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NRI “hands-on” training
in TV-Radio, Electronics
can give you as much as
2 years of on-the-job
experience.

EARN YOUR FCC LICNSE — OR YOUR MONEY BACK

NRI Communicazions training pragrams will qual:fy you for a First Class Commercial
Radictel sphcne License issued by tte FCC. If yoa fail to pass the 7CC ezaminations
for this Gcense ater successfuly completing am NRI Communications course we will,
on request, rectnd in full the tiiti>n you have paid. This agreement is valid for “he
period o your active student rcembership and for six months after completion of your
training. No schoo) offers a morz liseral FCC License agreement.
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Experience is still your best teacher

NRI AChig;/ement Kit is educator-ac-

claimed and the original “starter” kit in home study train-
ing. Imitated but never duplicated, this kit is designed and

personalized for you and your training objective. It has one

purpose — to get you started quickly and easily.

g ot
BI te'SIZB TeX tS average an easily-digested
40 pages of well-illustrated, scientifically prepared subject
matter in the course of your choice. Questions in each baok
are carefully hand-graded and returned to you with helpful
instructional notes. You get unlimited personal help from the
_ day you enroll.

e e~ :

Designed-For-Learning Equipment
Like this phone-cw transmitter (Kit #7 in the Communi-
cations course) is engineered from chassis up to d strate
principles you must know. NRI does not use modified hobby

kits for training, but the finest parts money can buy, pro-
fessionally and.educationally applied.
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... here’s how you get it with
unique NRI training at home .

Ask any teacher, job counselor, engineer, technician
or prospective employer about the need for practical
application of theory in Electronics. He'll tell you
Electronics is as much a “hands-on” profession as
dentistry or chemistry. That’s how you learn at home
with NRL You prove the theory you read in “bite-
size” texts, by actual experimentation with the type
of solid-state, transistor and tube circuits you’'ll find
on the job today — not hardware or hobby kits. You
introduce circuit defects, analyze results, discover
quickly the kind of trouble-sheoting and design tech-
niques that will make you employable in Electronics.

Train with the leader— NR/

NRI lab equipment is designed from chassis up for
effective, fascinating training —not for entertain-
ment. The fact that end results are usable, quality
products is a bonus. In Communications, for example,
you build and analyze, stage by stage, your own 25-
watt phone/cw transmitter. 1t's suitable for use on
the 80-meter amateur band, if you have an interest
in ham radio. In TV-Radio Servicing your practical
training gives you your choice of monochrome or color
TV sets. All training equipment is included in the low
tuition — you pay nothing extra. Discover for your-
self the ease, excitement and value of NRI training.
Mail postage-free card today for new NRI Catalog
. .. or use the coupon below. No obligation. No
salesman will call on you NATIONAL RADIO
INSTITUTE, Washington, D.C. 20016.

APPROVED UNDER NEW Gl BILL

If you have served since January 31, 1955, or are in service
now, check GI line on postage-free card or in coupon.

MAIL THIS COUPON IF CARD IS GONE

NATIONAL RADIO INSTITUTE I
Washington, D.C. 20016 1-120

Please send me your new NRI Catalog. | understand
no salesman will call and there is no obligation.

Name. __Age
Address 1
City. State. Zip. —

[J Check for facts on new Gl Bill
ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL
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H you cant come to the worlds
newest, largest and most exciting
electronics department store,
well mail the store to you!
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CB gets a first ever from Turner

Get the most out of your base rig. Put some-
thing new into it. Buy a Turner Modulation
:Indicator and be sure of full modulation
every time. There’s no other way to keep a
steady eye on your signal. And nothing
could be easier to operate. Just work the
volume control on your Turner +2 or +3
microphone until the indicator shows 100%.
You'll get a clearer signal. You'll send it a
lot farther. Buy now. Be among the first to
own this handsome instrument with a black-
lucite and brushed-aluminum finish. Works
with all CB sets, comes with complete oper-
ating instructions. Features solid state con-
struction, plug-in installation, self-contained
standard 9-volt battery operation. CB users
net price $39.50. Manufactured in the United
States by the Turner Company, A Subsidiary
of Conrac Corporation, 909 17th Street N.E.,
Cedar Rapids, lowa 52402,

The Turner Company
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Fourth in a Monthly Series by Oliver P. Ferrell, Editor

IT TAKES ALL KINDS!

After the introduction of this monthly editorial, | was besieged by readers
requesting ‘‘action’’ on an assortment of pet gripes. Many readers felt that
this page was an auspicious location to publicize some dubious business
practices. After some investigation, 1 must agree that a couple of things
have happened in the past few months that are fairly reprehensibie.

Topping my list is a cute trick that at least one mail order supplier has
instituted—probably without the knowledge of the ownership and top
management. It is penny ante stuff, but sufficiently irritating to POPULAR
ELecTRONICS readers to have been brought to my attention on several
occasions. The scheme works like this: a buyer orders a two-channel walkie-
talkie (for example) and, when the unit arrives, it is discovered to be a
single-channel model. The buyer complains and instead of getting the proper
product, he gets a discount refund of a couple of dollars. It sounds innocent
enough, but the buyer could have bought the single-channel model initially for
less than his out-of-pocket investment (original price of the two-channel
model less the discount)! Apparently, if the buyer continues to complain to the
supplier, the whole deal is rectified, but by that time the majority of buyers
are either disgusted or willing to forget the whole thing.

The second “‘trick’’ is difficult to pin-point—so | am going to go along with
several readers who spotted the same thing. They say that they have been
buying IC's from distress or surplus dealers, but the IC's are impossible to
solder to a printed circuit board. Upon inspection they find that the thin gold
plating on the leads has been removed—probably by a gold reclaimer—and
the raw metal that is exposed is either unsolderable or requires so much heat
in soldering that the interior of the IC is permanently damaged. The obvious
solution is to use IC sockets, but the seller doesn’t say anything about that
in his advertisements for IC’s at very attractive prices.

Personally, | haven't been able to prove or disprove this missing gold
business and it may be localized to a dealer or two on the West Coast. The
distress IC’s available here on the East Coast seem to be perfectly legit.

All of this goes again to verify the adage that it's best to know the supplier
you are dealing with. Certainly 999% of the mail order suppliers are OK, but
don't be too surprised when you run into an occasional rotten apple.

a WS



Earn Your

B. S. E. E.
DEGREE

Grantham School of Engineering in Los Angeles,
California offers an evening program in Electronics
Engineering, designed for working technicians, and
leading to a degree in enginecring, Classes meet
three evenings per week for a total of 100 meetings
per school-year. In four school-years of this eve-
ning program, you earn the Degree of Associate in
Science in Electronics Engineering (the ASEE).
Then, by attending an additional school-year of
evening classes and transferring certain non-
technical credits from other coileges to Grantham,
you earn the Degree of Bachelor of Science in Elec-
tronics Engineering (the BSEE).

Grantham School of Engineering —Eve. Div. —12-70
1505 N. Western Ave., Hollywood, Calif. 90027

Gentlemen: [ have been in electronics for __ years. Please !
mail me your free Evening-School Bulletin, |

Name

Address = . -

Earn Your

A. S. E. E.

{Associate in Science in Electronics Engineering)

Mostly by #OME STUDY Instruction

Grantham School of Enginering—“the college that
comes to you” —offers to electronics technicians a home-
study educational program for the Degree of Associate in
Science in Electronics Engineering (the ASEE), accred-
ited by the Accrediting Commission of the National
Home Study Council and approved under the G.1. Bill.

This complete degree program except for the final ten
lessons is presented entirely by correspondence. How-
ever, these last ten lessons are part of a two-week “Grad-
uation Seminar” held at the School. Thus, you may do
all of your ASEE Degree work by correspondence except
for the final two weeks.

Grantham School of Engineering PE-12-70 i
1505 N. Western Ave., Hollywood, Calif. 90027

Gentlemen: I have been in electronics for —_ years. Please
mail me your free Home-Study Schoo! Bulletin.

|
|

|
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]
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INTERFACE

“MEGGER”’—A TRADEMARK
Our attention has been drawn to the article
in PoPULAR ELECTRONICS, August, 1970, p 50,
titled, “Make Your VTVM a Megger Too.”
We would inform you that the word “Meg-
ger” is a registered trademark belonging to
this company and is registered in all major
countries of the world including the United

States.

Dr. G. F. Tace
Evershed & Vignoles Ltd.
Actan Lane Works, Chiswick
London, W4, England

IT'S THAT TIME OF YEAR

One of the first signs that the fall months
are approaching is the release of the 1971
catalogs from the various mail order sup-
pliers. Itemizing hundreds of new products
and components (all at higher prices) I think
that these catalogs should be labeled: Warn-

ing! May be hazardous to your wealth!
M. OLENSKI
Milford, Conn.

ANY VOLUNTEERS?

In February I am planning a visit to New
York City and would like to start a corre-
spondence with fellow electronics kit builders
in the New York City area—with the objec-
tive in mind that my correspondent might be
able to show me around the city. I may be
reached at P.O. Box 151, San Nicolas, Aruba,
Netherlands Antilles.

Eric F. TcHONG
West Indies

NO Fl LIKE HI-Fi

The story, “Experiment That Saved Hi-Fi,”
(September issue) echos the thesis of a noted
writer and acoustic engineer who espoused
that true hi-fi was the sound that pleased the
ears of the customer. A graphic illustration
of this occurred in 1952 when I returned from
a trip to New York City and had been able to
procure from the Cortlandt St. “radio row” a
paper cone for a collector’s item RCA 1924
console. This straight TRF was used by an
old lady who wept from pure joy when she
heard the clear tones so familiar to her when
the speaker to that 35-year-old radio had been
fixed!

Sometime later I had the amusement of
solving a complaint from a young, but tone
deaf, hi-fi enthusiast who had invested in a

(Continued on page 97)
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New Cobra PF-1 AM/FM Police/Fire Monitor

Now you can hear about all the exciting events in your town as they happen.
Traffic jams, robberies, dangerous criminals at large. Exact details of the
latest fire. Hazardous storm warnings . . . before it's too late.

It's amazing! The new Cobra PF-1 monitors government VHF channels
and lots more. Does it better than any other radio of its kind. All at a price
you can afford.

Unlike other monitors, you receive both AM and FM high and low bands
without an extra set of crystals. And in addition to manual tuning, you get
crystal control option for a high and low pre-selected frequency—a feature
usually available only in the most expensive radios.

So why settle for less? Exclusive noise limiting circuits reduce ignition
interference and insure quiet operation. And the ultimate in new solid state
circuit design gives you top reach and selectivity.

You even get a modern decorator-styled exterior suitable for any decor
or auto interior.

Ask your dealer about the exciting new Cobra PF-1. Or write us for com-
plete details. And you'll know all the talk of the town!

Cobra PF-1 $119.95

All solid state with IC, 2 tunable VHF bands (30MHz
to SOMHz & 152iMHz to 174MHz), independent tun-
ing knobs for each band, dial scale calibration, crys-
tal control option for high and low band preselected
frequency (your choice of crystals, $5 each), reverse
polarity protecticn for DC operation, exclusive dual
noise limiting circuits, antenna and mounting
bracket for mabile use included. 117 volt AC or 12
volt DC. Unique circuit permits application of AC
and DC simultaneously. If AC fails, DC power source
takes over,

obra

Product of
DYNASCAN CORPORATION

1801 W. Belle Plaine
Chicago, Hlinois 60613

)
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New from Heath...in time

New Heathkit® solid-state
modular color TV

The result of over five years in research and development, these
sets represent one of today's greatest color TV values. Here's
why: a total of 45 transistors, 55 diodes, 2 siticon controlled recti-
fiers, 4 IC's containing another 46 transistors and 21 diodes plus
2 tubes (picture and high voltage rectifier) combine to deliver
performance and reliability unequalled by any conventional tube
set. Other features include: MOSFET VHF tuner; high-gain 3-
stage solid-state IF; emitter-follower output; automatic fine tun-
ing: VHF power tuning; built-in degaussing plus manual
degaussing coil; automatic chroma control; adjustable noise
limiting and gated AGC; “instant-on". . . sound instantly, picture
in seconds; bonded-face, etched glass picture tubes; adjustable
tone control; exclusive hi-fi outputs; and 48-hour factory service
facility for modules. The sets are designed to be owner-serviced

.the only sets on the market with this exclusive feature. A
built-in dot generator, volt-ohm meter, and modular snap-out
epoxy circuit boards make routine adjustments and service a
snap .. . virtually eliminating service calls and offering significant
savmgs over the life of the set. [t all adds up to the color TV buy
of a litetime in the GR-270 and GR-370.. . . ready now for Christ-

mas giving!

Kit GR-270, 227" 20V tube, 1141bs. ................ $489.95*
Kit GR-370, 295" 23V tube, 127 Ibs. ................ $569.95*
Kit GR-370MX, GR-370 with RCA matrix tube,

127008 o e $569.95*

3 Exclusive modular design

* Modular plug-in circuit board construction
® MOSFET VHF tuner and 3-stage IF

e Pushbutton channel advance

* Hi-fi sound outputs — for amplifier

o Designed for owner-servicing

1 Exclusive check out meter
2 Tilt-out convergence/ secondary control panel
3 Gun shorting switches
4 3.stage IF assembly
5 Plug-in AGC/Sync circuit board
9 6 Plug-in 3.58 MHz oscillator circuit board
7 Plug-in Chroma &ircuit board
8 Plug-in Luminance circuit board
9 Service and Dots switches
10 Plug-in Video Qutput circuit board
11 High voltage power supply
1 12 Plug-in Vertical Oscillator circuit board
13 Plug-in Horizontal Oscillator circuit board
12 14 Plug-in Pincushion circuit board
15 Conservatively-rated power supply components
13 16 Circuit breaker protection
17 Plug-in Sound ciscuit board
18 Master control panel
19 Hi-fi sound output
14 20 Plug-in wiring harnesses and connectors
for faster assembly

Choice of factory-assembled cabinets

Luxurious Mediterranean
Cabinet...factory assem- |
bled of fine furniture
grade hardwoods and |}
finished in a flawless £

Mediterranean pecan.
Statuary bronze trim

handu 30%,” H x 477 §

Wx17%" 0.
;ssemhled GRA- :04 -23,

Exclting Mediterranean
Cabinet...assembled us-
ing fine furniture tech.
niques and finished in
stylish Mediterranean
pecan. Accented with
statuary bronze handie.
%7"/””0" x 417%" W x

Assembled GRA-202. 20
85 Jbs. $114.

10

Deluxe Early American
Cabinet...factory assem-
bied of hargwoods & ve.
neers and finished in
classic Salem Maple
29"/;,” Hox 37" W

Assemhled GRA. 303 23
731bs. ...... $114.95¢

Contemporary Walnut
Cabinet and Base Com-
bination. Handsome wal.
nut finished cabinet sits
on a matching walnut
base. Cabinet dimen-
sions 20"/"" H x 314"
W x 18%" 0. Base di-
mensions 7%” Hx27 3"
W x 18%" D.
Assemdled GRA-203-20
Cabinet, 46 Ibs. $49.95*
GRS-203.6 above cab.
w/malchinl base,

59 Ibs. ....... $59.95*

Contemporary Walnut
Cabinet...factory assem.
bted of fine veneers &
solids w th an oil.rubbed
walnut finish, 294, H
X I5W"” W x 19%" D,
Assembled GRA-301. 23
60 Ibs. $74.

Handy Roll-Around Cart
and Cabinet Combina.
tion. Features the GRA.
203-20 walnut cabinet
plus a walnut-trimmed
wheeled cart with stor.
age shetk,

Assembied GRA-203-20

GRS2035 Cart & Cabi-
net Combo,
65 Ibs. ....... $59.95*

POPULAR ELECTRONICS




"

for Christmas giving

New HeathKit
Electronic Oven

...only $399.95*

Now, through the miracle

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

Imagine a baked potato in 4 minutes; baked beans in a little over 6
minutes; a five-pound roast in 45 minutes. This is the miracle of
microwave cooking. And now Heath brings you this modern miracle
for the first time in money-saving. easy-10-assemble kit farm. For
busy families on the go, meal preparation is a matter of minutes.
You can cook on china, glass, or even paper dishes since only the
food becomes hot. Your cooking dish can be your serving dish.
Frozen foods can be defrosted in minutes for quick spur-of-the-
moment frozen meals cooked right in their own containers. And
there is not the slightest cause for concern about the safety of your
Heathkit electronic oven. Exclusive door design prevenis micro-
wave leakage from the oven cavity. And with a SAFETY INTERLOCK
SYSTEM UNIQUE IN THE INDUSTRY, not only does the oven stop
cooking if the door is opened, but the door can’l be opened unless
the interlock is operating properly. A second independent door
interlock is also provided for maximum protection. And all interiock
mechanisms are tamperproof. Assembled in accordance with the

What do you do for an encore after you've created the solid-state
GR-270 and GR-370 big-screen sets? Simple. Make them porta-
ble. That's virtually what's been done in Ihe new Heathkit GR-169
solid-state portable color TV. Heath engineers took the same cool-
running solid-state circuitry from the large screen chassis and
packaged il in an easy-to-assemble compact chassis...with the
same nine plug-in glass epoxy circuit board modules uced in the
big sets. In fact the only difference is the smaller preassembled
horizontal deflection and high voltage power supply. The same
MOSFET tuner and high gain 3-stage IF found in the big sets offer
superlative color performance. And, as in the larger sets, complete
owner-service features are provided by inclusion of built-in dot

December, 1970

o Big set performance, portable convenience
o MOSFET VHF tuner & 3-stage IF

e Modular, self-service design

e 102", 14 V picture tube

g

il

manual, the GD-29 meets all the new lederal standards for safety
and radio interference. No special precautions are required when
operating. The Heathkit electroric oven s as safe as your conven-
tional oven! Quality components are used throughout: magnetron
tube by Litton, the uncontested leader in the field; avalanche di-
ode circuitry for longer tube life; simplified wiring harness with
push-on quick-connectors for reliability and ease of assembly. GD-
29 prototypes endured grueling "lile-tests” equivalent to over 60
years of continuous service...further assurance of uncompromised
reliability. Another feature is portability: the Heathkit electronic oven
operates on regular household current. Plug it in anywhere...on a
countertop, a wheeled cart, in the kitchen, on the patio, at the
coltage. ..anyplace a grounded 120V AC power outlet is available.
Make this a Christmas to remember by putting a Heathkit eleclronic
oven under the tree. It's a gift your wife will thrill to...and a present
the whole family will enjoy ... meal after meal after meal.

Kit GD-29, 80 IDS. .. iovvvnvnenrnnvarannennnnnnaons $399.95°

New Heathkit portable
solid-state color TV

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

Kit GR-169, 481bs. ...... ©000000000006090000003000 $349.95°
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New Heath-gift ideas... for -

New Heathkit® A J-20
AM-FM-FM stereo tuner

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

New Heathkit® A A-29
100-watt stereo amplifier

Power-packed amplifier section of the Heathkit AR-29, the AA-29
stereo *'separate” marks another milestone in superior Heathkit
amplifier design. Its 70-watls of continuous power is more than
enough to drive even the most inefficient speaker systems. A mas-
sive, fully-requlated and filtered power supply, 4 conservatively
heat sinked output transistors and the best IM and harmonic dis-
tortion specifications in the industry add up to sound fidelity you
never expected to hear outside the theater. Modular plug-in circuit
boards make assembly easier . .. snap out in seconds for future
servicing. :

New Heathkit® floor model

speaker systems

In the new Heathkit AS-101 and AS-102 speaker systems, Heath engineers
have combined the best of both worlds of sound and beauty. The AS-101
Heath/Altec-Lansing 2-way system features a 15” woofer and sectoral horn
delivering from 35 to 22,000 Hz with uncompromising accuracy. The AS-102
Heath/Bozak 3-way system uses a 12” woofer, 68” mid-range, and two 22"
tweeters in an infinite baffle design to produce clean natural reproduction
from 4010 20,000 Hz. Both systems are housed in assembled Mediterranean
pecan cabinets, 29%” H x 27%" W x 19%" D.

Kit AS-101, 53 Ibs. .............. ... .o $259.95*
Kit AS-102,39 1bs. .........oooiviinniniiiin i, $259.95*

New Heath
stereo equipment
credenza

are ducted port reflex design. pre-cut for 12” speakers. An adjust-
able shelf has room for stereo receiver, cartridge or cassette tape

Romantic Mediterranean styling in wife-pleasing one-piece con-
sole design ... yet with plenty of room for your favorite separate

stereo components. Six-and-a-half feet of solid craftsmanship
executed in North American Hickory veneers and solid oak trim,
finished in oiled pecan. Completely assembled and finished, ready
for installation of Heath or other components. Speaker enclosures

12

player or separate tuner and amplifier. Below the shelf is room for
your turntable and record storage. Accessory matching drawers on
ball bearing slides are available for turntable and tape player.

Model AE-101,90 Ibs.. .. ......vvuneeennnnnnnnn., $189.95*

POPULAR ELECTRONICS




home, shop and ham shack

New Heathkit® IC15 MHzZ
frequency counter...199.95*

A highly accurate, low cost frequency meter for anyone sequiring
accurate frequency measurements, Compare these features 1o
counters selling for over twice this low price: accurate counting, 1
Hz to over 15 MHz; integrated circuitry; automatic trigger level for
wide range input without adjustment; five digit readout with Hz/kHz
ranges and overrange indicators for eight digit capabilily; high in-
put impedance; storage circuitry for non-blinking, no-count-up
readout; computer-type circuitry, no divider chain adjustment; tem-
perature-compensated crystal time base oscillator; BNC input with
cable; double-sided, plated-thru circuit board with sockets; three-
wire, removable line cord; heavy-duty aluminum case handle/tilt
stand and die cast zinc front panel; no special instruments required

for accurate calibration.
Kit 1B-101, 7 Ibs. .......

........................ $199.95*

See these and 300 other
Heath-gift suggestions at one of the
following Heathkit Electronic Centers:

Anaheim, Calif. 92805
330 E. Ball Road

Boston Area

Wellesley, Mass. 02181
165 Worcester St.
Chicago, lllinois 60645
3462-66 W. Devon Ave,
Chicago Area

Downers Grove, lil. 60515
224 Ogden Avenue
Cleveland, Ohio 44129
5444 Pearl Road

Dallas, Texas 75201
2715 Ross Avenue
Denver, Colorado 80212
5940 W. 38th Ave.
Detroit, Michigan 48219
18645 W. 8 Mile Road
Fair Lawn, N. J. 07410
35-07 Broadway (Rt. 4)
Houston, Texas 77027
3705 Westheimer -

Los Angeles, Calif. 90007
2309 S, Flower St.

Milwaukee, Wisc. 53216
5215 W, Fond du Lac
Minneapolis Area
Hopkins, Minn. 55343
101 Shady Oak Road
New York, N.Y. 10036
35 W. 45th Street
Philadelphia, Pa. 19149
6318 Roosevelt Blvd.
Pittsburgh, Pa. 15235
3482 William Penn Highway
St. Louis, Mo. 63123
9296 Gravois Ave.

San Diego Area
LaMesa, Calif. 92041
8363 Center Drive

San Francisco Area
Redwood City, Calif. 94063
2001 Middlefield Road
Seattle, Wash. 98121
2221 Third Avenue
Washington, D. C. Area
Rockville, Md. 20852
5542 Nicholson Lane

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

During 1971, consult Heathkit Catalog Supplements and local
newspapers for announcements of new Heathkit Electrenic Cen-
1ers opening in these places:
Long Island Area

Westbury, New York

Miami, Florida

San Francisco Area

E1 Cerrito, California
Cincinnati, Ohio

Los Angeles Area
Woodland Hills, California

Atlanta, Georgia

Prices tisted are factory mail order.
Retail prices are slightly higher,

... orsend foryour FREE
factory mail order catalog

1B-101 SPECIFICATIONS: Frequency Range: 1 Hz 1o greater than 15 MHz,
Accuracy: *1 count + time bae stabiily. Gate Times: 1 millisccond or
1 second wilh automanic resel. Input Characteristics: Sensitivity: 1 Hz to 1
MHz, less than 100 mV rms. 1 MHz to 15 MHz, less than 250 mV rms. After
30 minules warnup. Trigger Level: Aulomalic. Impedance: 1 Meg ohm shunted
by less than 20 pt. Maximum Input: 200 V rms, DC—1 Kiiz. Derale al 48 V per
frequency decade. TIME BASE: frequency: 1 MHz, cryslal conirolled. Aging
Rate: Less than 1 PPM/month afler 30 days. Bemperature: Less than 422 parls
in 107/degree C. 20 10 35 degrees € aller 30 minules warmup, *.002% from
0 10 50 degrees C. GENERAL: Readout: 5 dhgits plus overrange. Temperature
Range: Storage; —55 to 80 degrecs C. Operating; 0 10 50 degrees C. Power
Requirements: 105.125 or 210-250 VAC, 50/60 Hz, 8 watis. Cabinet Dimensions:
84" W x 37" H x 97 D not including handle. Net Weight: 42 1bs.

New Heathkit® HW-101
SSB transceiver

The Hams at Heath have done it again . . . with an uprated version
of the Heathkit HW-100, one of the most popular pieces of ham
gear on the market! The HW-101 features improved receiver cir-
cuitry resultirg in better than 0.35 uV sensitivity for 10 dB S+N/N.
Image and IF rejection are better than 50 dB. Other improvemenis
are a new 3€-10-1 ball-bearing dial diive; new selectable SSB or
CW filters and attractive new {ront-pa nel styling.

Kit HW-101, 23 IbS. .0 vvvvnvereerrronrereennnnns $249.95%

New Heathkit
wattmeter/SWR bridge

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

Kit HM-102, 3 1bs. ............ ve...$29.95°

——————— e ————— =" xxmaTixeIT ]
| HEATH COMPANY, Dept, 10-12 —

Benton Harbot, Michigan 49022
| OEnclosedis & plus

]
§
|  flease send model (s) []
| [ Please send FREE Heathkit Cataleg. [ Prease send Credit Application. [

a8 Schiumberger Company

CIRCLE NO. 14 ON READER SERVICE PAGE

December, 1970

| Name )
| Address ]
I city state zio ]
I *Mait order prices; F.0.8. factory, )
1 Prices & specifications subject to change without notice,  CL-394Rf
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Telex writes ‘fl
tough «
new specs

=

on sensitivity and
ruggedness in
headphones.

Communications Series 1320

HIGH SENSITIVITY AND LOW OPERATING
POWER. Communications Series 1320 head-
phones are designed asound a dramatic new
driver that requires only minimal operating
power. This added efficiency makes the 1320
Series the most sensitive and versatile head-
phones available today.

RUGGED. CONSISTENT PERFORMANCE.
The 1320’s’ rugged new cone provides peak
performance without being affected by
temperature or humidity. You get consistent,
high quality performance, day in and day out,
under the most demanding communications
conditions. Contact your nearest Telex dealer

or write, P
§ h
HNOCWE'S OF OCND RIfhs aRC— //
TELEX.

9600 Aldrich Avenus South
Minneapotis, Minnesatla 55420

CIRCLE NO. 26 ON READEFR SERVICE PAGE

To obtain a copy of any of the catalogs or
leaflets described below, fill in and mail the
Reader Service blank on page 15 or 95.

Available on request to Canadians from Glad-
stone Electronic Supply Co., 1736 Avenue Rd,,
Toronto 12, Canada, is a 112-page electronic
parts and equipment catalog. In addition to
an extensive listing of hasic electronic com-
ponents (capacitors, resistors, etc.), Catalog
No. 6 also features such consumer items as
hi-fi systems, tape recorders and players, TV
receivers, shortwave receivers, and electronic
test equipment. Among the brand-name items
represented are Garrard, Kenwood, EICO,
Electro-Voice, BSR McDonald, Shure, and
Mallory. Technical descriptions and prices
are given for all items listed.

Circle No. 74 on Reader Service Page 15 or 95

Described and illustrated in a 16-page, four-
color brochure (No. P/N 11-1247) obtainable
from Koss Electronics, Inc., is the company’s
entire line of dynamic and electrostatic head-
phones. The brochure devotes a section to
explaining the socund of headphone listening
and how it is achieved, including cutaway
illustrations and line drawings to support the
text explanations. Another section lists and
describes such accessories as a connector
box, connector plate, adapter cables, exten-
sion cord, and chairside and remote listening
stations that add versatility to the stereo-
phones,

Circle No. 75 on Reader Service Page 15 or 95

Alco Electronic Products, Inc., has just re-
leased three catalogs that describe the com-
pany’s line of “Elfin” neon display devices
and associated hybrid decoder/drivers; Alco-
Display incandescent readouts; and Alco-Lite
miniature indicator lamps and assemblies.
The cold-cathode indicators in the Elfin line
are described in detail with specifications,
ratings, and physical dimensions given. The
incandescent readouts include five families
of miniature single-plane numeric and symbol
indicators. Decoder/drivers with memory or
counter are described for each family. The
“Brite Glo” panel lamps listed range from
lamps with 10” leads to lamps with metal
bases. There are also miniature transistorized
neon lights that operate from a low-voltage
supply source.

Circle No. 76 on Reader Service Page 15 or 95
POPULAR ELECTRONICS
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free information service:

Here's an easy and convenient way for you to get additiona! information about
products advertised or mentioned editorially (if it has a *‘Reader Service
Number'') in this issue. Just follow the directions below...and the material
will be sent to you promptly and free of charge.

1 On coupon below, circle the number(s) that
® corresponds to the key number(s) at the bot-
tom or next to the advertisement or editorial men-
tion that is of interest to you. (Key numbers for
advertised products also appear in the Advertisers'
index.) Print or type your name and address on the
lines indicated.

2 Cut out the coupon and mail it to: POPULAR ELECTRONICS,
m P.O. Box 8391, Philadelphia, PA 19101.

note- If you want to write to the editors of
m POPULAR ELECTRONICS about an article
on any subject that does not have a key number, write
to POPULAR ELECTRONICS, One Park Avenue, New
York, N.Y. 10016. Inquiries concerning circulation
and subscriptions should be sent to POPULAR
ELECTRONICS, P.0. Box 1096, Flushing, N.Y. 11352,

Void after January 31, 1971

Popular Electronics zzzzes. . o
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Every record
‘you buy is
one more reason
to own a Dual.

If you think of your total investment in
records — which may be hundreds or
even thousands of dollars — we think
you'll agree that those records should be
handled with the utmost care.

Which brings us to the turntable,
the component that handles those
precious records. Spinning them on a
platter and tracking their fragile grooves
with a diamond stylus, the hardest
substance known to man.

For many years, serious music lovers
have entrusted their records to one make
of automatic turntable — Dual. In fact,
most professionals (who have access to
any equipment) use a Dual in their own
stereo component systems. And not
always the highest priced mode.

So the question for you to consider
isn't which Dual is good enough, but
how much more than”good” your
turntable has to be.

This question can be answered in our
literature, which includes complete
reprints of independent test reports. Or
at any of our franchised dealers.

United Audio Products, Inc.,

120 So. Columbus Ave., Mt. Vernon,
New York 10553. m

Dual 1209, $129.50.
Other models from $99.50 to $175.00.

CIRCLE NO. 28 ON READER SERVICE PAGE

THE VERSATILE OP AMP
by Michael Kahn

This practical textbook covers the funda-
mentals and significant applications of the
operational amplifier. Explanations are fully
detailed and accompanied by numerous
worked-out problems. The first half of the
book discusses the fundamentals of amplifi-
cation and deals with the amplifier on a
“black box” or module basis. The basic con-
cepts pertinent to amplifiers are all covered,
but here they are applied specifically to an
amplifier which is manufactured in a single
package. Review questions are given at the
end of each chapter, and an answer key for
odd-numbered questions is provided in the
rear of the book.

Published by Holt, Rinehart and Winston,
Inc., 388 Madison Ave., New York, NY 10017.
Hard cover. 2287 pages. $10.

HANDBOOK OF ELECTRONIC
CHARTS, GRAPHS AND TABLES
by John D. Lenk

Here is a convenient and comprehensive
guide to quick, accurate answers to the most
important calculations employed in modern
electronics. Many valuable graphs link the
theoretical and practical aspects of electron-
ics; and instant answers to the most fre-
quently encountered problems are given. Most
notable are the graphs that handily convert
rectangular to polar coordinates for imped-
ance and related calculations, Smith charts
for microwave calculations, and many others
used in circuit design and parametric deter-
minations.

Puyblished by Prentice-Hall, Inc., Englewood
Cliffs, NJ 07632. Hard cover. 22} pages. $10.95.

INTRODUCTION TO SWITCHING
CIRCUIT THEORY
by Donald D. Givone

In this book, the author attempts to find a
medium between the extremes of considering
switching circuit theory as a set of logic
design procedures and that of considering it
as a purely mathematical study. To attain
this goal, the two extremes are integrated.
The fundamental math principles for switch-
ing circuit theory are given first; then the
mechanics of logic design are presented as
a direct consequence of theory. Since this
book is designed to be used in a first course

(Continued on page 99)
POPULAR ELECTRONICS
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Join the listening majorities—give Regency

7out of 8

Channel Santas
Recommend

TVR-8— N onitoradio/Scanner
Atomatt 3 channel VHF listener with
push but os program control

148-172 W4z or 30-50 MHz $139,00

"TMF.-8H/L—Monitoradio/Scanner
Two bands in one gift bot
Automaticalls receives any combination of
8 i or lo channels $169.00
TMR-8U—Moniteradio/Scanner

Push button controlled
Listening for the 'ntricate UHF Band
450-470 MHz $159.00

TMR-1—Single Channel Monitoradio
for your choice of bands

148-174 MHz or 30-50 MHz $99.75
450-470 MHz $119.00
New TMR-8A—Manitoradio/Scanner .
Automatic monitoradio of 8 Aircraft = " New
radio channels—from jumbo jet to
tiny cud $149.00

New
MR-10—The VHF/FM receiver that Imperial I{—The Citizens Radio Ultimate Formula 23—your formula for better
made emergency broadcast signal Your choice of Sideband or AM in pur less experience base citizen's radio on
listening famous $84.95 do-it-all package $359.00 all 23 channels—only $189.00

X vd

f
ecl‘ew\cg_ ELECTRONICS. INC.
7900 Pendleton Pike Indianapolis, Indiana 46226

December, 1970 CIRCLE NO. 23 ON READER SERVICE PAGE



“Get more

education
or

get out of
electronics

..that's my advice.”

IN-DEPTH
COVERRGE OF
SOLID STATE
ELECTRINICS
.dneluding

integrated circuiwa!
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Ask any man who really knows the electronics industry.

Opportunities are few for menwithout advanced tech-
nical education, If you stay on that level, you'll never
make much money. And you'll be among the first to
go in a layoff.

But, if you supplement your experience with more
education in electronics, you can become a specialist.
You'll enjoy good income and excellent security. You
won't have to worry about automation or advances in
technology putting you out of a job.

How can you get the additional education you must
have to protect your future—and the future of those
who depend on you? Going back to school isn't easy
for a man with a job and family obligations.

CRE! Home Study Programs offer you a practical way
to get more education without going back to school.
You study at home, at your own pace, on your own
schedule. And you study with the assurance that what
you learn can be applied on the job immediately to
make you worth more money to your employer.

You're eligible for a CREI Program if you work in elec-
tronics and have a high school education. Our FREE
book gives complete information. Mail postpaid
card for your copy. If cardis detached, use coupon
below or write: CREI, Dept. 1212A, 3224 Sixteenth
Street, N.W., Washington, D.C. 20010.

Founded 1327

29
i
|
{

CRET

Accradusd Mambe: of ihe Rotioael Nome Stdy Covscit

CREI, Home Study Division
McGraw-Hill Book Company
Dept.1212A, 3224 Sixteenth Street, N.W.
Washington, D.C. 20010

Please mail me FREE book describing CRE! Programs. |
am employed in electronics and have a high school education.

ADDRESS.

CITY. STATE. 2IPCODE______
EMPLOYED BY.

TYPE OF PRESENT WORK 0 Gt BILL

| am interested in
D Electronic Engineering Technology O Computers
0O Space Electronics O Nuclear Engineering Technology

=
| |
{ |
| |
' |
i |
': NAME AGE |
] |
| |
| |
| |
| i
1 |
1 i
| |
i !
| 1

0 Industrial AutomationO NEW! Electronics Systems Engineering

e el e e )
HE e
APPROVED FOR TRAINING UNDER NEW G.l. BILL
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Additional information on products described

%3 in this section is available from the manu-
m facturers. Each new product is identified by

a corresponding number on the Reader Service

Page. To obtain additional information on any

PRODUCI'S of them, circle the number on the Reader Ser.

vice Page, fill in your name and address, ant!
mail it in accordance with the instructions.

GENERAL RADIO STROBOSCOPE—Trouble-shooting your
car’'s or boat’s engine is made easier and cheaper with a
new low-cost 1542 Strobomite electronic stroboscope from
General Radio Co. The 1542 provides bright white-light
xenon flashes from 180 to 3780 flashes per minute in a
single range with constant image illumination at any
flash rate. Flash duration can be as short as five mil-
lionths of a second and beam angle is 40° at the half-
intensity points. Setting the flash rate to coincide with
the machine motion provides a “stopped” image while
the equipment is working; a slight variation in strobe
flash rate permits slow-motion analysis of the machine.

Circle No. 77 on Reader Service Page 13 or 95

KNIGHT-KIT STEREO RECEIVER—Factory-built features
are now available in a kit. It's Allied Radio Shack’s
Knight-Kit Model KG-996, 240-watt stereo FM-AM re-
ceiver, With a FET front end providing 2 microvolts sen-
sitivity and integrated circuits in the i-f stage, the re-
ceiver has a rated response of 20-30,000 Hz *1 dB. Stereo
separation is over 30 dB and signal-to-noise ratio is
50 dB. Assembly is simplified by modular construction
and critical adjustments have been made at factory.

Circle No. 78 on Reader Service Page 15 or 95

ELECTRA AIRCRAFT SCANNER—Bearcat Model BCA, made
by Electra Corp., covers both ground and air communi-
cations in the 118-136-MHz range. The scanner stops for
any communication and then continues the signal search
when the transmission ends. Rated sensitivity of one
microvolt is achieved over any 10-MHz spread within
the range. Channel switches permit selection of only
those frequencies of greatest interest.

Circle No. 79 on Reader Service Page 15 or 95

MARANTZ STEREO AMPLIFIER—A new entry for Margntz
Co. in the stereo fleld is an integrated amplifier/pre-
amplifier Model 30. The amplifier delivers 120 Walts rms
at 8 ohms with both channels driven a.,t'.,@f—ﬁe]ow. rated

distortion of 0.15% at any audible frequency. A “vari-
able overlap drive circult™gliminates crossover notch
distortion freque ound in solid-state amplifiers. A

time-delay circiii climinates turn-on and turn-off noise.
Circ.l‘e No. 80 on Reader Service Page 15 or 95

SONIC FREQUENCY COMPENSATOR—The SOI\}EX 100,
made by Sonic Research Co., Inc., compensate,. (jn play-
”

2 POPULAR ELECTRONICS




back systems) for the frequencies reduced during re-

cording and reproduction. Lows and highs are boosted’

while midrange frequencies are unaffected. Frequency
response with controls set flat is 20 Hz to 30 kHz *= 1 dB.
Four frequency controls are continuously variable. As
an example, the high treble boost is a maximum of 13 dB
at 20 kHz. Total hum and noise is better than 75 dB be-
low rated output of 2 volts.

Circle No. 81 on Reader Service Page |5 or 95

REGENCY 2-METER TRANSCEIVER—Growing interest in

BOMAN FM CONVERTER—Conversion of an automobile
radio from AM to FM is made simpler with the Boman
Astrosonizx Model AT-6000 which is small enough to fit
under most any dashboard. The 4” x 1%” x 5%” unit
uses eight transistors and requires a 12-volt negative
ground supply. It has an illuminated dial and comes
complete with mounting hardware.

Circle No. 82 on Reader Service Page 15 or 95

the amateur band of 144-148 MHz for personal and civil
defense applications has prompted the introduction by
Regency Electronics, Inc., of a mobile 10-watt FM trans-
ceiver for the band. Operation can be on any of 6 trans-
mit and receive channels in the band, while a simple
modification permits operation on any of 12 duplex com-
binations. Receiver is double-conversion with ceramic
filter for operation on wide- and narrow-band signals.

Circle No. 83 on Reader Service Page 15 or 95

LAFAYETTE 8-TRACK STEREO TAPE DECK—The Model

SONAR LOW-BAND TRANSCEIVER—Two-way communica-
tions in the business band of 32-50 MHz will get a boost
from the new Sonar Radio Co. Model 2303A transceiver.
For police and fire departments and other public services,
the all solid-state unit has an output power of 1.6 watts,
separate transmit and receiver channels, squelch, and
external connections for antenna, earphone, and battery
charger. It is supplied with crystals for either the 32-
41-MHz or 42-50-MHz band.

Circle No. 84 on Reader Service Page 15 or 95

ALTEC WIDE-RANGE AUTOMOBILE SPEAKER—Motorists
who aren’t happy with the sound they get from FM ra-
dios or cassettes in their cars because of poor speaker
sound will welcome the Altec Lansing Model 405A Dia-
Cone speaker. The 4-in.,, 8ohm unit has a frequency
range of 60 to 15,000 Hz and will handle 10 watts. The
cone is water resistant and the thin profile allows for
shallow mounting.

Circle No. 85 on Reader Service Page |5 or 95

RK-890 stereo 8-track cartridge recorder/player tape
deck from Lafayette Radio Electronics Corp. is all solid-
state with 13 transistors and 12 diodes and built-in pre-
amplifiers. An exclusive automatic cartridge ejector oper-
ates when unit is turned off to protect tape heads and
cartridge rollers. Frequency range is from 30 Hz to
12 kHz with wow and flutter less than 0.3¢% and channel
separation more than 40 dB.

Circle No. 86 on Reader Service Page 15 or 95
December, 1970
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Discovery in the art of performance

Find your sound! The Starmaker collection not only in-
cludes microphones for many different applications, but
—even more important—microphones to enhance the
personal techniques of professional performers as well.

You can choose characteristics like *'flat” frequency
response. Tapered low-frequency response. Switchable
Bass Roll Off. A host of others. To make ‘tcday's’”
sound come alive—close up or far out.

That's the way it goes up and down the Starmaker

line (at optional fist prices from $12 to $93). For pop,
rock, and classical performers. At concerts, theatres,
night clubs. In reel-to-reel and cassette home record-
ings. For discussion/panel, paging, P.A., CB, and ham
appfications...you name it.

To get specific, ask for the new Starmaker brochure
151056 at your RCA microphone distributor or, write:
RCA Electronic Components, Commercial Engineering,
Section  /J10, Harrison, New Jersey 07029,

And, remember, for lurther prokessional needs, RCA also produces the ranowned BK and SK microphone lines. “c"

CIRCLE NO. 33 ON READER SERVICE PAGE



-

P e e g e

ASSEMBLE TH

e

Popular Electronics

IGI-VISTA

A TRUE ELECTRONIC DIGITAL CLOCK

This is the first of two very similar digital readout
clocks. The basic difference is in the manner of handling
“seconds.”” In this model, the seconds are not read;
but an indication of clock operation is provided by an
on-off neon lamp. Next month a follow-up version of
this design will read seconds.

HERE ARE many types of digital clocks

on the market today—most of them employ-
ing electrically or clectronically driven me-
chanical displays. The latter are subject, of
course, to the troubles which are inherent in
precise mechanisms. What everyone wants is
a totally electronic digital clock—including the
readout. Since PorurLar ELEcTRONICS first
started featuring various types of electronic
digital readouts, the project most often re-
quested was a digital clock.

Recent reductions in the cost of transistor-
transistor logic (TTL) devices and improve-

December, 1970

ments in the reduction of noise to their
operation have cnabled the design of the
“Digi-Vista” clocks deseribed here. Two mod-
els are presented. The first (which can be built
for about $110 and whosc construction will be
detailed next month) has six digits indieating
seconds, minutes, and hours with an a.m./p.m.
indicator. The latter funection is important
when using the optienal alarm cireuit which is
also described in this article. The second clock
(about $85 and described in this article) has
four digits, indicating minutes and hours with
an optional blinking seconds indicator as well
as the a.m./p.m. feature.

Both versions of the Digi-Vista use the 60-
Hz commercial power line as the timing
source. This line frequency is usually very
close to 60 Hz, though at any given instant it
can be off by 0.1%. However, crrors tend to
cancel each other over a period of time. Unless
vou nced extreme aceuracy, the commercial
power line is the best and most practical
source of frequency.

COVER STORY BY CHARLES G. KAY AND DANIEL MEYER
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i X and IC3 are divide-by-6, while IC4 and IC1 are divide-

by-10. IC2 and 1C4 make up a divide-by-60 that
produces one pulse per second, and if connected to
the combination of IC3 and IC1, the result will be
one puise per minute for use by the four-digit clock.

The nse of small printed cirenit boards in
the Digi-Vista keeps the size to a minimum
and permits the builder to nse almost any type
of enclosure for the finished clock.

The basic cirenit for the clocks contains a
=caler to generate the required timing infor-
mation; a power supply; a combination of
onventional Nixie® deeade counters (see
“All-Purpose  Nixiec Readout,” PoOPULAR
ELrcrroNies, November 1968); a modulo-G
Nixie connter to indicate to 5 and then reset;
and a “ten’s” board to supply the “1” for the
aonrs from 10:00 to 12:59. The latter board
alzo inelndes the aum./p.m. indicator.

As shown in the block diagram in Fig. 1,
“he =ealer uses the 6G0-I1z veference to drive a
Jdivide-by-6 eounter (/C2). The other three
IC*s in the sealer can be intereonnceted to
divide-by-60 (divide-by-6 in series with a
divide-by-10) to generate only one pulse per
~econd for the six-digit elock or to divide-by-
3600 (divide-by-6G0 in series with a divide-by-
430) to produce one pulse per minute for the
Zour-digit ¢lock. As an example of how this
works, if the BG output of 7€2 is coupled to
“he A10 mpnt of /€1, then the B10 ontput of
10 [ is one pulse per second. It the B10 ontput
ot I('f is coupled to the AG input of IC3 and
the BG output of 73 to the A10 input of 1C1,
then the B10 output of 7C1 is one pulse per
minute.

In cither case, the same foil pattern (Fig.
2) is used for the sealer board. Figure 2 also
shows the component and jumper installation
on the top of the board. The three capacitors,
two resistors, and jumper are used in both
versions. 1f you are assembling the four-digit
clock, install only IC2 and IC4, taking care
to observe the noteh and dot code on the 1C’s.
If yon are making the six-digit version, install
all fonr IC's. Use fine solder and a low-power
soldering iron. After econstruetion, inspeet the
board tor elean soldering and make sure there
are no solder bridges between foil seetions.
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Power Supply. The power snpply, whose
schematic is shown in Fig. 3, ean be built on a
picee of perf hoard (except for the transform-
er which is monnted on the chassis) or yon
can fabricate a PC board. A heat sink should
be used for Q2.

Readouts. Two types of Nixie readouts
are nsed in the clock: a modulo-10 that indi-
cates from 0 to 9 and then resets to 0, and a
modulo-6 that indicates from 0 to 5 and then
resets to 0. The two types are required to dis-

FJITIVIE.
oédoj?qo?._ 5

s, A o
e s

Fig. 2. Actual size foil pattern is shown above and
component installation for the scaler below.
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Fig. 3. The power supply can
drive the six-digit version.
It can be assembled on perf
board, or on a commercially
available PC board. Use a
suitable heat sink for Q2
and mount T1 on the chass

POWER SUPPLY
C1—6000-pF, 10-volt electrolytic capacitor
C2—12-pF, 250-volt electrolytic capacitor
DI1-D6—I1A, 400V PIV silicon rectifier (IN-

5060 or similar)
D7-D9—1N914 diode
F1—IA4 fuse
Q1—2N5129 transistor
Q2—MJ3055 transistor (Motorola)
R1—150-0hm, Y%-watt resistor
R2—220-0hm, ¥%-watt resistor
R3,R5—100-0hm, %-watt resistor

DI +|
c2
12yF
D2 Q2
MJ3055 +5v
DI-D6=IN5060
D7-D9=INSI4
L o
60 Hz REF
PARTS LIST

R4—100-0hm, PC-type trimmer potentiometer
(IRC X-201 or similar)

T1—Power transformer; secondaries: 6.3V at
14,300V CT at 25 mA

Misc.—Heat sink for (2, spacers, mounting
hardware, etc.

Note—The following are available from
Southwest Technical Products Corp., 219
W. Rhapsody, San Antonio, TX 78216:
etched and drilled PC board #169-PB at
$2.45 postpaid; complete kit of parts in-
cluding PC board #169-C at $11.55 plus
postage for 4 1b.

play such values as 59 sceonds or minutes.
The modulo-10 readout is identical to that de-
sceribed in the November 1968 Poruraw
ELecTrONICS, referred to above. The modulo-
6 is the same except for some minor cireunit
changes which are shown in thie foil pattern in
Fig. 4.

Tor the unit hours readout, the indicator
must progress from 0 to 9, through 0,1, and 2
and then back to 1 to pick up the count. In
this way, the indicators ean display 9:00,

Fig. 4. Foil pattern for the modulo-6
stage. Component and jumper installation
are the same as those shown for the de-
cade counter in the November, 1968 issue.

December, 1970

10:00, 11:00, 12:00, and 1:00. To achicve this
effect, you have to alter the wiring of the
Nixice tnbe to the unit hour board so that the
tube indicates ahead two digits. That is, the
Nixie “2” should be connected to the “0” term-
inal of the board, with “3” on the “17, “4”
on the “2”, and so forth up the decade. When
the unit hours board is so modified and prop-
erly eonnceted to the tens counter board, the
clock will indieate 12:59; and at the next
pulse, 1:00.
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9RESET
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For neon a.m./p.m. indicators
12.13—NE-2 neon lamp
PARTS LIST Q2,03—2N3877 transistor
TENS COUNTER R5,R6—33.000-0hm. Y%-watt resistor
C1—0.1-pF, 12-volt disc capacitor R7—47,000-0hm, ¥%-watt resistor
I1—Neon lamp (Signalite A-261 or similar) R8—100,000-0hm. %-watt resistor
1C1—7473 dual flip-flop For incandescent a.m./p.n1. indicators
1C2—7400 quad two-input gate H.15—6-volt, 50-mA miniature incandescent
Q1—2N3877 transistor lamp
RI1—100-0hm. %-1watt resistor 02,03—2N5139 transistor
R2-33,000-0hm, Y%-watt resistor R5.R6—2200-0hm, Y%-watt resistor
R3—47.000-0hm, Y- watt resistor Misc.—Plastic covers for tivo lamps, mounting
RI—100,000-0hm. ¥-1att resistor hardiware. etc.
Fig. 5. The ten’s counter accepts inputs from the unit hours board, and turns on the “1” neon
lamp (11) at the correct pulse. It also generates the correct reset pulse for the unit hours board.
The constructor is given the option of using neon or incandescent lamps for the a.m./p.m. indicators.
The cirenit for the tens-of-hours lamp and  The entout is covered with a piece of polar-
the a.m./pan. indicator is <hown in Fig. 5. ized plastic to reduce the glare and improve
Note that cither of two types of indicator can  legibility, The a.m./p.m. indicator lamps are
be used for the am./pm. function—ncon monnted in snugly fitting plastic holders with
lamips or conventional incandescent lamps.  the letters marked or pres=s-typed on the front
The foil pattern for this hoard, shown in Fig.  window.
G, has provisions for the options. For neon The power transformer and fuseholder are
indicators, omit the jumper at J1 and install  mounted on the bottom of the ¢hassis with the
Jumpers at /£ and 75. For ineandescent indi-  PC boards monnted on spacers. In the proto-
cators, install jumpers at J1, 7.2, and 3. type, the scaler and power supply were
mounted horizontally, readonts vertically.
Assembly. The overall schematic of the Each PC board should have its ground re-
four-digit clock is shown in Fig. 7. turn and +35-volt supply conncetions made .
The prototype shown in the photographs  with individual leads to the power supply.
was constrncted in a conventional two-picee Do not use the chassis as a common ground
mesal chassis with cutouts for the readouts. return.
6 POPULAR ELECTRONICS =ls
_ _ A



Fig. 6. Foil pattern and component instal-
lation for ten’s counter board. Note
that provisions are made for either neon
or incandescent lamp indicators. Text ex-
plains where to connect required jumpers.
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Note that the usual earry-to-input series
cirenit is used between the DCU's except for
the connections hetween the unit hours board
and the tens of hours hoard. In this case, the
A, B, C, and D logie line of 71C1 (decade
connter SN7490) of the unit hours DCU
(pins 12, 9, 8, and 11 respectively) are con-
nected to the A, B, C, and D inputs of the
tens of hours board.

The +180-volt line to the Nixie tubes
should be very carefully installed as this
voltage can damage components if wrong
connections or shorts oceur.

The original clock was built
in a conventional metal
chassis having a cutout for
the readouts, and the oper-
ating controls on front pan-
el. Any other type of mount-
ing may be used, and con-
trols hidden; once set, they

December, 1970

Operation. Plug the power line into a
117-volt 60-11z outlet and note that the Nixies
come on and cither the am. or p.m. lamp is
glowing. Adjust £77 of the power supply so
that the 3-volt supply is corrvect. Place the
SET-RUN switell on =ET and depress the FAsT
button. The minutes readouts in either cloek
will start to ¢vele and at 11:59, the a.m. and
p.m. indicators will switeh over. Cyele the
cloek through a 24-honr period to clear all of
the counter units. With the seT-RUXN switeh
on rUX, use the rase button to bring the clock
to within a few seconds of the actnal time,
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MINUTES
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HOURS

PARTS LIST
FOUR-DIGIT CLOCK

C1—0.1-yF capacitor

11—Neon lamp (optional) (Signalite A-261 or
similar)

M I1—Scaler module

M2.M3—Decade counter module

Mi—Modulo-6 counter module

M5—Tens counter module

M6—Power supply module

Misc.—Suitable chassis, polarized plastic glare
shield, spacers, mounting brackets, hookup
wire, elc.

Note——The following are available from
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Southwest Technical Products Corp., 219
W. Rhapsody, San Antonin, TX 78216:
decade counter module NX-10 at $15, post-
paid; modulo-6 counter module NX-6 at
$15, postpaid ; tens counter module CL-1 at
$8.50, postpaid (specify neon or incandes-
cent lamp); scaler module SC-10-4 at
8§14.75, postpaid; power supply module 169
at $11.55, plus postage for 4 lb; polaroid
plastic at 25¢/sq in. (specify size required).
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Fig. 8. This optional electronic *tic-toc” is con-
nected to the output of scaler IC4 and blinks on
and off to indicate that the clock is operating.

NE-2

2N3877

1PPS
ON
SCALER

+5V

MINUT

Fig. 9. Optional alarm system can be con-
nected to the three readouts and to the
ten’s board as shown here. By positioning
the switches properly, the SCR will turn
on at the selected time, thus energizing
the load (bell or other alarm). The SCR
and transformer are selected to match
load requirements of voltage and current.

ED
£
|

TENS _OF /
MINUTES

TENS
BOARD

AM

h
=

ALL DIODES INSO60 OR SIMILAR
ALL TRANSISTORS 2N5129
OR SIMILAR
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THEORY OF CIRCUIT DESIGN

The unit hours board is modified so that
the Nixie-tube indicates ahead by two digits.
This results in a “2” being shown when the
counter would normally show a “0”. This is
done to simplify the logic needed to count
to 12:59 and reset to 1:00. The operating
cycle is as follows.

The counter is reset to “9” through the
nine-reset input on the board. This results
in a “1” being displayed. The count then pro-
ceeds up normally. After the count of “9”,
we must reset the counter to “0” and turn on
the “1” lamp to indicate a “10”. The “1”
lamp is operated by the C and B lines coming
into the tens counter board. When the dis-
played numeral on the unit hours board goes
to “0”, C and B both go to a logical zero
state, and IC1 of the tens counter changes
state. This turns on Q1 and ignites the “1”
neon lamp. This then forms the number “10”.
The count then proceeds through 11 and 12.
When the counter reaches 11:59, the next
pulse causes the D line to go to a logical
zero. This causes the second half of IC1 to
change states and switch the AM and PM
lights.

When the counter reaches 12:59, the sys-
tem must be reset to 1:00. This requires a re-
set pulse to the “9” reset terminals of the
unit hours counter, and to the first flip-flop of
the tens counter, to reset the circuit and turn
the “1” neon lamp off. This reset pulse is gen-
erated at the proper time by decoding the out-
-put of the first flip-flop of the tens counter
which controls the “1” lamp, and lines A and
D on the unit hours counter. When the out-
put of this flip-flop is at logical 1, and A and
D occur at the same time, a reset pulse is
generated to reset the counter and the flip-flop.

Arrangement used in the proto-
type may be duplicated or any
other layout may be used. The
optional neon l|amp seconds
blinker is mounted horizontally
under the four indicators so
that it is clearly visible when
viewing the clock from the front.
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then unse the sLow button to set the time ex-
actly. Place the SET-RUN switeh on RUN.

Options. In building the four-digit clock,
the optional seconds blinker cirenit shown in
Fig. 8 may be used. The circuit can be built
on a terminal strip with the neon lamp lying
lhorizontally below the actnal time indicators.
The input to this eireuit comes from the B10
output of IC4 on the sealer board. Operation
is such that the neon lamp glows for one sec-
ond and is off for one second. Although it is
an accurate time marker, this indicator only
serves to show that the elock is working and is
the optical version of a “tic-toc.”

The optional alarm cireuit shown in Fig. 9
can be used to turn on an external alarm at
any desired time of the day or night. Any
type of switch may be used, though the pro-
totype used conventional rotary switches. The
bottom two switches are ordinary dpst types.
The alarm cireuit is a Nor logic system and all
inputs must be at a logie zero before the alarm
will work. At this time, all the transistors will
have low voltages on their emitters and the
gate switching transistor will have no base
current drive. This transistor then turns off
and the SCR (or triac) conduects to supply
power to the external cireuit. The transformer
scecondary voltage should mateh the required
drive for the external eircuit. The diodes in
series with the transistor bases bloeck the
voltages from the Nixies when they go above
5 volts. This prevents destruction of the Nor
transistors. B30
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Build A

Three-Channel

?Otum[

ACCURATE TIME SIGNALS FROM WWV OR CHU

Using dual-gate MOSFET's, this receiver has a sen-
sitivity of 0.25 microvoits for a 10-dB (S + N)/N
ratio. Self-contained (except for power) it offers the
selection of one of three possible crystal-controlied
receive channels. The version iHustrated is set up for
WWV, but the builder can adapt the circuit far a “mix"”
of WWV and CHU frequencies.

HAT DO amateur astronomers, jewelers,

boat owners, and radio and TV stations
have in common? The need for accurate time.
How about radio amateurs, 2-way radio ser-
vice shops, and electronics labs? Many of
them must also make aecurate frequeney
measurements. If yvour requirements are for
accurate time or frequency, build this super-
sensitive receiver and tune in on the standard
time/frequency broadeasts of WIWV or CHLU

(in Eastern Canada and along the Fast
Coast). A choice of three crvstal-controlled
frequencies assures uninterrapted reception,
day or night. You can build this sophisticated
10-transistor superhet receiver in just a few
hours and yvou don’t need any test equipment.

The National Burean of Standards trans-
mits standard time and frequency informa-
tion continuonsly on several frequencies via
stations WWYV in the continental United
States and on identieal frequencies from
W VH in Hawaii. In Canada, the Dominion
Observatory station, CHU, transmits stan-
dard time continuously. The program format
of WWYV varies from that of CIIU. While
WIVV transmits a “tick” each second and a
digital and voice time announcement every
five minutes (along with meteorological in-
formation), CHU broadeasts a tone-type
“beep” each second and a voiee time announce-

COVER STORY BY CHARLES CARINGELLA
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PARTS LIST
C1,C9—10-pF, dipped silvered mica capacitor
C2,C13-C17—0.1-pF miniature disc capacitor
C3,C6—0.001-uF ceramic disc capacitor
C4,C7T—47-pF dipped silvered mica capacitor
C5,C8,C10,C20—0.02-uF miniature disc ca-
pacttor ’

C11—22-pF dipped silvered mica capacitor

C12,C19—100-pF dipped silvered mica capac-
itor

C18,C21—100-pF, 15-volt miniature PC elec-
trolytic capacitor

C22,C23—1000-uF, 15-volt miniature PC elec-
trolytic capacitor

DI—6-volt, 500-mW zener diode (Motorola
IN5233 or similar)

D2,D3—IN914 silicon diode

J1—Phono jack

J2—Miniature phone jack

L1, L4—For 50-MHz WWV, 10.0-18.7-uH ad-
justable PC r-f coil (J.W. Miller 23A4155-
RPC); for 7.335-MHz CHU, 5.6-10-uH ad-
justable PC r-f coil (]J.W. Miller 234826-
RPC)

L2,L5—For 10.0-MHz WWV, 2.4-4.1-4H ad-
justable PC r-f coil (].W. Miller 234336-
RPC

)
L3,L6—For 150-MHz WWV, 1652.75uH

adjustable P€ r-f coil (].W. Miller 234226-
RPC); for 14.670-MHz CHU, 1.65-2.75-uH
adjustable PC r-f coil (J.W. Miller 234226.
RPC)

MIB—I-F amplifier module (J.W. Miller 8902-
)
Q1-Q2—Dual-gate MOSFET (Motorola 3N-
140 or similar)
Q3—N-channel FET (Texas
2N3819)
Q4.Q6—Transistor (Motorola MPS6517)
Q5—Transistor (GE 2N2925)
Q7—Transistor (Motorola MPS6560)
Q8—Transistor (Motorola MPS6562)
R1,R2,R5,R9,R21—100,000-0hm
R3,R7—120-0hm

Instruments

R4,RI0.R13.R17—470-0hm
R6,R24—4700-0hm
R8,RI1RIS—100-0km All
R12—3300-0hm .
R14—1500-0hm Shis
R16,R22—10,000-0hm 0"
R19—220,000-0hm toler
olerance

R20—330,000-0hm

R23—22-0hm

R25,R26—2.7-0hm
R27,R29—47-0hm

R28—2700-0hm J
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RI18—!-megohm
switch (S2)
|—Special 2-section rotary switch with shield
between sections; 3-pole, 3-position switch,
first section I pole, second section 2 poles

S2—Npst switch, part of R18

SPKR—3" PM speaker, 45-ohm coil (Quam
3A07Z15 or similar)

T'l—I-f transformer (1. Miller 8901-B)

XTLI—For 5.0-MH: WI'V.5.455-M1z0.01%

potentiometer with  spst

crystal, HC/6U  holder: for 7.333-MI/:z
ClHy, 7.790-MHz 001% crystal, 11C/6U
holder

XTL2—For 100-MHz WWV, 9545-Mil:
001% crystal, HC/6U holder

XTi3—For 150-MIl: W'V, 14.545-MIlz

0.01% crystal, HC/6U holder: for 11.670-
MI: CHU, 14.215-M1z 0.01% crystal, 11C/
6U holder

Misc.—Crystal sockets, telescoping antenna,
knobs, angle brackets, %" spacers, terminal
strip, chassis. solder lug, insulating washers,
rublber feet, hardware, solder, ete.

g o

Note—The following are available from Carin.
elle Electronics, Inc.., P.O. Box 327, Up-
lund, CA 91786: speciul 2-section rotary
switch at 83.95; etched and drilled printed
circuit hoard at $6.95: assembled power
supply at $5.95: complete kit of parts for
S-meter, including matching cabinet, at
S11.95: complete kit of all parts for receiver
less power supply and S-meter, including
PC hourd, chassis. and one set of coils and
ervstal for 10.0-MHz W'Y at $51.95. Add
L£2.95 for each additional set of coils and
crystal (specify frequency). Al prices post-
paid. California residents wld 5% sales tax.

Fig. 1. The receiver uses dual-gate MOSFET’s
for minimum noise, highest gain, and lowest
cross modulation. All of this contributes to
extremely good sensitivity and selectivity of
the receiver. Crystal-controlled local oscil-
lator (Q3) eliminates tuning problems.

SMETER=3,6
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you heed
to go after
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A Government FCC License can
help you bring home up to
$10,000, $12,000, and more a year.
Read how you can prepare for

the license exam at home in your
spare time—with a passing grade
assured or your money back.

IF YOU'RE OUT TO BAG A BETTER JOB in Electronics,
you'd better have a Government FCC License.
For you'll need it to track down the choicest, best-
paying jobs that this booming field has to offer.

Right now there are 80,000 new openings every
year for electronics specialists—jobs paying up to $5,
$6, even $7 an hour...$200, $225, $250, a week ...
$10,000. $12,000, and up a year! You don’t need a
college education to make this kind of money in
Electronics, or even a high school diploma.

But you do need knowledge, knowledge of elec-
tronics fundamentals. And there is only one na-
tionally accepted method of measuring this knowl-
edge ... the licensing program of the FCC {Federal
Communications Commission).

Why a license is important

An FCC License is a legal requirement if you want
to become a Broadcast Engineer, or get into serv-
icing any other kind of transmitting equipment—
two-way mobile radios, microwave relay links, radar,
ete. And even when it's not legally required, a li-
cense proves to the world that you understand the
principles involved in any electronic device. Thus,
an FCC “ticket” can open the doors to thousands of
exciting, high-paying jobs in communications, radio
and broadcasting, the aero$pace program, industrial
automation, and many other areas.

So why doesn’t everyone who wants a good job in
Electronics get an FCC License and start cleaning up?

The answer: it's not that simple. The govern-
ment’s licensing exam is tough. In fact, an average
of two out of every three men who take the FCC
exum fail.

There is one way, however, of being pretty certain
that you will pass the FCC exam. And that is to take
one of the FCC home study courses offered by
Cleveland Institute of Electronics.

CIE courses are so effective that better than 9
out of 10 CIE graduates who take the exam pass it.
That’s why we can back our courses with this iron-
clad Warranty: Upon completing one of our FCC
courses, you must be able to pass the FCC exam and
get your license—or you’'ll get your money. back'

They got their licenses and went on to better jobs

The value of CIE training has been demonstrated
time and again by the achievements of our thous-
ands of successful students and graduates.

2 NEW CIE CAREER COURSES

1. BROADCAST (Radio and TV) ENGINEERING ...
now includes Video Systems, Monitors, FM Stereo
Multiplex, Color Transmitter Operation .

3. ELECTRONICS ENGINEERING. ...covers steady-
state and transient network theory, solid state physics
and circuitry, pulse techniques, computer logic and
mathematics through calculus. A college-level course
for men already working in Electronics.

Ed Dulaney, Scottsbiuff, Nebraska, for example,
passed his 1st Class FCC License exam soon after
completing his CIE training...and today is the
proud owner of his own mobile radio sales and serv-
ice business. *Now 1 manufacture my own two-way
equipment,” he writes, “with dealers who sell it in
seven different states, and have seven full-time em-
ployees on my payroll.”

Daniel J. Smithwick started his CIE training while
in the service, and passed his 2nd Class exam soon
after his discharge. Four months later, he reports,
“] was promoted to manager of Bell Telephone at
La Moure, N.D. This was a very fast promotion and
a great deal of the credit goes to CIE.”

Eugene Frost, Columbus, Ohio, was stuck in low-
paying TV repair work before enrolling with CIE
and earning his FCC License. Today, he’s an inspec-
tor of major electronics systems for North American
Aviation. “I'm working 8 hours a week less,” says
Mr. Frost, “and earning $228 a month more.”

Send for FREE book

If you'd like to succeed like these men, send for
our FREE 24-page book “How To Get A Commercial
FCC License.” 1t tells you all about the FCC License
...requirements for getting one...types of licenses
available. .. how the exams are organized and what
kinds of questions are asked...where and when the
exams are held, and more.

With it you will also receive a second FREE book,
“How To Succeed In Electronics,” To get both books
without cost or obligation, just mail the attached
postpaid card. Or, if the card is missing, just mail the
coupon below.

ENROLL UNDER NEW G.I BILL. All CIE
courses are available under the new G.1. Bill. 1f
you served on active duty since Jan. 31, 1955, or
are in service now, check box on reply card for

complete details.

< .
CI Cleveland Institute
of Electronics

1776 EA7th St., Cleveland, Ohio 44_1114

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

r

| Cleveland Institute of Electronics |
| 1776 East 17th Street, Cleveland, Ohio 44114 |
| Piease send me without cost or obligation: i
| Your 44-page book “How to Succeed In Elec- |
tronics” describing job opportunities in Electronics

l today, and how your courses can prepare me for l
: “TeYr;zr Book on “How To Get A Commercial FCC :
License.

| i am especially interested in: |
I [ Etectronics Technology [ Etectronic Communications !
I {J eroadcast Engineering |:| Industrial Electronics I
[ T First Class Fc License [ Electronics Engineering |
| 3 |
| |
| |
| |
| |
| |
| |
| |

Name_

IPLEASE PRINTI

Address\

City

-
N

State__.:_ . .. 4ip
[] Check here for G.1. Bill infornmation
e e e — ———— —— ————— —— —— -
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December, 1970

39

|



:Rzn :——-—-' O =ro-{) \_ J '\_
T 93 S5z 1 oo

1.F MODULE

40

Fig. 2. Actual-size foil pattern and
component installation for the recei-
ver. Note that many compenents are
mounted “‘on end” with the vther lead
bent over to the appropriate hole in
the board. Observe the polarities of
electrolytics an< diodes and re-read
the precautions before wiring the
MOSFET's into the circuit (see text).
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ment every minute in both English and
French.

The complete Standard-Time Receiver can
be built for about $75, with power supply,
crystals, telescoping antenna, and built-in
speaker. The cireuit (see Fig. 1) consists of
an r-f amplifier, mixer, erystal-controlled os-
cillator, pre-assembled i-f amplifier with
built-in deteetor, and push-pull complemen-
tary-symmetry audio amplifier.

The receiver operates from any 12-volt de
sonrce and, therefore, can be used in an auto-
mobile, boat or airplane. It will also operate
on 12 volts from flashlight batteries, making
it completely portable. Power consumption is
70 mA. For ac operation on the workbench
all that is required is a conventional 12-volt
filament transformer and four silicon recti-
fiers in a full-wave bridge configuration. Fil-
tering is provided within the recciver.

A sensitivity of 0.25 microvolt for 10-dB
(S4N)/N ratio makes this unit onc of the
hottest receivers around. A 2’ telescoping an-
tenna is all that is needed in most locations.
A jack on the back panel can be used for an

external antenna should one be regnired for .

mobile operation. Provision has also been
made for an external S-meter circuit.

Construction. The receiver is constructed
on a printed circuit board as shown in Fig. 2.
You can make your own board or purchase it
as mentioned in the Parts List. Start by
cutting off pin 8 on the preassembled i-f
module; this pin is not used. Mount the
i-f module and i-f transformer 71 on the
cirenit board. To avoid damaging the
MOSFET’s, use a low-power (50 watts or
less) soldering iron—not a gun.

Next, install the coils, crystal sockets,
and the jumper wire. Mount all resistors
at right angles to the board with one end
of the resistor in contact with the board
and the lead on the other end folded down
to the other hole. After all resistors have
been installed, start on the capacitors, being
carcful to obscrve the polarities on the elee-
trolytics. Diodes DI, D2, and D3 arc also
mounted vertically with a heat sink to pro-
teet them during the soldering operation.
Using eare, install transistors @3 through
(8, again with a heat sink on the leads
during soldering. Transistors Q1 and @2
require special handling. Note that they
are supplied with a shorting ring on the
four leads. Substitute a wire loop for the
shorting ring, and remove the loop after the
transistor has been soldered in the board.
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Fig. 3. If you want to duplicate the author's pro-
totype, a metal chassis can be created using the
construction information shown above. Thin sheet
aluminum was used for the original two-piece chas-
sis, which was formed in two U-shaped sections.

Handling or soldering MOSFET’s with the
leads unshorted can canse permanent damage.

The prototype receiver shown in the
photos was fabricated from 0.050” sheet
aluminum formed into two U-shaped pieces.
The front panel, rear apron, and top are
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dimensioned and machined as shown in TFig.
3. Small threaded angle brackets in each
corner hold the two parts of the chassis
together. The speaker, on the top, is pro-
tected by a piece of perforated metal. Other
components are mounted as shown in the
photos. The antenna mounting clips can be
made from a fuse holder, insulated from
the metal chassis. No matter what type of

T2 )
-
D4-D7
g IN4002
11I7TVAC <

Fig. 4. This simple power supply can be used to
power the receiver. No filter is shown as this is
provided by components mounted on the PC board.
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Fig. 5. This simple S-meter circuit is used when
aligning an external oscillator with selected WWV.
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SHIELD

It is recommended that a shield
be located between the two seg-
ments of S1 to avoid coupling.
The collapsible antenna is at-
tached to a pair of insulated
fuse clips mounted on the rear
apron. The speaker is fixed to
the upper part of the chassis,
while the four angle brackets
secure the two chassis sections.

TECHNICAL SPECIFICATIONS

Sensitivity: 0.25 microvoit for 10-dB S + N/N
Frequency: 5.0 MHz WWV or 7.335 MHz CHU
10.0 MHz Wwv
15.0 MHz or 14.670 MHz CHU
Audio Power: Approximately 14 watt into built-
in 45.ohm speaker
Selectivity: 5 kHz at 6 dB
I-F Frequency: 455 kHz
Power Requirement: 12 volts dc at 70 mA

chassis is used, make the distanee between
the board and selector switeh §7 as short
as possible to keep the leads to a minimum.

Conneet the varions leads to the P hoard
as shown in Fig. 1. And mount the hoard
on 14” spacers on the bottom of the chassis.
Reeheck all wiring and then plug in the
crystals making sure that N7.1LI operates
with L1 and Lf, XTAL2 with L2 and L3,
and XTAL3 with L3 and L6.

CHU Conversion. The 5-MHz WWV
channel can be converted to reeccive CHU
on 7.335 MlIz by replacing XTAL1 with
a 7.790-MHz crystal and L1 and L4 with
5.6-10-uH “printed eircnit adjustable r-f
coils (sce Parts List). The 15-MHz WWV
channel can be converted to reecive CHU
on 14.670 MIlz by replacing XTAL3 with
a 14215-MHz crystal and realigning L3
and L6.

POPULAR ELECTRONICS




Although the author used a
conventional phone jack for J2-
connecting to the external
power supply, almost any
type of two-terminal con-
nector may be used. The
terminal strip may be
omitted if you have no
need for either the external
audio or optional S-meter.

Power Supply and S-Meter. Any type
of 12-volt dec power supply may be used
with the receiver. One suitable ecireuit is
shown in Fig. 4. Note that no filtering is
shown since there are filters on the receiver
PC board.

An optional S-meter attachment is shown
in Fig. 5. This meter cireuit provides a
visnal aid to obtain precise zero beat when
calibrating external oscillators to the ex-
tremely accurate WWYV signalx. The con-
nections shown in Fig. 5 mate with those
of TS1in Fig. 1.

Alignment and Operation. Attach the
telescoping antenna to the clips on the rear
of the reeeiver and connect the power source.
The receiver can be aligned directly from
“on the air” signals as the local oscillator
is erystal-controlled. Tune cach pair of coils
for maximnm signal or background noise
if the signal is not present. There are also
tuning adjustments on the tops of the i-f
module and the i-f transformer. They should
be touched up to get maximum volume.

Signal strength will depend on the prop-
agation conditions at the time. If the 2/
telescoping antenna does not provide satis-
factory reception, attach a longer antenna
to J1. Reception of WWV on 5, 10, and
15 MHz should be reasonably good through-
out most of the U.S.A., and at least one of
these frequencies should be audible day or
night. Reception of CHIU on 7.335 MHz is
confined primarily to the East Coast of
North America, while reception of CHU
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THEORY OF CIRCUIT DESIGN

The pair of dual-gate MOSFET’s (QI, Q2)
used in the front end offer high gain with low
noise, as well as lower cross modulation and
greater dynamic range than either convention-
al hipolars or single-gate FET’s. MOSFET Q1]
serves as the r-f amplifier with the incoming
signal applied to gate 1 and the age voltage
applied to gate 2. The crystal-contrelled local
oscillator (Q3) consists of a conventional n-
channel FET used as an untuned crystal-con-
trolled oscillator.

Switch Si selects the desired tuned circuits
and the crystal for the selected channel. This
switch should have a shield between the switch
sections to isolate the input tuned circuit from
the output circuit in the r-f amplifier. Other-
wise, the r-f amplifier could become extremely
unstable and might possibly oscillate due to
the high gain within the stage.

After the if transformer (T1), the signal
is amplified by a commercial miniature pre-
assembled and pre-aligned module that con-
tains two transistors, three i-f transformers,
and a diode detector. Transistor Q4 serves as
the agc amplifier for the r-f stage as well as
provided the driving voltage for an optional,
external S-meter circuil.

The recovered audio signal is developed
across volume control RJ8 and fed to a four-
transistor audio amplifier that can deliver
about % watt to the speaker. The audio is also
available at a rear apron terminal strip for
headphones.

The external 12.volt dc soirce need not be
filtered since C22, €23 and R29 perform this
function.

on 14.670 MHz ecxtends into the Midwest
during daylight hours and into the Far
West in the evening.

43




QUIZ ON AC CIRCUIT THEORY

Voltage measurements made in a series ac cir-
cuit seldom add up as simply as they do in a
dc circuit. You may even find the voltage across
a coil or capacitor to be greater than the supply
voltage! Nevertheless, Ohm's Law and Kirchhoff's
Law do zpply, and careful measurements will show
that the supply voltage and the various voltage
drops around a series ac circuit are related in an
unusual way: the square of the supply voltage is
equal to the square of the difference between the
voltage on the coil and the voltage on the capac-
itor, plus the square of the voltage on the resistor.

BY ROBERT P. BALIN

This relationship, (VT)? = (VL-VC)2 + (VR)?, can be
used to find any unknown voltage if all others are
known.

In parallel ac circuits, the currents add up the
Same. way as voltages do in a series ac circuit.
Brush up on your ac theory and see if you can
solve the missing voitage or current in the circuits
below. Where necessary, the volitages and currents
are related by the 3:4:5 ratio to provide easy, whole
number answers. Only simple algebra is required.
Vectors, phasors, and quadratic equations are not
necessary to find the solutions.

(Answers are on page 98)

e
8v 6V
é\blov g\/ 2ov : v H?Z‘W
-V -V
1 3
350
v
é’?ﬁv
lev 12v
—V
350v
4 6
—mA
6mA d’\?
8mA
7 8 9 10
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SETTING UP A TRIAL HOME-STUDY PROGRAM
COURTESY OF THE GOVERNMENT PRINTING OFFICE

'S AN ESTABLISIIED FACT that money
spent on an electronies edncation is a wise
investment. Of course the most eommon—and
most highly reecommended—avenues of obtain-
ine an clectronies education are through resi-
dent and formal home study courses. There
are, however, several reasons why vou might
ot wish to commit yourself to a “formal”
edueational program.

A hobby interest in electronies, for example,
might not justify the eost of the training. Or,
vou might lack sufficient exposure to elec-
tronies and ils eareer opportunities to have a

firm ineentive. You might even be in a dis-
advantaged situation where technical training
is simply a laxury.

Whatever your reason, the main objeetion
is likely to be the rather large monetary eom-
mitment for sowmething that might not pan
out. ITowever, there i~ one more avenue you
might give thought to trying: informal, or
“oo-it-alone,” Tlome study. Self-study is
fraught with built-in disadvantages, admitted-
lv. But with proper gnidanee and a wise-choiee
of studv materials, you can gain a firm nnder-
standing of the theories employed in eleetron-

BY KENNETH J. ENGLERT

December, 1970

45



ies, using this knowledge as a stepping stone
to bigger and hetter things. If eleetronies, on
the other liand, is not your enp of tea. von
will find this ont, too—without losing mueh
more than poclket money.

The one major advantage to self-study is
that the monetary investment is minimal. All
vou really have to pay for are the materials
used for studying—in this case a generons
supply of texthooks. Bevond this, vour only
investment will be the time voun use to apply
vourself to stndying. There are no consulta-
tion or gnidance fees to add to vour “tuition.”

A Realistic Program. Jyst grabbing a
book off a shelf and reading it is no gnarantee
that you will learn anything or that von will
learn enough of anythiug to give von a broad
cenough seope. Going one step further, an in-
discriminate sclection of study materials can
do you more harm than goml. The texts in most
electronics books presuppose either prior
clectronics training or that the reader will
have available ~ome form of guidance. Few
books, other than those written in a “pro-
grammed” format, are truly tailored to the
needs of self-study programs.

The immediate aim, then, is to select the
best possible study materials that can be ob-
tained on a very limited hudget. Fortunately,
military training manuals (available from the
U.S. Government Printing Office) admirably
meet both demands. Listed in the Study Ma-

terials Table (sce helow) are twelve training
mannals that, when taken together, can pro-
vide a complete conrse in modern electronies
technology. Yet, the cost of the entire package
of books comes to only $18.55, including post-
age and handling,

The twelve military training manuals se-
lected to make up a self-study course cover
not only the basies that are common to all
areas of clectronics, but theyv also cover sueh
advanced topics as pulse and switching ecir-
euits, transients and waveforms, oscilloscope
and other test equipment cirenitry, wideband
amplifiers, microwaves and radar, ete. In fact,
the material presented in these manuals covers
every avea of the technology,

The training manuals contain a ereat deal
more than jnst “dry theory.” They are well
organized and profusely illustrated for casy
understanding. And, although thev were orig-
inally intended for use in a eclassroom en-
vironment. the Department of Defense has
sueeessfully nsed them in many thousands of
non-classroont situations. This is due primar-
ily to the fact that the material is presented in
an ecasily understood language so that it can be
quickly absorbed by the average military
traince. Even if yon are still a high school
student, you should experience little diffieulty
in understanding the material.

Onee you have the training mannals (yon
need not buy them all at once sinee the first
three mannals listed in the Table will see you

STUDY MATERIALS TABLE

MANUAL NO. MANUAL TITLE GPO CAT. NO. PRICE*

AF-101-8 Fundamentals Of Electronics D301.7:101-8 $4.00

TM-11-661 Electrical Fundamentals (D.C.) D101.11:11-661 $1.00

TM-11-662 Basic Theory And Application D101.11:11-662 $1.25
Of Electron Tubes

TM-11-664 Theary And Use of Electronic D101.11:11-664 $ .75
Test Equipment

TM-11-6668 F Transmitters And Receivers D101.11:11-668 $1.50

TM-11-669 Transients And Waveforms D101.11:11.669 $ .50

TM-11-671 Cathode Ray Tubes And Their D101.11:11-671 $1.25
Associated Circuits

TM-11.672 Pulse Techniques D101.11:11-672 $ .55

TM-11-681 Electrical Fundamentals (A.C.) D101.11:11-681 $2.25

TM-11-684 Principles And Applications Of Mathematics D101.11:11-684 $1.25
For Communications-Electronics

TM-11-690 Basic Theory And Application Of D101.11:11-680 $2.25
Transistors

TM-11-4000 Troubleshooting And Repair Of Radio D101.11:11-4000 $2.00
Equipment

*Send check or money order in full with order to Su
Office, Division of Public Documents, Washington, D.
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perintendent of Documents, U.S. Government Printing
C. 20402.
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Manuals are updated as required. Superseding ma-
terial and directions for use are supplied with
appropriate manuals in the form of addends sheets.

through quite a few study sessions), leaf
through them and examine their tables of con-
tents. You will note that there is a wide di-
versity of topies and that cach topic is treated
to an in-depth discussion.

The reason for seleeting twelve books in
preference to a single all-encompassing vol-
ume is that the repetition of the material
covered is an important facet of the learning
process. Furthermore, since most subjects are
diseussed more than once and from slightly
different points of view, any uestions that
might arise will usnally be anticipated so that
your progress will not be impeded.

A program of study using the twelve man-
nals listed should be based on a logical sclee-
tion and order of topies. If you wish, you can
send 25¢ to this magazine (to cover postage
and handling) for a 1G7-lesson program, an
excerpt of which is shown on page 48, that
will let vou make full nse of your materials.
This program is simply too lengthy to pub-
lish in the pages of this magazine: so it is of-
fered separately. Bear in mind that the pro-
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gram is designed only fov the manuals and
not electronies books in general.

About the Manual Program. While the
program for the self-study course is planned
for those people who have no experience or
previous background in clectronies, the stu-
dent with some knowledge or experience must
judge for himself what material he thoroughly
understands and can skip. Most of the manuals
have review questions at the end of each chap-
ter that ean serve as a guide. If youn can un-
hestitatingly answer these questions, you ean
safely bypass the material of the subject the
questions refer to. Alse, the same applies to
vour study efforts; if after studying a ehapter
vou can answer the review questions with eer-
tainty, vou ean go on to the next ehapter.

The importanee of a solid understanding
of the basics cannot be overemphasized. You
must resist the temptation to skim over this
very vital part of your studies. It is not until
these fundamental concepts are fully under-
stood that vou can hope to master the more
complex theory and cireuitry that you will en-
counter as you progress in your studies. Even
if you are more advanced, you should take ad-
vantage of the excellent lessons on basie elee-
tronies theory.

As mentioned earlier, the manunals that make
up this course are profusely illustrated, in-
cluding several large fold-out sehematic and
block diagrams that help to clarify the text
material.

Elcetronies is a branch of the physical sei-
enees and as such is best explained and under-
stood through mathematics. But don’t let the
worl “mathematies” scare you off. A little of
it ix necessary for the vomprehension of some
of the more advanced topics. The manual
¢hosen to teach yon math, TM 11-684, is one
of the finest tutorial math books available to-
day. It presupposes that the student has had
only small exposure to mathematies and starts
off with pereentages, ratios and proportions,
and powers and roots. Then, step by step, it
explains in detail algebra, gecometry, and trig-
onometry. All this is done in such a way that
vour absorption of mathematies will be prae-
tically painless.

Resides the many clear example problems
presented in ecach chapter of TM 11-684, ex-
ereise problems are provided for you to work
out on vour own. Answers for the excereise
prablems are given in the rear of the book so
that vou ean check your progress as you go
along. Lessons on how to use the slide rule and
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SAMPLE OF COURSE OUTLINE*

Lesson TMor AF Chap- Chapter
No. No. ter Title
59 101-8 17 Paraliel AC

Circuits
60 11-684 11 Radians
61 101-8 18 Resonance
62 11-684 12 Vectors

AC Circuits With
Inductance, Capaci-
tance and Resistance
Signal Generators
And Oscillators
Principles of FM

Bias Stabilization
Frequency Measure-
ment

Methods Of Producing
FM

Analysis Of Non-
Sinusoidal Waveforms
Cathode Ray Tubes
Transient Response
Basic Radar Prin-
ciples

Response Of R-L
Circuits

34 Microwave Oscillators

63 11-681 4

109 11-664 9
110 11.668 2
111 11-690 5
112 11-664 10
113 11-668 3
137 11-669 1
138 101-8 23
139 11-669 2
140 101-8 33
141 11-669 3

142 101-8

*See text for availability of complete course outline.

the binary number system, which is the basie
language of computers, are also ineluded.

Course Limitations. It would be unfair
to tell you that this is the “ultimate” course
of study for obtaining an clectronies educa-
tion. In spite of the extremely low cost of the
self-study course, it should be pointed out that
it is no substitute for a good resident course or
home study training through an aceredited
school.

One of the more serious limitations of the
course is its lack of practical training. The
Department of Defense backs up the training
manuals with solid laboratory and on-the-job
training experience. As a private individual,
vou will have no such facilitics available to
vou and must look elsewhere for practical ex-
perience.

Secondly, there is no “feedback” from in-
struetors or teachers in the form of exams for
you to gauge vour rate of progress. If you get
stuck on a particular topic or idea propound-
cd in the manuals, there arc no consnltation
services for you to appeal to. Your only re-
course here would be for vou to find someone
who might be able to lelp; say, someone from
a local radio club.
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Another disadvantage is that the low mone-
tary commitment and lack of formal guidance
might induce you to slacken your incentive as
you go along. (This is not an nuncommon ail-
ment even with formal study programs, but
you will probably be more prone to it since
you will lose very little if you decide to dis-
continue your studies.) The only answer to
this problem is to practice self-discipline. Set
up a study schedule and allow nothing to in-
terfere with it. Do not allow a day to pass
without applying a certain predetermined
minimum of time on your studies. Slacken
once and you are almost certainly going to
back slide.

One final disadvantage of any self-study
course is that no diploma or certificate of
completion is forthcoming when all of the
work is behind you. FHlowever, you can obtain
a side benefit which will attest for your pro-
ficieney in electronies. Yon can apply vour
knowledge toward obtaining a Federal Com-
munications Commission Radiotelephone Li-
cense. This document, especially if it is a
First Class “ticket,” is a formidable document
when you apply for a job. And once you have
that job (be fair and tell your employer that
vour knowledge of electronics is limited only
to the theory; vou will gain practical exper-
ience on the job) vou ean enroll in a formal
course that will yield you a diploma.

Self-study is a means of obtaining an edu-
cation in electronies. But it is up to vou to
decide whether or not youn are satisfied to sit
back and marvel at the wonders of elcetronics
without getting involved. Only you ean make
up your mind to become an active participant.

PARTS/
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BUILD PHE LIBERAPOR

'S EEEEEEE EE E B &5

KEEPS YOU IN TOUCH WHILE ON THE GO

Built inexpensively and easily in a plastic cigarette
case, this handy project “liberates” you from the
necessity of sticking by your receiver when calls are
few and far between. An integrated circuit and printed
circuit board make construction foolproof.

IIERE ARE TIMES when it beeomes an

impossible task to remain glued to a com-
munieations reeeiver if vou are a ham, CB’er
or SWL. Tlaving to sit waiting for an identi-
fieation to be made or a eall to eome through
can be quite boring. The “Liberator,” a shirt-
poeket-size induetion (not r-f) rceciver, per-
mits voun to move about the house, office, or
even a large area away from the receiver and

still hear everything that is going on at the
receiver.

The Liberator can akso be used for private,
individual listening to eonventional radios or
audio svstems. This is a partienlar advantage
if one person in a group likes to hear loud
music and the others don’t.

Theory of Circuit Design. The complete
system can be considered to be a form of audio
transformer. The recciver or amplifier drives
current through an ordinary wire transmission
loop that is strung around the area of interest
and produces a magnetic field that varies at
the nudio rate. This forms the primary of the
transformer.

The recciver (see Fig. 1) has an “antenna”
which forms the seceondary of the transformer
and deteets the varving magnetie field. This

BY C. P. TROEMEL
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B1—9-volt battery

C1—0.1-0.47-uF capacitor (see text)

C2-C6—1-pF, 10-volt electrolytic capacitor

C7—0.01-pF capacitor

C8, C9—100-yF, 10-volt electrolytic capacitor

HS1—Crystal earphone (Lafayette 99E25512
or similar)

IC1—Integrated circuit (RCA CA3035)

R1—150,000-0ohm, ¥%-watt resistor

PARTS LIST

Fig. 1. The circuit is basically a high-gain 1C amplifier whose input is a loop “antenna’’, which forms
the secondary of the induction system. With the transmitting loop wound around the main floor,
excellent reception was obtained from basement to attic of a typical three-story brick structure.

R2—2500-5000-0hm miriature replacement po-
tentiometer with switch (Lafayette 99E60-
196 or similar)

R3—100,000-0hm, %-watt resistor

R4—100-ohm, Y-watt resistor

R5—5600-0hm, %-watt resistor

Misc.—Battery clip, plastic cigarette case,
#24 or #26 enamelled wire, knob, wire for
loop, switch for loop.

signal is then amplified by an integrated cir-
cuit (IC1) to drive an earphone. The antenna
and C1 resonate within the audio range to re-
duce the effect of interference from nearby
r-f transmitters. The frequency response is
limited to reduce noise from both 60-Hz power
lines and emissions from TV receiver sweep
circuits. A erystal earphone is used to prevent
feedback between it and the receiving antenna.
The IC contains three independent amplifiers
and has an overall gain of approximately
100,000 (100 dB). Resistors R1 and R3 bias
the first and last amplifiers for linear opera-
tion.

Transmitter. Thec transmitting loop con-
sists of a length of insulated wire surrounding
the area to be covered. Inside a building, the
loop may be concealed in the wall moldings,
under a large rug, or taped to the walls or
ceiling. For outside use, the wire can be sup-
ported on insulators on posts or just simply
strung (off the ground) around the area. The
actual configuration depends on the location.
Keep the coil off the ground and make sure it
is insulated from metal surfaces. If the loop
is to be located some distance from the ampli-
fier, connect the two with ordinary two-con-
ductor lamp cord or TV twin lead.

Usually, one turn of wire around the arca
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should be enough. However, two things should
be kept in mind: the current in the loop and
the number of turns determine the strength
of the field; and do not overload or short cir-
cuit the transmitting amplifier by connneeting
aloop having too low a resistance.

Survey the area to be covered by the loop
and calculate how long the wire will have to be
to make the loop. Then determine the output
impedance of the amplifier used (usually spee-
ified on the amplifier or in the instruction
manual). The loop de resistance can then be
made approximately equal to the amplifier
output impedance by choosing the correet wire
size. Resistances of the more common wire
sizes are given in the Table. Pick the wire
wlose resistanece for the length required comes

RESISTANCE (OHMS) OF WIRE
Wire Length Wire Size
feet #20 #22 H24 #26
25 0.26 0.40 0.64 1.0
50 0.51 0.80 1.3 2.0
100 1.0 1.6 2.6 4.1
150 1.5 2.4 3.9 6.1
200 2.0 3.2 5.1 8.2
300 3.0 4.8 7.7 12.2
400 4.1 6.4 10.2 16.3
500 5.1 8.0 12.9 20.4

POPULAR ELECTRONICS



closest to the output impedance of the ampli-
fier. 11 the finished loop has less resistance than
that required, a small fixed resistor can be
added in series with the loop to make up the
difference. Towever, since signal will be lost
in this resistor. eonsider using a double loop
around the area, with a lareer-dinmeter wire.

To power the transmitting loop, simply
switeh the normal ontput leads that go to the
speaker to the loop (sce Fig. 2).

Receiver. The cirenit of the reeciver is
shown in Fig. 1. 1t can be construeted on a
printed eirveuit hoard using the loil pattern
shown in Fig. 3. Onee the hoard has been
made, install the eomponents, taking care 1o
observe the polarity of the eleetrolytie capaei-
tors and the orientation ot the 1C.

The prototype was built in a comanon plas-
tie cigarette ease with the board supported by
the momnting hardware ot potentiometer /02,
A small hole, just large enongh to aecommo-
date the twisted-lead ¢able from the carphone,
is made on the same side as the /22 mounting.

Betore installine the hoard in the case,
the veceiving antenna must be made. Drill two
small holes at the end of the larger of the two
plastie lialves and feed about six inches ot the
end of =24 or %26 enamelled wire through
one hole. Wind 150 to 200 turns of the wire
around the plastie case and feed the other end
of the wire in through the second haole. Leave
about six inehes on this end also. Coat the
winding with eement or tape to hold it in
place.

Fig. 3. Actual size foil pattern and component
installation. Observe the placement of IC1 and
the polarity of the electrolytic capacitors.

December, 1970

RECEIVER
OR
AMPLIFIER

Fig. 2. If you wish simultaneous loop and speaker
operation, hook a iow-impedance speaker in series
with the loop, so that the total load is the same
as normally used with the particular transformer.

Afier eonneeting the earphone and battery
leauls and the two antenna wires to their prop-
er holes on the PPC board, slide the hoard into
the plastic ease. Loeate the position of the
shaft of /72 and drill a suitable hole tor it. In-
sert the board and secure it in place with the
mounting hardware of }72. Put a knob on the
potentiometer and tnrn the switeh off. The
hattery is stored in the antenna halt of the
ease.

Operation. 1With the carphone in your
car, furn on the Liberator. You should hear
some hum, whicell can be made a maximum by
orienting the antenna in different direetions.
The hum will be loudest when the Liberator
is hekd near a flwrescent Lunp.

Apply power to the transmilting loop by
having =ome program matevial properly set
up on the transmitter amplifier. Turn the am-
plifier gain up slightly. Switeh its output to
the loop position. 1f the Liberator is turned

o 3 el

.

©ANT

Bl * SEE TEXT
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TO
EARPHONE

Although presently as small as a cigarette pack, the receiver can be made smaller by tightening
up on the foil pattern, eliminating the IC socket, and using smaller physical sizes for C8, C9 and
R2. A hearing-aid battery can be substituted for the 9-volt transistor radio battery, and a ferrite

loopstick can be tried in place of the coil. An

£

172 PLASTIC
CIGARETTE CASE

on, vou should hear the program on the ear-
phone. You will vet the best reception when
the plane of the Liberator antenna coineides
with the plane of the transmitting loop, and
vou are within the loop. Adjust the transmit-
ting amplifier’s volume for minimum distor-
tion; eain ean be adjusted on the Liberator.
If vou are using battery powered gear for the
transmitter, keep its volume control dawn to
eonserve power.
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y number of receivers can be used on one loop.

172 PLASTIC
CIGARETTE CASE

Modifications. To improve low-frequeney
response, the values of eoupling capacitors
C2, 4, an¢ €5 ean be inereased. However,
the pickup of unwanted 60-11z noise will be
mereased. Shunting capaeitors €3, C6,and C7
control the high-frequeney gain and amplifier
noise. Smaller values here will improve the
high-frequeney response, but will also inerease
the noise.

(Continued on page 98)
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BUILD AN

SCA ADAPTER

FIM RECEPTION

Phase-Locked Loop Technigue

Simplifies Design

One of the inherent advantages of integrated circuits
is the manufacturer’s ability to design a complex circuit
that would otherwise necessitate scores of discrete com-
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