . . What was new was the integration of business
and technology, notably in the news stories, but also in the technical articles.

almed at engineers.”

Lewis H. Young

Christiansen, the associate manag-
ing editor of the technical section
and now the editor of the IEEE Spec-
trum. In recent vears, in fact, Elec-
tronics has served as a spawning
ground for editors of a number of
other publications.

About the time Christiansen left
a new triumvirate formed to lead the
magazine through the 1970s. It
consisted of Kemp Anderson as
editor-in-chief, Samuel Weber as
executive editor, and Dan McMillan
as publisher. Their first issue to-
gether was June 8, 1970.

The new team could boast of a
wide range of experience. Anderson
had been a member of the publica-
tion company’s World News opera-
tion and was head of the Electronics
news operation under Lew Young
Weber had been a practicing electri-

cal engineer for 10 years before first
joining the magazine in 1958, even-
tually becoming the head technical
editor. Also, both men had held
executive-level jobs in the publica-
tions company. McMillan had spent
1961-69 in executive jobs in the
electronics manufacturing field at
TRW Inc.

Anderson looks back at his stew-
ardship as a period of consolidation.
For example, the bureau system of
locating reporters in regions that are
centers of electronics technological
advance was expanded and refined,
with particular attention being paid
to international coverage. “We con-
tinued to pay more attention to
international news, and it became
more significant as overseas caught
up with the U. S.,”” he says.

Also important was the honing of
the concept of the special report. The
magazine had for many years pur-
sued an occasional topic in depth,
but the 1970s saw a commitment to
a continuing process of in-depth
coverage. For Sam Weber, an
important event was the Oct. 25,
1973, issue devoted to “The Great
Takeover.” *“At that time, we per-
ceived that the pervasiveness of elec-
tronics was growing and affecting
everyday life beyond belief,” he says.

The issue was a success and
spawned the annual Technology Up-
date issue. Meanwhile the idea of the
special report came into full bloom.
“In a long special report, you can
emphasize a subject by pulling all
the material together,” says Ander-
son. “Also, you can start touching
more bases than before: information
that was not in earlier stories you
now have room for. It is a way of
keeping people up to date in a fast
developing field and relating that to

other developments.” Some of the
special reports turned out to be prize
winners, a notable example being
“The Gathering Wave of Japanese
Technology” in the June 9, 1977,
issue. It garnered one of the presti-
gious annual Neal Awards for
outstanding journalism from the
American Business Press associa-
tion. In the 25 years of those awards,
the magazine has won three of them
and received three certificates of
merit, most of these awards within
the last five years.

With Electronics poised to enter
the 1980s, some important changes
took place at the helm. Anderson
moved on to become vice president
for business systems development for
the publications company, and Sam
Weber succeeded him as editor-in-
chief effective with the Sept. 13,
1979, issue. McMillan had already
been promoted to group vice presi-
dent, which gives him overall respon-
sibility for several McGraw-Hill
magazines in addition to Electronics.
His successor is Paul W. Reiss, who
moved up from the position of adver-
tising sales manager.

The magazine is entering its S1st
year with an editorial staff of more
than 40 men and women, a circula-
tion of about 96,000 including
24,000 overseas, and an internation-
al reputation for providing signifi-
cant news and technical articles. The
new team looks forward to a long,
productive life.

“Electronics is probably the most
significant technology to be applied
to problem solving for the next 100
years,” Weber says. “The increasing
recognition of its importance as a
mainstay of technological society
makes Electronics’ role more impor-
tant than ever.” ()

‘“At that time, we perceived that the pervasiveness of electronics
was growing and affecting everyday life beyond belief.”
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A new, low-cost HP 1000 computer dramatically
improves |/O performance and throughput
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The HP 1000 L-Series is a new, low-
cost addition to the Hewlett-Packard fam-
ily of real-time computers. The L-Series
puts two advanced processors to work in
one computer to create a 'Distributed In-
telligence” architecture with exceptional
I/0 speed and flexibility.

The two processors teamed withir the
L-Series are the result of HP's proprietary
CMOS/SOS (Silicon-on-Sapphire) Large
Scale Integration manufacturing pro-
cess, which offers the benefits of very
high circuit densities, high speed and low
power consumption. One of these cus-
tom SOS circuits serves as the L-Series
central processor. The other SOS pro-
cessor is used on every interface board,
where it autonomously handles the com-
puter's 1/O traffic.

Distributed Intelligence
Because the CPU is relieved of the
need to control |KO operations, the “in-
board"” central processor can concen-
trate on its main ro'e of computation. The
“outboard” processors on each interface
board each have full access to memory
along with the CPU. Tne resulting multi-
streamed 1/O capability allows multiple
high or low-speed data transfers without
intervention by the CPU. Each I/O pro-

cessor can monitor and control direct
data transfers to memory. Direct Memory
Access (DMA) bandwidthis an extremely
fast 2.7M bytes per second.

This I/0O concept reduces interrupt re-
sponse times, reduces CPU overhead
and simplifies the design of interfaces. As
a result, an HP 1000 L-Series—available

in board, box and system configura-

tions—can perform instrumentation and
other I/O-intensive applications faster

than computers costing up to five times
as much. A wide selection of I/O boards,
including an HP-IB interface to many HP
instruments and peripherals, is available.

Software

Software for the new L-Series is based
upon RTE-L, a compatible member of
HP's family of Real-Time Executive
operating systems. RTE-L is a real-time
multiprogramming system designed to
take full advantage of the new L-Series
I/0O structure to improve overall CPU and
I/0 throughput. RTE-L offers a wide range
of configurations, from a small, memory-
based, execute only system to a full
disc-based system with on-line program
development. RTE-L can supervise
execution of multiple, priority-ordered
functions in its real-time foreground area
while less time-critical operations can
share its swappable background pro-
cessing area. RTE-L supports program
development in FORTRAN IV, BASIC and
Assembler, plus execution of PASCAL
programs. Program development for the
L-Series also can be performed on a
larger HP 1000 system under RTE-IV.

Configurations for OEM’s

The simplest possible configuration
consists of the board containing the CPU
and its support circuitry, and a 64K mem-
ory board. This version is called the
2103LK. OEM's can add a power supply,
a 5-or 10-slot card cage and any desired
interface boards. $2,250.

Another configuration, a rack-
mountable computer, the 2103L, comes
complete with processor, memory board,
power supply, and 8 I/O slots. $4,450.

The L-Series is also available as a
complete system. This Model 10includes
the processor, memory board with bat-
tery backup, HP-IB and serial interfaces,
a card cage, cabinet, power supply, HP
2621 CRT terminal, a 1.2M byte flexible
disc drive and a 12M byte Winchester
disc.

Check B on the HP Reply Card for more
information.
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Do your own system
design in weeks, instead of

months m

Designing your instrumentation system
or expanding an existing one? A new
HP-1B brochure is now available which
describes HP's complete selection of
"Designed For Systems” instruments and
computers.

This 16-page brochure, Do Your Own
System Design in Weeks, Instead of
Months explains how HP's 10 years of
experience building HP-IB instruments
and computers for automatic test sys-
tems can save you time and energy in
your own design.

How can HP-IB products from
Hewlett-Packard accomplish this? They
can because HP-IB means much more
than simply HP's implementation of the
IEEE-488. HP-IB represents an integra-
tion of features developed and refined
over 10 years of experience. These “De-
signed For Systems" features include:

e a wide selection of measurement sys-
tem components

e a quick, easy, internationally standar-
dized interfacing scheme

e a large base of documentation and
software support

e a variety of customer training courses

e on-site service

The remainder of the brochure is a ver
complete and comprehensive overview
of the more than 119 “Designed For Sys-
tems” Hewlett-Packard instruments and
computers. Special information on HP-1B
product documentation, software, train-
ing, and service support is also provided.
For your complimentary copy of this
HP-IB brochure, check C on the HP
Reply Card.

—
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Not just IEEE-488, l
but the hardware,
documentation
and support

that delivers the
shortest path to a
measurement
system.

-

Introducing PASCAL/1000: a new
high-level language for

HP 1000 computers
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A conversational language logically organized in program “blocks,” Pascal is easy to learn and easy

to follow.

Pascal/1000, Hewlett-Packard's new
block-structured programming language
for HP 1000 computers, helps improve
program design, simplify program
maintenance, and reduce overall
software costs. Pascal/1000 fully imple-
ments the “standard” language defined
by Niklaus Wirth, but we've also added
several important extensions to enhance
Pascal inthe HP 1000 programming envi-
ronment. Furthermore, Pascal/1000 is
compatible with other HP 1000 software
subsystems—IMAGE/1000, DATACAP/
1000, GRAPHICS/1000, and DS/1000.

Technical Applications

Pascal's powerful data structuring and
statement control constructs make the
language well suited for technical appli-
cations. Its general-purpose structure fits
non-technical usage as well, and its
record-handling capabilities are com-
parable to those found in COBOL. The
addition of Pascal gives programmers
greater flexibility in choosing the lan-
guage most appropriate and efficient for
a given project. Moreover, Pascal's
readability is invaluable wher: the pro-
gram must be maintained laer by some-

one other than the author
Program Development

For Pascal program development, an
HP 1000 system with at least 384K bytes
of memory and RTE-IVB operating sys-
tem is required. The Pascal/1000 com-
piler translates Pascal source code to as-
sembly language source code, which is
then automatically assembled to produce
object code. Extensive error-checking is
performed during compilation and (op-
tionally) during execution, thus increas-
ing program reliability. In keeping with
HP's philosophy of compatible instruction
sets, Pascal/1000 object code will exe-
cute on any HP 1000 computer.

Right-to-copy licenses, software sup-
port, and user training are available. HP
order number 92832A includes three
Pascal/1000 programming manuals and
the Pascal/1000 compiter, library, error
message file and cross reference
generator on a choice of mini-cartridges,
800 bpi magnetic tape, or 1600 bpi
magnetic tape.

For additional details, check D on the HP
Reply Card.



New 9030 system simplifies equipment control and
electromechanical testing
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This combinatior of a desktop computer and a versatile measurement and control processor makeas
the 9030 a powerful toal for controiling automatic equipment, and for product testing of elec-
tromechanica! devices.

Hewlett-Packard's rewest addition to
its family of test, measurement and con-
trol systems takes the concept of intelli-
gent instrument control one step further
by combining a powerful desktop compu-
ter with a versatile measurement and con-
trol processor. This fully integrated pac-
kage, designated the HP 9030, offers
computer-independent task execution of
analog and digiial inputs and outputs,
HP-supplied System Integration
Software, programming simplicity ana an
HP-IB interface—all in an easy-to-use,
roli-around cabinet.

The 9030 consists of ar HP System 35,
System 45 or 9825S Desktop Computer
atop a special instrumentation cabinet
cortaining an extended performance
version of the HP 2240A Measurement
anc Control Processos.

Whether your task is instrumentation in-
teraction, control operaiions, system Ge-
bugging, lab development or product
design simulation, the 9030 is flexible
enough to meet most demanding re-
quirements. This flexibiiity comes frcm
assigning the computational tasks io the

9030's Desktop Computer while the bur-
den of the control tasks is off-loaded to
the separate control subsystem located
in the console.

Added Flexibility

The heart of tne control subsystem is
the HP 2240A Measurement and Control
Processor. A state-of-the-art SOS
(silicon-on-sapphire) microprocessor
gives the 2240A its own intelligence to
perform tasks inaependent of the desk-
top computer. An HP-IB interface cable
connects the control subsystem to the
desktop computer. A major advantage o
this type of connection is that it allows the
desktop computer to control a wide
selection of other HP-IB instruments anc
peripherals.

In addition to independently perform-
ing normal input/output operations, the
2240A can also:

e continuously gather large amounts of
high-speed data with a single, pro-
grammed REQUEST,

e gather historicai data leading up to and
following a critical event,

| HP.IB 4

e provide a built-in decision making
capability based on digital input
status,

e perform equipment shut-down upon
an alarm condition,

e allow REPEAT/NEXT logic to be nested
for subsystem programming conveni-
ence and efficiency,

o interrupt the desktop computer upon
completion of tasks or upon detection
of an error to a measurement.

Minimized Development

With the 9030 you can reduce de-
velopment time by interacting with the
control subsystem through an HP
desktop computer. The HP System 35
(9835A) is designed for highly-
interactive, single-user applications. Its
raster scan CRT, typewriter-like ASCI|
keyboard, versatile program debugging
tools and HP Enhanced BASIC language
help you get your system up and running
quickly. It also offers:

e 12 digit floating point precision,
APL-like matrix commands,

flexible, string variable manipulations,
high level I/O drivers,

50K bytes of user-available riw mem-
ory (expandable to 246K)

If you choose HP's System 45 (9845T)
as your desktop computer you get all the
features of the System 35, plus full
graphic capability (optional) and 187K
bytes of r'w memory that is expandable
to 449K bytes. Or choose the HP 9825S
Desktop Computer. It features an LED
line display, built-in thermal strip printer
and tape cartridge drive, and 3 /0 ports
(expandable to 14). Its high performance
capabilities and Direct Memory Access
allow the capture of real time data at high
speeds.

To find out more about HP's new system,
check E on the HP Reply Card.
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HP solves more problems.

With a broader range of programmab-
les and more extensive software solu-
tions than anyone else!

With programmable calculators,
hardware is only half the story. Having
software solutions that work is the other
half. Hewlett-Packard's superior software
support often means the difference bet-
ween spending time solving your prob-
lems and spending time doing the pro-
gramming necessary to solve them.

HP's growing library of over 3,500
software solutions covers a wide range of
disciplines and applications. From air-
craft navigation to x-ray diffraction. And
HP software is available in several con-
venient forms:

¢ Hundreds of easy to use, step-by-step
key-in programs for all Hewlett-
Packard programmables

e Preprogrammed magnetic cards for
fully programmables
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e Plug-in modules

e And soon, bar-coded programs for the
HP-41C.

There are also thousands of software
solutions in the HP Users' Library. So
when you buy a Hewlett-Packard pro-
grammable, you're buying a useful, effi-
cient, and complete problem solver.

However, the problem it can't solve is
deciding which HP programmabile is right
for you! Hewlett-Packard has eight diffe-
rent scientific and financial programma-
bles to choose from. From the popular
HP-33E to the innovative HP-41C—one of
them is sure to meet your particular
needs. The most extensive range of pro-
grammable calculators backed by the
most extensive line of software solutions.
It's an unbeatable combination.

For prices or more information check Aon
the HP Reply Card.

Now over 1900 programs
available for IC tester

€5

A simple magnetic programming card makes it
alot easier to learn the truth about the quality of
your incoming IC’s with HP's 5045A Digital iIC
Tester.

There's probably no easier way to get
fast, accurate screening of yourincoming
ICs than with HP's 5045A. Set-up is as
easy as inserting a magnetic card. You
can get as much or as little data as you
want. The IC programs you need are al-
most certain to be in our growing library of
over 1900 programs covering today's
most used ICs from bipolar to MOS and
from gates to RAMSs.

Find Out a Little or a Lot

Touch a button and you get immediate
pass/fail indication. Need to know more
about the failure? Push another button
and get a complete printout of the test
with the failure point indicated.

Customize Your Test Programs

Want to refine a test procedure? Need
a test for a special IC? The HP 5046A
Digital IC Test System lets you write your
own custom test programs. Itincludes the
HP 98258 Desktop Computer, a powerful
computing instrument that you can also
use for many other tasks, such as pro-
gram storage or general-purpose com-
puting. The 5045A also interfaces with a
large variety of the major IC handlers.

For further technical data, check F on the
HP Reply Card.



HP’s 1700 series oscilloscopes solve
3 common measurement problems

HP recently surveyed the electronics
market to learn more about how oscillo-
scopes are being used and the problems
encountered when making measure-
ments. The three most common mea-
surement problems reported by oscillo-
scope users were triggering, hard to see
traces, and displaying fast pulses. HP's
1200 series oscilloscopes solve all three
of these problems.

Stable Triggering

The most often reported problem, trig-
gering, is solved by HP with a custom
ECL triggering circuit which offers excep-
tionally stable triggering. In all HP 1700
series oscilloscopes, this proven inte-
grated circuit is independent of vertical
position controls—traces can be re-
positioned without the need to reestablish
trigger synchronization. Triggering is
more reliable than with the more conven-
tional tunnel diode circuits which can drift
due to both temperature and aging.

Bright Traces

The second most reported problem,
hard to see traces, is solved by 1741A
and 1744A variable persistence storage
oscilloscopes. Variable persistence in-
tegrates repetitive signals for easy view-
ing. Practically any signal can be viewed
as a sharp, bright trace regardless of re-
petition rate or speed. And with the auto-
intensity feature, both oscilloscopes

make it easy to avoid trace biooming over
a wide range of beam intensities and
sweep speeds.

Fast Writing Speeds

The third problem, display of extremely
fast pulses, is solved by the fast writing
speeds of HP's storage oscilloscopes—
200 cm/us in the 1741A and 1800 cm/us
in the 1744A. With 1800 cm/us you can
display a single shot, 100 MHz sinewave
with an amplitude of eight divisions.

Full writing speed is available in all
operating modes—variable persistence,
auto-erase, and auto-store—giving you
the freedomto select the operating mode
that matches your measurement.

Additionally, the 1741A will wait indefi-
nitely in the auto-store mode for a single-
shot event to occur. When coupled with
the auto camera option, this instrument
will operate unattended to provide a per-
manent trace photograph of an event—
evenifitoccurs during the night or over a
weekend.

What's more these 1700 series oscil-
loscopes have established an excellent
record for reliable performance. How-
ever, if a failure does occur, easy access
to internal components makes these
oscillocopes very easy to repair.

To learn more about the features and be-
nefits offered by these scopes, check G
on the HP Reply Card.

HP's 1700 oscilloscopes can provide the answer to your mesurement needs with 100, 200 and 275
MHz bandwidths, with reliable triggering and operation.

Measure pulsed and CW
frequencies up to 40 GHz

automatically m

With HP's new 40 GHz Universal Microwave
Counter package you'll be able to make all the
frequency and time interval measurements

you're likely to need in microwave applications.

Now you can measure pulsed and CW
frequencies automatically and accurately
all the way up to 40 GHz. Just add HP's
new 5356C Frequency Head to HP's
5355A Automatic Frequency Converter
and HP's 5345A Universal Counter. Then,
with a single set up, using a single input,
you can quickly measure these radar
parameters:

e Average frequency in a pulse

e CW microwave frequency (STALO,
magnetrons)

e Pulse repetition frequency

e Pulse width

e Pulse repetition interval

External gating enables you to profile
frequency changes within the pulse,
using sample sizes as brief as 20 ns.

FM tolerance is excellent: 60 MHz CW
and 80 MHz pulsed. Input sensitivity is
high: —25dBm (1.5-12.4 GHz), —20 dBm
(12.4-26.5 GHz), —15 dBm (26.5-34
GHz), =10 dBm (34-40 GHz).

The 5345A Counter and 5355A Conver-
ter together measure frequency from DC
to 1.6 GHz. The new 5356C extends the
range from 1.5 to 40 GHz. The HP 5356A
Frequency Heads have ranges of 1.5-18
GHz and 1.5-26.5 GHz respectively.

The 5356C standard input connector is
an APC 3.5; option 001 substitutes a
waveguide connector which acts as a
high pass filter to limit the measurement
range to 26.5-40 GHz. For the systems
capabilities of the HP-IB, order your
5345A Counter with option 011.

Check Hon the HP Reply Card for all the
details.
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HP’s 512, 62 digit digital voltmeter checks

and calibrates itself

Microprocessor-controlied digital
voltmeter checks its dc and ohms
circuits for accuracy then makes
corrections.

Using two microprocessors, one for
measurement control, and the other for
computation and remote programming,
Hewiett-Packard's fully-guarded, inte-
grating 3455A Digital Multi-Voltmeter is
designed for bench or systems use. It
measures dc from 1 uV to 1,000 V, true
rms ac from 10 1V to 1,000 V, and either
two or four wire resistance from 1 m( to
15 MQ. A high-resolution mode uses 6'2
digits, but for faster reading, 5¥2 digits are
used.

Using a parallel structure control
oriented microprocessor, the HP 3455A
has autocalibration which provides high
accuracy and a removable reference
assembly that greatly simplifies
calibration of dc and ohms.

Mathematical functions built into the
3455A letthe user offset, take ratios, orto
scale readings so that readouts are in
physical units. A ‘% ERROR’ mode
converts readings into percent change
compared to a predetermined reference.

DC measurements are made at 24
readings per second (22 readings per
second for 50 Hz) with 1 uV sensitivity.
Greater than 60 dB normal mode noise

rejection is obtained on all dc ranges. Dc
accuracy is =0.0023% at full scale.

True rms measurements are made to
13 readings per second at frequencies
above 300 Hz. True rms is measured with
the bestaccuracy of 0.1% overa 30 Hz to
1 MHz bandwidth. Signals with a crest
factor as high as 7:1 full scale can be
measured.

Resistance is measured in six ranges
from 100 €2 to 10 MQ full scale with best
accuracy of 0.0025% at full scale.

|

Maximum current through the unknown is
less than 1 mA. Internal circuits are
protected against overvoltage.

Standard on the 3455A is an HP-IB I/O
for systems operation. The front panel
indicators on the 3455A display range,
function, and HP-IB status during remote
operation.

Check 1 on the HP Reply Card for full
information.

New high-speed scanner card expands multiprogrammer
production test capability

Use HP's 6940B Multiprogrammer with its 32 different plug-i functions for interfacing a desktop
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computer to the equipment you want to automatically control.

A new HP 69336A High-Speed Scan-
ner Card now permits HP's 6940B
Multiprogrammer, to sample 20,000
channels-per-second of voltage input.

(D)

This enables the multiprogrammer to act

as the vital link between an HP desktop
computer or minicomputer and your test
or control process.

Thousands of 6940B multiprogram-
mers are now in operation, saving time
and money in user defined and assem-
bled systems for production testing and
control, data acquisition, and process
monitoring. Multiprogrammer hardware
includes mainframes and a family of 32
plug-in cards providing specialized
stimulus, measurement, control and ac-
quisition functions.

Check J on the HP Reply Card to obtain
more information on the 69408 Multipro-
grammer and technical data on the
69336A High Speed Scanner Card.



Today’s state-of-the-art in
10 kHz to 1280 MHz signal
simulation

Signal generators are used as cali-
brated transmitters for testing receivers in
design, production, and maintenance
phases. With today's revolution going
forward in communications systems, the
demands placed on signal simulators
continue to get more stringent.

Synthesized signal generators have
often been preferred for test applications
because of their inherent frequency ac-
curacy, high resolution, long term stability
and programmability. But their spectral
purity characteristics could not usually
measure up to other oscillator types such
as cavities or special filtered equipment.

The 8662A represents the current
state-of-the-art signal quality perfor-
mance on SSB phase noise with less than
—144 dB/Hz at 10 kHz offset at 160 MHz.
Non-harmonic spurious signals are be-
low —100 dBc. It also achieves superior
performance on output level accuracy of
+1 dB from +13 to —120 dBm.

As a forerunner of future signal
generators it is perhaps even more sig-
nificant that the front panel design makes
use of its internal microprocessor to store
and recall nine complete sets of front
panel settings, either individually or in a
specified sequence. Powerful step-
sweep capability with log or linear scan
further enlarges the generator capability
into applications requiring sweep tests of
high stability components. Also, certain
frequency agility receivers can be tested
because the 8662A switching time is typ-
ically less than 12 ms settling time to be
within 100 Hz.

Check K on the HP Reply Card for full
specifications.
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The SSB phase noise of this 1280 MHz
synthesizer rivals the best cavity-type
generators

A significant advance in
waveguide/coax adapters

Low SWR (<1.07 vs. typical 1.25) adapters
improve measurement accuracy in the 8.2 to
26.5 GHz range.

The utility waveguide/coax adapter
used for years by the microwave industry
has been typified by the HP 281A. At the
band edges, the 281A typically exhibits
an SWR of 1.2 and at band center can be
as good as 1.08. For system use, such
performance was usually satisfactory.
But for measurement applications, better
SWR is desirable to minimize errors.

The new HP 281C series adapters now
meet that need with a stepped taper de-
sign concept which delivers very low
SWR. Three bands are available:

o X281C, 8.2-12.4 GHz, SWR<1.06;

e P281C, 12.4-18 GHz, SWR<1.086;

o K281C, 18-26.5 GHz, SWR<1.07.
Typical units have SWR about half that
value.

This low SWR now allows coaxial com-
ponents such as power sensors or noise
sources to be adapted to waveguide with
almost the same performance as if they
had been designed directly in wave-
guide. Programmable step attenuators
for waveguide can be configured from
the HP 8494-5-6 coaxial series and two
281C adapters.

Up to this time it has been difficult to
find high directivity coaxial directional
couplers from 18-26.5 GHz. Now an HP
K752C waveguide coupler and a K281C
adapter can provide an APC-3.5test port
with equivalent directivity of 28 dB.

If you need more details, check L on the
HP Reply Card.

Increased value in RF
network analysis:
extended frequency
coverage and new
application note

HP's 8754A Network Analyzer, a com-
plete and cost effective stimulus-re-
sponse test system covering 4 to 1300
MHz, is now also offered in a modified
version that will measure to 2600 MHz.
This version, designated 8754A Option
H26, performs just like the standard unit
to 1300 MHz with only nominal loosening
of specs clear to 2600 MHz. For example,
dynamic range, which is 80 dB to 1300
MHz, is still 72 dB at 2600 MHz. A
transmission-reflection test set and pre-
cision power splitter with 2600 MHz
capability are also available. The price
increment between the standard system
and the 2600 MHz version is about 15%!

The 8754A Network Analyzer also
plays a “starring role” in a new applica-
tion note that describes how to configure
and operate a computer-controlled mea-
surement and data logging system. The
system described in AN 294, “Semi-
Automatic RF Network Measurements,”
is especially valuable in applications
where many measurements must be
made efficiently and where collection of
actual measured data is important. in-
cluded are programming instructions,
sample programs, and modifications
needed to make crystal filter measure-
ments.

Check Mfor information on the 2600 MHz
version of the 8754A. Check N for a com-
plimentary copy of AN 294.
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HP logic analyzers have measurement
solutions for digital dilemmas

Do you want to sort out multiplexed
buses, trace real-time execution of
complex branches, check out hardware
problems tied to software sequences, or
find that random glitch that causes your
system to crash? Then look at the fea-
ture sets of any of HP logic analyzers
to find the optimal tools for your digi-
tal measurements.

An increasing number of newer mi-
croprocessors are using multiplexing.

With three clocks (using from one to six
edges) and a holding register, HP's
1610B Analyzer can capture related
events occurring at different times, and
display them as a single, 32-bitline onthe
analyzer's display. It allows the user to
see and trigger on system activity with the
address, data, and control lines corre-
lated as one event, rather than appearing
as three sequential lines.

HP's 1615A Logic Analyzer not only

Real-time, transparent monitoring of digital systems with HP logic analyzers lets you pinpoint minor
flaws before they become major crises in the design. production, or service of your digital system.

collects state and timing information
simultaneously, but it also offers a variety
of trigger modes using both functions.
Either function can immediately trigger
the other, or one function can arm the
second. Of course, the 1615A can also
operate as a stand-alone state analyzer
or only as a timing analyzer. The HP
analyzers solve glitch problems by
separating the glitches from other incom-
ing information, storing them separately,
and displaying them distinctly. Glitches
can be used as trigger parameters, t00.

Troubleshooting with Analyzers

Troubleshooting and debugging with
logic analyzers are described in Applica-
tion Note 292, a 16-page booklet,
"Minicomputer Analysis Technigques
Using Logic Analyzers.”

Hewlett-Packard has a complete line of
logic analyzers to meet your digital mea-
surement needs.

Check Oon the HP Reply Card for litera-
ture with more specifics on HP logic
analyzers. Check P for a free copy of
Application Note # 292.

Convenient solution for stimulating wider buses

Your requirement for digital stimulus
with up to 32 bits parallel can be solved
by master/slaving two HP 8170A Logic
Pattern Generators.

Designed for simulating system
conditions for a wide range of digital
devices, the 8170A generates control
signals and address, as well as data.
Conseqguently, devices using latch-,
RAM- and handshake-interfaces can be
functionally tested independent of the
rest of the system.

A new brochure is now available which
shows how the bus width capability can
be extended by synchronizing the
outputs of two 8170A’s. In addition to
giving timing and operating information,
the publication also describes the
8170A-HO2 which offers an additional
clock output to improve synchronization
of the slave.

For full masterislave details, and 8170A
data sheet, check Q on the HP Reply
Card.

(O]
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With many bus capabilities, the 8170A can stimulate practically any bus device. A single slave
8170A increases the bus width czpability to 32 bits.
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Now, measure power to 26.5 GHz in coax

New test system designed
and electronic component

This new Hew-ett-Packard 4061A
Semiconductor/Component Test System
provides reliable and accurate mea-
surements and high speed data proces-
sing. Measurement results such as an
impurity profile or surface state density of
a semiconductor device in any data for-
mat can be obtained. Such measure-
ments are possiole through HP's new,
remotely-controlled impedance and cur-
rent measuring instruments with a switch-
ing subsystem that eliminates cable
changes between the instruments and
the device under test.

The HP 4061A consists of a 4275A
Muiti-frequency LCR Meter for AC impe-
dance measurements, a 4140A pA
Meter/DC Voltage Source for current-
voltage measurements, a switching sub-

Power measurements to 26.5 GHz can
now be made easier and more accu-
rately. Hewlett-Packard's new 8485A
Power Sensor covers a frequency range
from 50 MHz to 26.5 GHz and a power
range from —30 dBm to +20 dBm (1uW
to 100mW). A very low SWR specification
results from using thermocouple technol-
ogy (1.25 at 26.5 GHz) which reduces
mismatch uncertainty.

CAL FACTOR is plotted at 34 frequen-
cies on the attached label with data
traceable to the U.S. National Bureau of
Standards. This permits an adjustment on
the power meter to compensate for varia-
tions of the sensors’ efficiency and mis-
match loss. For example, RSS uncertainty
at 26.5 GHz is +3.21%. Further correc-

€z

tion for mismatch uncertainty can be
made using actual measured SWR which
is furnished.

The input connector is APC-3.5 to pro-
vide rugged and repeatable perfor-
mance over hundreds of connections. It
mates directly with SMA.

The 8485A was designed to be used
with HP's 435A and 436A power meters.
The 435A Analog Power Meter features
one percent instrumentation accuracy.
The 436A Digital Power Meter features

0.5 percent instrumentation accuracy
and optional programmability through
BCD or HP-1B.

Check R on the HP Reply Card for data
Sheet.

for fast, accurate, automatic semiconductor

evaluation

system, a 9835A desktop computer and a
systems library.

The Systems Library contains manuals,
diagnostic programs and includes seven
application pacs; semiconductor high/
low frequency C-V characteristics, |-V
characteristics, C-t characteristics,
Zerbst analysis, Impedance Frequency/
Bias characteristics and an ideal C-V
curve.

Current-voltage measurements are
+0.001 pA to £10.00 mA and 0O to
+100 V. Frequency range forimpedance
measurements are 10 kHz to 10 MHz.
Eleven parameters are available:
L,C,R.Z,D,QESR,G, O,X, and B. Impe-
dancerangeis0.01 mQto0 19.99M0. DC
bias is 0 to =35 V.

Oscillator transistor has guaranteed output power

2+ S

TR

Local oscillator, altimeter and other
fixed frequency applications requiring a
predictable microwave frequency source
can now be designed with the HP
HXTR-4101, anew silicon bipolar transis-
tor. Each transistor undergoes testing ina
fixed tuned oscillator circuit to guarantee
a minimum +19 dBm output power at 4.3
GHz.

The device-to-device consistency
which permits such oscillator testing can
be employed in your system over a wide
range of frequencies through the use of

Further information can be obtained by
checking S on the HP Reply Card.

characterization data available.

Withtypical output power of 112 mW at
4.3 GHz, 50 mW at 6 GHz, and 15 mW at
8 GHz, this device is an effective selec-
tion for applications up to 10 GHz that
require a reliable source with low phase
noise characteristics.

The HXTR-4101 is hermetically pac-
kagedina2.5mmsquare HPAC-100.

Check T on the HP Reply Card for more
information.

(‘,] MEASUREMENT COMPUTATION NEWS
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New 1000 metre fiber optic transmitter extends

the range of data communication links

Extended Range

The new HFBR-1002 transmitter is pin-
compatible with the HP HFBR-1001 100-
metre transmitter and thus can be used to
extend the range of existing systems to
1,000 metres. The HFBR-2001 receiver is
designed to work with the HFBR-1002
transmitter at any distance from 1 to 1,000
metres without requiring adjustments. This
performance is made possible by the built-
in automatic level control of receiver
amplifier gain over a 23 dB range.

To complement the new transmitter in
systeminstallations, HP is now also making
available its fiber optic cable/connector as-
semblies in user-specified lengths. They
are available in one metre increments from
1 to 1,000 metres.

Features of Hewlett-Packard fiber optic
systems include:

e Specially designed plug-together
transmitters, receivers, and cable/
connector assemblies

PC board mountable transmitter and re-
ceiver packages

Standard LSTTL electrical interfaces

Fiber optic systems transmit digital information in the form of light pulses guided by hair-thin optical fibers
instead of the traditional electrical signals using copper-based wires. As such, fiber optic systems are
neither affected by nor contribute to the surrounding electromagnetic noise in the environment.

Single +5 V power requirement
No restriction on input data format from

The new Hewlett-Packard HFBR-1002
Fiber Optic Digital Transmitter makes it
possible to install new fiber optic links or
extend the range of existing HP links to
1,000 metres. The transmitter is an inte-
grated electrical-to-optical transducer
designed for digital data transmission
over single fiber optical cables. A bipolar
integrated circuit and a new high-
efficiency emitter convert TTL-level in-
puts to optical pulses at data rates from
dc to 10 Mbaud.

Burrus LED

The heart of this new transmitter is a
high power, high efficiency GaA1As in-
frared emitter which makes the longer
transmitting distance possible. The new

() RO

emitter is a Burrus light emitting diode
specifically designed by HP fcr fiber optic
applications. The output wavelength of
the emitter s 820 nm which matches the
optimum spectral transmission of the
silica core and clad fibers used in
Hewlett-Packard systems. Reliability of
the new device has been confirmed by
thousands of hours of life testing under
both normal and accelerated condit ons.
The HFBR-1002, when used with the
HFBR-2001 Fiber Optic Receiver and an
HFBR-3000 Series Cable/Connector
assembly, guarantees system perfor-
mance at 1,000 metres with at least a
2.6 dB flux margin. The bit error rate at
this distance is better than 1079 at the
maximum specified data rate of 10 Mbaud.

dc to 10 Mbaud

e Special "link monitor” built into receiver
to provide warning when information flow
is interrupted.

Check U on the HP Reply Card for complete
details.

BURRUS EMITTER STRUCTURE
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Microwave link analyzer offers low-cost solution to digital-radio testing

Direct RF modulation radio relay sys-
tems are becoming increasingly popular.
The testing of these systems does not
always require the IF transmitter sections
of conventional microwave link analyzers.
Hence the new HP 3707A BB + Sweep
Generator has been designedtodrive an
HP 8620C Up Converter to give a swept,
frequency-modulated source with a
range of 0.5 to 18 GHz. This source, in
conjunction with a standard HP 3702B or
3712A IF/BB Receiver, allows the mea-
surement of transmission distortions in a
radio link. Although the principal area of
application is in digital radio testing, the
measurements are equally useful for
analog radio systems which use direct
modulation.

The 3707A provides a single, low-
frequency test tone of 250 or 500 kHz

(internally selectable) which allows the
measurement of linearity or group delay.
The 3702B IF/BB Receiver is suitable for
use on systems operating at 70 MHz IF
while the 3712A, in additionto 70 MHz IF,
provides a capability at 140 MHz IF.
Further, an HP 3730A Down Converter,
with appropriate RF plug-in, may be used
to help isolate distortions in the RF parts
of a link.

The new MLA system has been de-
signed with low cost and ease of use as
primary considerations and is ideally
suited for routine maintenance mea-
surements, as well as installation and
production applications.

For additional specifications, check V on
the HP Reply Card.

Measuring a 6 GHz branching filter with HP's
new low-cost RF/IF MLA system.

Portable monitor makes in-service measurements on 2 Mb/s
PCM/TDM transmission systems

With HP's new, low-cost 3783A 30
Channel PCM Alignment Monitor and
Error Detector you can make both in-
service and out-of-service measure-
ments on 2048 kb/s digital transmission
systems conforming to CCITT Recom-
mendation G.732 (European CEPT 30-
channel PCM multiplex standard). The
instrument detects and counts Frame
Alignment Signal errors and AMI or HDB3
code violation errors.

In accordance with a new CCITT
O-series Recommendation relating to
PCM frame alignment monitoring and
code error detection, the 3783A displays
measured results as an error count over a

manually selected period and also an
error rate. When used as a frame align-
ment monitor, the bit error rate is calcu-
lated using a statistical technique based
on the assumption that the overall signal
contains a Poisson distribution of errors.
The instrument also incorporates a LED
display of the system alarm states con-
tained in TSO and TS16. An integral
loudspeaker allows you to hear the pre-
sence of either errors or the PCM bit
stream. In external operation, the 3783A
counts low frequency TTL pulses. A re-
chargeable battery option is available.

Check W onthe HP Reply Card for details.
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The easy-to-use 3763A 30 Ch PCM Alignment
Monitor and Error Detector has a strip chart
recorder output to let you make hard copies of
the measurement results.

East-4 Choke Cherry Road Rockville, MD 20850

Ph. (301) 258-2000

South-P O Box 10505. 450 interstate North Pkwy
Atlanta, GA 30348, Ph (404) 434-4000
Midwest-5201 Tollview Dr , Rolling Meadows, IL 60008

Ph (312) 255-9800

West-3939 Lankershim Bivd, North Hollywood, CA
91604, Ph (213) 877-1282

Europe-Central Maiing Depot . PO Box 529
Amstelveen-1134 Netherlands

Ph (020) 47 20 21

Japan-Yokogawa-Hewleti-Packard Ltd . Ohash
29-21 Takaido-Higashi 3-chome
Suginami-ku, Tokyo 168, Ph 03-331-6111
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Offshoots of our magnetic know-how.

We started business as a spe-
cialist manufacturer of magnetic
parts and materials back in 1935,
and we’ve been responding to the
needs of the fast-moving
electronics marketplace with
innovative products ever since.

Our 45 years of experience
transformed our original magnetic
know-how into three offshoots—
black ferrite, white ceramic and
magnetic tape materials. Mate-
rials which are today furthering
the development of the electronics
industry.

The know-how we gleened as
the first commercial producer of
ferrite led to the recent develop-
ment of low-loss H6H3 which has
a 1.2 x 10 relative loss factor,

and of high-u H5E which has an
initial permeability of 18,000.
High power H7C1 for switching
power supply transformers is but
another example of the applica-
tions of our ferrite know-how.

The sintering technology
that’s gone into ferrites is applied
to our other products, ceramic
components. Our completely
automated high speed production
lines, for example, let us make
ceramic capacitors in taping form,
which when combined with AVI-
SERT, our electronic parts
inserter, lowers assembly costs.

AVILYN, a highly sophisti-
cated cobalt-enriched magnetic
material, is another product of
our magnetic know-how. The

ultra-high density of the particles
in this formulation allowed us to
respond to market demands for
longer VTR recording times with
no loss in quality.

Our strong commitment to
R&D, our technological leadership
in developing innovative parts
and materials and our ability to
continually meet market needs
with products of ever greater
sophistication is why we have
made electronics history.

S TDIK

13-1, Nihonbashi 1-chome, Chuo-ku, Tokyo 103, Japan

Circle 31 on reader service card
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FIFTY YEARS AGO

Electronics /History 1930

'—

lcv.’ 1930: AS THE

NATION AND
THE WORLD
BEGAN THE LONG
ECONOMIC SLIDE
THAT WOULD TERMINATE
IN WORLD WAR I,
THE ELECTRONICS
INDUSTRY—A MAJOR
BENEFICIARY OF THAT
BLOODY CONFLICT—
WAS BUSILY DEVISING
SOLUTIONS TO ITS
MANY TECHNICAL
AND ECONOMIC
PROBLEMS. COMMERCIAL
BROADCASTING WAS 10
YEARS OLD; IN HIS
NEW YORK LABORATORIES,
E. HOWARD ARMSTRONG
WAS WORKING ON FM;
AT RCAS CAMDEN,
N.J., FACILITY,
VLADIMIR ZWORYKIN
WAS PERFECTING
TELEVISION; AND
BELL LABS
ANNOUNCED THE
INVENTION OF
NEGATIVE FEEDBACK
BY HARRY BLACK AT
ITS HEADQUARTERS
ON WEST STREET IN
NEW YORK.

Chapter 1
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It was not a good year. The start
of a fresh decade, yes. But fresh hopes, new dreams? Not
many.

It was 1930. The nation was still in shock from the
shattering of the stock market in the autumn of 1929.
Disillusionment infected financial and business circles.
And worse was yet to come.

“Business is fundamentally sound” was the rallying
cry uttered repeatedly by business and Government lead-
ers. But most businesses were not sound at all. A figure
that came to symbolize the Depression in the United
States—the apple peddler—was to appear before 1930
was out. The bubble of the Roaring Twenties had burst.
Unlimited consumption of unlimited production, all
spurred by easy credit, was a frothy myth.

Electronics magazine was launched on this stormy
economic sea. Its editors were emboldened by the state
of electronic technology to write in the inaugural April
1930 issue:

“Already billion-dollar industries are built upon the
vacuum tube —in telephony, in radio, in talking pictures.
and in power applications. Electronics revolutionized the
first three —made them possible. And in the power field.
it is now affording an entirely new engineering approach
to electrical problems of every kind. For although the

38

electrical engineering of the past was built aimost wholly
upon the single principle of electromagnetic induction,
the electrical designer of today finds . . . that in clec-
tronic apparatus he commands a medium paralleling
magnetic-induction in importance and its equal in wide
adaptability.”

Radio had already become firmly established as an
exceptional entertainment medium. The year 1930
marked the 10th anniversary of commercial radio broad-
casts from stations in Detroit. San Francisco, Newark,
and Pittsburgh. Live broadcasts just the year before
from the flight of Comdr. Richard E. Byrd over the
South Pole had set the world agog with speculation
about what future communications technology might
have in store for it.

David L. Sarnoff, president of the then Radio Corp. of
America, wrote in that first issue of Electronics: “Poten-
tially there are 26 million theatres in this country, await-
ing development. Every home can ultimately become a
theatre itself.”

The electronics that Sarnoff had in mind for his
“theatres’ —television—had been demonstrated by Bell
Telephone Laboratories in 1927. While it was being
developed, manufacturers’ sales of “radio apparatus and
tubes” reached $353.6 million in 1929, exceptional

Electronics /History 1930



growth from the $19%.4 million of 1927, according to
Moody’s Industrial Analysis for 1930. This figure was
dwarfed by the “electrical machinery” category, which
included telephones, lamps, motors, generators, and
household appliances. Moody's set sales for these prod-
ucts in 1929 at $2.33 billion.

Electric power was available in about 20 million of the
the 29 million homes in the U.S., and 20.2 million
telephones had been installed. An increase of 900,000
chones in 1929 was the largest in any year, according to
a report in August 1930 by technical committees of the
American Institute of Electrical Engincers. Some 21.5%
of the phones were dial, as opposed to those relying on a
central operator to place the call. Telephone circuits
were also being used to connect chains of radio broad-
casting stations.

It was at about this time, too, that airplanes flying at
night were first guided by low-frequency directional
radio beacons. The Aeronautics Branch of the Depart-
ment of Commerce, created by the 1926 Air Commerce
Act and a forerunner of today's Federal Aviation
Administration, installed the first six of these beacons
along the high-density routes between New York, Wash-
ington, and Chicago. Spaced 25 miles apart along the
airway corridors were supplementary 7.5-watt radio

Electronics /History 1930
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Once they built a railroad. Unemployed men on bread lines like this
one in front of the fashionable shops on New York's Fifth Avenue
were a common sight during the Depression. Radio provided just
about all the entertainment millions like them could afford

marker beacons. Aircraft radiotelephones followed,
providing pilots with updated reports of the weather they
could expect en route to an airport and at the landing
ground itself.

Commercial shortwave radio service had started in
1929 from the U. S. to ships at sea, and in September of
that year, at the Hague, there had been the first meeting
of the newly organized International Technical Consult-
ing Committee on Radio Communication, or CCIR.
Among its goals: international understanding on techni-
cal standards for minimizing frequency interference. In
the U.S. itself, the recently established Federal Radio
Commission was beginning to bring order to domestic
broadcasting chaos.

In entertainment, “talkies” were becoming the rage
since the 1929 showing of “The Jazz Singer,” the first
motion picture with sound. The design and construction
of sound movie photographic and projection systems
became a major new outlet for the efforts of electrical
engineers.

A number of companies that were to become electron-
ic giants were already in place. RCA had 2,000 employees
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There’s alittle tiger in
every Cherry product.

KEYBOARDS & KEYBOARD SWITCHES. Should
you specify solid state or hard contact for your keyboards?
Ask Cherry We make both: Solid state (capacitive) and hard
contact (gold crosspoint). This means we won't try to talk
you out of either one. It also means we can fill your every
keyboard application. Perfectly. Keyboard switches. too. With
a “heart of gold” that keeps your product working

FOR FREE CATALOG, CIRCLE NUMBER 38

MULTI-POSITION SWITCHES. When you want a
switch to count...count on Cherry For thumbwheel, push
wheel and leverwheel switches in a full range of alphanumeric
readouts and output codes. For our Rotocode switch that
combines the shaft actuation of a rotary switch with the
coded electrical output of a thumbwheel. Or. for our matrix
selector switch with up to 2784 crosspoints...standard

FOR FREE CATALOG, CIRCLE NUMBER 39




'e 0000 DUt We’Fe pussycats to
do business with

Our products are tough. but our people aren't...and
that's the beauty of dealing with Cheny.

You see, we can control the quality of our products
because we fabricate most of our own parts (moldings,
stampings, printed circuits, ICs, etc.).
And we can keep the price down be
cause we're loaded with automatic
equipment to handle high volume.

But the real difference is in the
people you work with at Cherry: from
your first contact with a technically
trained sales representative...through
careful analysis and recommendations
by engineers who are really concerned

about your problem...to our production scheduling
and customer service groups who follow-up and
expedite to make sure we keep our delivery promise
to you.

Of course we're proud of our
modern facilities and equipment...but
what we're proudest of is our reputa-
tion for customer service. Try some.

For a start, get additional data and
catalogs on one or more of the tough
Cherry product lines shown below.
Free, of course, from the pussy-
cats at Cherry.

CHERRY ELECTRICAL PRODUCTS CORP.
3608 Sunset Avenue, Waukegan, IL 60085 ¢ 312/689-7700 ¢« TWX 910-235-1572

CHERRY SEMICONDUCTOR CORP.
99 Bald Hill Road, Cranston, Rl 02920 e 401/463-6000 ¢ TWX 710-381-1757

Our worldwide affiliates and phone numbers:

Cherry Mikroschalter GmbH, Auerbach, Germany, 09 643 181 « Cherry Electrical Products Ltd., Sandridge (Herts) England, 44 727 32231
Cherco Brasil Industria E Comercio Ltda., Sao Paulo, Brazil, 011 246 4343 « Hirose Cherry Precision Co., Ltd., Kawasaki, Japan, 044 933 3511

INTEGRATED CIRCUITS. Now, from Cheny Semicon-
ductor Corp., your choice of standard digital or linear bipolar
ICs...or the most sophisticated custom design combining
both digital and linear functions (I2L) on the same chip
...or anything in between! All from a group of engineers and
other Chernry folks who are eager to work with you to help
solve your problems.

FOR FREE CATALOG, CIRCLE NUMBER 40

PRECISION SWITCHES. Whatever you make...you
can make it better with a Cherry switch. Cherry snap-action
switches with unique coil spring mechanism are justifiably
renowned for quality and long life. Cherry gold crosspoint
contact switches are the most dependable for low energy
circuits. What kinds of switches? You name it, Cherry’s got it.
And all are the pick of the switching crop. Worldwide.

FOR FREE CATALOG, CIRCLE NUMBER 41
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Our F100K family of subnanosecond logic ECL circuits
is the fastest in the industry. It's been cited doing
750 ps, which is 2-3 times faster than the competition.
Not only are our components faster, but your sys-
tems get faster because we've reduced interconnect
delays. Which allows for serial proces-
sing with fewer parts.
While being the most complex
ECL circuit family available,
it's still the easiest to use

e e

has higher infegration levels.

Plus, the family offers some important
advantages over TTL. Such as lower voltage
swing, complementary outputs and a constant
wer supply current fo reduce noise.

ntroducing a new family member-
The F220 8-Bit Slice.

Our F100K family includes the F1I00K SSI/MSI, F200
Gate Array, and a totally new member, the micro-
programmed F220 8-Bit Slice family.

With five devices, featuring 1,000-gate density and
subnanosecond delays, the 8-Bit Slice family allows for
excellent flexibility and building-block versatility over
a wide variety of general-purpose applications.

F220 8-BIT SLICE
Device Function Availability |
! - —
100220 Address and Data Interface Now

Unit (ADIU)

1100221 Multi-function Network (MFN) ~ Now ’
1100222 Dual Access Stack (DAS) Now
1100223 Programmable Interface 2ndQ |

Unit (PIU) l
100224 Microprogram Sequencer (MPS) 4th Q

- J
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Where do you use the FIOOK family?

Anywhere speed is essential. Especially in large high-

performance computers. And right down the line, from

mainframes to midis, minis and special processors.
Even in communications and instru-
mentation equipment.

AN LA i | The F100K family is in production
and is available now. More and

o o more design engineers are beginning
in system design. P = to design it in every day:. In fact, 80%
Because it's fully EEEEEEEmmmms B O the companies that build mainframes
voltage and tempera- ] 4 have already implemented it into
ture compensated and their systems in order to stay at the

leading edge of technology. With its
faster speed and ease of use, the FI00K family has
helped increase system performance while decreasing
design time.
Another ior product from the
Bipolar m leader.
The F100K family benefits from Isoplanar-S, Fairchild's
evolutionary new Bipolar process for scaling down
Isoplanar geometries. With it, we're giving the
computer industry and related fields superior memory
and logic products. And we'll continue to do so for a
long time to come.

If you're not using Fairchild’s F100K family, you're

wasting both system and design time. And, sooner
or later, you'll want to take full advantage of its
performance benefits. Why not make it sooner? For
more information about the fastest family in the
business, call Bipolar LSI Logic at Fairchild Semicon-
ductor Products Group, PO.Box 880A, Mountain
View, California

(415) 962-3941. FAIRCHILD
TWX: 910-379-6435. IS

A Schiumberger Company

Shaping the future of LSl technology.
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Realization. Here ar Columbia University’'s Statistical Bureau, a Difference Tabulator built by International

4

Business Machines Corp. in 1928 made use of ideas put forth by Charles Babbage early in the 19th century.

worldwide by the beginning of 1930. It had been formed
by the General Electric Co. in 1919 to buy control of the
Marconi Co. and to manufacture radio devices and
systems developed by GE, Westinghouse, AT&T, and
others. Just the year before, RCA had acquired the Victor
Talking Machine Co. (phonographs and phonograph
records), and it owned half of the National Broadcasting
Co., as well as one radio station in New York and one in
Washington, D. C.

GE had 87,800 employees, but the company’s interest
was more electrical than electronic. The Westinghouse
Electric and Manufacturing Co.. also a long established
electrical firm, had 49,000 employees.

International Business Machines Corp. was firmly
entrenched, with 4,400 employees and a string of compa-
nies that it had acquired. The corporate entity special-
ized in time recorders, tabulating systems, arnd weighing
scales. With a technological base rooted in Herman
Hollerith’s electromechanical, punched-card tabulating
machine, IBM was looking at the upcoming decades with
optimism under Thomas J. Watson. Already the compa-
ny had manufactured a statistical machine for Columbia
University in 1929. Using registers for data retrieval and
storage, this digital calculator—or difference tabulator,
as it was called—brought to life many of the ideas
propounded by the mathematician and inventor Charles
Babbage nearly a century earlier. It influenced the 600
series of 1BM multiplying machines that were introduced
in 1931 and was a forerunner of the Mark I developed by
1BM and Howard Aiken at the end of the decade.

Much of the groundwork was being laid for the analog
computer during this time and throughout the 1930s.

44

Research was ardently pursued at the Massachusetts
Institute of Technology under Vannevar Bush.

Radios and tubes were being turned out by companies
like the Zenith Radio Corp., the National Union Radio
Corp., Crosley Radio Corp., Perryman Electric Co., and
De Forest Radio Corp. All of them except Zenith, which
survives today as the Zenith Corp. in Chicago, became
early victims of the perpetual “shakeouts” in the elec-
tronics industry.

Enough was happening constructively in the electron-
ics industry amid the Depression for O. H. Caldwell,
first chief editor of Electronics, to write in its first issue:
“There will be nothing that the average man sees, hears,
or buys but what will be controlled, regulated or affected
in some important respect by an electronic tube!”

Certainly the average man was already experiencing
the effects of the radio tube. Radio sets and radio
broadcasting were big business. From about 9.5 million
sets in use in July 1929, according to a Department of
Commerce estimate, the total had climbed to 11.5
million six months later. By July 1, 1930, there were
13.5 million radio sets in use, both battery- and ac-
operated. Lee de Forest, president of the Institute of
Radio Engineers, told the institute’s fifth annual conven-
tion in August 1930: “Radio has largely eliminated
[newspaper] extras on prize fight resuits, and has shown
a curtailment of interest in baseball news.”

The radio sets did not come cheaply. Average prices
reached a peak of $124 per set in 1927, according to
figures published in the June 1930 issue of Electronics,
declining somewhat to $110 in 1929. To buy one, an
industrial worker had to invest nearly four weeks’ wages,

Electronics /History 1930
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since in 1929 the average manufacturing wage was about
$30 a week, or $1,500 a year.

The electrical engineer was much better off. In its
May 1930 issue, Electronics published a chart compiled
by the Society for the Promotion of Engineering Educa-
tion. It compared the earnings of engineering graduates
employed in the “radio™ and “‘electrical” branches. The
average salary at graduation was about the same for the
two—$1,750 annually. But five years after graduation,
the radio engineer was earning about $3,500 annually.
while his electrical engineer colleague averaged $2,800,
according to the chart.

“It is evident why many of the higher-class graduates
are interested in linking their futures with that of radio,”
observed W. R. G. Baker, engineering vice president of
the RCA Victor Co. of Camden, N.J., in an article
accompanying the chart.

But as the Depression deepened, the future even for
radio engineers became clouded. The January 1930 issue
of the Proceedings of the IRE contained an announce-
ment of an employment service for members that stated:
“Beginning with the February 1930 issue, an advertising
page of ‘Engineers Available’ will be published.” The
price: $2 per insertion per month.

Further evidence of the effect of the Depression was
provided by the membership figures of the IRE. From
about 6,600 engineers on the rolls at the end of 1930, the
organization, which had been founded in 1912, showed a
dip to 6,500 members in 1931, then a sharp drop to
5,350 the following year and finally a low of 4,250 in
1934. From there, the total crept back up to 5,750
members by the end of 1940 and, with the onset of
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Sight and sound. Wrapping up the Depression in one image, the
apple peddier made his first appearance during 1930. Symbolizing
the era in sound, sports columnist Bill Corum (left) and announcer
Don Dunphy brought the fights to life for miliions of listeners.

World War Il and U. S. involvement, to 7,020 in 1942.

The American Institute of Electrical Engineers, a
much larger organization, had slightly more than 18,000
members in 1929 after reaching a high of 18,344 in
1927. But from there on, it was down, down. The low of
15,230 members was hit in 1935. Not until 1942 and the
engineering efforts of the war years did the AIEE
membership rebound to its 1927 level.

These declines were, of course, only mirror images of
what was happening in the country at large. Unemploy-
ment in the U.S. had been extensive even during the
seemingly good years of the 1920s. It rose as high as §
million in that decade, was never lower than 1 million,
and ranged from 1.5 million to 3 million. Most of the
time anywhere from 4% to 7% of the labor force was
unemployed, according to one estimate.

The Federal government reported 2.5 million workers
unemployed in April 1930, the month Electronics was
introduced. Other estimates went as high as 8 million.
By 1932, it was widely reported that some 14.5 million
people were out of work.

There were signs in the summer of 1929 that business
activity was slowing, and after a mild renascence in the
spring of 1930, the year finished at below 80% of the
so-called normal point. Nearly 80% of the total value of
stocks was wiped out. Industrial profits after taxes,
which had been $8.3 billion in 1929, reached losses of
$3.4 billion in 1932. Investment in the American econo-
my fell from $16 billion in 1929 to $900 million in 1932.

Before tke deep gloom set in, the Radio Manufactur-
ers Association had exuded optimism. At the group’s
fifth annual convention in June 1929, its president had
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declared that the radio industry was “in a healthy condi-
tion.” He was wrong, and his 270 members were in
trouble. The radio business reflected the condition of
other industries in the country: the sales peak had
passed; there were simply not enough people capable of
buying what was being produced.

In June 1930, Electronics asked admonishingly in its
editorial columns: “Are we heading once more into over-
production of radio sets? Will 1930 see a repetition of
the serious surplus of radio receivers which made a
nightmare of 1929, and spilled over into the spring
dumping of 1930?7”

In 1929 a total of 4.7 million radio sets had been
manufactured, of which 4.2 million were sold, according
to the magazine. “In 1930,” it added, *‘every indication
in the radio field, and in general business, points to
restricted demand . . . Undoubtedly, 3.5 million is the
figure to put down as representing top sales for 1930.”

At the 1930 convention of the Radio Manufacturers
Association, membership was down by 45 companies,
and further declines were in the offing.

Not everyone saw the glut of radios resulting from
economic conditions. De Forest, the so-called father of
radio broadcasting, had another opinion: people had
stopped buying radios because they were repelled by the
advertising. In his inaugural address on Jan. 8, 1930,
following his election to the presidency of the IRE, de
Forest said he wished to *“‘raise my voice in most certain
protest against this revolting state of affairs.”

De Forest had equally strong opinions about the
motion picture industry and its talking pictures. “‘Here,
both in studio recording and in theater reproducing
methods and apparatus, is witnessed a most deplorable
result of engineering indigestion,” he asserted. “The
profession has bitten off very much more than it could
properly masticate in these few years.”

He described the “made voices™ of talking pictures as
*“perhaps clearly understandable but all of one timbre—
and that wholly unnatural and unpleasing, as if emanat-
ing from wooden tonsils and fibre tongues.” Of the
music, he said: “The present shrieking noises, at best, are
only a sad burlesque of fine music, painful to endure.”
He mourned the “thousands of musicians actually put
out of employment by this loud speaking robot.”

De Forest urged the radio profession ““to concentrate
every human effort upon this urgent and highly baffling
talk of bringing back real music to the cinema and real
voice to the theater screen—or, if not, let an outrageous
and long-suffering public rise in righteous wrath and
curse us.”

Tlere was some good news,
too, in 1930: the pace of technological advance was
accelerating. The negative-feedback amplifier was
announced that year, although Harold S. Black actually
had developed it at Bell Telephone Laboratories in 1927.
Important as negative feedback is today, it “had all the
initial impact of a blow with a wet noodle” in 1930,
according to one of Black’s laboratory assistants. It
wasn’t until 1932, when Harry Nyquist, also of Bell,
recognized the importance of phase control in the feed-
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Waste not. Trying to conserve in every way, this Depression man
fixes his shoes at the East River near 10th Street in New York City.
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Ferranti semiconductors
are at the heart of many of
the world’s finest products.

Quality discretes in volume.
In transistors, Ferranti offers a
wide range of low and high
frequency small signal plastic
devices covering the majority
of standard U.S., UK. and Euro-
pean types. We also offer RF
power products, high-voltage
power transistors, and the
high-volume microminia-
ture SOT-23 package for
solder-reflow hybrid
circuits. Ferranti opto-
electronic products com-

You'll find Ferranti semiconduc-
tors metering gasoline in the
world's tirst digital electronic
fuel injection system used in a
production car

You'll also find them in telecom-
munications systems, electronic
SLR cameras, video games,
vending machines, medical
equipment, RF communica-
tions, computer terminals,
data processing equip-
ment, aerospace and mil-
itary applications plus

more o e e ! hptrise; pho.t?diodeé,
' photo-transistors an
25 years of experience ‘\ photovoltaic arrays.

Britain’'s Ferranti Limited
is, in fact, one of Europe'’s

leading producers of
quality semiconduc- <

The diode range includes
power rectitier, zener, varac-
tor, Schottky and PIN diodes.

Standard and custom
IC's. By concentrating

on bipolar LSl technol
ogy using the Ferranti
CDI (collector ditfusion
isolation) process, we're
able to meet the needs ot
all customers. We offer
1) A wide range of standard
products including a rapidly
growing number of data conversion
producits such as microprocessor-compatible
A/D and D/A converters, Codecs for telecom-

tors—both discrete com-

ponents and integrated

circuits. We've been

involved in their devel-

opment and manutac-

ture since 1954. And

based on today's tech-

nology, our experience is even
greater than our 25 years indicates.
For at the outset we made the deci- |
sion to use silicon technology rather than \ f
germanium which was then predominant. '\ \ /

Over the years we ve developed a wide munications, tracking converters for guidance
range of semiconductor components. includ 114 and control, pr%cision voltage rgererence
ing transistors, diodes. optoelectronic devices sources and low-noise wideband amplifiers
and integrated circuits. 2) Semi-custom design with a range ot 13 ULA's
Leaders in ULAs. It was Ferranti, for example, that otfer performance from low power up to high-
who introduced the concept ot the ULA (uncom- speed Schottky, and LSI complexity to 2000 gates
mitted logic array) where only one mask hasto 3) Full custom design, creating a dedicated chip
be designed to produce a custom LSI circuit. Fer- where ultimate performance is required, quantities
ranti also designed, developed and manufac- are large and economics permit higher design cost.
tured Europe’'s tirst 16-bit high-speed bipolar No matter what you need in quality
microprocessor semiconductors, just say the word: Ferranti.

FERRANTI

better by design

Ferranti Electric Inc . 87 Modular Avenue Commack. NY 11725 USA Tel 516-543-0200. TWX 510-226-1490
Ferranti Electronics _.imited Fields New Road. Chadderton. Oldh.am OL98NP England Tel 061-624-0515, Telex 851-668038 Fergem G
Ferranti GmbH, Widenmayerstrasse 5, D8000-Munich-22. West Germany Tel 89-26387! Telex 841-523980 Ferm D
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Get 1 watt output from
vyour H-P generator
with a Mini-Cirecuits amplifier!

0.05 - 1000 MH:
trom $199

Need more than the 10 mw available from
your signal/sweep generator or synthesizer
for system and subsystem testing?

Just add a MiniCircuits’ ZHL wideband
amplifier and boost the 10 mw level to 1
watt or +30 dBm. Also, there's an additional
benefit ... as much as 40 dB isolation will
be added between the generator and the
system under test. And VSWR is less than
2:1 over the full frequency range.

Upgrade your present generator now . ..
check the specs and low prices below and
order your ZHL wideband amplifier today
... and we will ship within one week!

MODEL | FREQ. | GAIN GAIN MAXIMUM NOISE |INTERCEPT DC POWER PRICE —’
NO. MHz FLATNESS POWER FIGURE POINT

OUTPUT dBm -+

1-dB 3RD ORDER [
dB dB COMPRESSION dB dBm VOLTAGE |CURRENT | $ EA. QTY.

ZHL-1A | 2-500 | 16 Min. | +1.0 Max. +28 Min. 11 Typ. +38 Typ. +24V 0.6A 199.00 (1-9) ]

ZHL-2 10-1000 | 16 Min. |  +1.0 Max. +29 Min. 18 Typ. +38 Typ. +24v 0.6A 349.00 (1-9) |
ZHL-2-8 | 0.4-150 | 24 Min.| +1.0 Max. +29.5 Min. 11 Typ. +38 Typ. +24V 0.6A 199.00 (1-9)
ZHL-3A | 10-1000 | 27 Min. | +1.0 Max. +29.5 Min. 10 Typ. +38 Typ. +24V 0.65A |449.00 (1-9)
ZHL-32A | 0.05-130 | 25 Min. | +1.0 Max. +27 Min. | 10 Typ | +33 Typ +24v 0.6A | 199.00 (1-9)

(e =

— = — — —_— 5 -3 — 4 — - - ——
Total sate input power +20 dBm. operating temperature 0°C to +60° C. storage temperature 55°C to +100°C, 50 ohm impedance, input and output VSWR 2 1 max
For detailed specs and curves, reter to 1979 80 MicroWaves Product Data Directory. p 364-365 or EEM p. 2970-2971

World's largest manufacturer of Double Balanced Mixers

o - - -
2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 m M ln '-c ' rcu .ts

Domestic and International Telex 125460 International Telex 620156 MINI-CIRCUITS LABORATORY
A Division of Scientific Components Corp R45/Aev/B
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10-4. Not Broderick Crawford, but Patrolman H. H. Moon of the New
Rochelle, N. Y., police uses radio to communicate with police cars.
direct from headquarters. The dial serves to connect the police
system with telephone lines for local and long-distance hookups.

back loop and invented the now famous Nyquist
diagram, that negative feedback began to be widely
appreciated. It is now not only used to make low-
distortion amplifiers with stable gains but also is the
basis of all automatic control systems.

Lest young engineers today think that nothing of
much importance happened before the transistor, it is
worth noting that in 1930 the superheterodyne receiver
was already more than 10 years old, having been
invented during World War | by Maj. Edwin Howard
Armstrong while he was in France. Armstrong, who had
also invented positive feedback (in the form of the regen-
erative receiver) and superregeneration, was hard at
work on the development of frequency modulation in
1930. In July of that year he filed for the first of four fm
patents, all of which were to be issued to him simulta-
neously on Dec. 26, 1933.

Television was also under intensive development.
Vladimir K. Zworykin of Westinghouse had demon-
strated in 1929 a television receiver containing his kines-
cope picturc tube and had so impressed RCA’s Sarnoff
that the latter invited Zworykin to join RCA to make
television a commercial reality. By 1930 Zworykin was
in Camden as director of RCA’s Electronic Research
Laboratory, and in 1931 he and his staff developed an
improved version of his iconoscope camera tube, one that
was much more sensitive than the device he had patented
years before in 1923.

Carrier-based telephony, too, was both well estab-
lished and on the verge of great technical advance.
Multiplexed open-wire lines had been widely used in the
1920s, and in 1929 Lloyd Espenschied and H. A. Affel
of Bell Telephone Laboratories had developed a system
based on coaxial cables, which are basic to most guided-
wave carrier systems in use today.

One area of communications that was only beginning
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to become important in 1930 was mobile radio.
Although the New York Harbor Police used spark-gap
transmitters to communicate with police boats as early
as 1916, technical problems had to be overcome before
mobile receivers could be termed practical. Low sensitiv-
ity, high power consumption, ignition noise, and the need
for frequent replacement of fragile tubes were the princi-
pal obstacles to the widespread use of radio receivers in
cars and boats until 1928. That year a six-tube set was
designed for the Detroit Police Department (see chapter
3). Automobile radios for the public soon followed and
became quite popular in the 1930s.

Industrial electronics meant tubes and transducers in
1930. Electron tubes were doing heavy-duty work, such
as controlling the amplitude and duration of output
current in resistance-welding machines. Soon tubes
began to replace the magnetic contactors and relays used
to control motors, furnaces, and machine tools. To indus-
try, the tube was panacea: not only was it fast and
accurate, but it was also quiet, flexible, power-stingy,
and safer than arc-prone mechanical contacts.

By 1930 most of the basic vacuum tubes
known today were around, although all were to undergo
considerable refinement. There were the diode, triode,
tetrode, and pentode. The heptode, the hexode, and the
pentagrid converter had yet 10 be developed.

The basic tube of 1930 was a glass envelope with a
plastic base; the steel-envelope tube was not invented at
General Electric until 1935. The base and pins of the
tube were plugged into sockets. Components and inter-
connecting hookup wires were hand-soldered between
terminals on the sockets.

Even before 1930 it was recognized that better wiring
methods were needed for the mass production of radios.
In 1925, for example, an inventor called Charles Ducas
had patented a method of forming electroplated conduc-
tor patterns in copper, gold, or silver on a nonconductive
base material. These metal-plated stenciled patterns
were the forerunner of the printed circuit, but they were
never applied commercially.

Another competitor of point-to-point wiring —one that
was used commercially —had stamped brass conductors
riveted to a bakelite panel. This system was employed in
a six-tube receiver prior to 1930.

Components were undergoing great changes as Elec-
tronics was born. Wirewound resistors were giving way to
carbon-composition devices, which offered both higher
resistance values and better high-frequency perform-
ance. Paper capacitors were becoming available to
replace mica units. And wet electrolytic units had been
introduced for power-supply filtering.

To cap the burgeoning activity in electronics, Walter
A. Shewart of Bell Telephone Laboratories published in
1931 his magnum opus, “Economic Control of Quality
of Manufactured Product™ and in so doing essentially
invented what is now known as quality control.
Shewart’s work led to the founding of the American
Society of Quality Control.

Electronics had indeed come of age as a manufactur-
ing industry.
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SIEMENS

Siemens.On

Electronic components for every need —
. . 1
made, sold, and serviced where America needs them most. - a

Siemens manufactures the widest range of components in
the world, to meet every industry requirement. From hi-rel zener
diodes, to tuning or power semiconductors, tantalum or ceramic
capacitors, transient suppression devices, and high speed subnano-
second ECL gate arrays. For applications ranging from commu-
nications, aerospace, and data processing to automotive and
consumer products.

Exceptional Service

Of particular significance is the steady growth of Siemens
as a major factor on the U.S. industrial scene. Over half the
Siemens components sold here are also made here. In New
Jersey, Arizona, and California. With central stocking stations,
automated inventory systems, 95 local distributors, offices in
every state, and exceptional service—whenever and wherever
it's called for.

Siemens Commitment

Siemens, a worldwide electrical manufacturing company
with $16 billion in annual sales, has committed its resources to
American industry in four major areas: electronics, communica-
tions, power engineering, and health care. Aimost 8,000 people
are employed in five manufacturing locations and field offices
serving all 50 states.

Siemens. The technology, the products, the people,
the commitment.

Nationwide sales and service Components tor space research Broad line of Siemens components

Siemens. Constructive contributions.
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STANDARD EQUIPMENT

WITH EVERY FAIRCHILD

TEST SYSTEM.

Half the reason anybody buys a
Fairchild test system is the quality of the
system itself.
The other half is customer support.
We pride ourselves on providing
the very best customer support

| program in the test system business.
We offer the world's most comprehensive | maintain a worldwide team of applica-

training to get you started. Meaningful
applications to get you
running. And worldwide
field service to keep your
downtime to an absolute
minimum.

Everything we do is
designed to meet a
common goal: Give you
maximum use of your
Fairchild system at the
lowest possible cost.

That's the overview.
Here are the specifics:
TRAINING
YOUR PLACE
OR OURS.

Fairchild operates
training centers in San Jose, Munich
and Tokyo. Courses can also be taught
in your own plant by special
arrangement.

In our training centers, your per-
sonnel are given hands-on experience

| with the exact kind of test equipment

you buy. They start with 12 to 18 man-
weeks of basic training, and then
choose from a broad range of courses
to fit your specific needs—from testing
fundamentals to advanced LS| testing
techniques.

We use the very latest teaching
techniques, including videotape and
programmed learming courses, in addi-
tion to live lectures and demonstrations.
QOur average instructor has a minimum
of seven years of experience.

We have trained over 8,000 customer
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personnel in the past seven years.

APPLICATIONS.

NOT JUST HOW, BUT WHY.
The key to effective applications

support is making sure your Fairchild

system does everything it can to meet

your specific testing requirements. We

tions engineers to help you get your

system up and running. We also have a
software library containing hundreds of
ready-to-run device test programs for
standard ICs, almost every known mi-
croprocessor, |/0 chips, bipolar RAMs,
’ MOS RAMs and a number of support

circuits. These programs would cost you
tens of thousands of dollars if you had to
develop them yourself from scratch.

} It all adds up to an applications

| base that meets many of your testing

| needs before you begin.

| SERVICE. ALWAYS THERE

WHEN YOU NEED US.

No matter where you are in the
world, we have a field service engineer
Close by to keep your system uptime
up. We have more than 25 major ser-
vice centers throughout the U.S., Europe
and the Far East.

|

|

We offer a variety of service con- |
tracts that can be tailored to your needs.
They give you monthly servicing and
calibration of your test systems. auto-
matic field change notices, automatic
software updates, replacement of de-
fective parts, and a commitment to be
there within a matter of hours (within 50
miles of a service center, average re-
sponse time is ‘our
hours). .

Allin ali, we guar-
antee never to forget you
after the sale. That's why
every Fairchild test sys-
ter you buy comes with
the personal commit-
ment of trained profes-
sionals, applications
engineers and service
personnel as standard
equipment.

For more informa-
tion, contact your near-
est Fairchild Test
Systems sales office. Or
write Test Systemns Group, Fairchild
Camera and Instrument Corporation,
1725 Technology Drive, San Jose,
California 95110. Tel: (408) 998-0123.
TWX: 910-338-0558.

FAIRCHILD
TEST SYSTEMS GROUP

of ATE. |
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Mr Cbuck Sumt of I TT is about to recreate an accidental

Nothing will happen to the
cable—just as nothing happened
when a tractor accidentally ran
over ITT cable during a recent
telephone system installation in
Pennsyivania The reason is that
tiber tor fiber diameter for diam-
eter, ['TT makes the strongest opti-
cal cable on the market, with the
highest degree of ruggedness in the
smallest tightly bound diameter
Back at the plant, every fiber is
tested to withstand 100,000 psi. It

all helps explain why no break in
use has cver been reported in an
ITT-designed and installed fiber
optic system

ITT fiber optic cable has an
otheradvantage: a remarkable flex-
ibility that means easicr handling
cven under the most adverse wea-
ther conditions. In one instance, a
cable of 335 meters was installed in
temperatures as low as — 18°(
Steam and rodding were needed to
clear ice-clogged ducts, but the

e
ITT Single Fiber Cable—s Kevlar

strength members

—— -
——

(

Light Duty Cable—Up to 10 Plastic €
Silica, Glass Step Index on Glass Graded
Index Fibers

Heavv Duty Optical Fiber Cable

Clad

e —

—

Specifically designed for telephone apphcations

= -

Direct Burial Cable —Alumnom tape
darmor with an outer [volyt'thylrm‘ jacket

4
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demonstration of our op

pressures caused by subsequent re-
freezing had no effect on the cable's
optical properties. All pulls
through ducts were made without
mechanical assistance, and the en-
tire installation, including connec-
tors, was completed in 26 hours
Whether you are installing a
telephone fiber optic link or a
complete communications system

why not call our Marketing De-
partment at (703) 563-0371. Mr
Surat will be happy to provide you
with as many kilometers as you
need of the strongest optical fiber
cable made, as well as all the com-
ponents to go with it

Imagine what we can do
togcther

ELECTRO-OPTICAL PRODUCTS DIVISION ITT

7635 Plantation Road Roanoke, VA 24019

tical fier ab

les strength.
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HOW TECHNOLOGY
Ub)] SR

ALTHOUGH IT
WAS 1883 WHEN

50
THOMAS EDISON
DISCOVERED THE
EFFECT THAT WAS TO
BECOME THE BASIS
OF THE ELECTRON TUBE,
THE ELECTRONICS
INDUSTRIES HAVE
ROOTS THAT GO MUCH
DEEPER. FOR EXAMPLE,
A FORERUNNER OF THE
COMPUTER WAS BUILT
BY BLAISE PASCAL IN
1642. NEVERTHELESS,
ELECTRONIC TECHNOLOGY
AS IT IS KNOWN
TODAY IS ESSENTIALLY
A PRODUCT OF THE
20TH CENTURY FORIT
HINGES ON A PAIR OF
RELATIVELY RECENT
DEVELOPMENTS—THE
DEMONSTRATION OF
RADIO BY MARCONI AND
POPOV INDEPENDENTLY
OF EACH OTHER IN
1896 AND THE
INVENTION OF THE
VACUUM TRIODE BY
DE FOREST IN 1906.

Chapter 2

Electronics / History betore 1930
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Strictly speaking, the age of
electronics began in 1883 with the discovery of the
Edison effect. In that year Thomas Alva Edison, in his
efforts to increase the life of his early carbon-filament
lamps, introduced a metal electrode into the vacuum
envelope containing the glowing filament. He discovered
that when a positive voltage was applied to the electrode,
a current flowed across the vacuum between it and the
filament. This phenomenon—the great inventor’s only
fundamental scientific discovery —is the basis of all elec-
tron tubes and of all electronics up to the solid-state era.

But Edison did not pursue his discovery. Some critics
have taken this failure to follow up as proof that he was
only a persistent tinkerer and not a first-class scientist.
In Edison’s defense, historians point out that he was
extremely busy with many developments around this
time: the pioneering Pearl Street electrical generating
station had opened in 1882, and Edison was involved in
1883 with financial, managerial, and technical trouble-
shooting. He did publicize his findings on the Edison
effect, and he described the discovery in a patent.

Nevertheless, from 1883 to 1904 neither Edison nor
anyone else exploited the effect to make a useful vacuum
tube for detecting or amplifying electrical signals.
Perhaps there was not sufficient motivation. Although
the telephone could have benefited from the invention of
a suitable amplifier—as it was to eventually—it was
capable at the time of profitable operation without one.
Radio, on the other hand, was not. And radio was also
still struggling for an identity.

In 1896 in Pontecchio, near Bologna, the Italian
Guglielmo Marconi used grounded antennas to send
telegraph signals through the air over a distance of about
2'4 kilometers. In St. Petersburg, Russia, that same
year, Aleksandr Stepanovich Popov independently sent
possibly the first radio message, *“Heinrich Hertz,” over
a distance of 300 yards. Long-distance wireless
telegraphy took a few more years. Marconi established
radio communication between France and England in
1899. In 1901 he made radio waves cross the Atlantic
from Poldhu, Cornwall, to St. John’s, Newfoundland.

Radio, of course, did not begin with Marconi and
Popov—it only seems that way. Like many other
advances in electricity and magnetism, it had its origins
in the discoveries and inventions of Michael Faraday and
in the work of the mathematical genius, James Clerk
Maxwell. Among Faraday’s many discoveries was his
elucidation in 1831 of the principle of electromagnetic
induction. In 1832, looking into the future with remark-
able clarity, he wrote:

“I am inclined to compare the diffusion of magnetic
forces from a magnetic pole to the vibrations upon the
surface of disturbed water, or those of air in the phenom-
enon of sound, i.e., | am inclined to think the vibratory
theory will apply to these phenomena as it does to sound,
and most probably to light.”

Maxwell agreed. Progress was slow, however, and it
was not until 1855 that he published “On Faraday’s
Lines of Force” or until 1864 that he gave the world his
startling *“A Dynamical Theory of the Electromagnetic
Field.” This paper presented what we now call
Maxwell’s equations, explained all of the known
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phenomena of electromagnetism, and predicted that
radio waves could exist and would travel at the speed of
light.

In 1887 Heinrich Hertz proved experimentally that
Maxwell was right. Using a spark-gap transmitter and a
loop antenna with a small gap in it as a receiver, he
transmitted and received radio waves in his laboratory in
Karlsruhe, Germany. More than that, he used a reflect-
ing arrangement to detect standing waves and showed
that the waves obeyed all the laws of geometrical optics,
including those of refraction and polarization. No
wonder Popov’s first message was Hertz’s name.

Thus although its beginnings lay early in the 19th
Century, it was not until the beginning of the 20th that
radio advanced far enough to make the world realize
that it needed a decent amplifier.

If discovery of the Edison effect was the first step on
the road to such an amplifier, the second step came in
1904 when John Ambrose Fleming invented the vacuum
diode. Fleming, since 1882 a consultant to Edison Elec-
tric Light Co. in London, had met Edison personally in
1884 and learned about the Edison effect soon after its
discovery. Fleming described his thermionic valve as a
rectifier of high-frequency alternating currents. And
that’s what it was. Like cat’s whisker crystal detectors
and other receiving devices of the day, it rectified radio-
frequency waves but it could not amplify them.

The third step on the road to amplification was taken
by Lee de Forest. On Oct. 25, 1906, he applied for a
patent on a three-element vacuum tube—the famous
audion. This tube was similar to Fleming’s valve, with
one important difference: it had a control grid between
the filament and the anode.

Today we think of triodes as amplifiers.
But de Forest’s early devices had such low gains that
they were little better than diodes. Something was
needed to make the audion into a practical amplifier. It
was six years in coming, but when it came it marked the
beginning of radio and of modern electronics.

This device was Edwin Howard Armstrong’s regenera-
tive circuit. It constituted not only the sensitive receiver
that everyone was looking for, but as a bonus, it was also
the first nonmechanical generator of clean continuous-
wave signals.

Regeneration—or positive feedback—involved cou-
pling a portion of the plate-circuit signal back into the
grid circuit to increase the amplification of a triode.
With sufficient feedback, of course, the amplifier
became an oscillator. First set up and operated on Sept.
22, 1912, Armstrong’s regenerative circuit was quickly
adopted by industry, although frequently in violation of
Armstrong’s patent. Transcontinental telephone service
was established between New York and San Francisco
early in 1915 based on regenerative repeaters, and later
that same year, in a historic experiment, voice signals
were successfully transmitted from Arlington, Va., to
Paris. This experiment used the regenerative circuit in
both its transmitter and receiver.

There was early recognition by both Irving Langmuir
of General Electric and Harold Arnold of Western Elec-
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Guglielmo Marconi. Often called the inventor of radio,
Marconi was actually the first man to use grounded anten-
nas. In 1896, he sent radio signals some 2.5 kilometers.

Michael Faraday. Quite likely the greatest experimenter in electromagne-
tism, Faraday predicted the existence of electromagnetic waves in 1832.

Thomas Edison. It was probably his preoccupation
with the first commercial generating station (on
Pearl Street in New York) that prevented Edison
from pursuing his discovery of the Edison effect and
going on to invent the electron tube.
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James Clerk Maxwell. This man invented
field theory and calculated that radio waves
would travel at the speed of light.

tric (later the first director of research at Bell Telephone
Laboratories) that improving the vacuum in the triode
would make it a much better amplifier. Indeed, the tubes
used in the transcontinental link in 1915 were special
hard-vacuum devices made by Western Electric.

From this point onward, developments came at an
ever-increasing pace. Single-sideband transmission, the
superheterodyne, radio navigation, carrier systems for
telephony, and the flip-flop circuit were just some of the
important achievements between 1915 and 1920.

But two other modern electronic marvels — television
and the computer—though far from ready, had been
evolving for some time. It is perhaps a good idea to look
back at their nonelectronic origins before seeing how
they were affected by the vacuum tube.

Tle need for rapid and accurate
solutions to the tedious mathematics involved in setting
up mathematical tables for astronomers and naval navi-
gators may have been the greatest stimulus in the middle
of the 19th Century to the development of digital calcu-
lating machines. Earlier attempts at building calculators
were aimed at the man of business who had long columns
of figures to add and subtract, but who had few, if any,
nonlinear functions to solve. And although work on
analog machines to help in the calculation of tidal func-
tions began in the latter half of the 19th Century, little
progress was made toward the analog computer until the
middle of the 20th Century.

The earliest mechanized computer was no more than
an adding machine that could both add and subtract; but
it could neither multiply nor divide. Built by Blaise
Pascal in 1642, this machine was an aid in adding
columns of figures in his father’s office. His calculator
had number wheels with parallel, horizontal axes. The
positions of these wheels could be determined and their
sums read through windows in the covers. Numbers were
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Heinrich Hertz. In a series of experiments in
1887 Hertz demonstrated the existence and
nature of electromagnetic radiation.

John Fleming. He learned about the Edison
effect from Edison himself in 1884 and went

on to invent the vacuum diode in 1904.

entered by horizontal dial wheels coupled to the number
wheels by pin gearing. Most of the number wheels were
geared for decimals; a carry ratchet coupled each wheel
to the next higher place.

Pascal’s machine is said to have been predated by one
built by Wilhelm Schickhard of Tiibingen, Germany,
between 1623 and 1624, although this claim has never
been fully substantiated.

In 1673 Gottfried Wilhelm Leibniz, the German
philosopher and mathematician, completed a calculator
that used a device known as the Leibniz wheel. It
allowed not only automatic addition and subtraction, but
also multiplication and division. Machines using a
version of the Leibniz wheel were employed through
World War I1.

However, not until 1820, when Charles Xavier Thom-
as introduced his Arithometer, was it proved that calcu-
lators performing the four basic arithmetic operations
could be manufactured commercially; and this was not
truly done on a large scale until the latter part of the
19th Century.

Perhaps the most significant work with early digital
computers was done by the English mathematician
Charles Babbage with funding from the British govern-
ment. In 1823 Babbage began work on his Difference
Engine, a special-purpose calculator to help the British
navy draw up various nautical tables. These could be
tables of multiplication, logarithms, sines, and cosines, or
of physical measurements and observations.

Babbage’s machine was to perform all arithmetic
operations using 20-digit registers and delivering a
printed output. But the mathematician never fully
completed his work on this Difference Engine, and in
1833 he started work on another idea that he failed to
bring to fruition: the Analytical Engine. This machine
was conceived as a general-purpose computer, very close
in design to the Mark 1, which was built at Harvard
University a century later, in the 1930s. Babbage
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Brite moments in American history.

September 14, 1716. Boston Light shines as America’s
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vied for control of the lighthouse. When the British

evacuated Boston in 1776, rather than yield the lighthouse
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rubble. It was reconstructed on the same site, and, more

than 200 years later, Boston Light still shines bright. \
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Lee de Forest. By putting a grid into a diode
de Forest made one of the century's most
important inventions —the triode.

foresaw the need for two distinct
units —the store (or memory), where
information and instructions were
entered into the machine by punched
cards, and the mill (or processing
unit), where operations were to be
performed by use of the stored infor-
mation and instructions. Babbage
had taken the idea of punched cards
from Joseph Marie Jacquard, who
invented an attachment to the loom
in 1805 that automated the weaving
of patterns. Jacquard used a series of
cards with holes punched in them to represent the
desired patterns. The holes allowed hooks to come up
through the cards and pull warp threads down, so that
when the shuttle passed through it went over certain
preselected threads and under others.

Babbage's Analytical Engine was to hold 1,000 wards
of 50 digits each, and when random access to tables of
functions was required, the machine would ring a bell to
alert the operator that additional data was needed.

A machine based on Babbage’s design for the Differ-
ence Engine was built by Pehr Georg Scheutz in Sweden
in 1854, but it took another hundred years for a working
model of the Analytical Engine to be built by Interna-
tional Business Machines.

Formal logic, so necessary for the workings of digital
computers, could not be satisfactorily explained math-
ematically before George Boole. In 1848 the English
logician published “The Mathematical Analysis of
Logic” and in 1854 “An Investigation of the Laws of
Thought,” the foundation of what is now symbolic logic.
With the theories expounded in these writings, it was
possible to express logic in very simple algebraic systems.
The equation x2 = x for every x in the system is basic to
Boolean algebra and has only O or 1 as an answer in
numerical terms. Thus modern computers can make use
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Irving Langmuir. Shown with Willis R. Whitney, Langmuir (holding triode) advanced electron-
ics by explaining the space-charge phenomenon in electron tubes.

-

of this binary system, with their logic parts carrying out
binary operations.

The year 1890 marked the beginnings of two modern
computer companies: Burroughs and I1BM. In that year
William S. Burroughs invented the Adding and Listing
Machine—a very popular office calculator—and Her-
man Hollerith helped solve the compilation problems of
the 1890 United States Census with an early data
processor. Hollerith went on to form the Tabulating
Machine Co. in 1896 to make both the processing
machines and the cards they used. In 1911 this company
joined with one that manufactured scales and industrial
time clocks to form the Computer-Tabulating-Recording
Co. In 1924, under Thomas J. Watson, the latter compa-
ny became the International Business Machines Corp.

Hollerith’s machine had three parts: a tabulator using
clocklike devices that received electrical signals from
reading brushes; a sorter box with 24 bins electrically
connected to the counters in the tabulator; and a hand-
operated punch cards for that were 6% by 3 inches
and had 288 locations where holes could be punched.
Normally all the lids on the bins were closed, but when a
hole was sensed, an electrical circuit was completed that
allowed the latch holding the lid to spring open. The card
was then slipped into the bin by hand. It was several
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Computer forefather. This early Hollerith sorter and counter was one of the first products of the Tabulating Machine Co. The company, which
was founded in 1896, became the Computer-Tabulating-Recording Co. as the result of a merger in 1911. It is doing nicely today as IBM.

years before Hollerith was able to automate this part of
the process.

James Powers, an engineer in the census shop, was
commissioned in 1907 to develop an automatic card-
punching machine, and in 1911 he formed the Powers
Tabulating Machine Co., a principal competitor with the
Computer-Tabulating-Recording Co. for some years. In
1927 Powers’ company merged with Remington-Rand,
which later combined with Sperry Gyroscope in 1955.

Unlike their digital counterparts, analog calculators
did not come into their own until the 1930s under
Vannevar Bush at the Massachusetts Institute of Tech-
nology. Early work on analog computers had been done
at the end or the 19th Century by two English brothers,
James and William Thomson. James Thomson was
responsible for the design of a planimeter, which used a
ball and disk integrator. William Thomson (Lord
Kelvin) used this integrator in a harmonic analyzer and
a tide predictor. He later went on to explore the idea of a
differential analyzer, although he did not build one
because of technical difficulties.

Unlike digital computers—which started out as
mechanical devices and then went through a brief elec-
tromechanical period during the 1930s, finally becoming
electronic only in the 1940s —television was an electrical
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medium from the its very beginnings.

Attempts to send images over distances with the use of
electricity date to 1876, the year Alexander Graham Bell
invented the telephone. At that time it was already
known that the resistivity of selenium varied with the
amount of light falling on it. Thus as soon as Bell made
it clear that complex signals could be transmitted over a
distance, inventors and would-be inventors began trying
to develop means of “seeing by electricity,” as the title of
one paper put it at the time.

Some of the schemes involved the use of a mosaic of
selenium detectors: others called for scanning the image
mechanically with one or more selenium points. Repro-
duction was to be by anything from the movement of a
pencil to electrochemical action on a piece of chemically
treated paper at the receiver.

The first television invention that had practical conse-
quences was the “electrical telescope,” patented by Paul
Nipkow in 1884. At the heart of his camera was the now
famous Nipkow disk. It had 24 holes equally spaced
along a spiral near the periphery of the disk. The image
to be transmitted was focused on a small region at the
disk’s periphery, and the disk was made to spin at 600
revolutions per minute. As the disk rotated, the sequence
of holes scanned the image in a straight line. A lens
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. Irst_lncandescent electric light. Only 14 months after he
,_’ made a public prediction that he was going to invent an
' lectric Iight Thomas Edison demonstrated his carbon-

soon became his most famous. Within three years of the
\ first demonstration, under the supervision of Thomas
dison’s “invention factory,” the first central e/ectnc power
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Paul Nipkow. His disk is the basis of just
about alt mechanically scanned television.

behind the image region collected the sequential light
samples and focused them on a single selenium cell. The
cell would then produce a succession of currents, each
proportional to the intensity of the light on a different
element of the image.

At the receiving end, Nipkow proposed using a
magneto-optic (Faraday-effect) light modulator to vary
the intensity of the reconstructed image. To form the
image, a second disk, identical to and rotating synchro-
nously with the one at the transmitter, would be needed.

Nipkow built no hardware— which is probably just as
well, because the technology of the time would not have
permitted him to build his system; the light modulator
alone would have required some 10 watts of control
power. His disk, however, was a model for several later
television systems that were built, most notably those of
British inventor John Logie Baird.

Baird was apparently more interested in proving feasi-
bility than in refining his ideas for commercial use. His
feverish activity produced an incredible string of televi-
sion firsts. Among them: transmission of TV pictures via
telephone lines (London to Glasgow, 1927); telecast of
30-line pictures by shortwave radio across the Atlantic
and to a ship at sea (the Berengaria, 1928); first demon-
stration of color TV (1928); stereo TV (1928); daylight
TV (1928); regular TV service, including the transmission
of synchronizing pulses (1929); simultaneous transmis-
sion of pictures and sound (1930); big-screen TV (1930);
televising of a daytime public event (the Epsom Derby,
1931); televising of a motion-picture film (1931); and
uhf transmission (1932).

All of this was done with variations on the Nipkow
disk and the work constitutes the high-water mark of
mechanically scanned television. Television as we know
it today is, of course, all electronic and has a different
genealogy.

The first all-electronic television system was described
by Alan Archibald Campbell-Swinton in a letter to
Nature magazine on June 18, 1908. Like Nipkow,
Campbell-Swinton built no hardware but described his
ideas in great detail. His system was based on the
cathode-ray tube invented in 1897 by Karl Ferdinand
Braun, in Strassburg. Campbell-Swinton proposed using
CRTs as both the transmitter and receiver, recognizing
that a key problem was “in devising an efficient trans-
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John Logie Baird. The first man to demonstrate (among other things) color television, stereo
TV, and big-screen TV, stands beside his original 1926 apparatus.

mitter which, under the influence of light and shade,
shall sufficiently vary the transmitted electric current so
as to produce the necessary alterations in the intensity of
the cathode beam of the receiver.”

One step closer to reality was Boris Rosing of the
Technological Institute of St. Petersburg University in
Russia, who in 1907 developed a TV system that used
mechanical scanning on the transmitting end and the
Braun CRT as a receiver. The Bolshevik Revolution
ended his work, but it motivated one of his students,
Vladimir K. Zworykin, to emigrate to the United States
where, first at Westinghouse and later at the Radio
Corp. of America, he helped develop television as we
know it today.

Zworykin’s most critical invention was the first icon-
oscope camera tube, which he patented in 1923. The key
to its success was the fact that its silvered-mica photoca-
thodes stored the charges induced by the image that was
focused on them until the scanning electron beam simul-
taneously neutralized the charges and modulated itself.
Approaches that lacked this storage feature, such as
Philo Farnsworth’s image dissector, were less successful.

A year after he invented the iconoscope, Zworykin
invented the kinescope—a TV picture tube —thus becom-
ing responsible for both the key transmitting and receiv-
ing elements of electronic television.

The broadcast television that followed two decades
later would, of course, not have been possible without
proper transmitters, receivers, modulators, demodula-
tors, etc.—or, in other words, without proper radio. The
world had been introduced to the potential of such a
radio system as far back as 1906, when on Christmas
Eve Prof. Reginald A. Fessenden of Harvard University
made the first documented radio broadcast of speech and
music. For this feat, he used a 50-kHz Alexanderson
alternator, manufactured by the General Electric Co.
Telegraph operators on ships crossing the North Atlantic
were surprised on that historic night to hear music
coming out of earphones that previously had emitted
nothing but dots and dashes. Fessenden modulated the

-alternator’s 1-kw output simply by putting a microphone

in series with the antenna of his experimental station at
Brant Rock, Mass. It is likely, but not certain, that the
microphone was water-cooled.

In 1915, John R. Carson of American Telephone &
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Viadimir Kosma Zworykin. If anyone deserves to be called the father of television thar man is Zworykin, who, while working at
Westinghouse, in 1923 invented the iconoscope camera tube (top right). The next year he invented the kinescope picture tube.

Telegraph invented single-sideband modulation, which
saved both power and bandwidth in wire and wireless
transmission. The invention resulted from a mathemati-
cal analysis of the nature of modulated carriers. Thus
SSB is important not only in its own right, but as an
example of the power of mathematical analysis.

Carson was also at the center of another episode
involving mathematical analysis, but this showed its
limitations. In 1922 he published a paper in which he
proved mathematically that frequency modulation was
uscless for conserving bandwidth. That deduction was
correct but Carson interpreted his mathematics to mean
that “this type of modulation inherently distorts without
any compensation advantages whatever.” He concluded
in a later paper (1928) that “noise, like the poor, will
always be with us.”

Along came Armstrong, who trusted his
instincts more than Carson’s mathematics and went on
to invent fm. The flaw in Carson’s mathematics was not
in the elegant calculations; it was in his solving the
wrong problem. Carson proved, quite correctly, that
narrow-band fm was useless. Armstrong invented wide-
band fm.

During World War | Armstrong, then a Signal
Corps captain stationed in France. conceived and built
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the first superheterodyne receiver. He filed for a U.S.
patent from Paris on Dec. 30, 1918, and received the
patent on June 8, 1920. The superheterodyne circuit, the
basis of just about every radio, television, and radar set
in the world today, probably ranks as Armstrong’s
greatest achievement. Reduced to its fundamentals, it
uses a local oscillator that beats down rf signals to a
fixed intermediate frequency, where they may be ampli-
fied. The superhet also provides excellent selectivity and
low noise, although Armstrong’s reason for developing it
seems to have been simply to find a way of amplifying
radio waves at frequercies that were too high for vacuum
tubes of the day to handle.

With the advent of the superhet, radio was here to
stay. Its growth was phenomenal: sales of sets went from
$60 million in 1922 to $900 million in 1929. In the
process the electronics industry got the one element that
made it a genuine part of modern American life:
Government regulation.

Actually there had been a Radio Act of 1912, but the
courts had held that it did not give the Government the
power to assign wavelengths. So in 1927 Congress passed
a new Radio Act establishing a five-member Federal
Radio Commission with authority over licensing,
frequency allocation. and power regulation.

The Federal Communications Commission came later,
but that part of the story belongs to the 1930s.

Electronics /History before 1930
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Ohio Scientific

Microcomputers for all reasons

Ohio Scientific has been building
microcomputers longer than any com-
pany currently in the personal computer
and small business computer market-
place. The company features a uniquely
broad line of computer systems and in-
terchangeable accessories. Ohio Scien-
tific computer models range from the
$279 Superboard Il which is the lowest
cost complete computer on the market to
the world's most powerful microcom-
puter; the C3-B GT which features a 74
million byte, 10 millisecond access disk
and a 300 nanosecond instruction cycle
processor. Ohio Scientific computer
products are sold and supported by a
world-wide network of over 350 computer
dealers. The product line featured in

this brochure is Ohio

patible from single-user floppy systems
to multi-user timeshare and/or distributed
processing networks with hundreds of
megabytes of hard disk. Specific
business applications software include a
complete word processor for use on any
professional series computer (WP-2), a
family of conventional fully integrated
accounting systems (OS-AMCAP) and a
highly advanced data base manager and
information management system (OS-
DMS). DMS based applications modules
range from simple general accounting
packages to Construction Quotation,
Medical and Legal billing systems in

stand alone and/or integrated single-user,

multi-user and network compatible con-
figurations. The data base structure of

further provides a wide range of language
capabilities including BASIC, FORTRAN,
COBOL, PASCAL, APL, FORTH, ALGOL
and others. Ohio Scientific's broad range
of compatible accessories include a
solderless interface prototyping board, a
high speed analog I/O module and a
PROM blaster for use in hardware labs.
OSI's home security and control /O,
unigue voice /O, and new telephone in-
terface coupled with the fast access high
capacity CD-74 hard disk provide unique
opportunities for advanced computer
science investigations on an educational
budget.

Research and Development
The C2 and C3 series com-

Scientific’s professional
series computers, software
and accessories. All
machines in this brochure
incorporate dual 8” floppy
disk drives and utilize the
OSI 48 line BUS architec-
ture of modular inter-
changeable PC cards. This
architecture allows easy
servicing, modification and
upgrading. All machines in
this brochure have internal
firmware for instant disk
loading and diagnostic
testing and come complete
with connecting cables,
operating manuals and OS-
65D disk operating system
with extended BASIC so

RESEARCH AND
DEVELOPMENT

OEM

puters feature the most
advanced 6500 family
operating system and ar-
chitecture complemented
by a fast resident inter-
active assembler/editor,
on-line debugger and op-
tional PROM blaster
capability. The C3 extends
this development system
capabilities to the 6800 and
Z80 family by nature of its
three-processor architec-
ture. Ohio Scientific’s
broad range of plug com-
patible accessories include
a unique voice recognition
breadboard, a powerful
Votrax® based voice output
system, a general purpose

they can be utilized
immediately when delivered by connec-
tion to a standard RS-232 terminal.

Business

The most popular use of Ohio Scientific
professional computers is in small
business accounting. The minimum con-
figuration of each computer has dual 8”
floppies, 48K bytes of RAM and an
RS-232 port making each computer
usable in business applications as
delivered. All Ohio Scientific machines
can operate as single-user, stand alone
computers, but by simply adding one

PC board, they can also be used as
intelligent terminais in a distributed
processing network. Business software
includes an advanced BASIC operating
system; OS-65U which features end user
operating ease and security as well as
highly advanced file structures and com-
munications protocols. OS-65U is unique
in that programs written in this operating
language are immediately upward com-
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these packages allows a high degree of
end user customization without prog:am-
ming through use of powerful general
purpose report writers, mathematical
packages and an on-line query facility.

Education

Ohio Scientific personal computers are
very popular in general education. The
professional series offers capabilities for
advanced educational use. Ohio Scien-
tific's C1P and C4P series computers can
be connected to a C2 or C3 computer to
utilize its floppy disk and printer, and to
allow teacher monitoring and com-
munications under OS-65U Level 1
operating system.

The Challenger III's unique three-
processor architecture provides oppor-
tunities for students to compare archi-
tecture, machine code, assemblers and
upper level languages for three types of
processors on one machine. OS-CP/M

telephone interface, a fast
analog /O module, very
fast high storage capacity hard disks,
and computer network capabilities.
These leading edge technology products
provide opportunities for advanced ar-
chitectural investigations and develop-
ment without extensive hardware
maodifications. To further enhance the
C3's usefulness in R/D applications, the
company is currently developing a
68000/Z8000 CPU expander board which
is designed to plug-in to existing C3
series computer systems.

OEM

Ohio Scientific's broad line of plug-
compatible products and mass produc-
tion economies provide a tremendous
cost/performance benefit to both original
equipment manufacturers and ‘‘systems
houses’'.

Contact your local dealer or the factory
for OEM contract details on computers,
accessories, complete systems and/or
subassemblies.

Electronics / April 17, 1980



C2-OEM

Ohio Scientific's new C2-OEM is designed to be the cost effective
solution to business and industrial applications which can effectively
utilize typical microcomputer execution speed. The C2-OEM benefits
from Ohio Scientific's years of volume microcomputer production
experience yielding an extremely competitively priced medium
performance microcomputer.

The C2-OEM utilizes the popular 6502 microprocessor operated at
1MHz clock speequnction with 48K or 450 NS Dynamic RAM
memory.

This hardware configuration when used in conjunction with Ohio
Scientific’s ultra fast BASIC by Microsoft yields Business
environment performance equal to or better than competitive
microcomputer systems.

The C2-OEM is housed in a versatile table top cabinet which can also
be rack mounted or incorporated in a matching desk which also
accommgates a CRT terminal and printer.

The systenffeatures very simple physical construction and the use of
industry stefpdard parts for reliable operation and simple servicing.
All circuitry g on two 8 x 10" OSI BUS compatible PC cards, one for
the 48K meifory and the other which gontains the CPU, Firmware,
RS-232 port §nd floppy controller.

The cards are plugged into an 8 g
tremendous expansion capabilit,
standard 8" Floppy disk drives ghd is powered by two standard UL
recognized open frame powegglipplies.

The C2-OEM'’s low cost, simple construction, standard performance,
and factory configuration make it the logical choice when a simple,
rugged '‘no problems’’ computer is desired.

t back plane which provides
. The unit features two industry

Features:

Simplest, most cost-effective computer when typical microcomputer
execution speed is acceptable.

* Full business configuration standard ¢ 48K dynamic RAM

¢ .35 MIPS 6502 CPU ¢ RS-232 port at 300 to 19,200 baud

e Dual 8" floppies store 600 Kbytes

e OSI BUS oriented for modular expansion

* Fast low overhead disk operating system standard

e Microsoft BASIC with random and sequential access files

e Instant load disk bootstrap and front panel emulator in ROM

The C2-OEM with cover off showing the placement of
floppy drives, UL recognized power supplies and 8-slot
OSI 48 BUS backplane.

Custom Desk DSK-5A

Prices -04 Double cases—uses separate 200
. cases for computer and floppies
C2-OEM As specified above $2799 (dentical in appearance to the
C3-S1
Options 05 OS-AMCAP package provides $875
-01 Double-sided disks doubles ca- 800 AMCAP V1.5 and 0S-65U at a $300
pacity 10 1.2 Mbythes. savings when purchased with the
computer
02 Internal video board and keyboard 299
with numeric pad provide complete
terminal furction with upperflower Notable Accessories .
A com: AC-3P 12" TV monitor for use with 129 SpeCIaI SVStem
puter (a low cost alternative to con he 02 h c . .
ventional CRT terminals). Justadd a the 02 option 2-NET C2-OhElv:I-04 with a CA-17 but with- $1499
TV monitor for a complete low cost CA-17 Plug-in board adds intelli- 298 LRI RS S B L
system gentterminal capabiity under Level special *'down load’” bootstrap
3NET ROM which loads the operating
03 Conversion ‘0 static RAM uses one 600 : systemfromanetworkdatabaseon
more slot (2-24K boards) and adds DSK-5A 5 foot matching desk with shde-in 300 power up. Just add on RS-232 ter-

4.5 amps additional power.

Electronics / April 17, 1980

mounting for C2-OEM, C3-OEM or
C2-NET.

minal for the lowest cost intelligent
terminal configuration
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Ohio Scientific

Microcomputers for all reasons

The Premium Performance
C3 Series

The Challenger Il family of computers is
one of the most popular small computers
in existence with tens of thousands of
units installed to date. The C3 series pro-
vides several unique features including:

* 3 processors — the 6502A, 68B00 and
Z80A

¢ User programmable interrupt vectors
on all three processors

¢ OSI 48 line BUS architecture with 16
data lines and 20 address bits (1024K
address space)

¢ Upward expandability to 74 megabyte
disk drives

e Upward expandability to timeshare and
distributed processing configurations

¢ Broadest line of plug compatible
accessories in the industry

* Broadest line of systems
and applications soft-
ware of any small
computer (three
processors is
unbeatable here)

e Fastestinstruc-
tion execution
speed commer-
cially available in a
microcomputer
(with GT option)

The C3's Z80 supports Ohio Scientific’s
implementation of Digital Research’s
CP/M® operating system. This very
popular operating system supports
nearly a dozen upper level languages and
hundreds of business, scientific and
educational packages from several in-
dependent suppliers. The Challenger IiI's
4MHz Z80A processor, fast stepping rate
floppies and large disk buffer size make it
one of the fastest CP/M operating system
compatiole computers available.
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CP/M's excellent performance is over-
shadowed by the C3's 6502A ultra-high
performance processor which executes
Ohio Scientific's OS-65D developmental
operating system and OS-65U, a highly
advanced business BASIC operating
system with multi-user and distributed
processing capabilities. The 6502A per-
forms a memory to accumulator ADD in
1.0 us. and a jump extended in 1.5 us.
with an overall average of .7 Million In-

structions per Second (M.I.P.S.) making it

far faster than any other widely used
microprocessor (including the new 16-bit
versions).

The GT option further extends Challenger
Il performance by utilizing the 6502C
processor and high speed static RAM
(150 ns. access) to achieve memory to
accumulator ADD of 600 ns. and 1.2
MIPS average operation. This perform-
ance level places the C3 GT models com-
parable to mid-range minicomputers
{($50,000 to $100,000 price range) in
typical business and other information

intensive applications. Such computers
are much faster in arithmatic operations
because of their wider wordwidth but this
performance advantage is not cost effec-
tive in all but the most demanding
number crunching applications.

Upward Expandability

Users can start with a relatively modest
C3-OEM table-top computer and
transport all of their software and most, if
not all, of their hardware upward in
simple plug-together expansion steps to
hard disk storage, multi-programming —
timesharing, distributed processing and
finally, to an *‘office of the future”
computer network.

Versatility

Ohio Scientific's plug-in options
include the full scope of
business accessories
including a word processing
printer, modem and
matching furniture.
Parallel 1/0, AJD D/IA
capability, PROM
blaster, clock and
prototyping options
satisfy the needs
of the educator and
OEM.

Voice I/0O, the
Universal Telephone

Interface, AC remote
controi, wireiess security systems,
affordable ultra-fast execution speed,
network capability and huge storage
capacity challenge the most creative
innovators to develop the applications
of tomorrow.

Electronics / April 17, 1980



The Challenger lll Series

Electronics / April 17, 1980

Family Features

Premium performance 3-processor com-
puter systems.

¢ Full business configuration standard
e 3-processors 6502A, 68800, Z80A
* 6502A operation at .7 MIPS standard

e Z80A operation 4MHz, 68B00 opera-
tion 2MHz

¢ 48K high speed static RAM standard

¢ 20 address bits with memory pager
addresses 768K

s User programmable interrupt vectors
e 8-bit parallel I/O port

e instant loading floppy disk bootstrap/
hard disk bootstrap/front panel
emulator in ROM

e RS-232 port strappable from 300 to
19,200 baud

e Dual 8" floppies store 600K bytes

¢ OSI 48 line BUS oriented for
modular expansion

¢ 0S-65D fast low overhead develop-
ment operating system with ultra-fast
BASIC standard

¢ 0S-65U advanced business operating
system standard

e Largest accessory family in the micro-
computer industry

s Largest software library in microcom-
puting (due to its unique 3-processor
architecture)

C3-S1, C3-OEM

These two computers are table-top
versions of the C3 system with a total of
eight OSI BUS slots. They are ideally
suited to applications which do not
require hard disk drives and/or multiple
users. Both systems can be enhanced by
adding the GT option and/or dual-sided
drives. They support OS-CP/M by expan-
sion to 56K RAM and can be networked
by expansion to 56K and a network /O
port. (The CA-17 provides network and
CP/M compatibility.) The C3-OEM is a
single-case table-top unit similar to the
C2-OEM except for larger power supplies
and can be mounted in the DSK-5A. The
C3-S1is in two cases which can be
shipped via U.P.S. ( the C3-OEM must be
shipped by freight). The C3-51's floppies
can be independently turned off; a useful
feature for process control and security
applications.

Prices

C3-S1 As specified above $4095
with 48K

C3-OEM As specified above 3995
with 48K

-GT Option Increases 6502 1500
execution speed to 1.2
MIPS average (150 ns
main memory)

C3-A

The C3-A system is a 17-slot version of
the C3 series in a stylish free-standing
equipment rack. Although the standard
machine has the same circuit boards and
hence the same functional specifications
as the C3-OEM or C3-81, the system can
be directly expanded to 8 users, hard
disk operation and a network data base
node configuration by simple plug-in
operations. The rack also accom-
modates the PDS-1 system power se-
guencer and Alloy Engineering cartridge
tape back-up units.

The C3-A features rack slide-mounted
CPU and floppies as well as removabie
side panels and !ocking back door for
convenient servicing and upgrading.

Prices

C3-A As specified above $5995
with 48K

-GT Option Increases 6502 execu- 1950
tion speed to 1.2 MIPS
average (150 ns main
memory) and adds
heavy duty switching
power supplies.

C3 Family Options

-01 Double-sided drives, $800
doubles capacity to 1.2
Mbytes

-06 OS-AMCAP package 775

provides AMCAP 1.5 at
a $200 savings when
purchased with the
computer (65U is stand-
ard with C3's)

-07 CP/M package requires 400
CM-10 or CA-17 for
operation. Provides
OS-CP/IM, 280
Assembler/Editor,
Microsoft Z80 BASIC,
FORTRAN and COBOL
at a $250 savings over
individual prices when
purchased with the
computer.

-08 Real time clock option 100

Circle 83 on reader service card 83



Ohio Scientific

Microcomputers for all reasons

Winchester Technology Disks

Floppy disks store from 250K bytes to
500K bytes per surface in a series of
concentric circles called tracks which
each store 2.5K to 7K bytes. To access
specific information a head must be
mechanically positioned over the track,
then the computer must wait for the infor-
mation to rotate under the head. On an 8"
floppy accessing a specific piece of
information this can take as long as 1.2
seconds even though the computer could
have processed the informaion in a few
microseconds. (The access time of mini-
floppies is much worse.) Furthermore, in
most business applications, it is impos-
sible to store all necessary information
on one floppy disk; thus requiring several
diskettes and frequent disk changes.

The traditional solution to
these problems is the con-
ventional removable platter
hard disk. These disks rotate
ten times faster than floppies
and use more elaborate head
positioners to move from

track to track as much as ten
times faster than floppies. Hard
disk storage ranges from a few
megabytes to a few hundred
megabytes.

There are several problems with
conventional hard disks. First and fore-
most, the extremely high bit density on
the disks makes them very sensitive to
mechanical misadjustments and contam-
ination such as vibrations, dust and
temperature differences of a few
degrees, etc. Attempts to use removable
hard disks in any other than a big com-
puter, air conditioned, clean room
environment by other than experienced
computer operators can result in expen-
sive head crashes and the complete loss
of a disk pack. The second problem with
these drives is that since they require
close mechanical tolerances for bit
density, disk removability and inter-
changeability, they are very complex
mechanical devices. This results in large
physical size, high power requirements
and, most of all, high initial cost and high
maintenance cost.

Enter the Winchester:

In the mid-70's a new disk technology
was developed which eliminates most of
the undesirable features of hard disks for
small computer users; the Winchester
hard disk. Winchesters

utilize fast rotating high density disks and
medium to high speed head positioners
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to achieve performance comparable to
the most expensive hard disks. However,
to minimize mechanical complexity and
difficulty of use, they use fixed or non-
removable media. Because the media is
factory installed, the critical head-disk
tolerances can be maintained with
relatively simple mechanics. The fixed
nature of the drive allows the disk
chamber to be sealed eliminating the
possibility of con-

tamination.

Most Winchesters
simply have an
on-off switch
making

them eve:\\

simpler than
floppies to use
from an operator viewpoint. In high
storage capacity models they achieve
the lowest cost per bit of any Random Ac-
cess Memory technology now available.

The Winchester disk solves all the prob-
lems of floppies and conventional hard
disks but creates one big new one! Back
Up. Ohio Scientific has effectively solved
this problem with three approaches
depending on the specific application,
see the box below.

Ohio Scientific Winchesters

OSlI pioneered the use of Winchesters
with microcomputers in 1977. Since then,
we have installed more units than anyone
else and have developed the most
sophisticated Winchester hardware and
software products for microcomputer
use.

Hardware

Ohio Scientific offers two Winchester
disks; the CD-23 and CD-74 (see next

page) although they use different disk
drives, the basic architecture is the
same. Both units use a dedicated but
programmable hard disk controlier which
receives commands from the host proc-
essor and then performs disk transfers
independent of the processor. Data
transfers are to and from a large dual
port memory buffer. The dual port archi-
tecture and stand alone disk controller
mean that virtually no processor
overhead is required for disk transfers
and that all segments of disk transfers
are fully interruptable. Thus, disk
operation does not degrade
, terminal interrupt response
' time in multi-user systems, a
very important feature.

Software

0S-65U business operating
systems and OS-DMS informa-
tion management systems were
designed from the “*ground up”* for
use on Winchester based computers.
Programs in 65U can directly access
files up to 100 megabytes in length
and directly support fast access tech-
nigues such as multi-key ISAM.

0S-DMS, information management
system, provides a high degree of intelli-
gence and end user versatility by its ability
to utilize large disk files whereas most
small business computers offer bare
bones operation because of the need to
pack information as tightly as possible on
floppy disks.

Ohio Scientific Winchester disk based
computer offer business users a dramatic
improvement in total performance over
floppy based micro and minicomputers at
a relatively modest cost.

You now have three backup options
for use with the C3-B and C3

Winchester disk based computers:

1. Fast floppy dumper under OS-HDM
for small files (5 Mbytes or less).
Daily to weekly backup.

2. 3M tape backup unit from Alloy
Engineering. About 11 Mbytes per
tape, cost about $3500. For
medium files (Under 11 Mbytes).
Weekly backup.

3. Networked C3-B's and/or C3-C's.
Ultrafast backup of files up to disk
capacity for Large files (over 11
Mbytes) and/or frequent backup
requirements.

(Prices and specs subject to
change without notice)

Electronics / April 17, 1980



Hard Disk Computers

C3-C

Electronics / April 17, 1980

Family Features

All standard C3 features including:

¢ 3-processor CPU

¢ .7 MIPS 6502A

¢ 48K static RAM

e Dual 8" floppies

» Free standing rack for direct expansion
capabilities

¢ 17-slot OSI 48 line BUS architecture for
large system expansion

¢ Directly accepts up to 8 users with cur-
rently available memory boards, more
with higher density boards in the future

» Directly expandable for use as Network
data bases

¢ Slide-mounted subassemblies,
removable side panels and locking rear
door for easy expansions and service

C3-A

The floppy only rack based C3 for users
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